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RURAL AND URBAN DESIGN CRITERIA

Design Standards for Restoration, Rehabilitation, and Reconstruction
- Refer to Chapter 2 of the SDDOT Road Design Manual.

Roadway Classifications

As per AASHTO guidance, Local Project Design Standards are based on the road’s
functional classification. This applies to both hydraulic and roadway design.

Design criteria will be in accordance with the most current edition of the AASHTO
publication, "A Policy on Geometric Design of Highways and Streets,” referred to in this
document as the '"AASHTO Green Book.’

The best possible design should be selected considering safety, existing and future
needs, economy, reasonable maintenance costs and available funding. In restricted
areas, or where there are other unusual considerations, it may not be possible to meet
all minimum design values. Exceptions to applicable design criteria will be considered
upon request by the county or city on a project by project basis when in the public
interest and subject to approval by the SDDOT.

Local Roads & Streets

Projects not on the Federal-aid System will be designed to meet the criteria
found in Chapter 5 of the AASHTO Green Book, ‘Local Roads and Streets’
(Appendix 1). Projects administered by the SDDOT on these roads will have a
prefix of BRO.

Collector Roads & Streets

Projects on the Federal-aid System under the jurisdiction of the counties will be
designed to meet the criteria found in Chapter 6 of the AASHTO Green Book,
‘Collector Roads and Streets’ (Appendix 2). Projects on the Federal-aid System
under the jurisdiction of the cities will be designed to meet the criteria found in
Chapter 6, ‘Collector Roads and Streets’, and in Chapter 7, ‘Rural and Urban
Arterials’ (Appendix 3). Projects administered by the SDDOT on these roads will
have a prefix of BRF.

Local Streets in Urban Areas — Appendix 1, 5.3
Collectors in Urban Areas — Appendix 2, 6.3
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Design Speed

Design speed is a selected speed used to determine the various geometric design
features of the roadway. The selected design speed should be a logical one with
respect to the anticipated operating speed, topography, adjacent land use, modal mix
and the functional classification of the roadway.

On lower-speed facilities, use of above-minimum design criteria may encourage travel
at speeds higher than the design speed. The selected design speed should be
consistent with the speeds that drivers are likely to travel on a given roadway. 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 roadway of higher functional
classification may justify a higher design speed than a lesser classified facility in similar
topography. 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 roadway, but to their perception of the physical
limitations of the highway and its traffic.

Design speed is dependent on the judgement of the designer considering local
conditions. A thorough discussion of design speed can be found in Chapter 2 of the
AASHTO Green Book. Minimum design speeds based on functional classification,
terrain, and design volume can be found as noted below.

Local Rural Roads — Appendix 1, 5.2.1.1
Rural Collectors — Appendix 2, 6.2.1.1
Local Urban Streets — Appendix 1, 5.3.1.1
Urban Collectors — Appendix 2, 6.3.1.1
Urban Arterials — Appendix 3, 7.3.2.1

Design Traffic Volume
Local Rural Roads — Appendix 1, 5.2.1.2
Rural Collectors — Appendix 2, 6.2.1.2
Local Urban Streets — Appendix 1, 5.3.1.2
Urban Collectors — Appendix 2, 6.3.1.2
Urban Arterials — Appendix 3, 7.3.2.2

Levels of Service
Local Rural Roads — Appendix 1, 5.2.1.3
Rural Collectors — Appendix 2, 6.2.1.3
Local Urban Streets — Appendix 1, 5.3.1.3
Urban Collectors — Appendix 2, 6.3.1.3
Urban Arterials — Appendix 3, 7.3.2.3
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Alignment
Local Rural Roads — Appendix 1, 5.2.1.4
Rural Collectors — Appendix 2, 6.2.1.4
Local Urban Streets — Appendix 1, 5.3.1.4
Urban Collectors — Appendix 2, 6.3.1.4
Urban Arterials — Appendix 3, 7.3.2.5

Grades
Local Rural Roads — Appendix 1, 5.2.1.5
Rural Collectors — Appendix 2, 6.2.1.5
Local Urban Streets — Appendix 1, 5.3.1.5
Urban Collectors — Appendix 2, 6.3.1.5
Urban Arterials — Appendix 3, 7.3.2.6

Cross Slope
Local Rural Roads - Appendix 1, 5.2.1.6

Pavement cross slope should be adequate to provide proper drainage. Normally,
cross slopes range from 1.5 to 2 percent for high-type pavements and 2 to 6
percent for low-type pavements.

High-type pavements are those that retain smooth riding qualities and good non-
skid properties in all weather with little maintenance.

For low-type pavements such as surface treatments, stabilized or loose gravel, or
stabilized earth surfaces, a 4 percent cross slope is desirable according to the
USDOT FHWA “Gravel Roads Construction & Maintenance Guide”. For further
information on pavement cross slope, see Chapter 4 (of the AASHTO Green
Book).

Rural Collectors — Appendix 2, 6.2.1.6

Pavement cross slope should be adequate to provide proper drainage. Normally,
cross slopes range from 1.5 to 2 percent for high-type pavements. High-type
pavements are those that retain smooth riding qualities and good non-skid
properties in all weather under heavy traffic volumes and loadings with little
maintenance required.

Low-type pavements are those with treated earth surfaces and those with loose
aggregate surfaces. A cross slope of 4 to 6 percent is desirable for low-type
pavements. For further information, see the section on “Cross Slope” in Chapter
4 (of the AASHTO Green Book).
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(Additional Guidance: USDOT FHWA “Gravel Roads Construction &
Maintenance Guide”)

Local Urban Streets — Appendix 1, 5.3.1.6
Urban Collectors — Appendix 2, 6.3.1.6
Urban Arterials — Appendix 3, 7.3.2.8

Note for Cross Slope with Bridges on Gravel Roads

This topic needs to be discussed at each location as the difference between the
deck slope and the road slope can have quite an impact on the length of taper
sections between a bridge and the existing road. 4 percent is nationally
recommended for gravel road cross slopes and SDDOT requires all hard
surfaces (bridge decks & asphalt/concrete pavements over boxes) to be 2
percent.

Superelevation

Super elevation rates will be according to current SDDOT standards. As stated
in the SDDOT Road Design Guide, because of South Dakota's weather
conditions, the maximum permissible rate of super elevation is 6 percent. This
will apply to all paved surface roads. The maximum permissible rate of super
elevation on gravel surface roads will be 8 percent. If other conditions arise that
warrant consideration of greater rates, these will be discussed on an individual
basis.

Local Rural Roads — Appendix 1, 5.2.1.6

For rural roads with paved surfaces, super elevation should be not more than 12
percent except where snow and ice conditions prevail, in which case the super
elevation should be not more than 8 percent. For aggregate roads, super
elevation should be not more than 12 percent.

Super elevation runoff is the length of highway needed to accomplish the change
in cross slope from a section with the adverse crown removed to a fully super
elevation section. Minimum lengths of runoff are given in Chapter 3 (of the
AASHTO Green Book). Adjustments in design runoff lengths may be desirable
for smooth riding, surface drainage, and good appearance. For a general
discussion on this topic, see Chapter 3 (of the AASHTO Green Book).
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Rural Collectors — Appendix 2, 6.2.1.7

Many rural collector highways have curvilinear alignments. A super elevation
rate compatible with the design speed should be used. For rural collectors,
super elevation should not exceed 12 percent. Where snow and ice conditions
may be a factor, the super elevation rate should not exceed 8 percent. Super
elevation runoff denotes the length of highway needed to accomplish the change
in cross slope from a section with the adverse crown removed to a fully super
elevation section and vice versa. Adjustments in design runoff lengths may be
needed to provide a smooth ride, surface drainage, and good appearance. The
section on “Horizontal Alignment” in Chapter 3 (of the AASHTO Green Book)
provides a detailed discussion on super elevation for appropriate design speeds.

Local Urban Streets — Appendix 1, 5.3.1.7
Urban Collectors — Appendix 2, 6.3.1.7
Urban Arterials — Appendix 3, 7.3.2.7

Sight Distance
Local Rural Roads — Appendix 1, 5.2.1.6
Rural Collectors — Appendix 2, 6.2.1.8
Local Urban Streets — Appendix 1, 5.3.1.8
Urban Collectors — Appendix 2, 6.3.1.8
Urban Arterials — Appendix 3, 7.3.2.4

Roadway Width

As South Dakota is primarily an agricultural state, a minimum subgrade width of 32" has
long been the standard for all local rural and rural collector roads constructed with state
and federal funding through the SDDOT LGA Office. This provides for a desired top
width of 28’, comprised of 2-12’ driving lanes and 2-2’ shoulders on paved surfaces.
Over the years counties have adopted this standard in addition to even wider shoulders
as can be found in their transportation plans as funded by the SDDOT State Planning &
Research Program for Local Governments. The lane and shoulder widths noted above
are also consistent with the minimum standard for all state rural highways as outlined in
Chapter 7 of the Road Design Manual entitled “Cross Sections” providing a continuity
for the agricultural transportation needs of South Dakota. Deviations from this standard
can be made based on local needs.

Local Rural Roads — Appendix 1, 5.2.2.1
Rural Collectors — Appendix 2, 6.2.2.1
Local Urban Streets — Appendix 1, 5.3.2.1
Urban Collectors — Appendix 2, 6.3.2.1
Urban Arterials — Appendix 3, 7.3.3.1
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Number of Lanes
Local Rural Roads — Appendix 1, 5.2.2.2
Rural Collectors — Appendix 2, 6.2.2.2
Local Urban Streets — Appendix 1, 5.3.2.2
Urban Collectors — Appendix 2, 6.3.2.2
Urban Arterials — Appendix 3, 7.3.3.4

Parking Lanes
Rural Collectors — Appendix 2, 6.2.2.3
Local Urban Streets — Appendix 1, 5.3.2.3
Urban Collectors — Appendix 2, 6.3.2.3
Urban Arterials — Appendix 3, 7.3.3.7

Medians
Local Rural Roads — Appendix 1, 5.2.2.4
Rural Collectors — Appendix 2, 6.2.2.4
Local Urban Streets — Appendix 1, 5.3.2.4
Urban Collectors — Appendix 2, 6.3.2.4
Urban Arterials — Appendix 3, 7.3.3.5

Curbs
Local Urban Streets — Appendix 1, 5.3.2.5
Urban Collectors — Appendix 2, 6.3.2.5
Urban Arterials — Appendix 3, 7.3.3.3

Right-of-Way Width
Local Rural Roads — Appendix 1, 5.2.2.3
Rural Collectors — Appendix 2, 6.2.2.5
Local Urban Streets — Appendix 1, 5.3.2.6
Urban Collectors — Appendix 2, 6.3.2.6
Urban Arterials — Appendix 3, 7.3.3.9

Provision for Utilities
Local Urban Streets — Appendix 1, 5.3.2.7
Urban Collectors — Appendix 2, 6.3.2.7
Urban Arterials — Appendix 3, 7.3.10
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Utility Adjustments

Adjustment of utilities will be in accordance with South Dakota State Law and 23 CFR
645. The county or city is responsible for utility notification and coordinating any utility
relocation work. Assistance can be requested of the Utility Coordinator of the SDDOT
Road Design Office.

Utility facilities will be adjusted or removed from the right-of-way in cases where they
constitute a safety hazard. Minimum lateral clearances, as noted in the Rural & Urban
Design Criteria section of the Local Roads Plan, as applicable, may be allowed on a
project by project basis considering traffic volume, right-of-way width, removal cost and
location. Exceptions to these criteria shall be approved by the Administration Program
Manager.

Prior to advertising of contracts, the FHWA Division Administrator will be furnished a
Utility Certification on all projects to assure compliance with applicable provisions.

Border Area
Local Urban Streets — Appendix 1, 5.3.2.8
Urban Collectors — Appendix 2, 6.3.2.8
Urban Arterials — Appendix 3, 7.3.3.8

Bicycle and Pedestrian Facilities
Local Rural Roads — Appendix 1, 5.2.2.5
Rural Collectors — Appendix 2, 6.2.2.6
Local Urban Streets — Appendix 1, 5.3.2.9
Urban Collectors — Appendix 2, 6.3.2.9
Urban Arterials — Appendix 3, 7.3.9

Cul-de-Sacs and Turnarounds
Local Urban Streets — Appendix 1, 5.3.2.10

Alleys
Local Urban Streets — Appendix 1, 5.3.2.11

Driveways
Local Rural Roads — Appendix 1, 5.2.2.6
Local Urban Streets — Appendix 1, 5.3.2.12
Urban Collectors — Appendix 2, 6.3.2.10

Structures — New and Reconstructed
Local Rural Roads — Appendix 1, 5.2.2.7.1
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Rural Collectors — Appendix 2, 6.2.3.1
Local Urban Streets — Appendix 1, 5.3.3.1
Urban Collectors — Appendix 2, 6.3.3.1
Urban Arterials — Appendix 3, 7.3.5.1

Structures — Vertical Clearance
Local Rural Roads — Appendix 1, 5.2.2.7.2
Rural Collectors — Appendix 2, 6.2.3.2
Local Urban Streets — Appendix 1, 5.3.3.2
Urban Collectors — Appendix 2, 6.3.3.2
Urban Arterials — Appendix 3, 7.3.5.2

Structure Widths

Due to South Dakota being an agriculture state, all structures should accommodate at
least a 28’ roadway top as discussed in the previous section on Roadway Widths. For
bridges the 28’ clear width is measured between the insides of the bridge rail. If
approaching roadway is wider than 28’ (lane & shoulder), the bridge clear width shall
match the overall width of the approaching roadway. Box culverts should be long
enough to accommodate 2-12’ lanes plus the clear zone to the inside face of the
parapet. This has been the standard practice for decades. Deviations from this
practice can be made based on local needs which shall be documented in the TS&L
letter. Consideration for future widening of the roadway should be part of the structure
width determination, or future widening may result in the structure being too narrow
(bridge) or within the clear zone (box). This is not a desirable situation so thinking
ahead and providing a structure width that will cover the future is important. If a master
transportation plan or local standard has been adopted that differs from the
recommendations above, those standards should be discussed in determining the width
requirements to be used for design.

Structure Design Considerations — Appendix 4

Structure Definitions - National Bridge Inspection Standards (NBIS) and
South Dakota Codified Law (SDCL)

The NBIS definition of a bridge is as follows: A structure including supports, erected
over a depression or an obstruction, as water, highway, or railway, the structure having
a length measured along the center of the roadway of more than twenty feet between
undercopings of abutments or extreme ends of openings for multiple boxes and pipes
where the clear distance between openings is less than half of the smaller contiguous
(within a sequence) opening. Refer to the figure below.
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According to South Dakota Codified Law (SDCL) a structure is a culvert when it cannot
be classified as a bridge and provides an opening under a roadway. (SDCL 31-14-1)
Culverts shall be no less than 24 feet in length. (SDCL 31-12-18)

If an option is included for a replacement structure less than the 20 feet in length, the
local government needs to be made aware that this will remove that structure from
future federal and state funding. If this is the chosen option and it is on a Township
Road, SDDOT will require a Joint Powers Agreement between the County and the
Township prior to the project being let to bid.

Bridge Rail

Steel rail shall meet NCHRP 350 Test Level 2 or better. In South Dakota the rail used is
T101, T115, or SL1. Plates are provided by LGA. Turned down ends are used if the
ADT is less than 150. Approach rail is needed if ADT is greater than 150 which is
covered by either the SL1 or T101 with approach rail details available through LGA.

Concrete rail shall meet 32" MASH TL-3 and can be a Jersey, sloped, or vertical shape.
Anything taller will adversely affect agricultural traffic and a higher test level will increase
the cost of construction due to the extra steel required and possibly a thicker deck.

Rail designs that may be needed for special conditions (i.e. an approach or intersection
located within such close proximity to a structure as to interfere with the standard rail
placement, rehabilitation of existing rail, etc.) will be in accordance with current SDDOT
guidelines.

Box Culverts — Parapets, Aprons, Mixing of Materials

Parapets are standard on all rural box culverts at the request of the counties. The
parapets are essential to reduce sluff of shoulder material reducing the long term

maintenance issues. The parapet is considered a hazard, according to AASHTO

design standards, and must be kept outside of the clear zone.

Aprons are most often concrete as they provide another cut off wall and make a box
easier to access for inspection. Riprap is acceptable in situations where landowners do
not want cattle to get through the box. It is recommended boxes are either all precast
or all cast-in-place as mixing these has resulted in higher costs. This has been the
standard in South Dakota on rural structures for decades, in order to keep costs down
for the owners.

Hydraulics

This section addresses standards and design criteria specific to roads not on the state
system. Because of the relatively low traffic volumes and extensive roadway mileage
on roads functionally classified as local roads and streets (off-system) and collector
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roads and streets (federal aid system), design criteria are comparatively lower as a
matter of practicality. Although the South Dakota Drainage Manual
https://dot.sd.gov/doing-business/engineering/design-services/forms-manuals shall be
referred to for guidance on performing drainage investigations and preparing hydraulic
designs, this section shall be the primary starting point for designers working on local
government projects to ensure designs are appropriate for the noted local road
systems.

Hydraulic recommendations will be reported on the Hydraulic Data Sheet. (Note that a
special Hydraulic Data Sheet for Local Government projects has been prepared for this
use and is available for distribution in electronic format as provided by LGA).

Collector Roads and Streets / On-System

Hydraulically size the structure(s) so no roadway overtopping occurs for less
than, or equal to, the 25-year frequency flood event.

Where the project ADT (current or 20-year projection) is 100 or less, the design
may be reduced to a 10-year frequency provided the following is met: 1) The
current structure frequency is less than a 25-year frequency; 2) there is an
overtopping section located away from the structure; and 3) the local government
is willing to accept this reduction in standards and service to their taxpayers
along this route.

Bridge designs shall provide for a minimum of one foot of freeboard at the design
event from the low bridge girder to the water surface for bridge installations with
the desirable overflow section being away from the bridge location.

If current conditions do not meet the noted design frequencies and the local
government has no issue with the current level of service, they may opt to have
the structure sized to meet the current frequency. This situation shall be
documented on the hydraulic data sheet, along with local government
concurrence in the form of commission action or a letter from their highway
department.

Local Roads and Streets / Off-System

When an overtopping section is available away from the structure location,
hydraulically size the structure so no roadway overtopping occurs for less than,
or equal to, the 10-year frequency flood event.

When no overtopping section away from the structure exists, the structure must
be hydraulically sized for no roadway overtopping for less than, or equal to, the
25-year frequency flood event.
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Bridge designs shall provide for a minimum of one foot of freeboard at the design
event from the low bridge girder to the water surface for bridge installations with
the desirable overflow section being away from the bridge location.

If current conditions do not meet the noted design frequencies and the local
government has no issue with the current level of service, they may opt to have
the structure sized to meet the current frequency. This situation shall be
documented on the hydraulic data sheet, along with local government
concurrence in the form of commission action or a letter from their highway
department.

Eligible & Ineligible Costs — Structure Projects

When expending funds, federal or state, for the replacement or rehabilitation of
structures, every effort is made to maintain those funds for work on the structure.

Minimization of grading work has long been required for federally funded projects as
grading is only eligible between what is called the “touchdown” points of the structure.
These are the limits of roadway disturbance needed to remove and replace the
structure. Grading outside of what is determined to be the touchdown points, is
ineligible for bridge funds and will need to be funded by state or local funds. This can
be found in 23 CFR 650.405 (c)

(c) Ineligible work. Except as otherwise prescribed by the Administrator, the costs
of long approach fills, causeways, connecting roadways, interchanges, ramps,
and other extensive earth structures, when constructed beyond the attainable
touchdown point, are not eligible under the bridge program.

In addition to grading outside of the touchdown points, the South Dakota Association of
County Highway Superintendents has created a list of additional items that are ineligible
for federal and state funded structure projects. These items include the following: right-
of-way costs, utility relocations, roadway surfacing, sidewalk/bikepath concrete off the
structure, drop inlets and other urban drainage features off the structure, fencing,
aesthetics, and off-site environmental mitigation and monitoring costs.

Ineligible work included in a project must be clearly discussed, defined, and most
importantly agreed to in writing with the local government as they will be responsible for
100 percent of the associated costs. Ineligible costs must be clearly marked in the
plans.

On-Site Traffic Detours at Structures — Try to Avoid

On-site traffic detours should be avoided if at all possible as they are expensive and
must be constructed as a part of the project as per all the DOT/Environmental
requirements. Discussing this with the local government early is essential.
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Roadside Design
Local Rural Roads — Appendix 1, 5.2.2.8

Clear Zones - Horizontal Clearance to Obstructions

Local Rural Roads — Appendix 1, 5.2.2.8.1

A clear zone of 10 ft or more from the edge of the traveled way, appropriately
graded with relatively flat slopes and rounded cross-sectional design, is
desirable. An exception may be made where guardrail protection is provided.
The recovery area should be clear of all unyielding objects such as trees, fixed
sign supports, utility poles, light poles, and any other fixed objects that might
severely damage an out-of-control vehicle.

To the extent practical, where another highway or railroad passes over, the
structure should be designed so that the pier or abutment supports have lateral
clearance as great as the clear roadside area on the approach roadway. For
further information on providing roadside lateral clearance, see the AASHTO
Roadside Design Guide (3).

Where it is not practical to carry the full-width approach roadway across an
overpass or other bridge, an appropriately transitioned roadside barrier should be
provided. At selected locations, such as the outside of a sharp curve, a broader
recovery area with greater horizontal clearances should be provided to any
roadside obstruction.

Rural Collectors — Appendix 2, 6.3.4.1

For rural collector roads with a design speed of 45 mph or less, a minimum clear
zone of 10 ft measured from the edge of the traveled way should be provided.
This recovery area should be clear of all unyielding objects such as trees, fixed
sign supports, utility poles, light poles, and other fixed objects. The benefits of
removing these obstructions should be weighed against any environmental and
aesthetic effects.

For rural collector roads with a design speed of 50 mph or more, the AASHTO
Roadside Design Guide (3) should be used for guidance in selecting an
appropriate clear-zone width.

Guidance can also be found in Chapter 10 of the SDDOT Road Design Manual.

The approach roadway width (traveled way plus shoulders) should be carried
across an overpass or bridge, where practical. Approach roadside barriers,
anchored to the bridge rails or parapets, should be provided. Sidewalks should
extend across a bridge if the approach roadway has sidewalks or sidewalk areas.
To the extent practical, where another highway or railroad passes over the
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roadway, the overpass structure should be designed so that the pier or abutment
supports have lateral clearance as great as the clear zone on the approach
roadway. Where a setback beyond the clear zone is not practical, roadside
barrier protection should be provided at the piers.

Local Urban Streets — Appendix 1, 5.3.4.1
Urban Collectors — Appendix 2, 6.3.4.1
Urban Arterials — Appendix 3, 7.3.4.1

Lateral Offset
Local Rural Roads — Appendix 1, 5.2.2.8.2
Rural Collectors — Appendix 2, 6.2.4.2
Local Urban Streets — Appendix 1, 5.3.4.2
Urban Collectors — Appendix 2, 6.3.4.2
Urban Arterials — Appendix 3, 7.3.4.2

Foreslopes
Local Rural Roads — Appendix 1, 5.2.2.8.3

The maximum rate of foreslope depends on the stability of local soils as
determined by soil investigation and local experience. Slopes should be as flat
as practical, and other factors should be considered to determine the design
slope. Flat foreslopes increase safety by providing a maneuver area in
emergencies, are more stable than steep slopes, aid in the establishment of plant
growth, and simplify maintenance work. Vebhicles that leave the traveled way can
often be kept under control if slopes are gentle and drainage ditches are well-
rounded. Such recovery areas should be provided where terrain and right-of-way
controls permit.

Combinations of rate and height of slope should provide for vehicle recovery.
Where controlling conditions (such as high fills, right-of-way restrictions, or the
presence of rocks, watercourses, or other roadside features) make this
impractical, consideration should be given to the provision of guardrail, in which
case the maximum rate of foreslope could be used.

Cut sections should be designed with adequate ditches. Preferably, the
foreslope should not be steeper than 1V:2H, and the ditch bottom and slopes
should be well-rounded. The backslope should not exceed the maximum
required for stability.
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Rural Collectors — Appendix 2, 6.2.4.3

The maximum rate of foreslope should depend on the stability of local soils as
determined by soil investigation and local experience. Slopes should be as flat
as practical, taking into consideration other design constraints. Flat foreslopes
improve safety by providing a maneuvering area in emergencies, are more stable
than steep slopes, aid in the establishment of plant growth, and simplify
maintenance work. Roadside barriers may be used where topography and right-
of-way are restrictive and a need is justified.

Drivers who inadvertently leave the traveled way can often recover control of
their vehicles if foreslopes are 1V:4H or flatter and shoulders and ditches are well
rounded or otherwise made traversable. Such recoverable slopes should be
provided where terrain and right-of-way conditions allow.

Where provision of recoverable slopes is not practical, the combinations of rate
and height of slope provided should be such that occupants of an out-of-control
vehicle have a good chance of survival. Where high fills, right-of-way
restrictions, watercourses, or other problems render such designs impractical,
roadside barriers should be considered, in which case the maximum rate of fill
slope may be used. Reference should be made to the current edition of the
AASHTO Roadside Design Guide (3). For further information, see the section on
“Traffic Barriers” in Chapter 4 (of the AASHTO Green Book).

Cut sections should be designed with adequate ditches. Preferably, the
foreslope should not be steeper than 1V:3H and, where practical, should be
1V:4H or flatter. The ditch bottom and slopes should be well rounded, and the
backslope should not exceed the maximum needed for stability.

Typical Cross Section — All Rural Roads

The typical section will include a crown slope of 4 percent for gravel surfaces or 2
percent for paved surfaces, 4:1 inslopes, a standard 10' ditch at 20:1, and 5:1
backslopes. When conditions don’t allow this, the inslope (foreslope) can be steepened
to 1V:2H on Local Rural Roads or 1V:3H on Rural Collectors as discussed in the
previous section on Foreslopes.

The following typical section keeps the ditch drainage farther from the roadway but
requires larger work limits and potentially the need for more right-of-way.

varies —p4— 10 ft —P4¢— varies »

4:1

5:1
\/
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The following typical section works well in areas where the project limits and impact to

the right-of-way must be kept to a minimum.

Intersection Design
Local Rural Roads — Appendix 1, 5.2.2.9
Rural Collectors — Appendix 2, 6.2.5
Local Urban Streets — Appendix 1, 5.3.5
Urban Collectors — Appendix 2, 6.3.5
Urban Arterials — Appendix 3, 7.3.11

Railroad-Highway Grade Crossings
Local Rural Roads — Appendix 1, 5.2.2.10
Rural Collectors — Appendix 2, 6.2.6
Local Urban Streets — Appendix 1, 5.3.6
Urban Collectors — Appendix 2, 6.3.6
Urban Arterials — Appendix 3, 7.3.7

Traffic Control Devices
Local Rural Roads — Appendix 1, 5.2.2.11
Rural Collectors — Appendix 2, 6.2.7
Local Urban Streets — Appendix 1, 5.3.7
Urban Collectors — Appendix 2, 6.3.7

Roadway Lighting
Local Urban Streets — Appendix 1, 5.3.8
Urban Collectors — Appendix 2, 6.3.8
Urban Arterials — Appendix 3, 7.3.18

Drainage
Local Rural Roads — Appendix 1, 5.2.2.12
Rural Collectors — Appendix 2, 6.2.8
Local Urban Streets — Appendix 1, 5.3.9
Urban Collectors — Appendix 2, 6.3.9
Urban Arterials — Appendix 3, 7.3.3.6
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Erosion Control and Landscaping
Local Rural Roads — Appendix 1, 5.2.2.13
Rural Collectors — Appendix 2, 6.2.9
Local Urban Streets — Appendix 1, 5.3.10 & 5.3.11
Urban Collectors — Appendix 2, 6.3.10 & 6.3.11
Urban Arterials — Appendix 3, 7.3.17

Speed Transitions Entering Rural Towns
Rural Collectors — Appendix 2, 6.2.10

Recreational Roads — Appendix 1, 5.4

Resource Recovery and Local Service Roads — Appendix 1, 5.5

Low-Volume Roads — Local and Minor Collector Roads with Traffic
Volumes of 2,000 Vehicles Per Day or Less

Low-volume roads often present a unique challenge because low traffic volumes and
reduced frequency of crashes make designs normally applied on higher volume roads
less cost effective. AASHTO has produced a publication to assist in these situations
which can be found in Appendix 5, AASHTO Second Edition of the 2019 “Guidelines for
Geometric Design of Low-Volume Roads”.
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L ocal Roads and Streets

5.1 INTRODUCTION

“This chapter presents guidance on the application of geometric design criteria to fa-
cilities functionally classified as local roads and streets. The chapter is subdivided into
secttons on rural, urban, and special-purpose local roads.

Alocal road or street serves primarily to provide access to farms, residences, businesses,
or other abutting properties. Although local roads and streets may be planned, con-
structed, and operated with the predominant function of providing access to adjacent
property for a variety of users, some local roads and streets serve a limited amount of
through traffic. On these roads, the through traffic is local in nature and extent rather
than regional, intrastate, or Interstate. Such roads properly include geometric design
and traffic control featurcs more typical of collectors and arterials.

Local roads and strects constitute a high proportion of the roadway mileage in the
United States. The traffic volume generated by the abutting land uses are largely short
trips or a relatively small part of longer trips where the local road connects with major
streets or highways of higher classifications. Because of the relatively low traffic vol-
umes and the extensive roadway mileage, design criteria for local roads and streets are
of a comparatively low order as a matter of practicality. However, to provide traffic mo-
bility and safety—together with the essential economy in construction, maintenance,
and operation—they should be planned, located, and designed to be suitable for pre-
dictable traffic operations and should be consistent with the development and culture
abutting the right-of-way.

In constrained or unusual conditions, it may not be practical to meet the design criteria
presented in this chapter. In such cases, the goal should be to obtain the best practical
alignment, grade, sight distance, and drainage that are consistent with terrain, devel-
opment (present and anticipated), crash reduction, and available funds.

Drainage, both on the pavement itself and from the sides and subsurface, is an import-
ant design consideration. Inadequate drainage can lead to high maintenance costs and
adverse operational conditions. In areas of substantial snowfall, roadways should be
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designed so that there is sufficient storage space outside the traveled way for plowed snow and
proper drainage for melting conditions.

It may not be cost-cffective to design local roads and streets that carry less than 2,000 vehicles
per day using the same criteria applicable to higher volume roads or to make extensive improve-
ments to such very low-volume roads. Alternate design criteria may be considered for local and
minor collector roads and streets that carry 2,000 vehicles per day or less in accordance with the
AASHTO Guidelines for Geometric Design of Very Low-Volume Local Roads (1).

The specific dimensional design criteria presented in this chapter are appropriate as a guide for
new construction of local roads and streets. Projects to improve existing roads differ from new
construction in that the performance of the existing road is known and can guide the design
proccss. Features of the existing design that are performing well may remain in place, while
features that are performing poorly should be improved, where practical. Chapter 1 presents a
flexible, performance-based design process that can be applied in developing projects on collec-

tor roads and streets.

5.2 LOCAL ROADS IN RURAL AREAS

This section presents guidance on the design of local roads and streets in the rural and rural town
contexts. The primary differences between geometric design in the rural and rural town contexts
are in the choice of design speed and the increased need in the rural town context to provide
parking, to serve increased pedestrian and bicyclist flows, and blend in with the community.

5.2.1 General Design Considerations

A major part of the road system in rural areas consists of two-lane local roads. These roadways
should be designed to accommodate the highest practical criteria compatible with trafhic and

topography.
5.2.1.1 Design Speed

Design speed is a selected speed used to determine the various design features of the roadway.
Geometric design features should be appropriate for environmental and terrain conditions and
consistent with the selected design speed. Designers are encouraged to select design speeds
equal to or greater than the minimum values shown in Table 5-1. Low design speeds are gen-
erally applicable to roads with winding alignment in rolling or mountainous terrain or where
environmental conditions dictate. High design speeds are generally applicable to roads in level
terrain or where other environmental conditions are favorable. Intermediate design speeds would
be appropriate where terrain and other environmental conditions are a combination of those de-
scribed for low and high speed. Table 5-1 lists values for minimum design speeds as appropriate
for traffic volumes and types of terrain; terrain types are discussed further in Chapters 2 and 3.
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Table 5-1. Minimum Design Speeds for Local Roads in Rural Areas

U.S. Customary S Metric
- - | Design Speed (mph) for Specified Design Speed (km/h} for Specified
Type of Design Volume {veh/day) Design Volume (veh/day)
Terrain 50 | 250 | 400 | 2,000 50 | 250 | 400 | 2,000
under under
50 to to to and 50 to to to and
250 400 | 2,000 | over 250 | 400 | 2,000 | over
Level 30 30 40 50 50 50 50 60 80 80
Rolling 20 30 30 40 40 30 50 50 40 60
Mountainous 20 20 20 30 30 30 30 30 50 50

5.2.1.2 Design Traffic Volume

Roads should be designed for a specific traffic volume and a desired level of service. The average
daily traffic (ADT) volume, either for the current year, the projected opening year, or projected
to some future design year, should be the basis for design. Usually, the design year is about 20
years into the future, but may range from the current year to 20 years depending on the nature
of the improvement.

5.2.1.3 Levels of Service

Procedures for estimating the traffic operational performance of particular highway designs
are presented in the Highway Capacity Manual (HCM) (17), which also presents a thorough
discussion of the level-of-service concept. Although the choice of an appropriate design level
of service is left to the highway agency, designers should strive to provide the highest level of
service practical and consistent with anticipated conditions. Level-of-service characteristics are
discussed in Section 2.4.5 and summarized in Table 2-2.

5.2.1.4 Alignment

Alignment between control points should be designed to be as favorable as practical, consistent
with the environmental impact, topography, terrain, design traffic volume, and the amount of
reasonably obtainable right-of-way. Sudden changes between curves of widely different radii or
between long tangents and sharp curves should be avoided. Where practical, the design should
include passing opportunities. Where crest vertical curves and horizontal curves occur together,
greater-than-minimum sight distance should be provided so that the horizontal curves are vis-
ible to approaching drivers.

5.2.1.5 Grades

Suggested maximum grades for local roads in rural areas are shown in Table 5-2 as a function
of type of terrain and design speed.
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Table 5-2. Maximum Grades for Local Roads in Rural Areas

U.S. Customary Metric
Type of Maximum Grade (%) for Maximum Grade (%) for
Terrain Specified Design Speed {mph) Specified Design Speed (km/h}
' 15(20(25(30|35t40(45(50(55|60|20130(40150|60]70(80|90{100
level |9 |87 |7 |7 |7 |7 |6|6|5|9|8(7|(7|7|7|6|6]5
Rolling 122111 (11 |10(10(10( 2| 8|76 |12|11[11]10|10]| ¢ | 8| 7| 6
Mountainous [ 17 | 16 [ 15|14 [ 14 [ 13 [ 12| 10| 10| — |17 |16 15|14 |13 (12 10| 10| —

NOTE: Short lengths of grade in rural areas, such as grades less than 500 ft [150 m] in length, one-way
downgrades, and grades on low-velume roads {AADT less than 2,000 veh/day} may be up to 2
percent steeper than the grades shown in this table.

5.2.1.6 Cross Slope

Traveled-way cross slope should be adequate to provide proper drainage. Normally, cross slopes
range from 1.5 to 2 percent for paved surfaces and 2 to 6 percent for unpaved surfaces.

For unpaved surfaces, such as stabilized or loose gravel, and for stabilized earth surfaces, a cross
slope of at least 3 percent is desirable. For further information on pavement and shoulder cross
slopes, see Sections 4.2.2 and 4.4.3.

Superelevation—For roads in rural areas with paved surfaces, superelevation should be not more
than 12 percent, except where snow and ice conditions prevail, in which case the superelevation
should be not more than 8 percent. For unpaved roads, superelevation should be not more than

12 percent.

Superelevation runoff is the length of roadway needed to accomplish a change in outside-lane
cross slope from zero (flat) to full superelevation, or vice versa. Minimum lengths of runoff
are presented in Section 3.3.8.2. Adjustments in design runoff lengths may be desirable for
smooth riding, surface drainage, and good appearance. For a general discussion on this topic,
see Section 3.3.8, “Iransition Design Controls.”

Sight Distance—Minimum stopping sight distance and passing sight distance should be as
shown in Tables 5-3 and 5-4. Criteria for measuring sight distance, both vertical and horizontal,
are as follows: for stopping sight distance, the height of eye is 3.5 ft [1.08 m] and the height of
object is 2.00 ft [0.60 m]; for passing sight distance, the height of eye remains the same, but the
height of object is 3.50 ft [1.08 m]. Section 3.2 provides a general discussion of sight distance.
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Table 5-3. Design Controls for Stopping Sight Distance and for Crest and Sag Vertical Curves

U.S. Customary Metric
initial Design | Rate of Vertical Cur- Initial Design | Rate of Vertical Cur-
Speed | Stopping vature, K= (ft/%) Speed | Stopping vature, K (m/%)
(mph) Sight Crest Sag (km/h) Sight Crest Sag
Distance Distance
{ft) (m)
15 80 3 10 20 20 1 3
20 115 7 17 30 35 2 &
25 155 12 26 40 50 4 9
30 200 19 37 50 65 7 13
35 250 29 49 60 85 11 18
40 305 44 64 70 105 17 23
45 360 61 79 80 130 26 30
50 425 84 26 90 160 39 38
55 495 114 115 100 185 52 45
60 570 151 136
65 645 193 157

a.

Rate of vertical curvature, K, is the length of curve per percent algebraic difference in the intersecting grades (i.e.,

K= L/A). (See Sections 3.2.2 and 3.4.6 for details.)

Table 5-4. Design Controls for Crest Vertical Curves Based on Passing Sight Distance

U.S, Customary Metric

Design Design Rate of Verti- Design Design Rate of Verti-
Speed | Passing Sight | cal Curvature, Speed | Passing Sight | cal Curvature,
(mph) Distance {ft) K= (ft/%) (km/h) Distance (m) Ko {m/%)

20 400 57 30 120 17

25 450 72 40 140 23

30 500 89 50 160 30

35 550 108 60 180 38

40 600 129 70 210 51

45 700 175 80 245 69

50 800 229 90 280 21

55 200 289 100 320 119

60 1000 357

65 1100 432

a

Rate of vertical curvature, K, is the length of curve per percent algebraic difference in the intersecting grades

{i.e., K= L/A). (See Sections 3.2.4 and 3.4.6 for details.)
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5.2.2 Cross-Sectional Elements
5.2.2.1 Width of Roadway

‘The minimum roadway width is the sum of the traveled way and graded shoulder widths giv-
en in Table 5-5. Graded shoulder width is measured from the edge of the traveled way to the
point of intersection of shoulder slope and foreslope. Where roadside barriers are proposed, it
is desirable to provide a minimum offset of 4.0 ft [1.2 m] from the traveled way to the barrier
whenever practical. For further information, see Section 4.4, “Shoulders” and Section 4.10.2,
“Longitudinal Barriers.” For information on roadway widening to accommodate vehicle off-
tracking, see “Derivation of Design Values for Widening on Horizontal Curves,” Section 3.3.9.1.

Where bicycle facilities are included as part of or adjacent to the roadway, refer to AASHTO's
Guide for the Development of Bicycle Facilities (6). Where pedestrian facilities are provided, they
must be accessible to and usable by individuals with disabilities (79, 27); consult the AASHTO
Guide for Planning, Design, and Operation of Pedestrian Facilities (2} and the Proposed Guidelines
Jfor Pedestrian Facilities in the Public Right-of-Way (18) for design elements not addressed in
References 21 and 19.

5.2.2.2 Number of Lanes

‘Two travel lanes usually can accommodate the normal traffic volume on local roads in rural ar-
eas. If exceptional traffic volumes occur in specific areas, additional lanes may be provided based
on an operational analysis. Provisions for climbing and passing lanes are covered in Section 3.4,
“Vertical Alignment.”
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Table 5-5. Minimum Width of Traveled Way and Shoulders for Two-Lane Local Roads in

Rural Areas
U.S. Customary Metric
Design Minimum Width of Traveled Design Minimum Width of Traveled
Speed Way (ft) for Specified Design Speed | Way (m) for Specified Design
{mph) Volume (veh/day) (km/h) Volume (veh/day)
under 400 to over under 400 to over
400 2000 2000 400 2000 2000
15 18 20° 22 20 54 6.0° 6.6
20 18 20° 22 30 54 6.0° 6.6
25 18 200 22 40 54 6.0 6.6
30 18 20° 22 50 54 6.02 6.6
35 18 208 22 60 54 6.0° 6.6
40 18 200 22 70 6.0 6.6 6.6
45 20 22 22 80 6.0 6.6 6.6
50 20 22 22 g0 6.6 6.6 6.6°
55 22 22 22b 100 6.6 6.6 6.6°
60 22 22 22b All Width of graded shoulder on
65 22 22 22b speeds each side of the road (m)
Al Width of graded shoulder on 0.6 1.0 I 1.8
speeds each side of the road (ft)
2 3 | e

®  Forroads in mountainous terrain with design volume of 400 to 600 veh/day, an 18-ft [5.4-m] traveled-way width
may be used.

b Consider using traveled-way width of 24 ft[7.2 m] where substantial truck volumes are present or agricultural
equipment frequently uses the road

5.2.2.3 Right-of-Way Width

Providing right-of-way widths that accommodate construction, adequate drainage, and proper
maintenance of a highway is a very important part of the overall design. Wide rights-of-way
permit the construction of gentle slopes, resulting in reduced crash severity potential and pro-
viding for easier and more economical maintenance. The procuremnent of sufficient right-of-way
at the time of the initial construction permits the widening of the roadway and the widening
and strengthening of the pavement at a reasonable cost as traffic volumes increase.

In developed areas, it may be necessary to limit the right-of-way width. However, the right-of-
way width should not be less than that needed to accommeodate all the elements of the design
cross sections, utilities, and appropriate border areas.

5.2.2.4 Medians

Medians are generally not provided for local roads in rural areas. For additional information on
g Y p
medians, see Section 5.3, “Local Streets in Urban Areas.”
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5.2.2.5 Bicycle and Pedestrian Facilities

Many local roadways are sufficient to accommodate bicycle traffic. Where dedicated facilities for
bicycles are desired, they should be in accordance with AASHT's Guide for the Development
of Bicycle Facilities (6).

Sidewalks are not normally found along local roads in rural areas. However, for areas where
the designer desires to accommodate pedestrians, sidewalks should generally have a width of at
least 5 ft [1.5.m]. Sidewalks with a 4-ft [1.2 m] width may be provided, but passing areas at least
5 ft [1.5 m] in width and S ft [1.5 m] in length must be provided at least every 200 ft [60 m].
Where curbs are present, curb ramps must be provided at crosswalks to accommodate persons
with disabilities. All pedestrian facilities must be accessible to and usable by individuals with
disabilitics (19, 21). Additional design guidance can be found in Section 4.17.1, “Sidewalks,” in
the AASHTO Guide for the Planning, Design, and Operation of Pedestrian Facilities (2), and in
the Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way (18).

5.2.2.6 Driveways

A driveway is an access constructed within a public right-of-way, connecting a public roadway
with adjacent property and intended to provide vehicular access.

Some of the principles of intersection design apply directly to driveways. In particular, drive-
ways should have well-defined locations. Large graded or paved areas adjacent to the traveled
way that allow drivers to enter or leave the street randomly should be discouraged.

Sight distance is an important design control for driveways. Driveway locations where sight
distance is limited should be avoided. Vertical obstructions to essential sight distances should
be controlled by regulations. Driveway regulations should address width of entrance, spacing,
and placement with respect to property lines and intersecting streets, angle of entry, and vertical
alignment and pedestrian accessibility where driveways cross sidewalks. Driveways should be
situated as far away from intersections as practical, particularly if the driveway is located near

an arterial street.

Flared driveways are preferred because they are distinct from intersection delineations and can
properly handle turning movements. Design guidance related to driveway elements including
grade, width, channelization, cross slope, and other geometrics is presented in Section 4.15.2
and in the Guide for the Geometric Design of Driveways (14). Further guidance on the design of
sidewalk-driveway interfaces can be found in AASHTO's Guide for the Planning, Design, and
Operation of Pedestrian Farilities (2) and the Proposed Guidelines for Pedestvian Facilities in the
Public Right-of-Way (18).
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5.2.2.7 Structures

5.2.271 New and Reconstructed Structures

'The design of bridges, culverts, walls, tunnels, and other structures should be in accordance with
the current AASHTO LRFD Bridge Design Specifications (9). Except as otherwise indicated in
this chapter and in Chapter 4, the dimensional design of structures should also be in accordance
with Reference 9.

‘The minimum design loading for new bridges on local roads in rural areas should be the HI.-93
design vehicle live loads.

‘The minimum clear roadway widths for new and reconstructed bridges should be as given in
Table 5-6. For gencral discussion of structure widths, see Chapter 10.

Table 5-6. Minimum Clear Roadway Widths and Design Loadings
for New and Reconstructed Bridges

U.S. Customary Metric
Design Minimum Design Design Minimum Design
Volume Clear Loading Volume Clear Loading
(veh/day) Roadway Structural (veh/day) Roadway Structural
Width for Capacity Width for Capacity
Bridges® Bridges®
under 400 Traveled way HL-93 under 400 Traveled way HL-93
+ 2 ft +0.6m
(each side) (each side)
400 t0 2,000 | Traveled way HL-93 400 to 2,000 | Traveled way HL-93
+ 31t +1.0m
(each side) {each side)
over 2,000 Approach HL-93 over 2,000 Approach HL-93
roadway roadway
width? widtht

*  Where the approach roadway width {traveled way plus shoulders) is surfaced, that surface width should be carried
across the structures.

b For bridges in excess of 100 ft [30 m] in length, the minimum width of traveled way plus 3 ft[1 m] on each side is
acceptable,

5.2.2.7.2 Vertical Clearance

Vertical clearance at underpasses should be at least 14 ft [4.3 m] over the entire roadway width,
with an allowance for future resurfacing. The vertical clearance to sign supports and to bicycle
and pedestrian overpasses should be 1.0 ft [0.3 m] greater than the highway structure clearance.

5.2.2.8 Roadside Design

Roadside design has an important role in reducing the severity of crashes that may occur when
vehicles run off the road. It may not be practical to provide an obstacle-free roadside on local
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roads and streets. However, every effort should be made to provide as much clear roadside as is
practical. This becomes more important as speeds increase. The judicious use of guardrail and
flatter slopes helps to reduce crash severity for vehicles that leave the roadway. There are typically
two primary considerations for roadside design along the traveled way for local roads in rural
areas—clear zone and lateral offset. Foreslope is another important consideration in roadside
design with regard to both crash reduction and slope stability.

5.2.281 Clear Zones

A clear zone of 7 to 10 ft [2 to 3 m] or more from the edge of the traveled way, appropriately
graded with relatively flat slopes and rounded cross-sectional design, is desirable. An exception
may be made where guardrail protection is provided. The clear zone should be clear of all un-
yielding objects such as trees, sign supports, utility poles, light poles, and any other fixed objects
that might increase the potential severity of a crash when a vehicle runs oft the road. Further
guidance on clear zones can be found in the AASHTO Roadside Design Guide (5).

A source of alternative clear zone design criteria that may be considered for local roads and
strects that carry 2,000 vehicle per day or less is the AASHTO Guidelines for Geometric Design
of Very Low-Volume Local Roads (1).

5.2.2.8.2 Lateral Offset

Lateral offset is defined in Section 4.6.2. Further discussion and suggested guidance on the
application of lateral offsets is provided in the AASHTO Roadside Design Guide (5).

The full approach width (traveled way plus shoulders) should be carried along the roadway and
across bridges and overpasses where practical. To the extent practical, where another highway or
railroad passes over the roadway, the overpass should be designed so that the pier or abutment
supports, including barrier protection systems, have a lateral offset equal to or greater than the

lateral offset on the approach roadway.

On facilities without a curb and where shoulders are present, the AASHTO Roadside Design
Guide (5) provides suggested guidance concerning the provision of lateral offsets.

5.2.2.8.3 Foreslopes

The maximum rate of foreslope depends on the stability of local soils as determined by soil in-
vestigation and local experience. Slopes should be as flat as practical, taking into consideration
other design constraints. Flat foreslopes reduce potential crash severity for vehicles that run off
the road by providing a maneuver area in emergencies. In addition, they are more stable than
steep slopes, aid in the establishment of plant growth, and simplify maintenance work. Vehicles
that leave the traveled way can often be kept under control if slopes are gentle and drainage
ditches are well-rounded. Such recovery areas should be provided where terrain and right-of-

way controls permit.
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Combinations of rate and height of slope should provide for vehicle recovery. Where controlling
conditions (such as high fills, right-of-way restrictions, or the presence of rocks, watercourses,
or other roadside features) make this impractical, consideration should be given to the provision
of guardrail, in which case the maximum rate of foreslope consistent with slope stability may

be used.

Cut sections should be designed with adequate ditches. Preferably, the foreslope should not be
steeper than 1V:2H, and the ditch bottom and slopes should be well-rounded. The backslope
should not exceed the maximum rate needed for stability.

5.2.2.9 Intersection Design

Intersections should be carefully located to avoid steep profile grades and to provide adequate
approach sight distance. An intersection should not be situated just beyond a short-crest ver-
tical curve or on a sharp horizontal curve. When there is no practical alternate to locating an
intersection on a curve, the approach sight distance on each leg should be checked, and where
practical, backslopes should be flattened and horizontal or vertical curves lengthened to provide
additional sight distance. The driver of a vehicle approaching an intersection should have an un-
obstructed view of the entire intersection and sufficient lengths of the intersecting roadways to
permit the driver to anticipate and avoid potential collisions. Sight distances at intersections with
six different types of traffic control are presented in Section 9.5, “Intersection Sight Distance.”

Intersections should be designed with corner radii adequate for a selected design vehicle, repre-
senting a larger vehicle that is anticipated to use the intersection with some frequency. For infor-
mation on minimum turning radius, see Section 9.6, “Turning Roadways and Channelization.”
Where turning volumes are significant, auxiliary lanes and channelization should be considered.

Intersection legs that operate under stop control should intersect at right angles, wherever prac-
tical, and should not intersect at an angle less than 75 degrees. For more information on inter-

section angle, see Section 9.4.2, “Alignment.”
5.2.2.10 Railroad-Highway Grade Crossings

Appropriate grade-crossing warning devices should be installed at railroad—highway grade
crossings on local roads and streets. Details of the devices to be used are given in the Manual
on Uniform Traffic Control Devices (MUTCD) (12). In some states, the final approval of these

devices may be vested in an agency having oversight over railroads.

Sight distance is an important consideration at railroad—highway grade crossings. There should
be sufficient sight distance along the road and along the railroad tracks for an approaching driver
to recognize the crossing, perceive the warning device, determine whether a train is approach-
ing, and stop if necessary. If crossing gates are not provided, adequate sight distance along the
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track is also needed for drivers of stopped vehicles to decide when it is safe to proceed across the
tracks. For further information on railroad-highway grade crossings, see Section 9.12.

The roadway width at all railroad crossings should be the same as the width of the approach
roadway. Crossings that are located on bicycle routes that are not perpendicular to the railroad
may need additional paved shoulder for bicycles to maneuver over the crossing. For further in-
formation, see the AASHTO Guide for the Development of Bicycle Facilities (6).

5.2.211 Traffic Control Devices

Signs, pavement and other markings, and, where appropriate, traffic signal controls are essential
elements for all local roads and streets. Refer to the MUTCD (72) for details of the devices to

be used and, for some conditions, warrants for their use.
5.2,.212 Drainage

Drainage, both on the pavement and from the sides and subsurface, is an important design
consideration. Inadequate drainage can lead to high maintenance costs and adverse operational
conditions. In areas of significant snowfall, roadways should be designed so that there is sufh-
cient storage space outside the traveled way for plowed snow and proper drainage for melting
conditions. Further guidance can be found in the AASHT'O Drainage Manual (7).

5.2.2.13 Erosion Control and Landscaping

Consideration should be given to the preservation of the natural groundcover and the growth
of shrubs and trees within the right-of-way when designing local roads in rural areas. Shrubs,
trees, and other vegetation should be considered in assessing the sight distance available to the
driver and the lateral offset to roadside objects. Seeding, mulching, sodding, or other acceptable
measures for covering slopes, swales, or other erodible areas should be considered in the local

road design in rural areas.

For further information about erosion control and landscaping, see Section 3.6.1, “Erosion

Control and Landscape Development.”
5.2.2.14 Design of Local Streets in the Rural Town Context

The design of local streets in the rural town context is similar to the design of local streets in the
suburban and urban contexts, which is addressed in Section 5.3.

5.3 LOCAL STREETS IN URBAN AREAS

'This section presents guidance on the design of local streets in urban areas. Local streets in
urban areas are designed with a flexible approach to meet the needs of the suburban, urban,
and urban core contexts. Local streets generally have lower traffic volumes than collectors and
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arterials and lower speeds are appropriate because the emphasis is on serving the adjacent devel-
opments. A flexible and balanced design approach to serve all transportation modes appropri-
ately should be applied. The balance among transportation modes may differ between projects
based on the demand flows for each transportation mode and established neighborhood plans.
'The design guidance given below should be adapted to the context and needs of each individual
neighborhood and street.

5.3.1 General Design Considerations

A local street in an urban area is a public roadway that serves motor vehicles, transit, pedes-
trians, and bicyclists. The street includes the entire area within the right-of-way and usually
accommodates public utility facilities within the right-of-way. The development or improve-
ment of streets should be based on a functional street classification that is part of a comprehen-
sive community development plan. The design criteria should be appropriate for the ultimately
planned development.

Local streets in urban areas fall within three functional classifications: arterials, collectors, and
local access routes, which are discussed in Chapter 1. Geometric design guidance is provided for
collector streets in Chapter 6 and for arterial streets in Chapter 7. This chapter does not present
a complete discussion of all design criteria that apply to local streets. However, where there are
substantial differences from the criteria used in design of other functional classes, specific design
guidance is given below.

The design features of local streets in urban areas are constrained by practical limitations to a
greater extent than those of similar roads in rural areas. The two major design controls are:

* the type and extent of urban development, which often limit the available right-of-way, and

* zoning or regulatory restrictions.

Some streets serve primarily to provide access to adjacent residential development areas. In
such cases, the overriding consideration is to foster a community environment whereas the con-
venience of the motorist is secondary. Other local streets not only provide access to adjacent
development but also serve limited through traffic. Traffic operational performance may be an

important concern on such streets.

On streets serving industrial or commercial areas, the vehicle dimensions, traffic volumes, and
vehicle loads differ greatly from those on residential streets, and different dimensional and
structural design values are appropriate. The major design controls for such streets are intended
to provide efficient operations. Where a particular design feature varies depending on the area
served (e.g. residential, commercial, or industrial), different design guidelines are presented for
each condition. The designer should be apprised of local ordinances and resolutions that affect
certain design features.
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5.3.1.1 Design Speed

Design speed is not a major factor for local streets in urban areas because in the typical street
grid, the closely spaced intersections usually limit vehicular speeds. For consistency in design
elements, design speeds ranging from 20 to 30 mph [30 to 50 km/h] may be used, depending on
available right-of-way, terrain, anticipated use by pedestrians and bicyclists, adjacent develop-
ment, and other area controls. Since the function of local streets is to provide access to adjacent
property, all design elements should be consistent with the character of activity on and adjacent
to the street, and should encourage speeds generally not exceeding 30 mph (50 km/h].

5.3.1.2 Design Traffic Volume

Traffic volume is not usually a major factor in determining the geometric criteria to be used in
designing residential streets. Traditionally, such streets arc designed with a standard two-lane
cross section, but a four-lane cross section may be appropriate in certain urban areas, as governed
by traffic volume, administrative policy, or other community considerations.

Traffic volume is a major factor for streets serving industrial or commercial areas. The ADT pro-
jected to some future design year should be the design basis. It usually is difficult and costly to
modify the geometric design of an existing street unless provision is made at the time of initial
construction. Design traffic volumes in such areas should be forecast for at least 10 years, and
preferably 20 years, into the future.

5.3.1.3 Levels of Service

Procedures for estimating the traffic operational level of service for particular highway designs
are presented in the Highway Capacity Manual (HCM) (17), which also presents a thorough
discussion of the level-of-service concept. Although the choice of an appropriate design level
of service is left to the highway agency, designers should provide the highest level of service
practical and consistent with the project context. Level-of-service characteristics are discussed
in Section 2.4.5 and summarized in Table 2-2.

5.3.1.4 Alignment

Alignment in residential areas should closely fit with the existing topography to minimize the
need for cuts or fills. The function of local streets in residential areas is to provide land access,
and therefore these streets should be designed to discourage through traffic. Street alignment
in commercial and industrial areas should be commensurate with the topography but should be

as direct as practical.

The minimum radius for horizontal curves should be the greater of 100 ft [30 m] or the mini-
mum radius for the applicable design speed shown in Table 3-7.
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5.3.1.5 Grades

Grades for local residential streets should be as level as practical, consistent with the surround-
ing terrain. Grades for local residential streets should be less than 15 percent. Where grades of 4
percent or steeper are nceded, the drainage design may become critical. On such grades, special
care should be taken to prevent erosion on slopes and open drainage facilities.

Streets in commercial and industrial areas should have grades less than 8 percent, and flatter
grades should be encouraged.

To provide for proper drainage, the desirable minimum grade for streets with outer curbs should
be 0.50 percent, but a minimum grade of 0.30 percent may be used. Further guidance can be
found in the AASHTO Drainage Manual (7)

5.3.1.6 Cross Slope

Pavement cross slope should be sufficient to provide proper drainage. Normally cross slopes
range from 1.5 to 2 percent for paved surfaces and 2 to 6 percent for unpaved surfaces where
there are flush shoulders. Wherc there are outer curbs, cross slopes steeper than the guidelines
given above by about 0.5 to 1 percent are desirable for the lane adjacent to the curb.

For unpaved surfaces, such as stabilized or loose gravel or stabilized earth surfaces, a cross slope
of at least 3 percent is desirable. For further information on pavement cross slope, see Section
4.2.2.

Where shoulders are intended to be used as pedestrian facilities, the shoulder must be accessi-
ble to and usable by individuals with disabilities (19, 27). For additional guidance, refer to the
Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way (18).

5.3.1.7 Superelevation

Superelevation on horizontal curves may be advantageous for focal street traffic operations in
specific locations, but in built-up areas the combination of wide pavement areas, proximity of
adjacent development, control of cross slope, profile for drainage, frequency of cross streets, and
other urban features often combine to make the use of superelevation impractical or undesirable.
Therefore, superelevation usually is not provided on local streets in residential and commercial
areas; it may be considered on local streets in industrial areas to facilitate operation.

If superelevation is used, horizontal curves should be designed for a maximum superelevation
rate of 4 percent. If terrain dictates sharp curvature, a maximum superelevation rate of 6 percent
may be justified if the curve is long enough to provide an adequate superelevation transition.
Minimum lengths of superelevation runoff and a detailed discussion of superclevation are found
in Section 3.3.8.2.
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5.3.1.8 Sight Distance

Minimum stopping sight distance for local streets should range from 100 to 200 ft [30 to 60
m| depending on the design speed (see Table 3-1). Design for passing sight distance seldom is
applicable on local streets.

5.3.2 Cross-Sectional Elements
5.3.2.1 Width of Traveled Way

Lanes for moving traffic preferably should be 10 to 11 ft [3.0 to 3.3 m] wide, and in industrial
areas they should be 12 ft [3.6 m] wide. Where the available or attainable width of right-of-way
imposes severe limitations, 9-ft [2.7-m] lanes can be used in residential areas, and 11-ft [3.3-m]
lanes can be used in industrial areas. Added turning lanes where used at intersections should
be at least 9 ft [2.7 m] wide, and desirably 10 to 12 ft [3.0 to 3.6 m] wide, depending on the
percentage of trucks.

Where bicycle facilities are included as part of the design, refer to the AASHTO Guide for the
Development of Bicycle Facilities (6).

5.3.2.2 Number of Lanes

On residential streets where the primary function of the street is to provide access to adjacent
development and foster a community environment, at least one unobstructed moving lane must
be provided even where parking occurs on both sides. The level of user inconvenience occasioned
by the lack of two moving lanes is remarkably low in areas where single-family units prevail.
Local residential street patterns are such that travel distances are less than 0.5 mi [1 km] from
the trip origin to a collector street. In multifamily-unit residential areas, a minimum of two
moving traffic lanes to accommodate opposing trathc may be desirable. In many residential
areas, a minimum roadway width of 26 ft [8 m] is needed where on-street parking is permitted.
This curb face-to-curb face width of 26 ft [8 m] provides a 12-ft [3.6-m] center travel lane that
provides for the passage of fire trucks and two 7-ft [2.2-m] parking lanes. Opposing conflicting
traffic will yield and pause in the parking lane area until there is sufficient width to pass.

In commercijal areas where there are midblock left turns, it may be advantageous to provide an
additional continuous two-way left-turn lane in the center of the roadway.

5.3.2.3 Parking Lanes

Where used in residential areas, a parallel parking lane at least 7 ft [2.1 m] wide should be pro-
vided on one or both sides of the street, as appropriate to the conditions of lot size and intensity
of development. In commercial and industrial areas, parking lane widths should be at least 8 ft
[2.4 m] and are usually provided on both sides of the street.
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Parking lane width determination in commercial and industrial areas should consider use of the
parking lane for moving traffic during peak periods where industries have high employment
coneentrations. Where curb and gutter sections are used, the gutter pan width should be consid-
ered as part of the parking lane width. Where on-street parking spaces are designated, a portion
of spaces should be accessible to persons with disabilities. For more details refer to the Proposed
Guidelines for Pedestrian Facilities in the Public Right-of-Way (18).

5.3.2.4 Medians

Local streets in urban areas often do not have medians. However, where medians are provided
on local streets in urban areas, they are primarily to enhance the environment and to act as
buffer strips. These buffer strips should be designed to minimize interference with access to the
land abutting the roadway. A discussion of the various median types appears in Section 4.11.

5.3.2.5 Curbs

Local streets in urban areas normally are designed with curbs to allow greater use of available
width and for control of drainage, protection of pedestrians, and delineation. The curb should
be 4 to 6 in. [100 to 150 mm} high, depending on drainage considerations and traffic control.

On divided streets, the type of median curbs used should be compatible with the width of the
median and the type of turning movement control.

Vertical curbs with heights of 6 in. [150 mm] or more adjacent to the traveled way should be
offset at least 1 ft [0.3 m]. Where a curb-and-gutter section is provided, the gutter pan width
should be used as the offset distance. For additional information regarding curbs, see Section
4.7.

5.3.2.6 Right-of-Way Width

The right-of-way width should be sufficient to accommodate the ultimate planned roadway in-
cluding median (if used), shoulder (if used), landscaping strip, sidewalks, bicycle facilities, on-
street parking, utility strips in the border areas, and outer slopes.

5.3.2.7 Provision for Utilities

In addition to the primary purpose of serving vehicular traffic and in accordance with state law
or municipal ordinance, streets also often accommodate public utility facilities within the street
right-of-way. Use of the rights-of-way by utilities should be planned to minimize interference
with traffic using the street. Utilities must be located such that they do not make pedestrian fa-
cilities inaccessible. References 3 and 10 provide general principles for location and construction
of utilities to minimize conflict between the use of the street right-of-way for vehicular move-
ment and for its secondary purpose of providing space for location of utilities.
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5.3.2.8 Border Area

A border area should be provided along streets to reduce the potential for collisions involving
motorists and pedestrians as well as for aesthetic reasons. The street alignment should be select-
ed to minimize roadside slopes. However, the preservation and enhancement of the environ-
ment is important in the design and construction of local streets.

The border area between the roadway and the right-of-way line should be wide enough to serve
several purposes, including serving as a buffer space between pedestrians and vehicular traffic,
sidewalk space, snow storage, an area for placement of underground and aboveground utilities,
and an arca for maintainable aesthetic features such as grass or other landscaping. A border arca
of 10 ft [3.0 m] or wider is desirable.

Where the available right-of-way is limited and in areas of high right-of-way costs, a border
width of 2 ft [0.6 m] may be tolerated where there is no sidewalk.

5.3.2.9 Bicycle and Pedestrian Facilities

Local roadways and streets are generally sufficient to accommodate bicycle traffic. However,
where dedicated facilities are desired, they should be planned and designed in accordance with
the AASHTO Guide for the Development of Bicycle Facilities (6) or the FHHWA Separated Bike
Lane Planning and Design Guide (13).

Sidewalks used for pedestrian access to schools, parks, shopping areas, and transit stops and
sidewalks in commercial areas should be provided along both sides of the street, where practical.
Additional design guidance can be found in Section 4.17.1, “Sidewalks,” and further guidance
on designing for transit can be found in the AASHTO Guide for Geometric Design of Transit
Facilities on Highways and Streets (8). In residential areas, sidewalks should be provided on at
least one side of all local streets and are desirable on both sides of the street. The sidewalks
should be located as far as practical from the traveled way and are usually close to the right-of-

way lines.

Sidewalk widths of 5 ft [1.5 m] should generally be provided. The minimum sidewalk width is 4
ft [1.2 m]; where sidewalk widths are less than 5 ft [1.5 m}, passing areas at least 5 ft [1.5 m] in
width must be provided at least every 200 ft [60 m]. Sidewalk widths of 8 ft [2.4 m] or greater
may be needed in commercial areas. If roadside appurtenances are situated on the sidewalk ad-
jacent to the curb, additional width may be needed to secure the clear width. Greater sidewalk
widths should be considered for higher volume sidewalks and where the sidewalk is against the

curb or wall.

Curb ramps must be provided at crosswalks to accommodate persons with disabilities. Further
discussion of curb ramps appears in Section 4.17.3. Where pedestrian facilities are provid-
ed, they must be accessible to and usable by individuals with disabilities (19, 21); consult the
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AASHTO Guide for Planning, Design, and Operation of Pedestrian Facilities (2) and the Proposed
Guidelines for Pedestrian Facilities in the Public Right-of-Way (18) for design elements not ad-
dressed in References 19 and 21.

Transit facilities are not generally provided on local streets, but where transit facilities are pro-
vided, design guidance can be found in the AASHTO Guide for Geometric Design of Transit
Facilities on Highways and Streefs (8).

5.3.2.10 Cul-de-Sacs and Turnarounds

A local street open at one end only should have a special turning area at the closed end. This
turning area desirably should be circular and have a radius appropriate to the vehicle types ex-
pected. Minimum outside radii of 30 ft {10 m] in residential areas and 50 ft {15 m] in commer-

cial and industrial areas are commonly used.

A dead-end street narrower than 40 ft [12 m] usually should be widened to enable passenger
vehicles, and preferably delivery trucks, to make U-turns or at least turn around by backing
only once. ‘The design commonly used is a circular pavement symmetrical about the center-
line of the street sometimes with a central island, as shown in Figure 5-1C, which also shows
minimum dimensions for the design vehicles. Although this type of cul-de-sac operates satis-
factorily, improved operations may be obtained if the design is offset so that the entrance-half
of the pavement is in line with the approach-half of the street, as shown in Figure 5-1D. One
steering reversal is avoided on this design. Where a radius of less than 50 {t [15 m] is used, the
island should be bordered by sloping curbs to permit the maneuvering of an occasional oversized
vehicle.

An all-paved plan, as opposed to an island configuration, with a 30-ft [10-m] outer radius,
shown in Figure 5-1E, needs little additional paving. If the approach pavement is at least 30
ft [10 m] wide, the result is a cul-de-sac on which passenger vehicles can make the customary
U-turn and SU design trucks can turn by backing only once.

Other variations or shapes of cul-de-sacs that include right-of-way and site controls may be
provided to permit vehicles to turn around by backing only once. Several types (Figures 5-1F,
5-1G, 5-1H, and 5-1I) may also be suitable for alleys. The geometry of a cul-de-sac should be

altered if adjoining residences also use the area for parking,
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Figure 5-1. Types of Cul-de-Sacs and Dead-End Streets

5.3.211 Alleys

Alleys provide access to the side or rear of individual land parcels. They are characterized by a
narrow right-of-way and range in width from 16 to 20 ft [5 to 6 m] in residential areas and up

to 30 ft [10 m] in industrial areas.
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Alleys should be aligned parallel to, or concentric with, the street property lines. It is desirable
to situate alleys so that both ends of the alley are connected either to streets or to other alleys.
Where two alleys intersect, a triangular corner cutoff of not less than 10 ft [3 m] along each alley
property line should be provided. Dead-end alleys should include a turning arca in accordance
with Figure 5-2. This dead-end turning area design may be suitable for application on some very

low-volume roads.

Curb return radii at street intersections may range from 5 ft [1.5 m] in residentially zoned areas
to 10 ft [3 m] in industrial and commercial areas where large numbers of trucks are expected.
Alleys should have grades established to meet as closely as practical the existing grades of the
abutting land parcels. The longitudinal grade should not be less than 0.2 percent.

Alley cross sections may be V-shaped with transverse slopes of 2.5 percent toward a center V
gutter. Runoff is thereby directed to a catch basin in the alley or to connecting street gutters.
Where alleys cross stidewalks, accessibility on the sidewalk must be maintained.

5.3.2.12 Driveways

A driveway is an access constructed within a public right-of-way, connecting a public roadway
with adjacent property and intended to provide vehicular access into that property in a manner
that will not cause the blocking of any sidewalk, border area, or street roadway.

Somc of the principles of intersection design apply directly to driveways. In particular, drive-
ways should have well-defined locations. Large graded or paved areas adjacent to the traveled
way that allow drivers to enter or leave the street randomly should be discouraged.

Sight distance is an important design control for driveways. Driveway locations where sight dis-
tance is not sufhicient should be avoided. Vertical obstructions to essential sight distances should
be controlled by regulations. Driveway regulations should address width of entrance, spacing,
and placement with respect to property lines and intersecting streets, angle of entry, vertical
alignment, and number of entrances to a single property. This will reduce the likelihood of
crashes and provide maximum use of curb space for parking where permitted. Driveways should
be situated as far away from intersections as practical, particularly if the driveway is located near
an arterial street.

Driveway rcturns should not be less than 3 ft [1 m} in radius. Flared driveways are preferred be-
cause they are distinct from intersection delineations, can properly handle turning movements,
and can minimize problems for persons with disabilities. Design guidance related to driveway
elements including grade, width, channelization, cross slope, and other geometrics is present-
ed in the Guide for the Geometric Design of Driveways (14). Further guidance on the design of
sidewalk—driveway interfaces can be found in AASHTO's Guide for the Planning, Design, and
Operation of Pedestrian Facilities (2) and the Proposed Guidelines for Pedestrian Facilities in the
Public Right-of-Way (18).
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Figure 5-2. Alley Turnarounds

5.3.3 Structures

5.3.3.1 New and Reconstructed Structures

The design of bridges, culverts, walls, tunnels, and other structures should be in accordance
with the current AASHTO LRFD Bridge Design Specifications (9). The clear width for all new
bridges on streets with curbed approaches should be the same as the curb-to-curb width of the
approaches. For streets with shoulders and no curbs, the clear roadway width preferably should
be the same as the approach roadway width and not less than the width shown in Table 5-6.
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Sidewalks on the approaches should be carried across all new structures. There should be at least
one sidewalk on all street bridges and desirably on both sides.

5.3.3.2 Vertical Clearance

Vertical clearance at underpasses should be at least 14 ft [4.3 m] over the entire roadway width,
with an allowance for future resurfacing. The vertical clearance to sign supports and to bicycle
and pedestrian overpasses should be 1.0 ft [0.3 m] greater than the highway structure clearance.

5.3.4 Roadside Design
5.3.4.1 Clear Zones

There is no specific clear zone width applicable to local streets in urban areas. Trees are often
located along local streets, preferably on streets with speeds of 40 mph [60 km/h] or less and
where adequate sight distance is available at intersecting streets and driveways. Guardrail is not
used extensively on local streets except at locations with severe roadside design such as steep
foreslopes or approaches to overcrossing structures.

5.3.4.2 Lateral Offset

Lateral offset is defined in Section 4.6.2. Further discussion and suggested guidance on the
application of lateral offsets is provided in the AASHTO Roadside Design Guide (5).

On all streets a minimum lateral offset of 1.5 ft [0.5 m] should be provided between the curb
face and obstructions such as utility poles, lighting poles, and fire hydrants. In arcas of dense
pedestrian traffic, the construction of vertical curbing (typically 6 to 9 in. [150 to 225 mm] high)
aids in delineating areas with high-volume pedestrian traffic.

On facilities without a curb and with a shoulder width less than 4 ft [1.2 m], 2 minimum lateral
offset of 4 ft [1.2 m] from the edge of the traveled way should be provided.

5.3.5 Intersection Design

Intersections, including median openings, should be designed with adequate intersection sight
distance, as described in Section 9.5, and the intersection area should be kept free of obstacles.
To maintain the minimum sight distance, restrictions on height of embankment, locations of
buildings, on-street parking, and screening fences may be appropriate. Any landscaping in the
clear-sight triangle should be low growing and should not be higher than 3 ft [1.0 m] above the
level of the intersecting street pavements.

Intersecting streets should meet at approximately a 90-degree angle. The alignment design
should be adjusted to avoid an angle of intersection of less than 75 degrees. Closely spaced offset

intersections should be avoided, whenever practical.
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The intersection and approach areas where vehicles are stored while waiting to enter the inter-
section should be designed with a relatively flat grade; the maximum grade on the approach
leg should not exceed 5 percent where practical. Where ice and snow may create poor driving
conditions, the desirable grade on the approach leg should be 0.5 percent with no more than 2

percent wherever practical.

At street intersections, there are two distinct radii that need to be considered—the effective
turning radius of the turning vehicle and the radius of the curb return (see Figure 5-3). The
effective turning radius is the minimum radius appropriate for turning from the right-hand
travel lane on the approach street to the appropriate lane of the receiving street. This radius is

determined by the selection of a design vehicle appropriate for the streets being designed and
the lane on the receiving street into which that design vehicle will turn. Desirably this radius
should be at least 25 ft [8 m].

Ry = Actual Curb Radius |
| I R, = Effective Radius

Figure 5-3. Actual Curb Radius and Effective
Radius for Right-Turn Movements at Intersections

"The radius of the curb return should be no greater than that needed to accommodate the design
turning radius. However, the curb return radius should be at least 5 ft [1.5 m] to enable effective

use of street-sweeping equipment.
In industrial areas with no on-street patking and few pedestrians, the radius of the curb return
should not be less than 30 ft [10 m]; the use of a three-centered curve with sufficiently large

radius to accommodate the largest vehicles expected with some frequency is desirable.

Further information pertaining to intersection design appears in Chapter 9.
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5.3.6 Railroad-Highway Grade Crossings

Appropriate grade-crossing warning devices should be installed at all railroad-highway grade
crossings on local roads and streets, Details of the devices to be used are given in the MUTCD
(12). In some states, the final approval of the devices to be used may be vested in an agency
having oversight over railroads.

Sight distance is an important consideration at railroad-highway grade crossings. There should
be sufficient sight distance along the road and railroad tracks for an approaching driver to rec-
ognize the crossing, perceive the warning device, determine whether a train is approaching, and
stop if necessary. Sufficient sight distance is also needed along the track for drivers of stopped
vehicles to decide when it is safe to proceed across the tracks. (For further information on rail-
road-highway grade crossings, see Section 9.12.} Signalized intersections adjacent to signalized
railroad grade crossings should be designed with railroad preemption.

"The roadway width at all railroad crossings should be the same as the width of the approach
roadway. Sidewalks should be provided at railroad grade crossings to connect existing or future
walkways that approach these crossings. Crossings that are located on bicycle routes that are not
perpendicular to the railroad may need additional paved shoulder for bicycles to maneuver over
the crossing. For further information, see the AASHTO Guide for the Development of Bicycle
Facilities (6),

5.3.7 Traffic Control Devices

Consistent and uniform application of traffic control devices is important. Details of the stan-
dard devices and warrants for many conditions are found in the MUTCD (72).

Geometric design of streets should fully consider the types of traffic control to be used, especial-
ly at intersections where multiphase or actuated traffic signals are likely to be needed.

5.3.8 Roadway Lighting

Drivers need good visibility under day or night conditions to travel along local streets in urban
areas. Properly designed and maintained street lighting will produce comfortable and accurate
visibility at night, which will facilitate and encourage both vehicular and pedestrian traffic.
‘Thus, where adequate illumination is provided, existing streets can be efficiently used at night.
Determinations of need for lighting should be coordinated with crime prevention programs and

other community needs.

Warrants for the justification of street lighting involve more than just identifying the func-
tional classification of the roadway. Pedestrian and vehicular volume, night-to-day crash ratios,
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roadway geometry, merging lanes, curves, and intersections all need careful consideration in
establishing illumination levels.

Tables 3.5a (English) and 3.5b (metric) of the AASHTO Roadway Lighting Design Guide (4)
provide recommended minimum levels and uniformity ratios for lighting local roads, alleys,
and sidewalks in commercial and residential areas. The ANSI/IESNA RP-8 American National
Standard Practice for Roadway Lighting (16) provides additional discussion on pedestrian and
bikeway design criteria, while the FHWA publication entitled Informational Report on Lighting
Design for Midblock Crosswalks (15) provides additional information on nighttime visibility con-
cerns at nonintersection locations.

Because glare also indicates the quality of lighting, the type of fixtures and the height at which
the light sources are mounted arc also factors in designing strect lighting systems. The objectives
of the designer should be to minimize visual discomfort and impairment of driver and pedestri-
an vision due to glare. Where only intersections are lighted, a gradual lighting transition from
dark to light to dark should be provided so that drivers may have time to adapt their viston. More
detailed discussion of this topic is contained in the AASHT'O Roadway Lighting Design Guide (4)
and ANSI/IESNA RP-8 American National Standard Practice for Roadway Lighting (16).

5.3.9 Drainage

Drainage is an important consideration in urban areas because of high runoff and flood poten-
tial. Surface flow from adjacent tributary areas may be intercepted by the street system, where
it is collected within the roadway by curbs, gutters, and ditches, and conveyed to an appropriate
drainage system. Where drains are available under or near the roadway, the flow is transferred at
frequent intervals from the street cross section by gratings or curb-opening inlets to basins and
from there by connectors to drainage channels or underground drains,

F.conomic considerations usually dictate that maximum practical use be made of the street sec-
tions for surface drainage. To avoid undesirable flowline conditions, the minimum gutter grade
should be 0.30 percent. However, in very flat terrain and where no drainage outlet is available,
gutter grades as low as 0.20 percent may be used. Where a drainage system is available, the
inlets should be spaced to provide a high level of drainage protection in areas of high pedes-
trian use or where adjacent property has an unusually important public or community purpose
{e.g., schools and churches). For further details, see Section 4.8.2, “Drainage,” and see also the
AASHTO Drainage Manual (7).

5.3.10 Erosion Control

Design of streets should consider preservation of natural groundcover and desirable growth
of shrubs and trees within the right-of-way. Seeding, mulching, sodding, or other acceptable
measures of covering slopes, swales, and other erodible areas should be incorporated in local
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street design in urban areas. For further information, see Section 3.6.1, “Erosion Control and
Landscape Development.”

5.3.11 Landscaping

Landscaping in keeping with the character of the street and its environment should be provided
for aesthetic and erosion-control purposes. Landscape designs should be arranged to permit a
sufficiently wide and clear pedestrian walkway. Individuals with disabilities, bicyclists, and pe-
destrians should all be considered. Combinations of turf, shrubs, and trees should be considered
in continuous border areas along the roadway. However, care should be exercised to observe
sight distances and clearance to obstruction guidelines, especially at intersections. The roadside
should be developed to serve both the community and the traveling motorist. Landscaping
should also consider maintenance problems and costs, future sidewalks, utilities, additional
lanes, and possible bicycle facilities.

5.4 RECREATIONAL ROADS

For the purpose of design, highways have been classified in this policy by function with specific
design criteria for each functional class. Subsequent chapters discuss the design of collectors, ar-
terials, and freeways. Sections 5.2 and 5.3 discuss the design of typical local roads and streets in
rural and urban areas, respectively. Another type of local road, however, is different in purpose
and does not fit into any of the classifications identified above. This type of local road is referred
to as a special-purpose road and, because of its unique character, separate design criteria are
provided. Special-purpose roads include recreational roads, resource recovery roads, and local
service roads. Such roads are generally lightly traveled and operate with low traffic speeds and,

for these reasons, different design criteria are provided.

5.4.1 General Design Considerations

Roads serving recreational sites and areas are unique by also being part of the recreational ex-
perience. Design criteria described in this section meet the unusual demands on roads for access
to, through, and within recreational sites, areas, and facilities for the complete enjoyment of the
recreationist. The criteria are intended to protect and enhance the existing aesthetic, ecological,
environmental, and cultural amenities that form the basis for distinguishing each particular

recreational site or area.

Visitors to a recreational site need access to the general area, usually by a statewide or principal
arterial highway. Secondly, they need access to the specific recreational site. This is the most
important link from the statewide road system. For continuity beyond this point, design cri-
teria assume that the visitor is aware of the recreational nature of the area. The design should
be accomplished by a multidisciplinary team of varied backgrounds and experience in order to
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ultimately provide a road system that is an integral part of the recreational site. Depending on
the conditions, internal roadways will have a variety of lower design features.

The criteria discussed in this section arc applicable for public roads within all types of recre-
ational sites and areas. Design criteria for recreational roads are discussed for primary access
roads, circulation roads, and area roads. Primary access roads are defined as roads that allow
through movement into and between access areas. Circulation roads allow movement between
activity sites within an access area, whereas area roads allow direct access to individual activity
areas, such as campgrounds, park areas, boat launching ramps, picnic groves, and scenic and

historic sites.

Figure 5-4 depicts a potential road system serving a recreational area. Road links are labeled in
accordance with the classification system noted.

Beach

Pignic

/—— Area Roads \

Boat Launch

Area Road \

Camping

Circulation Road /

-~+—————Primary Access Road

Figure 5-4. Potential Road Network

5.4.1.1 Design Speed

The effect of design speed on various roadway features is considered in its selection; however,
the speed is selected primarily on the basis of the character of the terrain and the functional
classification of the road. The design speeds should be approximately 40 mph [60 km/h] for
primary access roads, 30 mph [50 km/h] for circulation roads, and 20 mph [30 km/h] for area
roads. There may be instances where design speeds less than these may be appropriate because
of severe terrain conditions or major environmental concerns. Design speeds on one-lane roads
are usually less than 30 mph [50 km/h]. If a design speed of greater than 40 mph {60 km/h] is
used, Section 5.2, “Local Roads in Rural Areas,” should be consulted.

Once a design speed is selected, all geometric features should be related to this speed to obtain a
balanced design. Changes in terrain and other physical controls may dictate a change in design
specd in certain scctions. A decrease in design speed along the road should not be introduced
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abruptly, but should be extended over a sufficient distance to allow the driver to adjust and make
the transition to the slower speed.

5.4.1.2 Design Vehicle

The physical dimensions and operating characteristics of vehicles and the percentage of vehicles
of various sizes using recreational roads are primary geometric design controls. Existing and an-
ticipated vehicle types should be reviewed to establish representative vehicles for each functional
roadway class. Each design vehicle considered should represent a substantial percentage of the
vehicles expected to use the facility during its design life,

Three categories of vehicles are common to recreational areas: motor homes, vehicles with trail-
ers, and standard passenger vehicles. Critical physical dimensions for geometric design are the
overall length, width, and height of these units. Minimum turning paths of the design vehicles
are influenced by the vehicle steering mechanism, track width, and wheelbase arrangement.
Figures in Section 2.8.2 show minimum turn paths for motor homes (MH), passenger cars
with 30-ft [9-m] travel trailers (P/T), passenger cars with 20-ft [6.1-m] boats (P/B), and motor
homes with 20-ft [6.1-m]| boats (MH/B). Turning path dimensions for other vehicle types such
as buses and passenger cars are also presented in Section 2.8.2.

5.4.1.3 Grades

Grade design for recreational roads differs substantially from that for other rural highways in
that the weight/power ratio of recreational vehicles (RVs) seldom exceeds 50 Ib/hp [30 kg/
kW], thus, the grade climbing ability of RVs approaches that for passenger cars. Furthermore,
because vehicle operating speeds on recreational roads are relatively low, large speed reductions
on grades are not anticipated.

Where grades are kept within the suggested limits, critical length of grade is not a major con-
cern for most recreational roads. Critical length of grade may be a factor on primary access roads
into recreational areas, and critical length of grade should be appropriately considered in the
design for these roads.

Table 5-7 identifies suggested maximum grades for given terrain and design speed based pri-
marily on the operational performance of vehicles that use recreational roads. Section 3.4.2 con-
tains more detailed information on the selection of an appropriate maximum grade. The erosion
resistance of the soil is a major consideration in selection of a maximum grade for a roadway.
In many instances, grades considerably less than those shown in Table 5-7 should be chosen
to satisfy this concern. In addition, the surface type should also be a factor in grade selection.
Steep grades with dirt or gravel surfaces may cause driving problems in the absence of continued
maintenance, whereas a paved surface generally will offer better vehicle performance.
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Table 5-7. Maximum Grades for Recreational Roads

U.S. Customary Metric
Type of Maximum Grade (%) for a Specified Maximum Grade (%) for a Speci-
Terrain Design Speed (mph) fied Design Speed (km/h)
15 20 25 30 35 40 20 30 40 50 60
Level 8 8 7 7 7 7 8 8 7 7 7
Roelling 12 1" 10 10 g 9 12 11 10 10
Mountainous 18 16 15 14 13 12 18 16 15 14 12

5.4.1.4 Vertical Alignment

Vertical curves should be comfortable for the driver, pleasing in appearance, and adequate for

drainage. Minimum or greater-than-minimum stopping sight distance should be provided. The

designer should consider above-minimum vertical curve lengths at driver decision points, where

drainage or aesthetic problems exist, or simply to provide additional sight distance.

Vertical curve design for two-lane roads is discussed in Section 3.4.6, which also presents spe-
cific design values. Table 5-8 also includes additional information for very low design speeds not
tabulated elsewhere. For two-way, single-lane roads, crest vertical curves should be significantly

longer than those for two-lane roads. As previously discussed, the stopping sight distance for a
two-way, single-lane road should be approximately twice the stopping sight distance for a com-
parable two-lane road. Table 5-8 includes X values for single-lane roads, from which vertical

curve lengths can be determined.
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Table 5-8. Design Controls for Stopping Sight Distance and for Crest and Sag Vertical
Curves—Recreational Roads

U.S. Customary Metric ,
Design Rate of Vertical Design | Rate of Vertical Cur-
Initial | Stopping | Curvature, K (ft/%) Initial | Stopping vature, K2 (m/%)
Speed Sight Speed Sight
{mph} | Distance | Crest Sag {km/h} | Distance | Crest Sag
(ft) (m)
Two-lane roads and one-way, single-lane roads Two-lane roads and one-way, single-lane roads

15 80 3 10 20 20 1 3

20 115 7 17 30 35 2 6

25 155 12 26 40 50 4 9

30 200 19 37 50 65 7 13

35 250 29 49 60 85 11 18

40 305 44 64

Two-way, single-lane roads Two-way, single-lane roads

15 160 12 27 20 40 2 6

20 230 25 44 30 70 7 13

25 310 45 65 40 100 15 21

30 400 74 89 50 130 26 29

35 500 116 117 60 170 44 40

40 610 172 147

@ Rate of vertical curvature, K is the length of curve per percent algebraic difference in the intersecting grades
{i.e., K= L/A}. (See Sections 3.2.2 and 3.4.6 for details.)

5.4.1.5 Horizontal Alignment and Superelevation

Because the use of straight sections of roadway would be physically impractical and aestheti-
cally undesirable for many roadways, horizontal curves are essential elements in the design of
recreational roads. The proper relationship between design speed and horizontal curvature and
the relationship of both to superelevation are discussed in detail in Section 3.3. The guidance
provided in Section 3.3 is generally applicable to paved recreational roads; however, in certain
instances variations are appropriate. At locations where there is a tendency to drive slowly, as
with local and some circulation roads, a maximum superclevation rate of 6 percent is suggested.
On roads with design speeds of 20 mph [30 km/h] or less, superclevation may not be warranted.

"The design values for maximum curvature and superelevation discussed in Section 3.3 are based
on friction data for paved surfaces. Some lower volume recreational facilitics may not be paved,
and because friction values for gravel surfaces are less than those for paved surfaces, friction val-
ues should be considered in curvature selection. Table 5-9 shows appropriate minimum radii for
horizontal curves on gravel-surfaced roads for specific design speeds and traction coefficients.
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Table 5-9. Guidelines for Minimum Radius of Curvature for New Construction of Unpaved

Surfaces with No Superelevation [adapted from (20)]

U.S. Customary

Design Minimum radius (ft) for specified traction coefficient
speed (mph) 0.7 0.6 0.5 0.4 0.3
i5 50 50 60 75 100
20 75 0 110 135 180
25 120 140 170 210 280
30 170 200 240 300 400
35 235 275 330 410 545
44 305 360 430 535 715
45 390 450 540 675 900

Metric

Design Minimum radius (m) for specified traction coefficient
speed (km/h) 0.7 0.6 0.5 0.4 0.3
20 15 15 15 20 25
30 20 25 30 35 50
40 40 45 50 65 85
50 60 70 80 100 135
60 85 95 115 145 190
70 110 130 155 195 260

5.4.1.6 Sight Distance

Minimum stopping sight distance and passing sight distance are a direct function of the design
speed. The subject of sight distance for two-lane roads is addressed in Section 3.2; however, sight
distance design criteria are not included in Section 3.2 for roads with very low design speeds and
for two-way single-lane roads. On two-way single-lane roads, sufficient sight distance should
be available wherever two vehicles might approach one another so that one vehicle can reach
the turnout or both vehicles can stop before colliding. Stopping sight distance should be mea-
sured using an eye height of 3.5 ft [1.08 m] and a height of opposing vehicle of 4.25 ft [1.30 m].
The stopping sight distance for a two-way, single-lane road should be approximately twice the
stopping sight distance that would be used in design of a comparable two-lane road. Suggested
stopping sight distances for two-way, single-lane roads are given in Table 5-8.

5.41.7 Passing Sight Distance

Becausc of low operating speeds and the nature of travel on recreational roads, frequent passing
maneuvers are not anticipated. Nevertheless, minimum passing sight distance should be pro-
vided as frequently as practical, particularly on primary access roads where users travel consid-
erable distances to reach activity sites. Suggested minimum passing sight distances for two-lane
recreational roads are given in Table 5-10. Passing sight distance is not a factor on single-lane
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roads. Where a faster vehicle approaches a slower vehicle from behind, it is assumed that, where
appropriate, the slower vehicle will pull into a turnout and allow the faster vehicle to pass.

Table 5-10, Design Controls for Passing Sight Distance for Crest Vertical Curves—
Recreational Roads

U.S. Customary Metric .

Design Design Rate of Vertical Design Design Rate of Verti-
Speed | Passing Sight | Curvature, K* Speed | Passing Sight | cal Curvature,
(mph) Distance {ft) {ft/%) {km/h} | Distance {m) K2 (m/%)

20 400 57 30 120 17

25 450 72 40 140 23

30 500 89 50 160 30

35 550 108 60 180 38

40 600 129 70 210 51

45 700 175 80 245 69

50 800 229 90 280 91

55 900 289 100 320 119

60 1,000 357

45 1,100 432

*  Rate of vertical curvature, K, is the length of curve per percent algebraic difference in the intersecting grades (i.e.,
K= 1/4). (See Sections 3.2.4 and 3.4.6 for details.)

5.4.1.8 Cross Slope

Cross slope is provided on roadways for adequate drainage. However, excessive surface sloping
can cause steering difficulties. Cross slope rates given in Section 5.2, “Local Roads in Rural
Avreas,” are generally applicable to recreational roads.

5.4.2 Cross-Sectional Elements
5.4.2.1 Width of Roadway

A roadway is defined as the portion of the highway for vehicular use, including shoulders.
Appropriate roadway width is selected based on consideration of numerous factors, including
existing and anticipated vehicular and bicycle traffic, crash history, terrain, and design speed.
Table 5-11 gives recommended traveled-way widths and shoulder widths for the various types
of roadways. 'The sum of the traveled-way and shoulder widths given in Table 5-11 constitutes
the roadway width.

The low operating speeds and relatively low traffic volume on recreational roads do not warrant
wide shoulders. In addition, wide shoulders may be aesthetically objectionable. These consid-
erations are reflected in the shoulder width values given in Table 5-11. Under adverse terrain
conditions, intermittent shoulder sections or turnouts may be suitable alternatives to continuous
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shoulders, particularly on lower functional roadway classes. Where guardrail is used, the graded
width of the shoulder should be increased by about 2 ft [0.6 m].

Table 5-11. Widths of Traveled Way and Shoulders—Recreational Roads

U.S. Customary Metric
Type of Road Traveled-Way Shoulder Traveled-Way Shoulder
Width (ft)* Width (ft) Width (m)? Width (m)
Primary access roads 22-24 . 6.6-1.2 0.6-1.2
{two lanes)
Circulation roads 20-22 2 6.0-6.6 0.6-1.2
{two lanes)
Area roads (two lanes) 18-20 0-2 5.4-6.0 0.0-0.6
Area roads {one fane)? 12 0-1 3.6 0.0-0.3

*  Widening on the inside of sharp curves should be provided; additional width equal to 400 [35] divided by the
curve radius in feet [meters] is recommended.

b Roadway widths greater than 14 fi [4.2 m] should not be used because drivers will tend to use the facility as a
two-lane road.

5.4.2.2 Number of Lanes

The number of lanes should be sufficient to accommodate the design traffic volume. For low-vol-
ume recreational roads, capacity conditions do not normally govern design, and provision of two
travel lanes is appropriate. In some cases where traffic volume is fewer than 100 vehicles per
day, it may be practical to use a two-way, single-lane roadway. This type of road is often desir-
able from economic and environmental standpoints. Where single-lane roadways with two-way
traffic are used, turnouts for passing should be provided at intervals. Such turnouts should be
provided on all sight-restricted curves, located so that the maximum distance between turnouts
is no more than 1,000 ft [300 m], and each turnout should be visible from the adjacent turnouts.
For roads that serve substantial proportions of over-wide and extra-long vehicles, the turnout
design criteria should be adjusted to accommodate these larger vehicles. Figure 5-5 shows a typ-
ical design that may be used for turnouts on tangent and curve sections for two-way, single-lane

roads.
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Figure 5-5. Turnout Design

5.4.3 Structures

Road on Curve

The design of bridges, culverts, walls, tunnels, and other structures should be in accordance
with the AASHTO LRFD Bridge Design Specifications (9). The minimum design loading for new
bridges should be HL-93 [HL-93]. Higher design loadings are appropriate for highways carry-

ing other than just recreational traffic. The vertical clearance at underpasses should be at least 14

ft [4.3 m] over the entire roadway width. The clear roadway widths for new and reconstructed
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bridges should be 2 minimum of the surface width plus 3 ft [1 m]. Where the approach roadway
is surfaced for the full crown width, that surfaced width should be carried across structures.

5.4.4 Roadside Design
5441 Clear Zones

Providing a clear zone adjacent to a road involves a tradeoff between crash severity potential and
aesthetics. A driver who leaves the road should be provided a reasonable opportunity to regain
control and avoid serious injury. On the other hand, the philosophy of recreational roads dictates
that natural roadside features should be preserved where practical. Because of the character of
the traffic and the relatively low operating speeds on recreational roads, wide clear zones are not
as important as on high-speed, high-volume facilities. For these reasons, dimensions smaller
than those used on these higher order roads are appropriate. Desirably, 10 ft [3 m| or more of re-
covery area, measured from the edge of the traveled way, should be provided on the higher order
recreational roads, (i.e., the primary access roads). These values are recommended for the general
case; however, where economic and environmental concerns are great, even smaller values are
appropriate. Clear zone widths on the lower order recreational roads, i.c., circulation and area
roads, are even less critical than on primary access roads. In areas where the crash potential is
greater than normal, such as on the outside of sharp horizontal curves at the end of long, steep
downgrades, additional clear zone widths should be provided.

5.4.4.2 Roadside Slopes

Where terrain conditions permit, backslopes, foreslopes, and roadside drainage channels should
have gentle well-rounded transitions. Foreslopes of 1V:4H or flatter have lower crash severity
potential, are more stable than stecper slopes, and permit establishment and maintenance of
turf. The maximum rate of foreslope depends on terrain conditions and the stability of local
soils as determined by local experience. Cut sections should be designed with adequate ditches.

The ditch should be deep enough to accommodate the design flow and provide for satisfactory
drainage of the pavement base and subbase. While foreslopes of 1V:4H or flatter are preferable,
there are other important considerations in ditch design for recreational roads. Surrounding
terrain and physical feature preservation may dictate narrow-width ditches, The lower speeds
prevailing on recreational roads reduce the chance of personal injury for passengers in vehicles
that drive into shallow-sided ditches. l

On single-lane roads with low-type surfaces, a crown would not usually be provided. Roads of
this type would be inslope graded (toward the cut ditch) or outslope graded (toward the em-
bankment fill), depending on the resistance of the soil to erosion.
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5.4.4.3 Roadside Barriers

Roadside barriers should be installed at points of unusual risk, particularly those points that
are unusual compared with the overall characteristics of the road. The criteria used in freeway
design do not fit the low-volume recreational road situation. The AASHTO Roadside Design
Guide (5) provides some insight into the application of roadside barriers on low-speed, low-vol-
ume facilities.

5.4.5 Signing and Marking

The geometric design of a road should be supplemented by standard signing and marking to
provide information and warning to drivers. The extent to which signs and markings are used
depends on the traffic volume, the type of highway, and the frequency and use by drivers unfa-
miliar with the area. The MUTCD (72) contains details regarding design, location, and appli-
cation of highway signs and markings.

5.4.6 Bicycle and Pedestrian Facilities

Recreational roads should be reviewed to determine if they are sufficient to accommodate bicy-
cle traffic. Where dedicated bicycle facilities are desired, they should be in accordance with the
AASHTO Guide for the Development of Bicycle Facilities (6).

Where pedestrian facilities are provided, they must be accessible to and usable by individuals
with disabilities (79, 21); consult the AASHTO Guide for Planning, Design, and Operation of
Pedestrian Facilities (2) and the Proposed Guidelines for Pedestrian Fucilities in the Public Right-of-
Way (18) for design elements not addressed in References 19 and 21.

5.5 RESOURCE RECOVERY AND LOCAL SERVICE ROADS

Resource recovery roads include mining and logging roads. Local service roads are those serving
isolated areas that have little or no potential for further development (or to need a higher type
facility, if developed) and those serving a minimal number of parcels of land. Most of these
roads are not through roads {connected to public roads on both ends), but will dead end at the
service to the last parcel of land on the road. Design criteria appropriate for these types of roads
in many areas are not significantly different from those for recreational roads. For this reason,
the criteria developed for recreational roads should be followed to the extent they are applicable.
Several items are unique to this category of road and deserve special attention.

Traffic on resource recovery roads is primarily composed of large, sow-moving, heavily loaded
vehicles. For this reason, particular attention should be paid to superelevation of horizontal
curves. The center of gravity of trucks is much higher than that of passenger cars, and this in-
creases the tendency of trucks to overturn. When semitrailers are used, only part of the payload
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is on the drive axles. This situation increases the tendency of the drive wheels to spin and sideslip
on low-traction surfaces, For these reasons, the maximum superelevation should be limited to 6
percent. On long sustained grades adverse to the direction of haul, the superelevation should be

reduced to accommodate slow-moving trucks.

Gradients on this type of facility affect road maintenance costs and costs to users. An economic
analysis is usually appropriate to determine the most economical grade for the specific condi-
tions encountered. Such an analysis should consider the increase in culvert installations to pre-
vent ditch erosion on steeper grades and the more frequent surface replacement needs. Adverse
grades are a special problem on roads planned for heavy hauling. Sections of adverse grades
should not be so long that they slow a loaded truck to crawl speed. Except for short sections that
can be overcome largely by momentum, adverse grades merit special analysis. In many instances,
failure to use flatter grades may result in additional expenses for transportation during the life

of the road that are far in excess of any savings in construction costs.

Geometric design features for resource recovery roads are similar to those for recreational roads
in that they should be consistent with the design speed selected. Low design speeds (40 mph
[60 km/h] or below) are generally applicable to roads with winding alignment in rolling moun-
tainous terrain. Table 5-12 lists those minimum design speeds for both single-lane and two-lane

roads for varying terrain conditions.

Table 5-12. Design Speeds for Resource Recovery and Local Service Roads

U.S. Customary Metric
Type of Design Speed (mph) for Roads with Design Speed (km/h) for Roads
Terrain Specified Number of Lanes with Specified Number of Lanes
Single Lane Two Lanes Single Lane Two Lanes
Level 30 40 50 60
Rolling 20 30 30 50
Mountainous 10 20 15 30

Because of the mechanical limitations of many of the vehicles using these roads, special atten-
tion should be given to the need for warning signs and markings. On long descending grades,
consideration should be given to providing escape lanes for use by heavy vehicles that lose their
brakes and run out of control. Deceleration may be artificially induced by using loose material
or by providing a combination of sufficient length and upgrade for freewheeling deceleration.
Further information is provided in Section 3.4.5, “Emergency Escape Ramps.”

Many design considerations for resource recovery roads are based on the economics of the
equipment operating on the facility. The effects of grades and curvature on operational cost are
discussed in considerable detail in the Logging Road Handbook (11).
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In many instances, resource recovery roads are ultimately used for other {e.g,, recreational) pur-
poses. In instances such as these, the original design should take into account all the possible

ultimate usages.

5.6 LOW-VOLUME ROADS

A low-volume local road is a road that is functionally classified as a local or minor collector road
and has a design average daily traffic volume of 2,000 vehicles per day or less. Nearly 80 percent
of the roads in the United States can be classified as such. These roads are primarily used by
motorists who travel them frequently and are familiar with their geometric design features. The
unique characteristics of these roads are generally accepted and anticipated by the drivers using
them. Additionally, encounters with others vehicles are infrequent and, statistically, opportuni-
ties for multiple-vehicle crashes are unusual. The geometric design of low-volume roads presents
a unique challenge because the very low traffic volumes and reduced frequency of crashes make
designs normally applied on higher volume roads less cost-effective.

'The AASHTO Guidelines for Geometric Design of Very Low-Volume Local Roads (1) addresses
the unique needs of such roads and the geometric designs appropriate to meet those needs. "The
AASHTO Guidelines for Geometric Design of Very Low-Volume Local Roads (1) may be used in
liew of this publication when designing local roads that fit the applicable criteria. The AASHTO
guidelines for low-volume roads address issues for which appropriate geometric design guidance
differs from the policies normally applied to higher volume roads. For any geometric design

issues not addressed in the AASHTO guidelines for low-volume roads, design professionals
should consult Sections 5.2 and 5.3, and Chapter 6.
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Collector Roads and Streets

6.1 INTRODUCTION

‘Lhis chapter presents guidance on the application of geometric design criteria to facili-
ties functionally classified as collector roads and streets. The chapter is subdivided into
sections on collectors in rural and urban areas.

A collector is a public road or street, usually serving moderate traffic volumes. There
may be few discernible differences between some collectors and local streets, since both
collectors and local streets provide access to adjacent residential development and to
some neighborhood facilities. However, the design of a collector road or street should
reflect its function as a collector and should not be conceived or developed simply to
provide continuous access. Collectors should provide access to abutting propertics con-
sistent with the level of service desired for all modes of travel.

The function of a collector may be understood by referring to those functional classes
that are both higher and lower than the collector classification—the arterial and the
local road or street. Since the function of a collector combines aspects of both arteri-
als and local streets, collectors serve a dual function: collecting traffic for movement
between arterial streets and local roads, and providing access to abutting properties.
Collectors link neighborhoods, areas of homogeneous land use, and mixed use devel-
opments with the arterial street system. Collectors not only serve traffic movements
between arterials and local streets, but also serve through traffic within local areas.
Collectors should be planned so as to not disrupt the activities within the areas they

serve.,

Every cffort should be made to obtain the best practical alignment, profile, sight dis-
tance, and drainage that are consistent with terrain, present and anticipated devel-
opment, project context, current and projected traffic volumes for all transportation
modes, crash history, and available funds.

It may not be cost-effective to design minor collector roads and streets that carry 2,000
vehicles per day or fewer using the same criteria applicable to higher volume roads
or to make extensive traffic operational or safety improvements to such low-volume
roads. Alternate design criteria may be considered for minor collectors that carry 2,000
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vehicles per day or fewer in accordance with the AASHTO Guidelines for Geometric Design of
Very Low-Volume Local Roads. (1).

The specific dimensional design criteria presented in this chapter are appropriate as a guide for
new construction of collector roads and streets. Projects to improve existing roads difter from
new construction in that the performance of the existing road is known and can guide the de-
sign process. Features of the existing design that are performing well may remain in place, while
features that are performing poorly should be improved, where practical. Chapter 1 presents a
flexible, performance-based design process that can be applied in developing projects on collec-

tor roads and streets.

6.2 COLLECTORS IN RURAL AREAS

This section presents guidance on the design of collectors in the rural and rural town contexts.
The primary differences between geometric design in the rural and rural town contexts are in
the choice of design speed and the increased need in the rural town context to provide parking,
to serve increased pedestrian and bicyclist flows, and blend in with the community.

6.2.1 General Design Considerations

Two-lane collectors constitute an important part of the rural highway system. Rural collectors
and collectors in rural towns should be designed with the most favorable horizontal align-
ment, profile, and cross section practical, consistent with traffic volume and topography. Basic
information needed for the design of rural collectors includes crash history, both current and
projected traffic volumes, terrain, and horizontal and vertical alignment. Design of collectors in
rural towns needs additional information such as land use and modal mix that is appropriate to
the specific corridor; design of collectors in rural towns is discussed further in Section 6.2.11.

6.2.1.1 Design Speed

Geometric design features should be consistent with a design speed appropriate for the condi-
tions. Low design speeds of 45 mph [70 kin/h] and below are generally applicable to collectors
in rural towns or collectors with curvilinear alignment in rolling or mountainous terrain, or
where environmental conditions make lower speeds appropriate. High design speeds of 50 mph
[80 km/h] and above are generally applicable to collectors in the rural context {i.e., outside of
rural towns) in level terrain or where environmental conditions are favorable, Table 6-1 identi-
fies minimum design speeds for collector roads in the rural context as a function of the type of
terrain and the design traffic volumes. The designer should strive for higher values than those
shown where specific crash patterns have been observed that might be reduced and costs are not
prohibitive. Refer to Sections 6.2.10 and 6.2.11 for a discussion of speed issues in the rural town

context.
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Table 6-1. Minimum Design Speeds for Collectors in the Rural Context

U.S. Customary Metric
Tvoe of Design speed (mph) for Specified | | Design speed (km/h) for Specified
'I% ’::ain Design Volume (veh/day} Design Volume (veh/day)
0 to 400 400 to over 0 to 400 400 to over
2,000 2,000 2,000 2,000
Level 40 50 &0 60 80 100
Rolling 30 40 50 50 60 80
Mountainous 20 30 40 30 50 &0

Note: Where practical, design speeds higher than those shown should be considered.

6.2.1.2 Design Traffic Volumes

Rural collectors should be designed to provide acceptable levels of service for current and antic-
ipated future traffic volumes. Usually, the design year is 20 years into the future but may be any
number of years within a range from the present (for restoration projects on existing roads) to 20
years (for new or reconstruction projects). ‘The average daily traffic (ADT) volume for the design
year should serve as the basis for the project design.

6.2.1.3 Level of Service

In rural areas and in rural towns, level of service C is desirable for collectors. Level of service D
is also a practical choice where terrain is rolling or mountainous. For further information, see
Section 2.4.5, “Levels of Service,” and the Highway Capacity Manual (HCM) (19).

6.2.1.4 Alignment

The designer should provide the most favorable alignment practical for rural area collectors.
Horizontal and vertical alignment should complement each other and should be considered in
combination to achieve appropriate safety, capacity, and appearance for the type of improve-
ment proposed. Topography, traffic volume and composition, and right-of-way conditions are
controlling features. Abrupt changes in horizontal alignment should be avoided. Vertical curves
should meet the sight distance criteria for the design speed. In addition, frequent opportunities
for passing should be provided on rural two-lane roads outside of rural towns, where practical.
For further information, see Section 3.3, “Horizontal Alignment,” and Section 3.4, “Vertical

Alignment.”
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6.2.1.5 Grades

Table 6-2 identifies suggested maximum grades for collectors in rural areas as a function of type
of terrain and design speed.

Table 6-2. Maximum Grades for Collectors in Rural Areas

U.S. Customary Metric
Type of Maximum Grade (%) for Specified Maximum Grade (%) for Speci-
Terrain Design Speed (mph) fied Design Speed {(km/h)

20125(30(35)|40]145[50|55|60 30140|50(60|70(80|90[100

Level 717171777665 717|177 |7 |6|6]| 5
Rolling 101109988 |7([7]6 10|10(9 |8 |8 |7 |7 | 6
Mountainous | 1211 (1010|1010 9| 9 | 8 2|1 (101010 9] 9| 8

Note: Short lengths of grade in rural areas, such as grades less than 500 ft (150 m] in length, one-way
downgrades, and grades on low-volume rural collectors (AADT less than 2,000 veh/day) may be
up to 2 percent steeper than the grades shown above.

6.2.1.6 Cross Slope

Traveled-way cross slopes provide proper drainage. Normally, cross slopes range from 1.5 to 2
percent for paved roadways. Paved roadways are those that retain smooth riding qualities and
good non-skid properties in all weather conditions under heavy traffic volumes and loadings
with little maintenance needed.

Unpaved roadways are those with treated earth surfaces and those with loose aggregate surfaces.
A cross slope of 3 to 6 percent is desirable for unpaved roadways. For further information, see
Section 4.2.2, “Cross Slope.”

6.2.1.7 Superelevation

Many rural collectors have curvilinear alignments. A superelevation rate compatible with the
design speed should be used. For rural collectors, superelevation should not exceed 12 percent.
Where snow and ice conditions may be a factor, the superelevation rate should not exceed 8
percent. Superelevation runoff denotes the length of roadway needed to accomplish a change
in outside-lane cross slope from zero (flat) to full superelevation, or vice versa. Adjustments in
design runoff lengths may be needed to provide a smooth ride, surface drainage, and good ap-
pearance. Section 3.3, “Horizontal Alignment,” provides a detailed discussion on superelevation

for the various design speeds.
6.2.1.8 Sight Distance

Stopping sight distance and passing sight distance are a direct function of the design speed. An
eye height of 3.5 ft [1.08 m] and an object height of 2.0 ft [0.60 m] are used to determine stop-
ping sight distance. An eye height of 3.5 ft [1.08 m] and an object height of 3.5 ft [1.08 m] are
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used to determine passing sight distance. For further information on sight distance, see Tables
6-3 and 6-4 and Section 3.2, “Sight Distance.”

Table 6-3. Design Controls for Stopping Sight Distance and for Crest and Sag Vertical Curves

U.S. Customary Metric .
Design Design Rate of Vertical Design | Design Rate of Vertical
Speed | Stopping | Curvature, K¥(ft/%) Speed | Stopping | Curvature, K* (m/%)
Sight Sight
Distance Distance
{mph) {ft) crest sag (km/h) {m) Crest Sag
20 115 7 17 30 35 2 6
25 155 12 26 40 50 4 9
30 200 19 37 50 65 7 13
35 250 29 49 60 85 1 18
40 305 44 64 70 105 17 23
45 360 61 79 80 130 26 30
50 425 84 96 90 160 39 38
55 495 114 115 100 185 52 45
60 570 151 136
65 645 193 157
: Rate of vertical curvature, K, is the length of curve per percent algebraic difference in the inter-

secting grades {i.e., K= L/A). (See Sections 3.2.2 and 3.4.6 for details.)

Table 6-4. Design Controls for Crest Vertical Curves Based on Passing Sight Distance

us. Customary Metric’
Design Design Rate of Design Design Rate of
Speed {mph) Passing Vertical Speed Passing Vertical
Sight Curvature, K* {km/h) Sight Curvature, kK®
Distance (ft) ft/%) Distance (m) {m/%)

20 400 57 30 120 17

25 450 72 40 140 23

30 500 89 50 160 30

35 550 108 60 180 38

40 600 129 70 210 51

45 700 175 80 245 69

50 800 229 90 280 21

55 900 289 100 320 119

60 1,000 357

65 1,100 432

*  Rate of vertical curvature, K, is the length of curve per percent algebraic difference in the intersecting grades
{i.e., K= 1/4). (See Sections 3.2.4 and 3.4.6 for details.)
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6.2.2 Cross-Sectional Elements
6.2.2.1 Width of Roadway

For paved roadways, the minimum roadway width is the sum of the traveled way and shoulder
widths shown in Table 6-5. Graded shoulder width is measured from the edge of the traveled
way to the point of intersection of shoulder slope and foreslope. Where roadside barriers are
included, a minimum offset of 4 ft [1.2 m] from the traveled way to the barrier should be pro-
vided, wherever practical. For further information, see Section 4.4, “Shoulders,” Section 4.10.2,
“Longitudinal Barriers,” and Section 3.3.10, “Traveled-Way Widening on Horizontal Curves”
for vehicle offtracking information.

Table 6-5. Minimum Width of Traveled Way and Shoulders

U.S. Customary Metric _
Minimum Width of Traveled Minimum Width of Traveled
Design Way (ft) for Specified Design Design | Way (m) for Specified Design
Speed Volume {veh/day) Speed Volume (veh/day)
(mph} | under 400 to over (km/h) | Under | 400to over
400 2000 2000 400 2000 2000
20 202 20 22 30 6.0¢ &0 6.6
25 200 20 22 40 6.0° 6.0 6.6
30 20 20 22 50 6.02 6.0 6.6
35 200 22 22 60 6.0 6.6 6.6
40 200 22 22 70 6.0 6.6 6.6
45 20 22 22 80 6.0 6.6 6.6
50 20 22 22 %0 6.6 6.6 6.6°
55 22 22 220 100 6.6 6.6 6.6°
60 22 22 22 Width of Shoulder on
65 22 22 22° All Each Side of Road {m)
. I Speeds
AU | Each Side of Road T e | s | 2
Speeds
2 4 6
2 An 18-ft [5.4-m] minimum width may be used for roadways with design volumes under
250 veh/day.
& Consider using lane width of 24 ft {7.2 m] where substantial truck volumes are present

or agricultural equipment frequently uses the road.

Note:

6.2.2.2 Number of Lanes

"The number of lanes should be sufficient to accommodate the design traffic volumes for the de-
sired level of service. Normally, capacity conditions do not govern rural collector roads, and two

See text for roadside barrier and offtracking considerations.

lanes are appropriate. For further information, see Section 2.4, “Highway Capacity.”
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6.2.2.3 Parking Lanes

Parking lanes are generally not provided on rural collectors, but may be needed on collectors in
some rural towns. For additional information on parking lanes, see Section 6.3, “Collectors in

Urban Areas.”
6.2.2.4 Medians

Medians are generally not provided on rural collectors, but may be appropriate on collectors in
some rural towns. For additional information on medians, see Section 6.3, “Collectors in Urban
Areas”

6.2.2.5 Right-of-Way Width

Providing right-of-way widths that accommodate construction, adequate drainage, and proper
maintenance of a collector road is an important part of the overall design. Wide rights-of-way
permit the construction of gentle slopes, resulting in a reduced crash severity potential and
accommodating easier and more economical maintenance. The acquisition of sufficient right-
of-way at the time of initial construction permits subsequent widening of the roadway and the
widening and strengthening of the pavement at a reasonable cost as traffic volumes increase.

In developed areas, it may be necessary to limit the right-of-way width. However, the right-of-
way width should not be less than that needed to accommodate all elements of the design cross
section, utilities, and appropriate border areas,

6.2.2.6 Bicycle/Pedestrian Facilities

Where bicycle and pedestrian facilities are included as part of the design, refer to the AASHTO
Guide for the Development of Bicycle Facilities (6) and the AASHTO Guide for the Planning,
Design, and Operation of Pedestrian Facilities (2).

Curbs and sidewalks are generally not constructed on rural collectors, but may be needed on
some collectors in rural towns. See Section 6.3, “Collectors in Urban Areas,” for additional
information.

6.2.3 Structures

6.2.3.1 New and Reconstructed Structures

The design of bridges, culverts, walls, tunnels, and other structures should be in accordance
with the current AASHTO LRFD Bridge Design Specifications (9). Except as otherwise indicated
in this policy, the dimensional design of structures should be in accordance with these design

specifications.
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‘The minimum design loading for bridges on collector roads should be the HL-93 design vehicle
live loads. ‘The minimum roadway widths for new and reconstructed bridges should be as shown

in Table 6-6.
6.2.3.2 Vertical Clearance

Vertical clearance at underpasses should be at least 14 ft [4.3 m] over the entire roadway width,
with an additional allowance for future resurfacing. The vertical clearance to sign supports and
to bicycle and pedestrian overpasses should be 1.0 ft [0.3 m] greater than the highway structure
clearance.

Table 6-6. Minimum Roadway Widths and Design Loadings for New
and Reconstructed Bridges

U.S. Customary Metric
Minimum Desian Minimum Desian
Design Clear Loadi% Design Clear Loadi?'\
Volume Roadway Structurgal Volume Roadway Structugl
{(veh/day} Width for Capacit {veh/day) Width for Capacit
Bridges® pacity Bridges? pactty
Traveled way + Traveled way +
under 400 2 ft (each side) HL-93 under 400 0.6 m {each side) HL-93
Traveled way + Traveled way +
400 to 2,000 4 ft (each side)® HL-93 400 to 2,000 1.2 m (each side}® HL-93
Approach road- Approach road-
over 2,000 way (width)® HL-93 over 2,000 way (width)® HL-93

a  Where the approach roadway width (traveled way plus shoulders} is surfaced, that surface width should be carried
across the structures.

b For bridges in excess of 100 ft (30 m] in length, the minimum width of traveled way plus 3 ft [1 m] on each side is
acceptable.

6.2.4 Roadside Design

There are two primary considerations for roadside design along the traveled way for rural collec-
tors: clear zones and lateral offset.

6.2.4.1 Clear Zones

In rural environments, where speeds are higher and there are fewer constraints than in urban
environments, a clear zone appropriate for the traffic volumes, design speed, and facility type
should be provided in accordance with the AASHTO Roadside Design Guide (5). For low-speed
rural collectors, a clear-zone width of 7 to 10 ft [2 to 3 m] is desirable.

6.2.4.2 Lateral Offset

Lateral offset is defined in Section 4.6.2. Further discussion and suggested guidance on the
application of lateral offsets is provided in AASHTO Roadside Design Guide (5).
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‘The full approach width (traveled way plus shoulders) should be carried along the roadway and
across bridges and overpasses where practical. To the extent practical, where another highway or
railroad passes over the roadway, the overpass should be designed so that the pier or abutment
supports, including barrier protection systems, have a lateral offset equal to or greater than the
lateral offset on the approach roadway.

On facilities without a curb and with shoulder widths less than 4 ft [1.2 m], a minimum lateral
offset of 4 ft [1.2 m] from the edge of the traveled way is desirable and a lateral offset of 1.5 ft
[0.5 m] should be provided, where practical.

6.2.4.3 Foreslopes

Roadside slopes should be as flat as practical, taking into consideration other design constraints.
Flat foreslopes reduce potential crash severities by providing maneuvering area in emergencies
and being more stable than steeper slopes. Flat foreslopes also aid in the establishment of plant
growth and simplify maintenance operations. The maximum foreslope rate depends on the sta-
bility of local soils as determined by a soils investigation and local experience. Steeper slopes, in
combination with roadside barriers, may be used when topography and right-of-way are restric-
tive and a need is justified.

Drivers who inadvertently leave the traveled way can often recover control of their vehicles if
foreslopes are 1V:4H or flatter and shoulders and ditches arc well rounded or otherwise made
traversable. Such recoverable slopes should be provided where terrain and right-of-way condi-
tions allow.

Where provision of recoverable slopes is not practical, the combinations of rate and height of
slope should reduce the crash severity for an out-of-control vehicle. Where high fills, right-of-
way restrictions, watercourses, or other problems render such designs impractical, roadside bar-
riers should be considered, in which case the maximum rate of fill slope may be used. Reference

should be made to the current edition of the AASHTO Roadside Design Guide (5). For further
information, see Section 4.10, “Traffic Barriers.”

Cut sections should be designed with adequate ditches. Preferably, the foreslope should not
be steeper than 1V:3H and, where practical, should be 1V:4H or flatter. The ditch bottom and
slopes should be well-rounded, and the backslope should not exceed the maximum rate needed
for stability.

6.2.5 Intersection Design

Intersections should be located to avoid steep profile grades and to provide adequate approach
sight distance. An intersection should not be situated near a sharp crest vertical curve or on a
sharp horizontal curve. Where there is no practical alternative to such a location, the approach
sight distance on each leg should be checked and, where practical, backslopes should be flat-
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tened and horizontal and vertical curves lengthened, to provide additional sight distance. The
driver of a vehicle approaching an intersection should have an unobstructed view of the entire
intersection and sufficient lengths of the intersecting roadway to anticipate and avoid potential
collisions. Sight distances at intersections with six different types of traffic control are presented

in Section 9.5, “Intersection Sight Distance.”

Intersections should be designed with corner radii adequate for a selected design vehicle, repre-
senting a larger vehicle that is expected to use the intersection with some frequency. For infor-
mation on minimum turning radii, see Section 9.6, “Turning Roadways and Channelization.”
Where turning volumes are substantial, speed-change lanes and channelization should be

considered.

Intersection legs that operate under stop control should intersect at right angles, wherever prac-
tical, and should not intersect at an angle less than 75 degrees. For more information on inter-
section angle, see Section 9.4.2, “Alignment.”

A stopping area that is as level as practical should be provided for approaches on which vehicles
may be required to stop.

Chapter 9 presents a discussion of the major aspects of intersection design.

6.2.6 Railroad-Highway Grade Crossings

Appropriate grade crossing warning devices should be installed at railroad-highway grade
crassings on collector roads and streets. Deetails of the devices to be used are given in the Manual
on Uniform Traffic Control Dewices (MUTCD) (20). In some states, the final approval of these
devices may be vested in an agency having oversight over railroads.

Sight distance is an important consideration at railroad—highway grade crossings. There should
be sufficient sight distance along the road and along the railroad tracks for an approaching driver
to recognize the railroad crossing, perceive the warning device, determine whether a train is
approaching, and stop if necessary. If crossing gates are not provided, adequate sight distance
along the track is needed for drivers of stopped vehicles to decide when it is safe to proceed
across the tracks. For further information on railroad-highway grade crossings, see Section
9.12, “Railroad-Highway Grade Crossings.”

The roadway width at railroad crossings should be the same as the width of the approach roadway.
Crossings that are located on bicycle routes that are not perpendicular to the railroad may need

additional paved shoulder width for bicycles to maneuver over the crossing. For further infor-
mation, see the AASHTO Guide for the Development of Bicycle Facilities (6).
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6.2.7 Traffic Control Devices

Traffic control devices should be applied consistently and uniformly. Details of the standard
traffic control devices and warrants for various conditions are found in the MUTCD (70).
Geometric design of rural collectors should fully consider the types of traffic control to be used,
especially at intersections where multiphase or actuated traffic signals are likely to be needed.
For further information, see Section 3.6.5, “Traffic Control Devices.”

6.2.8 Drainage

Drainage, both on the pavement and from the sides and subsurface, is an important design
consideration. Inadequate drainage can lead to high maintenance costs and adverse operational
conditions. In areas of significant snowfall, roadways should be designed so that there is suffi-
cient storage space outside the traveled way to accommodate plowed snow and proper drainage
for melting conditions. Further guidance can be found in the A4SHTO Drainage Manual (7).

6.2.9 Erosion Control and Landscaping

Consideration should be given to the preservation of the natural groundcover and the growth
of shrubs and trees within the right-of-way when designing rural collectors. Shrubs, trees, and
other vegetation should be considered in assessing the driver's sight line and the clear zone
width. Seeding, mulching, sodding, or other acceptable measures for covering slopes, swales,
and other erodible areas should also be considered in the rural collector design. For further in-
formation, see Section 3.6.1, “Erosion Control and Landscape Development.”

6.2.10 Speed Transitions Entering Rural Towns

Rural collectors provide important connections to and through many rural towns. Where a
high-speed rural collector leaves the rural context and enters a rural town or other developed
area, there will be a high-speed to low-speed transition zone within which drivers should reduce
their speed consistent with the rural town environment. The transition area should be effectively
designed to encourage speed reduction because, if drivers do not appropriately reduce speeds,
they may create conflicts with other vehicles, pedestrians, and bicyclists and may adversely affect
community livability. Design treatments that may be implemented, where appropriate, so that
high-speed to low-speed transition zones function more effectively include:

* center islands,

* raised medians,

* roundabouts,

* roadway narrowing,

* lane reductions,
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* transverse pavement markings,
* colored pavements, and

* layered landscaping.

'The treatments, alone or in combination, encourage drivers to reduce speeds by introducing a
changed driving environment in which lower speeds appear appropriate to the driver. Additional
details concerning design of transition zones can be found in Section 7.2.19 and in NCHRP
Report 737, Design Guidance for High-Speed fo Low-Speed Transition Zones for Rural Highaoays {77).

6.2.11 Design of Collectors in the Rural Town Context

As noted in Section 6.2.1, design speeds of 45 mph [70 km/h] and below are generally appro-
priate for collectors in the rural town context. Design speeds and posted speed limits may be
decreased in stages as drivers leave the rural environment and approach the center of a rural
town. On-street parking is seldom needed on collectors in the rural context, but may be vital to
the economic success of businesses in the central portion of a rural town. On-street parking may
also help in creating an appropriate low-speed environment within the rural town. Pedestrian
and bicyclist flows may increase within rural towns creating a need for pedestrian and bicycle
facilities. Rural towns may differ in their appropriate speed environment and needs for parking,
pedestrian, and bicycle facilities, just as the suburban, urban, and urban core contexts in urban
areas differ. Flexibility in the development of design features is appropriate to meet these vary-
ing needs in rural towns. Alternative design approaches and further guidance may be found
in the discussion of collectors in urban areas in Section 6.3 and in two relevant publications
that address the rural town context: When Main Street is a State Highway (13} developed by the
Maryland Department of Transportation and Main Street... When a Highway Runs Through It (14),
developed by the Oregon Department of Transportation. These two publications are primarily
applicable to arterials, but present many design concepts that can also be applied to collectors.

6.3 COLLECTORS IN URBAN AREAS

‘This section presents guidance on the design of collector streets in urban areas. Collectors in
urban areas are designed with a flexible approach to meet the needs of the suburban, urban, and
urban core contexts. As a collcctor street moves from the suburban context to the urban con-
text, and then to the urban core context, the emphasis on maintaining higher vehicle operating
speeds decreases, the importance of providing on-street parking in appropriate locations in-
creases, and the pedestrian, bicycle, and transit flows that need to be served, will likely increase.
A flexible and balanced design approach to serve all transportation modes appropriately should
be applied. 'The balance among transportation modes may differ between projects based on the
demand flows for each transportation mode and established area-wide and corridor plans. The
design guidance given below should be adapted to the context and needs of each individual

facility and corridor,
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6.3.1 General Design Considerations

A collector street is a public facility for vehicular travel and includes the entire area within the
right-of-way. Collector streets in the suburban, urban, and urban core contexts also serve bicy-
cle and pedestrian traffic and often accommodate transit and public utility facilities within the
right-of-way. The development or improvement of streets should be based on a functional street
classification established as part of a comprehensive community development plan. The design
criteria should be those for the ultimate planned development.

'The function of collectors in suburban, urban, and urban core areas is equally divided between
mobility and access. Few cities have effective access control restrictions along collector streets;
almost all such streets permit access to abutting properties, except where access rights have been
acquired. Many new collectors are planned and constructed with little or no access restriction.
However, uncontrolled access may eventually result in the obsolescence of a collector facility.
‘Therefore, it is desirable to manage driveway access to collector streets.

When a major objective of the design is to expedite traffic mobility, there are many additional
criteria for which guidelines are appropriate. Such criteria include:

* minimizing conflict points,

* providing adequate storage length for all turning movements,

* minimizing conflicts with pedestrians and bicyclists,

* coordinating driveway locations on opposite sides of the roadway,

* locating signals to meet progression needs, and

* maintaining efficient circulation while providing adequate ingress and egress capacity.

Access control on collector streets should be used so that access points conform to the adopted
criteria that are related to safety, location, design, construction, and maintenance. Further guid-
ance on access control will be found in the TRB Aecess Management Manual (18).

6.3.1.1 Design Speed

Design speed is a factor in the design of collector streets. For consistency in design, the design
speed for suburban collector streets should generally be in the range from 35 to 50 mph [60 to 90
km/h], the design speed for urban collector streets should be in the range from 30 to 40 mph [50
to 60 km/h], and the design speed for urban core collector streets should be in the range from 25
to 35 mph [40 to 60 km/h], depending on available right-of-way, terrain, adjacent development,
likely pedestrian presence, and other site controls. See Section, 2.3.6, “Speed”for additional in-
formation. Appropriate uses and types of curbs vary with design speed; for further information,
see Section 6.3.2.5, “Curbs.”
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In the typical urban area street grid, closely spaced intersections often limit vehicular speeds and

thus make the consideration of design speed of less significance.
6.3.1.2 Design Traffic Volumes

Traffic volumes are a factor in determining the geometric criteria to be used in designing col-
lector streets. It usually is difficult and costly to modify the geometric design of an existing
collector street unless provisions are made at the time of initial construction. The design traffic
volume should be estimated for at least 10 and preferably 20 years into the future.

6.3.1.3 Level of Service

The choice of the design level and quality of service for a facility involves striking an appropri-
ate balance between the needs of and service levels for motor vehicles, pedestrians, transit, and
bicycles; the context, the community; and the degree of confidence in future land use develop-
ment and trip generation projections. In heavily developed sections of metropolitan areas, the
use of Level of Service D may be appropriate, although it may be impractical to achieve even
this level of service in constrained settings. While motor-vehicle level of service is calculated in
a quantitative manner using numerical formulas, quality of service for pedestrians and bicycles
is often a more qualitative analysis and may be a more appropriate process for analyzing facility
performance, including accessibility, potential conflicts with motor vchicles, stress, and overall
acceptable accommodation. For additional guidance on determining the level of service for all
modes for a specific facility, refer to Sections 2.3 and 2.4, the Highway Capacity Manual (19),
and the FHWA Guidebook for Developing Pedestrian and Bicycle Performance Measures (15).

6.3.1.4 Alignment

Alignment in residential areas should closely fit the existing topography to minimize the need
for cuts or fills to achieve appropriate safety, capacity, and appearance.

6.3.1.5 Grades

Grades for collector strects should be as level as practical, consistent with the surrounding

terrain.

A minimum grade of 0.3 percent is acceptable to facilitate drainage. However, it is recom-
mended that a grade of 0.5 percent or more be used, where practical, for drainage purposes.
Where sidewalks are present, a maximum roadway grade of 5 percent is recommended. Refer
to the Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way (20) for additional
information. The grade of an urban street is generally depressed below the surrounding terrain
to direct drainage from adjacent property to the curb area so that it can reach the storm drain
system. Applicable gradients, vertical curve lengths, and other pertinent features are addressed
in Section 3.4, “Vertical Alignment.” Maximum grades for collector streets in the urban and ur-
ban core contexts should be as shown in Table 6-~7. Maximum grades for higher speed suburban
collector streets should be as shown in Table 6-2.
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Table 6-7. Maximum Grades for Collector Streets in the Urban and Urban Core Contexts

U.S. Customary Metric
Type of Maximum Grade (%) for Specified Maximum Grade (%) for Specified
Terrain Design Speed (mph) Design Speed (km/h)
20(25(307135|40]|4550|55|60} |30[40)|50|60|70(80|%0]100
Level 192 ie!l 918|717 |6 919219198 |77
Rolling 12(12]11310}10{ 9 | 8 | 8 | 7 1211211110 9 | 8| 8 7
Mountainous | 14 | 13| 12112112111 [ 10 10| 9 14113121211 [10] 10

6.3.1.6 Cross Slope

‘Traveled-way cross slope should be adequate to provide proper drainage. Cross slope should
normally be from 1.5 to 3 percent where there are flush shoulders adjacent to the traveled way

or where there are outer curbs. For more information on traveled-way and shoulder cross slope,
see Sections 4.2.2 and 4.4.3.

6.3.1.7 Superelevation

Superelevation, in specific locations, may be advantageous for collector street traffic opera-
tion. However, superelevation may be impractical or undesirable in built-up areas because of
the combination of wide pavement areas, proximity of adjacent development, control of cross
slope, profile for drainage, frequency of cross streets, and other urban features, Where used,
superelevation on collector streets should be 6 percent or less. On suburban collector streets,
superelevation should be 12 percent or less and should not exceed 8 percent where snow and ice
conditions are a factor. The absence of superelevation on urban collectors for low speeds of 45
mph [70 km/h| and below is generally not detrimental to the motorist. Often, some warping
or partial removal or reversal of the pavement crown may facilitate operations. When warping
or removing the pavement crown, drainage should be considered. For further information, see
Section 3.3, “Horizontal Alignment,” including the specific guidance in Section 3.3.6, “Design
for Low-Speed Streets in Urban Areas.”

6.3.1.8 Sight Distance

Stopping sight distance for collector streets varies with design speed. Design for passing sight
distance is seldom appropriate on collector streets. For further information, see Tables 6-3 and
6-4, as well as Section 3.2, “Sight Distance.”
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6.3.2 Cross-Sectional Elements
6.3.2.1 Width of Roadway

The width of a collector street should be planned as the sum of the widths of the ultimate num-
ber of lanes for moving traffic, parking, and bicycles, including median width where appropriate.

Lanes within the traveled way should range in width from 10 to 12 ft [3.0 to 3.6 m). In indus-
trial areas, lanes may be 12 ft {3.6 m] wide except where lack of space for right-of-way imposes
severe limitations; in such cases, lane widths of 11 ft [3.3 m] may be used. Added turning lanes
at intersections, where used, should range in width from 10 to 12 ft [3.0 to 3.6 m}, depending on
the volume of trucks. Where shoulders are provided, roadway widths in accordance with Table
6-5 should be considered. Additional guidance on the width of roadways used by transit vchicles
can be found in the AASHTO Guide for Geometric Design of Transit Facilities on Highways and
Strects (8).

6.3.2.2 Number of Lanes

Two traffic lanes are sufficient for most collector streets. In some instances, in commercial
areas where there are intersection and midblock left turns, it may be advantageous to provide
additional left-turn lanes or a continuous two-way left-turn lane in the center of the roadway.
Bicycle lanes are often provided on collector streets to create continuous bicycle networks in the

community.

‘The number of lanes to be provided on collector streets with high traffic volumes should be
determined from a capacity analysis. This analysis should consider anticipated transportation
modes, and both intersections and midblock locations in assessing the ability of a proposed
design to provide the desired level of service for all users. Such analyses should be made for
the future design year traffic volume by using the procedures in the most recent edition of the
Highway Capacity Manual (19) or other appropriate traflic analysis tools. For further informa-
tion, see Section 2.4, “Highway Capacity,” and the FHWA Traffic Analysis Tools website (11),

6.3.2.3 Parking Lanes

Although on-street parking may impede traffic flow and parked vehicles may at times be in-
volved in crashes, provision of parking lanes parallel or angled to the curb is needed to serve
adjacent development on many collector streets. Where on-street parking spaces are designated,
a portion of spaces should be accessible to persons with disabilities. For more details refer to the
Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way (20).

Parallel parking is normally acceptable on urban area collectors where sufficient street width is
available to provide a parking lane. In residential arcas, a parallel parking lane from 7 to 8 ft
[2.1 to 2.4 m] in width should be provided on one or both sides of the street, as appropriate for
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the lot size and density of development. In commercial and industrial areas, parking lane widths
should range from 8 to 10 ft 2.4 to 3.0 m] and are usually provided on both sides of the street.

The principal disadvantage of conventional head-in or angle parking, in comparison to back-in
head-out diagonal or parallel parking, is the reduced visibility for the driver during the back-out
maneuver. Back-in parking also allows for the loading of passengers and cargo to be performed
from the sidewalk, rather than near the traveled way. Collector street designs with diagonal or
angle parking should only be considered in special cases.

6.3.2.4 Medians

Collector streets designed for four or more lanes should include width for an appropriate medi-
an treatment, where practical. For general types of median treatments for collector streets, the
following widths may be considered:

* paint-striped separation, 2 to 4 ft [0.6 to 1.2 m] wide;
* narrow raised-curbed sections, 2 to 6 ft [0.6 to 1.8 m] wide;
* raised curbed sections, 10 to 16 ft [3.0 to 4.8 m] wide, providing space for left-turn lancs;

* paint-striped sections, 10 to 16 ft [3.0 to 4.8 m] wide, providing space for two-way left-turn
lanes; and

* raised-curb sections, 18 to 25 ft [5.4 to 7.6 m] wide, to provide more space for left-turn lanes
and for passenger cars to stop in median openings.

Wider medians from 27 to 40 ft [8 to 12 m] may be used for a parkway design where space
is available for landscaping. Each increment in additional median width provides specific op-
erational advantages. Medians should be as wide as practical within the constraints of site

conditions.

On collector streets with raised-curb medians, openings should be provided only at intersections
with other streets and at reasonably spaced driveways serving major traflic generators such as
industrial plants and shopping centers. Median openings should be designed to include left-turn
lanes.

The design of collector streets with raised-curb medians should include drainage systemns with
drainage inlets and catch basins.

Median openings should be located only where there is adequate sight distance. The shape and
length of the median openings will vary depending on the width of the median and the vehicle
types that are to be accommodated. The minimum length of median openings should be that of
the projected roadway width of the intersecting cross street or driveway. Desirably, the length of
median openings should be wide enough to provide for the turning radius for the design vehicle
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for left-turn maneuvers between the inner edge of the lane adjacent to the median and the cen-

terline of the intersecting roadway.

On many collector streets, it may be impractical to use a raised-curb median. A continuous
center two-way left-turn lane, flush with the adjacent traveled way, is an alternative design that
may be considered. Where pedestrian crossings are anticipated, intermittent median islands
that provide pedestrian refuge are recommended. A further discussion on medians is found in
Section 4.11, “Medians” and in Section 9.8, “Median Openings.”

6.3.2.5 Curbs

Collector streets are normally designed with curbs to allow greater use of available width and
for control of drainage, protection of pedestrians, and delineation. The curb on the side of the
traveled way may be a vertical curb, 6 in. [150 mm] high, usually with an appropriate batter for
low-speed roadways. A vertical curb should not be used on roadways with speeds greater than
45 mph [70 km/h]; sloping curbs with heights of 6 in. [150 mm] or less may be used in this
situation. A sloping curb with a height of 4 in. [100 mm] should be considered on higher speed
facilities with infrequent accesses and intersecting streets.

On divided streets, the type of median curbs should be determined in conjunction with the me-
dian width and the type of turning movement control to be provided. Where midblock left-turn
movements are permitted and the median width is less than 10 ft [3 m], a well-delineated flush
or rounded raised median separator 2 to 4 in. [50 to 100 mm] high is effective in channelizing
traffic and in avoiding excessive travel distances and concentrations of turns at intersections.
Where wider traversable medians are appropriate, they may be cither flush or bordered with low
curbs 1 to 2 in. [5 to 50 mm)] high. On narrow and intermediate-width medians, and on some
wide medians, where cross-median movements are undesirable, a curb should be used on the
median side of the traveled way. Consideration of the type (vertical or sloped) and height should
be based on the roadway speed and other factors as stated above. For further information, see
Section 4.7, “Curbs,” and the AASHTO Roadside Design Guide (5).

Vertical curbs with heights of 6 in. [150 mm] or more, adjacent to the traveled way, should be
offset a minimum of 1 to 2 ft [0.3 to 0.6 m] from the cdge of the traveled way. Where there is
combination curb-and-gutter construction, the gutter pan width, which is normally 1 to 2 ft
[0.3 to 0.6 m], may provide the offset distance.

Where pedestrian crosswalks are provided for crossing a collector street, they must be accessible
through any medians that are present. See Section 4.17.3 for further discussion.

6.3.2.6 Right-of-Way Width

'The right-of-way width for collector streets should be sufficient to accommodate the ultimate
planned roadway, including the median, parking lanes, shoulders, border areas, sidewalks, bicy-
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cle facilities, public utilities, and outer slopes. The width of right-of-way for two-lane collector
streets should generally range from 40 to 80 ft [12 to 25 m], depending on these items.

6.3.2.7 Provision for Utilities

In addition to the primary purpose of serving vehicular traffic, collector streets may accommo-
date public utility facilities within the street right-of-way in accordance with state law or munic-
ipal ordinance. Use of the right-of-way by utilities should be planned to minimize interference
with traffic using the street. The AASHTO Guide for Accommodating Ultilities within Highway
Right-of-Way (3) presents general principles for utility location and construction to minimize
conflicts between the use of the right-of-way for vehicular movements and the secondary objec-
tive of providing space for locating utilities. Utilities must be located such that they do not make
pedestrian facilities inaccessible.

6.3.2.8 Border Area

The border arca between the roadway and the right-of-way line should be wide enough to serve
several purposes, including serving as a buffer space between pedestrians, bicyclists, and vehic-
ular traffic; a sidewalk; and an arca for underground and aboveground utilities such as traffic
signals, parking meters, and fire hydrants. A portion of the border area should accommodate
snow storage and may include aesthetic features such as grass or landscaping. The border width
should be at least 12 ft [3.6 m], including the sidewalk width. Traffic signals, utility poles, fire
hydrants, and other utilities should be placed as far back from the curb as practical to reduce the
likelihood of being struck by vehicles that run off the road. Breakaway features also may be built
into such obstacles, where practical, to reduce the severity of collisions that may occur.

6.3.2.9 Bicycle/Pedestrian Facilities

Where bicycle facilities are provided, refer to the AASHTO Guide for the Development of Bicycle
Facilities (6) for design guidance.

Sidewalks should be provided along both sides of collector streets that are used for pedestrian
access to schools, parks, shopping areas, and transit stops. Sidewalks are desirable on both sides
of collector streets. The sidewalk should be located as far as practical from the traveled way, usu-
ally close to the right-of-way line. 'The minimum sidewalk width should be at least 4 ft [1.2 m)|
with 5 ft [1.5-m] passing areas every 200 ft [61 m] in residential areas and should range from 4 to
12 £t [1.2 to 7.2 m] in commercial areas. Sidewalk widths of at least 5 ft [1.5 m] are recommend-
ed. For further information, see Section 4.17.1, “Sidewalks.” Where pedestrian facilities are pro-
vided, they must be accessible to and usable by individuals with disabilities (21, 22). Additional
design guidance on sidewalks can also be found in the AASH'T'O Guide for the Planning, Design,
and Operation of Pedestrian Facilities (2) and the Proposed Guidelines for Pedestrian Facilities in the
Public Right-of-Way (20).
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Curb ramps must be provided at all marked and unmarked crosswalks to accommodate persons
with disabilities. Section 4.17.3, “Curb Ramps,” discusses various design applications for such

ramps.
6.3.2.10 Driveways

The width of a driveway entrance, placerent with respect to property lines and intersecting
streets, angle of entrance, vertical alignment, and the number of entrances to a single prop-
erty should be controlled. Where driveways cross sidewalks, the sidewalk must be accessible
to and usable by individuals with disabilities (27, 22). Further guidance on the design of side-
walk-driveway interfaces can be found in the AASHTO Guide for the Planning, Design, and
Operation of Pedestrian Facilities (2). Additional guidance on design of driveways can be found
in Section 4.15.2, “Driveways.”

6.3.3 Structures

6.3.3.1 New and Reconstructed Structures

The design of bridges, culverts, walls, tunnels, and other structures should be in accordance with
the current A4SHTO LRED Bridge Design Specifications (9). The clear width for new bridges on
urban collector streets with curbed approaches should be the same as the curb-to-curb width
of the approach roadway. The bridge rail should be flush with the front face of the curb if no
sidewalk is present to minimize the likelihood that vehicles will vault the rail. For collector
streets with shoulders and no curbs, the full width of approach roadways should preferably be
extended across bridges. Sidewalks on the approaches should be extended across new structures.
Due to the long design life of bridges, sidewalks should be provided on both sides on bridges
on collector streets unless a separate pedestrian bridge is provided. Access to the sidewalk must
be provided for all pedestrians, including those with disabilities. Further discussion of roadway
widths for bridges is presented in Section 4.10, “Traffic Barriers.” Table 6-6 applies to bridge

widths on urban collector streets.
6.3.3.2 Vertical Clearance

Vertical clearance at underpasses should be at least 14 ft [4.3 m] over the entire roadway width,
with an additional allowance for future resurfacing. The vertical clearance to sign supports and
to bicycle and pedestrian overpasses should be 1.0 {t [0.3 m] greater than the highway structure

clearance.
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6.3.4 Roadside Design

There are two primary considerations for roadside design along the traveled way—clear zones
and lateral offset.

6.3.4.1 Clear Zones

In an urban environment, right-of-way is often extremely limited and in many cases it is not
practical to establish a full-width clear zone. Urban environments are characterized by curbs,
sidewalks, enclosed drainage, numerous fixed objects (e.g., signs, utility poles, luminaire sup-
ports, fire hydrants, strect furniture, etc.) and frequent traffic stops. These environments typi-
cally have lower operating speeds and, in many instances, on-street parking is provided. Where
establishing a full-width clear zone in an urban area is not practical due to right-of-way con-
straints, consideration should be given to establishing a reduced clear zone or incorporating
as many clear-zone concepts as practical, such as removing roadside objects or making them
crashworthy. Refer to the guidance in the AASHTO Roadside Design Guide (5) for additional
discussion on roadside design limitations in urban environments.

6.3.4.2 Lateral Offset

Lateral offset is defined in Section 4.6.2. Further discussion and suggested guidance on the
application of lateral offsets is provided in AASHTO Roadside Design Guide (5).

For collectors in urban environments, a lateral offset is needed to vertical obstructions (signs,
utility poles, luminaire supports, fire hydrants, etc., including breakaway devices) to accommo-
date motorists operating on the highway. This lateral offset to obstructions helps to:

* avoid drivers shying away from obstructions and vehicle encroachments into opposing or

adjacent lanes;
* improve driveway and horizontal sight distances;
* reduce the travel lane encroachments from occasional parked and disabled vehicles;
* improve travel lane capacity; and

* minimize contact between obstructions and vehicle mirrors, car doors, and trucks that over-

hang the edge of the pavement when turning,

Where a curb is present, the lateral offset is measured from the face of curb. A minimum lateral
offset of 1.5 ft [0.5 m] should be provided from the face of the curb with 3 ft {1 m] at intersec-
tions to accommodate turning trucks and improve sight distance. Consideration should be given
to providing more than the minimum lateral offset to obstructions, where practical, by placing
fixed objects behind the sidewalk. Traffic barriers should be located in accordance with the
AASHTO Roadside Design Guide (5).
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On curbed facilities located in suburban areas, there may be an opportunity to provide greater
lateral offset in the location of fixed objects. These facilities are generally characterized by higher
operating speeds and have sidewalks separated from the curb by a border area. Although estab-
lishing a clear zone commensurate with the suggested valucs in the AASH'TO Roadside Design
Guide (5) may not be practical due to right-of-way constraints, consideration should be given to
establishing a reduced clear zone or incorporating as many clear zone concepts as practical, such
as removing roadside objects or making them crashworthy.

On facilities without a curb and with shoulder widths less than 4 ft [1.2 m], 2 minimum lateral
offset of 4 ft [1.2 m] from the edge of the traveled way is desirable.

6.3.5 Intersection Design

‘The pattern of traffic movements at intersections and the volume of traffic on each approach,
including pedestrian and bicycle traffic, are indicative of the appropriate type of traffic control
devices, the widths of lanes (including auxiliary lanes}, and where applicable, the type and extent
of channelization needed to accommeodate all anticipated users. Designing for peak flows of mo-
torized travel may compromise the usability of the intersection for other transportation modes
throughout the day. The arrangement of islands and the shape and length of auxiliary lanes may
differ depending on whether or not signal control is used. ‘The composition and character of traf-
fic is a design control; movements involving large trucks need larger intersection areas and flatter
approach grades than thosc uscd at intersections where traffic consists predominantly of passen-
ger cars. Bus stops located near an intersection may create a need for additional modification to
the intersection design. Traffic approach speed has an effect on the geometric design as well as
on the appropriate traffic control devices and pavement markings. For further information, see
Section 3.6.5, “Traffic Control Devices.”

The number and location of approach roadways and their angles of intersection are major con-
trols for intersection geometric design, the location of islands, and the types of control devices,
except where roundabouts are provided. Intersections at grade preferably should be limited to
no more than four approach legs. When two crossroads intersect the collector highway in close
proximity, they should be combined into a single intersection.

Important design considerations for at-grade intersections fall into two major categories—the
geometric design of the intersection (including a capacity analysis) and, except where round-
abouts are provided, the location and type of traffic control devices. Generally, these consider-
ations are applicable to both new and existing intersections, although for existing intersections

in built-up areas, heavy development may make extensive design changes impractical.

Chapter 9 presents a discussion of the major aspects of intersection design.
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6.3.6 Railroad-Highway Grade Crossings

Appropriate grade crossing warning devices should be installed at railroad-highway grade cross-
ings on collector streets. Details of these devices are given in the MUTCD (10). In some states,
the final approval of these devices may be vested in an agency having oversight over railroads.

Sight distance is an important consideration at railroad-highway grade crossings on collector
streets. There should be sufficient sight distance along the street for the approaching driver to
recognize the railroad crossing, perceive the warning device, determine whether a train is ap-
proaching, and stop if necessary. At railroad—highway grade crossings without gates, adequate
sight distance along the tracks is also needed for drivers of stopped vehicles to decide when it is
safe to proceed across the tracks.

"The roadway width at crossings should be the same as the curb-to-curb width of the approaches.
Where street sections are not curbed, the crossing width should be consistent with the approach
street and shoulder widths. Sidewalks should continue across railroad grade crossings where
approach sidewalks exist or are planned within the near future. Provisions for future sidewalks
should be incorporated into design, if they can be anticipated, to avoid future crossing work on
the railroad facility.

Crossings that are located on bicycle routes that are not perpendicular to the railroad may need
additional paved shoulder width for bicycles to maneuver over the crossing. For further infor-
mation, see the AASHTO Guide for the Development of Bicycle Facilities (6).

The design of railroad~highway grade crossings is discussed more fully in Section 9.12.

6.3.7 Traffic Control Devices

Traffic control devices should be applied consistently and uniformly. Details of the standard
devices and warrants for various conditions are found in the MUTCD (10).

Geometric design of collector streets should fully consider the types of traffic control to be
provided, especially at intersections where multiphase or actuated traffic signals are likely to be
needed. Signal progression, signal phasing (including pedestrian and bicycle phases), and traffic
flow rates are important considerations in signalized intersection design. For further informa-
tion, see Section 3.6.5, “Traflic Control Devices.”

6.3.8 Roadway Lighting

Good visibility under both day and night conditions is fundamental to enable motorists, pedes-
trians, and bicyclists to travel on roadways in a safe and coordinated manner. Properly designed
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and maintained street lighting provides comfortable and accurate night visibility, which should
facilitate vehicular, bicycle, and pedestrian traffic.

Decisions concerning appropriate street lighting should be coordinated with public safety man-
agement, crime prevention, and other community concerns. 'The AASHTO Readway Lighting
Design Guide (4) provides discussion on street and roadway lighting. Further information is also
provided in Section 3.6.3, “Lighting,” the ANSI/IESNA RP-8 American Standard Practice for
Roadway Lighting (16), and the FHWA Informational Report on Lighting Design for Midblock
Crosswalks (12).

6.3.9 Drainage

Surface runoffis gathered by a system of gutters, inlets, catch basins, and storm sewers. The gut-
ter grade should be at feast 0.3 percent. However, a gutter grade of 0.5 percent or more should be
provided where practical, for better drainage. Inlets or catch basins with an open grate should be
located in the gutter line and be spaced so that ponding of water on the pavement does not ex-
ceed tolerable limits. In addition, grates should be designed to accommodate bicycle and pedes-
trian traffic. For additional details, see Section 4.2, “Traveled Way”, Section 4.4, “Shoulders”;
Section 4.7, “Curbs”; and Section 4.8, “Drainage Channels and Sideslopes.”

6.3.10 Erosion Control

Consideration should be given to preserving the natural groundcover and the growth of shrubs
and trees within the right-of-way when designing urban collectors. Seeding, mulching, sodding,
or other acceptable measures for covering slopes, swales, and other erodible areas should also be
considered in urban collector street design. For further information, see Section 3.6.1, “Erosion
Control and Landscape Development.”

6.3.11 Landscaping

Landscaping should be provided in keeping with the character of the street and its environment
for both aesthetic and erosion control purposes. Landscape designs should be arranged to per-
mit a sufficiently wide, clear, and accessible pedestrian walkway. The needs of individuals with
disabilities, bicyclists, and pedestrians should be considered. Combinations of turf, shrubs, and
trees should be considered in continuous border areas along the roadway. However, care should
be excrcised to provide sight distances, lateral offset, and clear zones, especially at intersections.
The roadside should be developed to serve both the community and the motorist. Landscaping
should also consider maintenance operations and costs, future sidewalks, utilities, additional

lanes, and bicycle facilities,
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Arterial Roads and Streets

7.1 INTRODUCTION

The principal and minor arterial road systems provide for travel between major points
in both rural and urban arcas. Within urban areas, the arterial road system often op-
erates at lower speeds and plays an important role in inter- and intra-urban circulation
networks. Chapter 1 discusses extensively the functional purposes of arterials in both
rural and urban areas with the exception of grade-separated freeways and expressways,
which are covered in Chapter 8. This chapter provides the general information needed
to establish the basis of design for arterials in rural and urban areas.

The design of arterials covers a broad range of roadways, from two-lane to multilane,
and is the most difticult class of roadway design because of the need to provide both
safe and efficient operations; allow varying degrees of accessibility to adjoining prop-
erties; often serve pedestrians, bicyclists, and transit service as well as motor vehicles;
and perform effectively under sometimes unusual or constrained conditions. Chapter
1 introduces five contexts for design of roads and streets, to supplement the rural and
urban area types that have traditionally been considered. Rural areas consist of two
context categories—rural and rural town. Urban areas consist of three context catego-
ries—suburban, urban, and urban core.

The designer should be thoroughly familiar with the material in all chapters of this
policy in order to skillfully apply design flexibility in blending the various types of
arterials into the functional network and surrounding context. Although freeways are
included within the functional description of an arterial, they have distinctive design
criteria and are therefore treated separately in Chapter 8. For the purposes of this chap-
ter, guidance for arterials in urban areas applies to arterials in the suburban, urban, and
urban core contexts.

This chapter considers arterials in rural areas separately from arterials in urban areas
because each type of arterial has distinctive features. However, the designer should be
prepared to use design features from both arterial types to provide for suitable transi-
tions as an arterial transitions between rural and urban areas, as well as between the

varying contexts within those areas.
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'The specific dimensional design criteria presented in this chapter are appropriate as a guide for
new construction of arterial roads and streets. Projects to improve existing roads differ from new
construction in that the performance of the existing road is known and can guide the design
process. Features of the existing design that are performing well may remain in place, while
features that are performing poorly should be improved, where practical. Chapter 1 presents a
flexible, performance-based design process that can be applied in developing projects on arterial
roads and streets.

7.2 ARTERIALS IN RURAL AREAS

This section presents guidance on the design of arterials in the rural and rural town contexts.
The primary differences between geometric design in the rural and rural town contexts are in
the choice of design speed and the increased need in the rural town context to provide parking,
to serve increased pedestrian and bicyclist flows, and blend in with the community.

7.2.1 General Characteristics

Arterials in rural areas constitute an important part of the rural highway system, including cross
sections that range from two-lane roadways to multilane, divided controlled-access highways.
The first portion of this chapter relates to the design of arterials in rural areas and the recon-
struction of arterials in rural areas. Such roadways are designed on the basis of traffic volume
needs and should be constructed to the most favorable design criteria practical.

Principal arterials in rural areas include rural freeways, which are covered in Chapter 8. They
also include other multilane roadways and some two-lane highways that connect urban centers
and pass through a rural town context. Minor arterials in rural areas link urban centers to larger
towns and are spaced to provide a relatively high level of service to developed areas of a state.

For the purposes of this section, an arterial in a rural area that passes through a rural town
context will generally have lower speeds along with an increased density of intersections and
driveways generating higher levels of vehicle turning movements. There may also be an in-
creased presence of traffic control (such as stop-controlled or signalized intersections), on-street
parking, and pedestrian and/or bicycle activity. Design of arterials for the rural town context is
addressed in Section 7.2.20.

‘The appropriate design geometrics for an arterial may be readily determined from the selected
design speed and the design traffic volumes of all modes, with consideration of the type of ter-
rain, the general character of the alignment, the composition of traffic and user modes, and the
adjacent land use and context. Operational characteristics, design features, cross sections, and
rights-of-way are also discussed in this chapter.
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"Two-lane arterials constitute the majority of the arterial system in rural areas. They generally
have alt-weather surfaces and arc marked and signed in accordance with the current edition of
the Manual on Uniform Traffic Control Devices (MUTCD) (12).

7.2.2 General Design Considerations

Basic information needed for the design of rural arterials includes crash history, traffic volumes
{both current and projected), terrain, and horizontal and vertical alignment. Design of arterials
in rural towns needs additional information such as land use and modal mix that is appropriate
to the specific corridor.

7.2.2.1 Design Speed

Design speeds for arterials in rural areas differ between the two rural area contexts—rural
context and rural town context. Design speeds for arterials in the rural context are generally
greater than 45 mph [70 km/h] and largely depend on terrain, driver expectancy and, in the case
of reconstruction projects, the alignment of the existing facility. Design speeds of 50 to 75 mph
[80 to 120 km/h] are normally used in level terrain; design speeds of 50 to 65 mph [80 to 100
km/h] are normally used in rolling terrain; and design speeds of 45 to 60 mph [70 to 80 km/h]
are uscd in mountainous terrain. Design speeds for arterials in the rural town context are lower
and generally range from 20 to 45 mph [50 to 70 km/h], depending on the activity levels for
transportation modes and other goals of the community.

Considerable attention should be given to the transition of high to low speeds on arterials in ru-
ral areas as the adjacent land use changes from a rural context to a rural town context, Arterials
in the rural context are designed to facilitate high-speed, longer-distance travel. Arterials in
the rural town context typically have lower design speeds, increased traffic control, on-street
parking, frequent access points, and more pedestrian activity than arterials in the rural context.
Drivers need well-designed transition zones that encourage gradual, smooth reductions in speed
as they transition from the rural context to the rural town context. Guidance on designing tran-
sition zones is presented in Section 7.2.19.

7.2.2.2 Design Traffic Volumes

Before an existing arterial in a rural area is improved or a new arterial in a rural area is con-
structed, the design traffic volume for motor vehicles should be determined. The first step in
determining the design traffic volume is to determine the current average daily traffic (AD'T)
volume for the roadway; in the case of new construction, the AD'T can be estimated. "These
ADT values should then be projected to the design year, usually 20 years into the future. The
design of low-volume arterials in rural areas is typically based on AD'T values alone because nei-
ther capacity nor intersection operations typically govern the overall operation. Such roadways
normally provide free flow under all conditions. By contrast, it is usually appropriate to design
high-volume arterials in rural areas using an hourly volume as the design traffic volume. The
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design hourly volume (DHV) that should generally be used in design is the 30th highest hourly
volume of the year, abbreviated as 30 TV, which is typically about 15 percent of the ADT on
rural roads. Where an arterial in a rural area has existing pedestrian or bicycle activity or passes
through a rural town context, current and projected design volumes should also be estimated
for those other roadway users. For further information on the determination of design traffic
volumes, see Section 2.3, “Traffic Characteristics.”

7.2.2.3 Level of Service

Procedures for estimating the traffic operational performance of particular highway designs are
presented in the Highway Capacity Manual (HHCM) (35), which also presents a thorough dis-
cussion of the level-of-service concept, including level of service for motor vehicles, pedestrians,
and bicyclists. Although the choice of an appropriate design level of service is left to the highway
agency, designers should strive to provide the highest level of service practical and consistent
with anticipated conditions. Level-of-service characteristics are discussed in Section 2.4.5 and
summarized in Table 2-2. For acceptable degrees of congestion, arterials in rural areas and their
auxiliary facilities (e.g., turning lanes, passing sections, weaving sections, intersections, and
interchanges) should generally be designed for level of service B, except in mountainous areas
where level of service C is acceptable. Where arterials in rural areas pass through a rural town
context and nonmotorized roadway users are present, or likely to be present in the future, the
motor-vehicle level of service may be reduced to provide a more balanced level of service and
better accommodate other modes.

7.2.2.4 Sight Distance

Sight distance is directly related to and varies appreciably with design speed. Stopping sight
distance should be provided throughout the length of the roadway. Passing and decision sight
distances influence roadway operations and should be provided wherever practical. Providing
decision sight distance at locations where complex decisions are made greatly enhances the ca-
pability for drivers to accomplish mancuvers. Examples of locations where complex decisions
are needed include interchanges, high-volume intersections, transitions in roadway width, and
transitions in the number of lanes. Providing adequate sight distance on arterials in rural areas,
which may combine both high speeds and high traffic volumes, can be complex. Table 7-1 pres-
ents the recommended minimum values of stopping and passing sight distance. Refer to Section
3.2 for a comprehensive discussion of sight distance and for tabulated values for decision sight

distance.
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Table 7-1. Minimum Sight Distances for Arterials in Rural Areas

Arterial Roads and Streets

U.S, Customary Metric
Design Minimum Minimum Design Minimum Minimum
Speed {(mph) | Stopping Passing Speed Stopping Passing
Sight Dis- Sight Dis- {km/h) Sight Dis- Sight Dis-
tance (ft} tance (ft) tance (m) tance {m)
20 115 400 30 35 120
25 155 450 40 50 140
30 200 500 50 65 160
35 250 550 60 85 180
40 305 600 70 105 210
45 360 700 80 130 245
50 425 800 %0 160 280
55 495 900 100 185 320
60 570 1000 110 220 355
65 645 1100 120 250 395
70 730 1200 130 285 440
75 820 1300
80 910 1400

Ideally, intersections and railroad crossings should be grade separated or provided with adequate
sight distance. Intersections should be placed in sag or tangent locations, where practical, to
provide maximum visibility of the roadway, signs, and pavement markings.

7.2.2.5 Alignment

A smooth flowing alignment is desirable on an arterial in a rural area. Changes in alignment,
both horizontal and vertical, should be sufficiently gradual to avoid surprising the driver.
Minimum radii should be used sparingly; short horizontal curves—particularly at the end of
long tangents—should be avoided. Roads with consistent alignment usually function more effi-
ciently and with lower crash rates than roads with poor alignment, even where enhanced signing

and pavement marking are provided.
7.2.2.6 Grades

'The length and steepness of grades directly affect the operational characteristics of an arterial
in a rural area. Table 7-2 presents recommended maximum grades for arterials in rural areas.
When vertical curves for stopping sight distance are considered, there are seldom advantages to
using the maximum grade valucs except when grades are long.
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Table 7-2. Maximum Grades for Arterials in Rural Areas

U.S. Customary Metric
Maximum Grade (%) for Maximum Grade (%) for

Type of Specified Design Speed (mph) Specified Design Speed (km/h)
Terrain 65 110
and and
20(25|301{35(40|45{50|55|60|above 30(40(50|60|70|80|90|100] above

Level 5|/5t5|5]|5|5|4(4]3 3 5155|5544 3 3

Rolling gitg|7|17|6|6[5]5]4 4 g8|8(7]|6|6|5|5]| 4 4

Mountainous| 10| 9 |8 | 8|8 |7 |7 | 6|6 5 1019(8|8[717]|6)| 6 5

7.2.2.7 Cross Slope

Cross slope is provided to enhance roadway drainage. Two-lane rural roadways are normally
designed with a centerline crown and traveled-way cross slopes ranging from 1.5 to 2 percent
with the higher values being most prevalent.

7.2.2.8 Superelevation

Where curves are used on an arterial in a rural area, a superclevation rate based on the design
speed should be used. Superelevation rates should not exceed 12 percent; however, where ice and
snow conditions are a factor, the maximum superelevation rate should not exceed 8 percent. The
maximum cross-slope break between the traveled way and the shoulder should be limited to 8
percent to reduce the risk of vehicle rollover {32). Superelevation runoff consists of the length
of roadway nceded to accomplish the change in outside-lane cross slope from zero (flat) to a
fully superelevated section, or vice versa. Adjustments in design runoff lengths may be needed
for smooth riding, drainage, and appearance. Section 3.3 provides a detailed discussion of su-
perelevation and tables of appropriate superelevation rates and runoff lengths for various design
speeds.

7.2.3 Cross-Sectional Elements
7.2.3.1 Roadway Width

The logical approach to determining appropriate lane and shoulder widths is to provide a width
related to the traffic demands. Table 7-3 provides values for the width of traveled way and usable
shoulder that should be considered for the motor-vehicle volumes and design speeds indicat-
ed. In addition, the types of vehicles being served (such as freight and bicycles), availability of
right-of-way, and adjacent land use {or area context) should be considered in lane and shoulder
width decisions. Regardless of weather conditions, shoulders should be usable at all times. On
high-volume highways, shoulders should preferably be paved, but paved shoulders may not al-
ways be practical. As a minimum, 2 ft [0.6 m] of the shoulder width should be paved to provide
for pavement support, wide vehicles, and collision avoidance. Where bicycles are to be accom-
modated on the shoulder, a minimum paved width of 4 ft [1.2 m] should be used. The shoulder
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should be constructed to a uniform width for relatively long stretches of roadway. For additional
information concerning shoulders, refer to Section 4.4.

Table 7-3. Minimum Width of Traveled Way and Usable Shoulder for Arterials in Rural Areas

U.S. Customary Metric _
Minimum Width of Traveled Minimum Width of Traveled
Design | Way (ft)* for Specified Design Design | Way (m)® for Specified Design
Speed Volume (veh/day} Speed Volume {veh/day)
(mph} under 400 to over (km/h} | under | 400to over
400¢ 2000 2000 400¢ 2000 2000
40 20 22 24 60 6.0 6.6 7.2
45 20 22 24 70 6.0 6.6 7.2
50 22 22 24 80 6.6 6.6 7.2
55 22 24 24 Q0 6.6 7.2 7.2
60 22 24 24 100 6.6 7.2 7.2
65 22 24 24 110 6.6 1.2 7.2
70 22 24 24 120 6.6 7.2 1.2
75 22 24 24 130 6.6 7.2 7.2
All Width of Usable Shoulder (ft) All Width of Usable Shoulder (m)®
speeds 4 6 | 8 speeds 1.2 1.8 l 2.4

*  On roadways to be reconstructed, an existing 22-ft [6.6-m| traveled way may be retained where the alignment is
satisfactory and there is no crash pattern suggesting the need for widening.

®  Preferably, usable shoulders on arterials in rural areas should be paved; however, where volumes are low or
a narrow section is needed to reduce construction effects, the paved shoulder width may be a minimum of
21t [0.6 m] provided that bicycle use is not intended to be accommodated on the shoulder.

¢ Where frequent use by trucks is anticipated, additional traveled-way width should be considered.

7.2.3.2 Number of Lanes

'The number of traffic lanes on an arterial in a rural area should be determined based on consid-
eration of volume, level of service, context category (rural context or rural town context), and
capacity conditions. A multilane arterial in a rural area, as discussed in this chapter, refers to an
arterial facility with four or more total through lanes.

7.2.3.3 Cross Section and Right-of-Way

'The type of surfacing and shoulder treatment should fit the volume and composition of mo-
tor-vehicle traffic and other modes, present or planned. Two-lane arterials in rural areas are
normally crowned to drain away from the centerline except where supcrelevation is provided.
Arterials in rural towns may have curb and gutter with inlet grates connected to underground
stormwater collection systems. The treatment of cross slopes, drainage channels and systems,
and side slopes is discussed in Chapter 4. The right-of-way is typically configured to accommo-
date all of the cross-sectional elements throughout the project. This usually precludes a uniform

© 2018 by the American Association of State Highway and Transportation Officials.
All riohts recerved  Danlication ic a violatinn of annlicahle Taw

7-7



7-8

A Policy on Geometric Design of Highways and Streets

right-of-way width since there are typically many situations where additional width is advan-
tageous. Such situations occur where off-street pedestrian and bicycle facilities are provided,
where the side slopes extend beyond the normal right-of-way, for clear areas at the bottom of
traversable slopes, for wide clear areas on the outside of curves, where greater sight distance is
desirable, at intersections and junctions with highways, at railroad-highway grade crossings, for

environmental considerations, and for maintenance access.

Local conditions, such as drainage, snow storage, presence of utilities, presence of freight, and
presence of nonmotorized users should be considered in determining right-of-way widths.
Where the need for additional lanes, shoulders, or roadside facilities is expected in the future for
either motor-vehicle or nonmotorized users, the initial right-of-way width should be adequate
to provide the wider roadway section. It may be desirable to construct the initial two lanes off
center within the right-of-way, so the future construction will cause less interference with traffic
and the investment in initial grading and surfacing can be salvaged.

7.2.4 Roadside Design

In the absence of roadside facilities for nonmotorized users, there are typically two primary
considerations for roadside design along the traveled way for arterials in rural areas—clear zones
and lateral offset.

7.2.4.1 Clear Zones

A clear unobstructed roadside is highly desirable on high-speed arterials in rural arcas, Where
fixed objects or non-traversable slopes fall within the clear roadside zones discussed in Section
4.6, “Roadside Design,” refer to AASHTO’s Roadside Design Guide (6) for guidance in selecting
the appropriate treatment. Where practical, fixed objects, including trees that will grow to 4
in. [100 mm)] or more in diameter, should be located near the right-of-way line and should be
outside the selected clear zone. Where arterials in rural areas pass through a rural town context,
the designer may refer to the “Arterials in Urban Areas” discussion in Section 7.3.4.

7.2.4.2 Lateral Offset

'The full approach width (traveled way, shoulders, bicycle facilities, and sidewalks, if present)
should be carried along the roadway and across bridges and overpasses where practical. To the
extent practical, where another highway or railroad passes over the highway, the overpass should
be designed so that the piers or abutment supports—including barrier systems—have a lateral
offset no less than that of the approach roadway.

On facilities without curbing and with shoulder widths less than 4 ft [1.2 m], a minimuin lateral
offsct of 4 ft [1.2 m] from the edge of the traveled way should be provided. Lateral offset is de-
fined in Section 4.6.2. Further discussion and suggested guidance on the application of lateral
offsets is provided in the AASHTO Roadside Design Guide (6).
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7.2.5 Structures

‘Ihe design of bridges, culverts, walls, tunnels, and other structures should be in accordance with

the current A4SHTO LRFD Bridge Design Specifications (9). The design loading should be the
HL-93 calibrated live load designation.

The full width for the approach roadways, including shoulders and any space allocated for bi-
cycles and pedestrians, should normally be continued across all new bridges. Long bridges,
defined as bridges having an overall length in excess of 200 ft [60 m], may have a lesser width if
current or projected bicycle use is very infrequent and no pedestrian facility is needed. On long
bridges, shoulders should be at least 4 ft [1.2 m] measured from the edge of the traveled way on
both sides of the roadway, and may need to be wider depending on existing and projected bicycle
volumes. Where pedestrian facilities are provided, they must be accessible to and usable by in-
dividuals with disabilities (37, 38). See Section 10.8.3 for further information on bridge widths.

7.2.5.1 Vertical Clearances

New or reconstructed structures should provide 16-ft {4.9-m] clearance over the entire roadway
width including the usable width of shoulders. Additional clearance to allow for future resur-
facing should be considered. Existing structures that provide clearance of at least 14 ft [4.3 m],
if allowed by local statute, may be retained. The vertical clearance to sign supports and to bicycle
and pedestrian overpasses should be 1.0 ft [0.3 m] greater than the highway structure clearance.

7.2.6 Traffic Control Devices

Signs, pavement delineation, and pavement marking play an important role in the optimal oper-
ation of arterials in rural areas. Placement of these items should be considered early in the design
stage while adjustments to the alignment and intersection design can be easily considered. Refer
to the current MUTCD (22) for guidance in signing and marking,

7.2.7 Erosion Control

Consideration of erosion control features is important to the proper design of an arterial in a
rural area. By controlling erosion, the design of the roadside is maintained and the environment
downstream is protected from siltation and other possible harmful effects. Providing adequate
ground treatment and cover has the additional benefit of assuring a pleasing roadside appearance.

7.2.8 Provision for Passing

In designing two-lane, two-way arterials in rural areas, the alignment and profile should nor-
mally provide sections suitable for passing at frequent intervals. Design of the horizontal and
vertical alignment should provide adequate passing sight distance over as large a proportion of
the highway length as practical. Table 7-1 presents the minimum passing sight distances for
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design speeds of 30 mph [50 km/h] and greater. Passing is not typically permitted on road-
ways with design speeds below 30 mph [50 km/h]. Restrictive cases may exist where passing
sight distance is economically difficult to justify. Even in those instances, passing opportunities
should be provided with at least the frequency needed to attain the desired level of service.
Where achievement of sufficient passing sight distance is not practical, auxiliary lanes such as
truck climbing lanes or passing lanes should be considered as a means to obtain the desired level

of service.

Although truck climbing lanes are normally provided to prevent unreasonable reductions in
operating speeds on upgrades, they also provide opportunities for passing in areas where pass-
ing would not otherwise be permitted. Adequately designed and well-marked climbing lanes
will usually be used by slow-moving vehicles and allow passing by drivers who prefer to move
at normal speeds. Climbing lanes are usually provided to the right of the through-traffic lane
and should be the same width as the through lanes with a somewhat reduced shoulder width.
A usable shoulder width of 4 ft [1.2 m] or greater is generally acceptable, although the existing
or future presence of bicycles or pedestrians should be considered in the selection of narrow-
er shoulders. The design elements and warrants for the use of climbing lanes are discussed in
Section 3.4.3. An example of a climbing lane on a two-lane arterial in a rural area is shown in
Figure 7-1.

Source: Oregon DOT
Figure 7-1. Climbing Lane on Two-Lane Arterial in a Rural Area

© 2018 by the American Association of State Highway and Transportation Officials.
All rights reserved Dunlication is a vinlation of annlicahle law



Arterial Roads and Streets

Passing lanes should be considered where climbing lanes are not warranted and where the ex-
tent and frequency of passing sections are too few. The use of passing lanes to increase passing
opportunities on two-lane highways is addressed in Section 3.4.4.

In summary, the design procedures to be followed in providing passing opportunities on two-
lane highways include:

* Design of the horizontal and vertical alignment should provide as great a proportion of the
highway length as practical with adequate passing sight distance.

* For design volumes approaching capacity, the effect of passing opportunities on increasing
capacity should be considered.

* For further information for climbing lane warrants, refer to Section 3.4.3.

* Where the extent and frequency of passing opportunities made available by application of
items 1 and 3 are insufficient, the design should consider provision of passing lanes utilizing
a three-lane cross section.

7.2.9 Ultimate Development of Multilane Divided Arterials in Rural Areas

Although many arterials in rural areas will adequately serve the traffic demands in the future,
there are numerous instances where such arterials in rural areas will ultimately need develop-
ment into a higher type arterial. Where an arterial in a rural area is being improved and it is an-
ticipated that the DHV for the design year will exceed the service volume of the roadway for its
desired level of service, the initial improvement should be consistent with the planned ultimate
development, and acquisition of the needed right-of-way should be considered. ‘This is particu-
larly common in growing rural town contexts and emerging urban and suburban context areas,
where changes in adjacent land use may significantly increase traffic volumes and presence of
nonmotorized users. Ultimate roadway improvements may need enhanced pedestrian facilities,
bicycle facilities, bus stops, transit or HOV lanes, interchanges and other features, in addition to
travel lanes and shoulders. All of these needs should be considered.

For divided arterials in rural areas, the median should be widened to allow for the planned ulti-
mate development to be added in the median. The initial two-lane arterial should be constructed
so that it can eventually become one of the two two-lane, one-way roadways in the ultimate
development of a four-lane divided arterial. The advantages of this approach are as follows:

1. 'There is no loss of investment in existing surfacing and overcrossings when the second
roadway is constructed.

2. Traffic will be subjected to reduced restriction or delay when the additional two lanes are
constructed because the original two lanes continue in use as a two-way arterial during
construction, no detours are needed, and contact with construction operations is restricted

to intersections and turnouts on one side.
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3. Acquiring right-of-way with the initial improvement preserves right-of-way for the ultimate
development. Acquiring right-of-way at current, rather than future, land values, particularly
after the construction or improvement of the arterial, may more than offset the added initial
right-of-way cost.

4. By grading the entire roadway for four lanes, future effects on wetlands created by roadside
ditches and recharge basins are avoided, as well as erosion and other concerns associated

with grading.

Care should be exercised, however, to provide an appropriate clear zone in. the initial stage. A
similar precaution may be adopted for top-soiling, seeding, planting, and any other work that is

done to prevent soil erosion, steps which increase in value with time.

Two-lane arterials in rural areas planned for ultimate conversion to a divided arterial usually
have sufficient initial volume to warrant a traveled way of 24 ft [7.2 m] wide and usable shoul-
ders, 8 ft [2.4 m] wide, as shown in Figure 7-2A. These traveled way and shoulder dimenstons
are commensurate with those recommended for four-lane divided arterials in rural areas, as
discussed in Section 7.2.11. For an arterial in a rural area that will ultimately be developed into
a four-lane divided arterial having a wide median and an initial offset to one side of the right-
of-way centerline, the roadway generally is crowned to drain both ways. Ultimately, a wide
median should be depressed to be self-draining and may receive surface runoff from one-half
of each roadway (Figure 7-2B). Grading for the future development generally is deferred when

the median is wide.

Where the right-of-way for the future four-lane arterial in a rural area is restricted, a narrow
median, which should be not less than 4 ft [1.2 m] wide, may need to be used. If provision of a
median barrier is anticipated for the ultimate improvement, space for a wider median should be
provided to accommodate the width of the barrier plus the appropriate clearance between the
edge of the traveled way and the face of the barrier. As in the case of a wide median, the initial
two-lane construction should be offset so that the ultimate development is centered on the right-
of-way. 'To economize on the cost of drainage structures and simplify construction, the initial
and future two-lane roadways may be positioned to drain to the outside (Figure 7-2C). It may
be possible to defer future grading, depending on local conditions and on the probable length of
time to the full development.

On many older two-lane arterials in rural areas, no provision was originally made for future
improvement to a higher roadway type. In such instances, where practical, a new two-lane, one-
way roadway should be provided approximately parallel to the first, which is then converted into
one-way operation to form a divided arterial in a rural area, Where there is adjacent develop-
ment, it may be more practical to construct another one-way, two-lane roadway some distance
from the initial facility without disturbing the existing development. This method may also be
advantageous where topography is not favorable to direct widening of the existing roadway sec-
tion. If this method cannot be used, it may be practical to achieve a divided section by widening
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14 ft (4.2 m] on each side of the existing roadway (Figure 7-2D). When none of these methods
is practical, it may be appropriate to find a new location. The old road then becomes a local
facility and may also serve as an alternate route. From the standpoint of adequacy and service
provided to through traffic, the last method is preferred because the arterial in a rural area on a
new location will not be influenced by the old facility and can be built to modern design criteria,
preferably with some control of access.

For roadways that will ultimately be developed with narrow medians (Figures 7-2C and 7-2D),
all of the cross sections shown in Figure 7-2 have minimum combined widths of roadways and
median of 70 ft {20 m]. About 12 ft [3.6 m] or more of additional width should be obtained so
that median lanes for left turns may be provided at intersections. Although the cross sections in
Figure 7-2 do not show sidewalks, bicycle lanes, and shared-use paths, those facilities may be
present in the ultimate development of some rural multilane arterials.

7.2.10 Multilane Undivided Arterials in Rural Areas

Research has shown that multilane undivided facilities often have substantially more collisions
than multilane divided facilities with medians. Therefore, in new construction of multilane
arterials, a median or central two-way left-turn lane should normally be provided. Multilane
undivided arterials should be provided in new construction in rural areas only where provision
of a median or central turn lane is not practical. A multilane undivided arterial in a rural area is
the narrowest arterial in a rural area on which each traffic lane is intended to be used by traffic
in one direction of travel, and all passing is accomplished on lanes not subject to use by opposing
traffic. Because of the generally higher volumes, drivers on multilane arterials in rural areas are
confronted with additional traffic friction—from opposing traffic, roadsides, and traffic in the
same direction. Frequency of at-grade crossings has appreciable influence on crash frequency
and traflic capacity. Turn lanes and adequate intersection sight distance can substantially reduce
the frequency of crashes at intersections.

The elements of design discussed in preceding chapters are generally applicable to multilane
undivided arterials in rural arcas, except that passing sight distance is not essential. The sight
distance that should be provided at all points is the stopping sight distance because passing can
be accomplished without using an opposing traffic lane. In addition, intersection sight distance,
as described in Section 9.5, should be provided at intersections.

If traffic volumes justify the construction of multilane arterials in rural areas where speeds are
apt to be high, it is generally advisable to separate opposing traffic by a median. All arterials in
rural areas on new locations that need four or more lanes should be designed with a median.
Preferably a median should be provided in conjunction with widening of an existing two-lane
arterial in a rural area into a multilane facility.
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7.2.11 Divided Arterials in Rural Areas

7.211.1 General Features

A divided arterial in a rural area is one with separated lanes for traffic in opposite directions. It
may be situated on a single roadbed or may consist of two widely separated roadways. The width
of the median may vary and is influenced largely by the type of area, character of terrain, inter-
section treatment, and economics. An arterial in a rural area is not normally considered divided
unless there are two full lanes in each direction of travel and the median has a width of 4 ft [1.2
m] or more and is constructed or marked to preclude its use by moving vehicles {except in emer-
gencies or for left turns). A divided arterial in a rural area should have adequate median width
to allow protected left turns, which can substantially reduce the frequency of crashes related to

left-turn maneuvers.

The principal advantages of dividing multilane arterials in rural arcas arc reduced crash frequen-
¢y, increased ease of operation, and increased comfort. A. key reason for providing a median is to
reduce head-on collisions, which are usually serious; such collisions may be virtually eliminated
on roadways with wide medians or with a median barrier. Where median lanes for left turns
are provided, this reduces rear-end collisions and impedance of through traffic resulting from
left-turn movements. Pedestrians and bicyclists crossing the divided arterial in a rural area need
to watch traffic in only one direction at a time and have a refuge at the median, particularly if a
raised island is provided. Where the median is wide enough, crossing and left-turning vehicles
can slow down or stop between the one-way roadways to take advantage of breaks in traffic and
proceed when the driver decides it is safe to do so. Divided multilane arterials in rural areas
provide more relaxed and pleasant travel than undivided arterials in rural areas, particularly in
inclement weather and at night when headlight glare is bothersome. Headlight glare is reduced
somewhat by addition of a narrow median, but it can almost be eliminated by addition of a wide
median or a glare screen on a median barrier.

7.2.11.2 Lane Widths

Due to the high speeds and large volumes typically associated with divided arterials in rural
areas, they should be designed with lanes 12 ft [3.6 m] wide. On reconstructed arterials in rural
areas, it may be acceptable to retain 11£t [3.3-m] lanes if the alignment is satisfactory and there
is no crash pattern suggesting the need for widening. In rural town contexts with low-speed
conditions and low percentages of trucks, 10-ft lanes may be satisfactory.

7.2.11.3 Cross Slope

Each roadway of a divided arterial in a rural area may be sloped to drain to both edges, or each
roadway may be sloped to drain to its outer edge, depending on climatic conditions and the
width of median. Roadways on divided arterials in rural areas should have a normal cross slope
of 1.5 to 2 percent.
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When three or more lanes are inclined in the same direction on multilane divided arterials in
rural areas, each successive pair of lanes outward from the first two lanes adjacent to the crown
line may have an increased slope. A cross slope should not normally exceed 3 percent on tangent
alignment, however, In no case should the cross slope of an outer or auxiliary lane, or both, be
less than that of the adjacent lane.

For a more complete discussion, see Section 4.2.2, “Cross Slope.”
7.2.11.4 Shoulders

Arterials in rural areas with sufficient traffic volume to justify the provision of four lanes will
also justify having full-width shoulders. The width of usable outside shoulders should be at least
8 ft [2.4 m] and be usable during all seasons. Paving of the usable width of shoulder is preferred.
Shoulders on arterials in rural areas are also desirable for use by bicyclists and occasional pe-
destrians. Where bicycles are to be accommodated on the shoulder, a minimum paved shoulder
width of 4 ft [1.2 m] should be used with appropriate treatments for any rumble strips that may
be added.

The normal roadway section, including usable shoulders, should be extended across all struc-
tures where practical. If the normal roadway section includes special accommodations for exist-
ing or anticipated pedestrian and bicycle users, then long bridges should also provide those cross
scction clements across their length.

Shoulder space on the left side of the individual roadways of a four-lane divided arterial in a
rural area (i.e., within the median) does not serve the same purpose as the right shoulder. The
shoulder on the right, through customary use on undivided arterials in rural areas, is understood
by drivers as a suitable refuge space for stops and by nonmotorized users as available for their
use. Where the median is flush with the roadway or has sloping curbs, vehicles may encroach or
drive on it momentarily if forced to do so to avoid a crash. Only on rare occasions should drivers
need to use the median for deliberate stops.

On divided arterials in rural areas with two lanes in each direction, a paved shoulder 4 ft [1.2 m]
wide should satisfy the nceds for a shoulder within the median. Such a shoulder will preclude
rutting at the edge-of-traveled way and will reduce the likelihood of loss of control for vehicles
that inadvertently encroach on the median.

On divided arterials in rural areas with three or more lanes in each direction, a driver in distress
in the lane nearest the median may have difficulty maneuvering to the right-hand shoulder.
Consequently, a full-width shoulder within the median is desirable on divided arterials in rural

areas having six or more lanes.

Guardrail and median barrier should be considered in accordance with the AASHTO Roadside
Design Guide (6).
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7.2.11.5 Median Barrier Clearance

In cases where a wall or median barrier is used in the median, the AASHTO Roadside Design
Guide (6) should be consulted for guidance in selecting an appropriate lateral clearance from the
normal edge of the traveled way to the base of the wall or barrier and the type of barrier to be
used.

7.2.11.6 Medians

On arterials in rural areas without at-grade intersections, the median may be as narrow as 4 to
6 ft [1.2 to 1.8 m] under very constrained conditions, but wider medians should be provided,
wherever practical. A wide median allows the use of independent profiles. In addition, provision
of a wide median may reduce the frequency of cross-median crashes and reduce headlight glare
from vehicles in the opposing direction of travel.

Where intersections are to be provided, special concern should be given to median width.
NCHRP Report 375 (27) found that most types of undesirable driving behavior in the median
areas of divided highway intersections are associated with competition for space by vehicles
traveling through the median in the same direction. The potential for such problems is reduced
where crossroad and U-turn volumes are low, but may increase at higher volumes. Types of
undesirable driving behavior observed include side-by-side queuing, angle stopping, and en-
croaching on the through lanes of a divided highway. At rural unsignalized intersections, the
frequency of undesirable driving behavior and crashes was observed to decrease as the median
width increased; this suggests that medians should be as wide as practical. It was also found that
the frequency of undesirable driving behavior increased as the median opening length increased.

While medians as narrow as 4 to 6 ft [1.2 to 1.8 m] may be used under very restricted conditions,
medians 12 to 30 ft [3.6 to 9 m] wide provide a protected storage area for left-turning vehicles
at intersections. Medians of 4 to 8 ft {1.2 to 2.4 m] wide should be avoided, if practical, where
left turns are common. Such widths do not provide sufficient space for turning vehicles and may
encourage other motorists to encroach into the adjacent lane to avoid a turning vehicle that is
only partially in the median. Where a median may be used as a pedestrian refuge, it should have
a minimum width of 6 ft [1.8m].

In many cases, the median width at rural unsignalized intersections is a function of the design
vehicle sefected for turning and crossing maneuvers. Where a median width of 25 ft [7.5 m]
or more is provided, a passenger car making a turning or crossing maneuver will have space to
stop in the median area without encroaching on the through lanes. Medians less than 25 ft [7.5
m]| wide should be avoided at rural intersections because drivers may be tempted to stop in the
median with part of their vehicles unprotected from through traffic. The school bus is often the
largest vehicle to use the median roadway frequently. The selection of a schoel bus as the design
vehicle results in a median width of 50 ft [15 m]. Larger design vehicles, including trucks, may
be used in the design of intersections where enough turning or crossing trucks are present; me-
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dian widths of at least 100 ft [30 m] may be needed to accommodate large tractor—trailer trucks
without encroaching on the through lanes of a major road.

For intersections with medians wider than 18 ft [5.4 m], it is desirable to offset any left-turn
lanes provided to reduce sight restrictions due to opposing left-turn vehicles. Intersection de-
signs with offset left-turn lanes are discussed in Section 9.7.3.

An intersection with a median so wide that drivers on the crossroad approach cannot readily
see the far roadway of the divided highway may mislead some drivers into not recognizing the
highway as divided. Such designs should be avoided where practical and, where they are used,
signing and visual cues should be provided to discourage wrong-way movements.

Median widths over 60 ft [18 m] are undesirable at intersections that are signalized or may need
signalization in the foresceable future. The efficiency of signal operations decreases as the me-
dian width increases, because drivers need more time to traverse the median. Special detectors
may be needed to avoid trapping drivers in the median at the end of the green phase for traffic
movements across the median. Furthermore, if the median is so wide that separate signals are
needed on each roadway of the divided highway, delays to motorists will increase substantially
and attention should be given to vehicle storage needs on the median roadway between the two
signals.

The discussion of median widths at intersections on arterials in urban areas in Section 7.3.3
indicates that wider medians may increase crashes and lead to undesirable driving behavior at
intersections on arterials in urban areas. Therefore, consideration should be given to limiting
use of wider medians at rural and rural town intersections that are likely to undergo urban or
suburban development in the foresceable future.

Undesirable driving behavior at rural unsignalized intersections increases as the median open-
ing length increases (27). The median opening length should be equal to at least that described
in Section 9.8, but median openings at rural unsignalized intersections should not be unneces-
sarily long. For additional guidance, refer to NCHRY Report 633, Impact of Shoulder Width and
Median Width on Safety (29).

Medians should be designed to provide a forgiving roadside. Guardrail or median barrier should
be considered in accordance with the AASHTO Roadside Design Guide (6). Further information
on median design is presented in Section 4.11.

7.2.11.7 Alignment and Profile

A divided arterial in a rural area generally serves high-volume and high-speed traffic for which a
smooth flowing alignment should be provided. Because a divided arterial in a rural area consists
of two scparated roadways, there may be instances where median widths and roadway clevations
can be varied. Special topographic or intersection considerations may make such treatments
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desirable for economic or operational reasons. Precaution should be taken so that such varia-
tions do not adverscly affect operations. Potential problems associated with sharp reverse curves,
headlight glare, roadside design, sight distance, and grades of intersection crossings should be
considered.

Profile design is less difficult for multilane arterials than for two-lane arterials in rural areas.
With two or more lanes for travel in each direction, the profile grade is generally governed by
stopping sight distance, except at intersections. For volumes well below capacity, grades may be
steeper and longer on multilane arterials than on two-lane arterials in rural areas, because there
is a continuous lane for passing of heavy, slow vehicles on upgrades.

Although vertical design controls may be less restrictive for divided arterials than for two-
lane arterials because passing sight distance need not be considered, the design of appropriate
profiles for divided arterials involves design judgment and carcful study. Even though a profile
may satisfy all of the design controls, the finished product can appear forced and angular. A
smoothly-flowing roadway with gradual changes in horizontal and vertical alignment should
be designed to the extent practical. Such design is of primary importance where a median of
constant width is used in rolling terrain. The lack of a need to provide passing sight distance
may tempt designers to use a roller coaster profile, which appears more displeasing on a divided
arterial than on a two-lane arterial in a rural area. With a wide divided arterial of uniform cross
section, the driver’s longitudinal perspective of distance is compressed and can make the com-
bination of horizontal and vertical alignment appear abrupt and disjointed. The relationship of
horizontal and vertical alignment should be studied to obtain a suitable combination. To avoid
an undesirable appearance, profile designs should be checked in long continuous plots, where-
in the foreshortened aspect can be simulated. Section 3.5, “Combinations of Horizontal and
Vertical Alignment”, provides additional guidance on this topic.

7.2.11.8 Climbing Lanes on Multilane Arterials in Rural Areas

Multilane arterials in rural areas usually have sufficient capacity to handle their traffic load, in-
cluding the normal percentage of heavy trucks, without becoming severely congested. Climbing
lanes generally are not as easily justified on multilane arterials as on two-lane arterials, because
on two-lane arterials drivers following slow-moving trucks on upgrades may be unable to or
psychologically discouraged from using an adjacent traffic lane for passing, By contrast, on mul-
tilane arterials, drivers have an adjacent lane available to them in which to pass slow-moving
vehicles.

In addition, a climbing lane on a two-lane, two-way arterialin a rural area is useful during both
peak and non-peak hours, whereas on a multilane arterial in a rural area, a climbing lane is
likely to have only limited use during non-peak hours. During periods of lower traffic volumes,
a vehicle following a slow-moving truck in the right lane can readily move to the adjacent lane
and proceed without difficulty, although there is evidence that slow vehicles on through-traffic

lanes may cause crashes.
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Because new or reconstructed arterials are designed for 20 years or more in the future, there
is little likelihood of climbing lanes being justified on multilane arterials for several years after
their initial construction, even though climbing lanes are deemed desirable for the peak hours
of the design year, Thus, there may be an economic advantage in designing for, but deferring
construction of, climbing lanes on multilane arterials. In this situation, grading for the future
climbing lane should be provided initially. Very little additional grading is needed because a
full shoulder is likely to be provided where there is no climbing lane; however, only a narrow
shoulder is typically used outside of a climbing lane, because the climbing lane itself can serve
as an emergency stopping area when needed. A full discussion on the need for climbing lanes is
found in Section 3.4.3.

7.2.11.9 Superelevated Cross Sections

A divided arterial in a rural arca on a curve should typically be superelevated to enhance vehicle
control and offer a pleasing appearance. Care should be taken in the superelevation transition to
fit site conditions and to meet controls of intersection design.

General methods of attaining superelevated cross sections for divided arterials in rural areas are
discussed in Section 3.3.8.6. In the design of arterials in rural areas, the inclusion of a median
in the cross section alters the manner in which superelevation is attained. Depending on the
width of median and its cross section, there are three general cases for attaining superelevation.

Case I—The whole of the traveled way, including the median, is superelevated as a plane sec-
tion. Case I should be limited to narrow medians and moderate superelevation rates to avoid
substantial differences in elevation of the extreme edges of the traveled way arising from the
median tilt. Specifically, Case I should be applied only to medians with widths of 15 ft [4.5 m]

or less.

Case II—The median is held in a horizontal plane and the two traveled ways are rotated sepa-
rately around their median edges. Case IT can apply to any width of median but is most appro-
priate for medians with widths between 15 and 60 ft {4 and 18 m]. By holding the median edges
level, the difference in elevation between the extreme traveled-way edges can be limited to that
needed to superelevate the roadway. Superelevation transition design for Case IT usually has the
median-edge profiles as the control. One traveled way is rotated about its lower edge and the
other about its higher edge.

Case III—The two traveled ways are treated separately for superelevation with a resulting vari-
able difference in clevation at the median edges. Casc I1I design can be used on wide medians
(i.e., those with widths of 60 ft [18 m] or more). For this case, the difference in elevation of the
extreme edges of the traveled way is minimized by a compensating slope across the median.
With a wide median, it is possible to design the profiles and superelevation transition separately
for the two roadways.
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Section 3.3.8, particularly Figure 3-8, contains additional guidance concerning methods for
attaining superelevation for Cases I, I1, and T11.

Figure 7-3 shows the treatment of cross sections for superclevated roadways with narrow and
wide medians in relation to the width of median for the three cases noted. In the cross sections
shown in Figures 7-3A and 7-3D, both roadways lie in the same plane. The roadways are su-
perelevated by rotating them about a profile control on the centerline of the median. The same
effect can be obtained by rotation about the edge of the traveled way or any other convenient
control line.

Where the cross section shown in Figure 7-3A is used, the median should be graded in accor-
dance with the AASHTO Roadside Design Guide (6) and designed so that surface water from
the higher roadway does not drain across the lower roadway. On tangent alignment, a shallow
drainage swale can be provided in a median about 15 ft (4.5 m] wide and a well-rounded drain-
age channel with a width of about 60 ft [18 m] as shown in Figure 7-3F. On a superelevated
section rotated about the median centerline, as in the cross section shown in Figure 7-3A, ap-
proximately 30 ft [9 m] of median width is needed for a rounded drainage channel and adequate
left shoulders. In a median less than 30 ft [9 m] wide, a channel with flat sideslopes can be
provided if the superelevation rate is small, or a paved channel can be used in conjunction with
higher rates of superelevation.

The projection of superelevation across wide medians may be fitting in some instances, as in
the cross section shown in Figure 7-3A, but its general use in conjunction with large rates
of superelevation is not satisfactory in appearance and generally not economical. It may fit at
highway intersections where the profile of the intersecting road approximates the superelevated
slope. Occasionally, it may fit the natural slope of the terrain. However, unless these conditions
prevail, the large difference in elevation between the outer shoulder edges is likely to be objec-
tionable. For example, the difterence in elevation between the outer shoulder edges of a four-
lane divided arterial in a rural area with a median of 40 {t [12 m] and a superelevation rate of 8
percent is about 8 ft [2.4 m].

Inlevel terrain and in terrain where the natural slope of the land is adverse to the cross-sectional
slope, substantial improvement in appearance and economy in earthwork results if the wide
median is level as in the cross section shown in Figure 7-3B, or sloped opposite to the superele-
vation plane as shown in Figure 7-3C.

Superelevation runoff lengths may vary for each of the three cases (refer to Table 3-16). For Case
I designs, the length of runoft should be based on the total rotated width (including the median
width). Runoff lengths for Case II designs should be the same as those for undivided highways
with a similar number of lanes. Finally, runoff lengths for Case II1 designs are based on the
needs of the separate one-way roadways, as defined by their superelevation rates and rotated

widths.
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In the cross sections shown in Figures 7-3B and 7-3E, the edges of the roadways on the median
sides are at the same elevation. Designs on this basis are pleasing in appearance and generally
operate effectively. With a wide separation between the one-way roadways, the cross section
shown in Figure 7-3B has considerable advantage over that shown in Figure 7-3A in the reduc-
tion in difference in elevation across the entire roadbed. On roadways having a superelevation
rate near 10 percent, the treatment shown in

Figure 7-3B needs a minimum median width of about 30 ft [9 m] to provide fully effective

shoulder areas and a well-rounded traversable swale.

In the cross sections shown in Figures 7-3C and 7-3F, the two one-way roadways have a com-
mon centerline grade. The difference in elevation of the outer extremities of the superelevated
roadways is minimal, being the product of the superelevation rate and the width of one of the
one-way roadways. The method of attaining superclevation runoff is directly applicable to each

one-way roadway.
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Figure 7-3. Methods of Attaining Superelevation on Divided Arterials in Rural Areas

With a wide median, the treatment shown in Figure 7-3C allows the desired appearance to be
maintained and permits economy in the wide-graded cross section. The roadway as a whole will
appear fairly level to the motorist, who will not readily perceive the difference in elevation of
the inside edges of roadway. This cross section generally is not suitable for important at-grade
intersections unless the median is very wide. The median should be sufficiently wide in relation
to superelevation to provide a smooth S-shaped profile across its width. The width for this shape
is somewhat more than that needed for the previous sections. About 40 ft [12 m] is needed, with
a superelevation rate of 10 percent and adequate shoulder areas. This width can be reduced to
about 30 ft {9 m] when a paved channel is provided.

On a divided arterial in a rural area with variable width of median and difference in elevations
for the two roadways, each roadway is designed with a separate profile. With a reasonably wide
median, each roadway can be superelevated in any manner suitable for a single roadway with

© 2018 by the American Association of State Highway and Transportation Officials.
All rights reserved Dinlicalion is a violatinn of annlicahle law



7-24

A Policy on Geometric Design of Highways and Streets

little effect on the median slope. A retaining wall may be needed in a narrow median if an
appreciable difference in elevation exists. The manner of superelevating the roadways has some
eftect on the height of the wall, but this amount is minimal and should have little bearing on
design. Figure 7-4 shows various median configurations that may be used on arterials in rural
areas. The configurations shown in Figures 7-4A, 7-4F, and 7-4G are appropriate for rural set-
tings, while the configurations shown in Figures 7-4C, 7-4D, and 7-4E are more appropriate
for urban situations as described in Section 7.3. The configuration in Figure 7-4B may be used
in either setting. Refer to the AASHTO Roadside Design Guide (6) for guidance on designing a
forgiving roadside.

Median ) | Median ,
Shoulder 1 Shoulder Shoulder Shoulder
Siripe III Slripe Siripa Stripe
W /III/Illllllllllllllllllllm
Paved Flush with Barrier Paved Flush
A ~-B-
| Madian ) f Median )
Curbed and Crowned, Paved Curbed and Crowned, Turf Cover
-C- -D-
- Median | f Median |
Curbed and Depressed, Turf Cover Flush and Depressed, Turf Cover
—_E- —F-
Median |

Flush with Turf Cover—Widely Separated Roadways
-G-

Figure 7-4. Typical Medians on Divided Arterials

7.211.10 Cross Section and Right-of-Way Widths

Cross-sectional elements of divided arterials in rural areas—the widths and details of traveled
ways, shoulders, medians, sideslopes, clear zones, and drainage channels—have been discussed
separately in this and other chapters. The appropriate right-of-way widths, including typical
elements in a composite arterial cross section, are presented in Figure 7-5. Nontypical elements
and intermittent features such as auxiliary turn lanes may also control right-of-way needs and
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should be taken into consideration. As arterials in rural areas approach and pass through a rural
town context, the cross section may also need to incorporate clements for other users such as
pedestrians, bicyclists, and on-street parking. Refer to Section 7.2.19 for a discussion on transi-
tioning from high-speed to low-speed arterials.

In an ideal situation, the topography, other physical constraints, and economic feasibility permit
the design of a well-balanced cross section of desirable dimensions, for which an adequate width
of right-of-way is established and procured. On the other hand, the constraints may be so tight
that if a divided arterial in a rural area is to be provided at all, it should be designed within a
limited width of right-of-way, using minimum or near-minimum dimensions for each element
of the arterial cross section. In the first instance, the right-of-way is based on the most favorable
design criteria for the cross-sectional elements; in the latter case, the cross section is determined
on the basis of the available width of right-of-way.

‘The widths of cross-sectional elements should be proportioned to provide a well-balanced arteri-
al section. Recommended traveled way and shoulder widths are shown in Table 7-3. The border
width is affected directly by the depth of cut or fill. If the right-of-way is restricted, the border
area or median width, rather than the lane or shoulder width, should be reduced. The extent
to which the border area or median width, or both, is reduced respectively should be carefully
decided. Providing a median width greater than that which eliminates the need for a median
barricr is generally not warranted if doing so would subsequently involve installing substantial
amounts of roadside guardrail that would otherwise not be needed, or if adjacent roadside de-
velopment is present or anticipated. Consideration should be given to achieving approximately
the same clear zone width for both the median and roadside.

Figure 7-5C shows a desirable divided arterial cross section warranted for a high-type facili-
ty where liberal width of right-of-way is attainable and bicycle/pedestrian accommodation is
desired. Where these wider widths cannot be obtained, providing a right-of-way width that
incorporates a median width of 30 ft [9 m] or more and sufficient borders to provide for the

appropriate clear zone is desirable. For additional information on clear zones, refer to the
AASHTO Roadside Design Guide (6).

Sometimes the right-of-way may be so restricted that minimum or near-minimum widths of
cross-sectional elements need to be used. If at all practical, the right-of-way should be wide
enough to permit the use of median and borders of not less than 15 ft [4.5 m] (see Figure 7-5A).
A 15-ft [4.5-m] median is near the minimum median width within which 2 median lane can be
provided at intersections. Figure 7-4 shows some sections with curbs, which are generally not
recommended along rural roadways. Sloping curbs may be used in restricted areas where needed
to control drainage, or where special treatment is needed at locations such as intersections.

The cross sections and right-of-way widths shown in Figure 7-5 pertain to four-lane facilities.
If ultimate conversion to a six- or eight-lane facility is planned, the right-of-way widths should
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be increased by the width of lanes to be added. 1t is preferable to include this additional width
in the median.

The cross-sectional arrangements shown in Figure 7-5 indicate generally balanced sections for
what are termed “desirable,” “minimum,” and “restricted” rights-of-way. Some variation in these
arrangements may be appropriate in individual cases. The right-of-way width need not be uni-
form and may be varied along the course of the arterial as needed for grading, for appropri-
ate roadside design, and other conditions. Where substantial constraints are present, the two
roadways may need to be brought closer together. Where physical conditions are favorable and
land is readily available, the roadways of a divided highway may be spread farther apart. Where
future grade separations and ramps are envisioned, consider initial acquisition of additional
rights-of-way.
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Figure 7-5. Cross Sectional Arrangements on Divided Arterials in Rural Areas

The cross sections depicted in Figure 7-5 represent normally divided facilities in rural areas.
Sometimes in rural areas, and particularly in and near urban districts, it is appropriate to sep-
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arate through traffic from local traffic. Where such is the case, frontage roads may be provided
atong the outer limits of the highway cross section (Figure 7-6). Frontage roads serve to collect
and distribute local traffic to and from adjacent development and provide parking and service
thereto removed from the main traveled way, thus freeing through traffic from the disturbance
introduced by local operation. The component parts of a typical cross section with frontage roads
in generally flat terrain arc shown in Figure 7-6A. The frontage roads are shown within the
right-of-way limits, which is the typical arrangement. Frontage roads sometimes are provided
outside the right-of-way limits, in which case the right-of-way can be narrower than shown.
Where the profile of the through-traveled way passes over or cuts through the natural ground,
frontage roads are generally held at the level of the existing development, and the difference in
elevation between the main traveled ways and the frontage roads is attained within the outer
separations by earth slopes or retaining walls.
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Figure 7-6. Cross Sectional Arrangements on Divided Arterials with Frontage Roads

Some crossroads in divided arterials in rural areas may be grade separated from the through-trav-
eled way with local service provided by frontage or other roads. If all crossroads were grade sep-
arated in this manner, the facility would be a freeway. However, grade separation on divided
arterials in rural areas may be appropriate at some crossroads but not at others. A typical cross
section at a separated crossroad with a depressed arterial is depicted in Figure 7-6B. Where
frontage roads are provided, the outer separations should be wider on arterials having two-way
frontage roads and on arterials with grade separations than on arterials crossing at grade to allow
for roadside slopes and ramps. Further discussion on interchanges is presented in Chapter 10.
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7.211.11 Sections with Widely Separated Roadways

Occasionally it is advantageous to widely separate the one-way roadways of a divided arterial in
a rural area, Widely separated roadways may be particularly appropriate for certain topographic
conditions. In valleys where drainage makes the location difficult, individual roadways may
be situated on each side of the valley. Drainage of roadways is then simplified, with both sides
draining directly to the natural channel. Along ridges or where there is a continual change in
ground cross slopes, the separate roadways may be better fitted to the terrain than an arterial
on a single roadbed. Such arrangements simplify location problems because only one roadway is
considered at a time. With reduced roadway prisms, construction scars are kept to a minimum
and more of the natural growth is retained, particularly between the separate roadways. In areas
where right-of-way is not restricted, designs involving widely separated roadways often result in

lower construction costs.

A wide median design may be appropriate where an existing two-lane arterial in a rural area is
improved to a four-lane section but direct widening is not practical because of topography or ad-
jacent development. In such a case, the old roadway is not disturbed but is converted to one-way
operation and another, completely separate, one-way roadway is constructed. This action some-
times results in acquisition of two separate rights-of-way to contain the individual roadways of
the divided arterial in a rural area.

Intersections between a crossroad and a one-way roadway are simpler in design and operation
than intersections between a crossroad and a two-way roadway. If designed properly, crash po-
tential is generally reduced and the capacity of intersections is increased. Moreover, operation
on widely separated roadways provides the maximum in driver comfort. Strain is lessened by
largely eliminating the view and influence of opposing traffic. Substantial reduction or elimina-
tion of headlight glare at night is especially helpful in easing driver tension.

Operational problems of intersections on roadways with very wide medians should be consid-
ered. Desirably, a wide median is adequate to store the longest legal vehicles. To determine the
number of intersection lanes needed, all movements and their volumes should be considered.
'The need for turnarounds, connecting roadways, and frontage roads should be considered along
with the effect on adjacent property owners. Signing to prevent wrong-way operation should be
provided in accordance with the MUTCD (72}, particularly when both roadways of the divided
highway arc not visible to drivers stopped at the crossroad. Additional discussion on wide me-
dians is also presented in Section 7.2.11.6, “Medians.”

If arterials of appreciable length have roadways separated so widely that each roadway cannot be
seen from the other, drivers may believe that they are on a two-way instead of a one-way road-
way and hesitate to pass slow-moving vehicles. This situation can be alleviated by an occasional

open view between the two roadways.
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7.2.12 Intersections

‘The liberal use of interchanges and robustly-designed intersections is highly desirable on arte-
rials in rural areas that do not have full control of access. Auxiliary turning lanes and adequate
turning widths should generally be provided where arterials intersect with other public roads.
Where practical, principal arterials in rural areas that intersect should ideally be served by in-
terchanges, possibly of the free-flow type. A comprehensive study of each intersection is needed
for new and reconstruction projects, and a suitable design, consistent with the desired level of
service, should be selected.

Rural intersection control by traffic signals is normally not desirable. Drivers generally do not
anticipate signals in rural areas or facilities with high operating speeds, especially when traffic
volumes are relatively low. Curbed islands present an obstacle to drivers and may become snow
traps in regions that receive frequent snowfalls. Therefore, curbs should be used sparingly at
intersections in high-speed areas.

If interchanges are intermixed with intersections, adequate merging distances should be provid-
cd to allow ramp traffic to operate freely. The merging driver should not have to be concerned
with cross traffic at a downstream intersection while making a merging maneuver. Design of
intersections and interchanges should be in accordance with Chapters 9 and 10, respectively.

7.213 Access Management

Arterials in rural areas are designed and built with the intent of providing better traffic service
than is available on local and collector roads and streets. Although an arterial in a rural area may
not have more traffic lanes, its ability to carry greater volumes is usually related to the amount
of crossroad interference or side friction to which it is subjected. One of the most important
considerations in arterial development is the amount of access control, full or partial, that can be
acquired. Effective control of access on an arterial in a rural area will often reduce the frequency
of access-related crashes.

Controlling access is vital to preserving the level of service for which the arterial was initially
designed. Access control is usually not too difficult to obtain in a rural area where development
is light. Adequate access can normally be provided without great interference to traffic opera-
tions. However, rural areas do pose distinct access-related problems. The movement of large,
slow-moving farm machinery is not uncommon and numerous field entrances are also requested
by landowners. Because of these unique problems, access points should be situated to minimize
their detrimental effects to through traffic. If access points are needed on opposite sides of the
roadway, they should be situated directly opposite one another to reduce the time needed for
vehicles to cross the arterial. Where access is needed for two adjacent properties or where dif-
ferent land uses adjoin one another, providing one driveway to serve both properties will reduce
the number of access locations needed. Adequate and uniform spacing between access points
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will also help eliminate many conditions where a large vehicle at an intersection hides another
vehicle on a nearby approach. Consideration should also be given to the location of access points
in relationship to intersection sight distance restrictions and other intersections. High-volume
access points can lead to particular operational problems if not propetly situated. Short sections
of rural frontage roads may be used to combine access points and minimize their operational
effect to the arterial in a rural area.

The appropriate degree of access control or access management depends on the type and impor-
tance of an arterial in a rural area. Anticipation of future land use is a critical factor in deter-
mining the degree of access control. Provision of access management is vital to the concept of an
arterial route if it is to provide the service life for which it is designed. For additional guidance
on access management techniques for arterials in rural areas, refer to NCHRP Report 420,
Impacts of Access-Management Technigues (19), and the TRB Access Management Manual (34).

7.2.14 Bicycle and Pedestrian Facilities

Arterials in rural areas often provide the only direct connection between populated areas and
locations to which the public wishes to travel. Schools, parks, and rural housing developments
are usually located to be readily accessible by automobile. However, pedestrians and bicyclists
may also wish to travel to the same destination points, especially where arterials in rural arcas
pass through a rural town context or through a recreational area. Where demand for pedestrian
and bicycle travel exists, or is expected due to planned changes in land use, the designer should
consider the needs of pedestrians and bicyclists and provide pedestrian and bicycle facilities
where appropriate.

On some roads with very low pedestrian and bicycle demand, paved shoulders may be an ap-
propriate treatment. Where frequent pedestrian activity exists or is anticipated, pedestrians may
be accommodated by sidewalks on one or both sides of the roadway; sidewalks must be acces-
sible to and usable by individuals with disabilities (37, .38). Additional guidance is available
in the Proposed Guidelines for Pedestrian Facilities in the Public Right-of~Way (36). In addition,
the AASHTO Guide for the Planning, Design and Operation of Pedestrian Facilities (3} presents
appropriate methods for accommodating pedestrians, which vary among roadway and facility
types, and provides guidance on the planning, design, and operation of pedestrian facilitics. If
on-street or off-roadway bicycle facilities arc considered appropriate to meet current or future
demand, they should be designed in accordance with the AASHTO Guide for the Development
of Bicycle Facilities (7).

7.2.15 Bus Turnouts

Where bus routes are located on an arterial in a rural area, provision should be made for loading
and unloading of passengers. Because of its size, a bus cannot easily leave the roadway unless
special provisions are made. A well-marked, widened shoulder or an independent turnout is
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highly desirable and should be provided, if practical. Although it may be impossible or imprac-
tical to provide, for example, school bus turnouts for every dwelling, they should be provided at
locations where there are known concentrations of passengers. Facilities to provide access to bus
stops may also need to be provided from nearby destinations. Appropriate provisions for buses
may provide greater capacity and reduced crash frequencies for an arterial in a rural area. For
additional guidance concerning bus turnouts and access to bus stops, refer to Section 4.19 and
the AASHTO Guide for Geometric Design of Transit Facilities on Highways and Streets (8).

7.2.16 Railroad-Highway Grade Crossings

Desirably, all railroad crossings on the system of arterials in rural areas should be grade sep-
arated. However, practical considerations make it likely that many crossings will be at grade.
Various treatments can be applied at railroad—highway grade crossings to reduce the likelihood
of crashes including adequate signing, lighting, signals, signals with gates, and grade separa-
tions. Judgment should be used in selecting appropriate design and traffic control treatments for
railroad-highway crossings; factors to be considered include the volume and speed of traffic on
both roadways and railroads, the mix of users and modes of travel, the available sight distance,
and the anticipated crash reduction benefits of specific treatments. Given the high traffic vol-
umes and speeds on many arterials in rural areas, and the severity of train-vehicle collisions, the
designer should strive for the most protection that is practical. For further guidance on traffic
control systems for railroad-highway grade crossings, refer to the MUTCD (72). For further
information on design criteria for railroad—highway grade crossings, see Section 9.12.

7.2.17 Lighting

Adequate lighting can be important to reduce the potential for crashes on selected arterials in
rural areas at night and can also aid older drivers. The higher speeds that are typically found
on an arterial in a rural area make it especially challenging for the driver to make correct de-
cisions with adequate time to execute the proper maneuvers without creating undue conflict in
the traveled way. Most modern arterials in rural areas are designed with an open cross section
and horizontal and vertical alignment of a fairly high type and, therefore, offer an opportunity
for near maximum use of vehicle headlights, resulting in reduced justification for fixed highway
lighting. In practice, the lighting of arterials in rural areas is seldom applied, except in the rural
town context and in certain critical areas, such as interchanges, intersections, railroad grade
crossings, long or narrow bridges, tunnels, sharp curves, and areas where roadside interferences

are prcsent.

Whether or not at-grade intersections in rural areas should be lighted depends on the adja-
cent land use, the layout of the intersection, and the traffic volumes involved for all modes.
Intersections that do not have channelization are frequently left unlighted. On the other hand,
intersections with substantial channelization, particularly multi-road layouts and those designed
on a broad scale, are often lighted. It is especially desirable to illuminate large-scale channel-

© 2018 by the American Association of State Highway and Transportation Officials.
All richte reserved Dunlication ic a vinlation of annlicable law

7-31



7-32

A Policy on Geometric Design of Highways and Streets

ized intersections and all roundabouts. The AASHTO Roadway Lighting Design Guide {5} and
ANSI/IESNA RP-8 American National Standard Practice for Roadway Lighting (30) are recom-
mended as sources of lighting information.

7.2.18 Rest Areas

'The provision of rest areas on the system of arterials in rural areas is a desirable feature, par-
ticularly on principal arterials in rural areas. Rest areas provide the high-speed, long-distance
traveler with the opportunity for short periods of relaxation, which relieves driver fatigue. These
facilities serve the needs of motorists, as evidenced by public recognition of the issue of driver
fatigue, as well as by the extensive use of rest areas.

The location of rest areas should be considered early in development of a multilane arterial in a
rural area. Sites of special interest or visual quality provide additional reasons for the motorist
to stop and often extend the length of their stay. The spacing of rest areas depends on many
considerations. For example, construction and operating costs for rest areas are significant, but
benefits to drivers should also be considered. Additional information on rest areas may be found
in AASHTO's 4 Guide for the Development of Rest Areas on Major Arterials and Freeways (1).

7.2.19 Speed Transitions Entering Rural Towns

Rural arterials provide important connections to and through many rural towns. Where a high-
speed rural arterial leaves the rural context and enters a rural town or other developed area,
there will be a high-speed to low-speed transition zone within which drivers should reduce
their speed to a speed consistent with the rural town environment. The transition area should
be effectively designed to encourage speed reduction because, if drivers do not appropriately
reduce speeds, they may create conflicts with other vehicles, pedestrians, and bicyclists and
may adversely affect community livability. Design treatments that may be implemented, where
appropriate, so that high-speed to low-speed transition zones function more effectively include:
center islands, raised medians, roundabouts, roadway narrowing, lane reductions, transverse
pavement markings, colored pavements, and layered landscaping, The treatments, alone or in
combination, encourage drivers to reduce speeds by introducing a changed driving environment
in which lower speeds appear appropriate to the driver.

A transition area consists of three elements—the rural context, the transition zone, and the rural
town context, as shown in Figure 7-7.
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'The rural context typically has little roadside development and few access points, and arterials
in the rural context are designed to facilitate high-speed, longer-distance travel. The transition
zone includes two areas—a perception—reaction area and a deceleration area. It should have
elements that differentiate it from its two abutting contexts—rural context and rural town con-
text—and inform and assist drivers in making the appropriate speed reduction. The rural town
context typically has lower design speeds, increased traffic control, on-strect parking, sidewalks,
curbs and gutters, higher land-use intensity, frequent access points, landscaping, street-trees,
pedestrian and bicycle activity, narrow lanes, and turn lanes.

Transition zones should be designed to fit the characteristics of the roadway and the community.
Guiding principles for the design of transition zones are:

* More extensive and aggressive treatments tend to produce greater reductions in speed and
crash occurrence than less extensive and passive treatments.

* There needs to be a distinct relationship between the rural town speed limit and a change in

the roadway character. Emphasizing a change in the environment increases driver awareness.

¢ Physical changes to the roadway and roadside are favored treatments because they have per-
manent and lasting effects. The effects of enforcement and education programs are more
transient and less effective.

* Each transition zone and rural town has its own unique characteristics. As such, no particu-
lar treatment is appropriate for all situations. Each transition zone and rural town should be
assessed on a case by case basis before selecting a treatment or combinations of treatments.

* Before selecting a treatment, consideration should be given to the two areas that make up the
transition zone. In the perception—reaction area, warning and/or psychological treatments are
appropriate, while in the deceleration area physical treatments should be installed.

* (Combinations of treatments are more effective at reducing speeds and crashes within a tran-
sition zone and through a rural town than a single treatment.

* To maintain a reduction in speed downstream of the transition zone, additional treatments
should be provided within the rural town; otherwise, speeds may increase within the rural
town.
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* Appropriate use of landscaping elements such as grass, shrubs, and trees which change in
composition and degree of formality along the length of the transition zone can reinforce the
changing characteristics of the environments.

* Consideration should be given to prohibiting passing within the transition zone.

Transition zone treatments may include:
* (Geometric design changes such as median islands, roundabouts, and roadway narrowing;

* "Traflic control devices such as transverse pavement markings and speed-activated feedback
signs;
* Roadside features such as welcome signs and gateway landscaping; and

*+ Surface treatments such as transverse rumble strips and colored pavement.

Additional details concerning design of transition zones can be found in Design Guidance for
High-Speed to Low-Speed Transition Zones for Rural Highways (31).

7.2.20 Design of Arterials in the Rural Town Context

As noted in Section 7.2.2, design speeds of 20 to 45 mph [30 to 70 km/h] are generally appro-
priate for arterials in the rural town context. Design speeds and posted speed limits may be
decreased in stages as drivers leave the rural environment and approach the center of a rural
town, On-street parking is seldom needed on arterials in the rural context, but may be vital to
the economic success of businesses in the central portion of a rural town. On-street parking may
also help in creating an appropriate low-speed environment within the rural town. Pedestrian
and bicyclist flows may increase within rural towns creating a need for pedestrian and bicycle
facilities. Rural towns may differ in their appropriate speed environment and needs for parking,
pedestrian, and bicycle facilities, just as the suburban, urban, and urban core contexts in urban
areas differ. Flexibility in the development of design features is appropriate to meet these vary-
ing needs in rural towns. Alternative design approaches and further guidance may be found in
the discussion of arterials in urban areas in Section 7.3 and in two relevant publications that
address the rural town context: When Main Street is a State Highway (23) developed by the
Maryland Department of Transportation and Main Street... When a Highway Runs Through It
{24), developed by the Oregon Department of Transportation. Further guidance may be found
in FHWA's Small Town and Rural Multimodal Networks Guide (11).

7.3 ARTERIALS [N URBAN AREAS

This section presents guidance on the design of arterial streets in urban areas. Arterials in urban
areas are designed with a flexible approach to meet the needs of the suburban, urban, and urban
core contexts. As an arterial street moves from the suburban context to the urban context, and
then to the urban core context, the emphasis on maintaining higher vehicle operating speeds
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decreases, the importance of providing on-street parking in appropriate locations increases, and
the pedestrian, bicycle, and transit flows that need to be served, will likely increase. A flexible
and balanced design approach to serve all transportation modes appropriately given the con-
text and community values should be applied. The balance among transportation modes may
differ between projects based on the demand flows for each transportation mode, community
goals and values, and established arcawide and corridor plans. The design guidance given below
should be adapted to the context and needs of each individual facility and corridor,

7.3.1 General Characteristics

Arterials in urban areas carry large or moderate traffic volumes within and through urban core,
urban, and suburban contexts. Their design varies from freeways and expressways with fully con-
trolled access to two-lane streets, although grade-separated facilities are addressed in Chapter
8. The type of arterial selected is closely related to the level and quality of service desired for all
users and to the context in which it is located.

A principal objective for an arterial in an urban area should be mobility of all users in an ap-
propriate balance for the context of the facility and the appropriate degree of service to local
development. Where full restriction of local access is not practical or preferred, designs that
incorporate modern access management principles are desirable. Such designs could include
roadways that provide separate turn lanes, pedestrian facilities, bicycle lanes, transit lanes and
stops, consolidated driveways, medians, parking bays, or one-way streets. Most arterials in an
urban area provide some access to abutting property. Such access service should, however, not
unduly hinder the arterial’s primary function of serving traffic and other user movements along
and across the facility.

Before designing or redesigning an arterial in an urban area, it is important to establish the
extent and need for such a facility from the perspective of all legal users of the facility. Once the
need is established, steps should then be taken to protect the ability of the arterial to serve all
users at the desired level and quality of service from future changes, such as strip development
or the unplanned location of a major trafhic generator. Development along an arterial in an urban
area should be anticipated regardless of the urban area size. However, with proper planning and
design, such development may be properly coordinated with the purpose and goals of that por-
tion of the arterial network, including serving through travel, as appropriate. A well-designed
arterial can complement such development and meet the nceds of all users.

Arterials in urban arcas are functionally divided into two classes, principal and minor. These
classes are discussed in detail in Chapter 1. The system of arterials in urban areas, which in-
cludes arterial streets and freeways, normally serves the major activity centers of a metropolitan
area, the highest traffic volume corridors, and the longest trips. The portion of the system of
arterials in urban areas, either planned or existing, on which access is not fully controlled is ad-
dressed in this section of the chapter. Design of freeways is addressed in Chapter 8.
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7.3.2 General Design Considerations

In the development of a transportation improvement program, routes selected for improvement
as arterials may comprise portions of an existing strect system, or they may be anticipated lo-
cations on new alignments through relatively undeveloped arcas or suburban contexts. Usually,
they will be existing streets because, historically, the need for improving existing streets has
surpassed the availability of resources. As a consequence, street improvements tend to lag, rather
than lead, land-use development.

Major improvement of existing arterials can be extremely costly, particularly where multiple
utilities require relocation and additional rights-of-way need to be acquired through highly
developed areas. Accordingly, it is often appropriate to apply flexibility in selection of design
elements, controls, and criteria that are below the values used where sufficient right-of-way is
available or can be acquired economically.

7.3.2.1 Design Speed

Design speeds for arterials in urban areas vary greatly between the three urban area contexts—
suburban context, utban context, and urban core context. Design speeds for arterials in the sub-
urban context generally range from 30 to 55 mph [50 to 90 km/h]. Design speeds for arterials
in the urban context are generally lower and typically range from 25 to 45 mph [40 to 70 km/h].
Design speeds for arterials in the urban core context are generally 3¢ mph [50 km/h] or less.
Design speed should be selected as described in Section 2.3.6.

7.3.2.2 Design Traffic Volumes

The design of arterials in urban areas should be based on motorized and nonmotorized traffic
and other user data developed for the design year, normally 20 years into the future. The design
houtly volume (DHV) is the most reliable traffic volume measure representing the vehicular
traffic demand for use in design of arterials in urban areas. While future estimates of transit and
nonmotorized use may not be available from traditional sources, the designer may use available
planning and land use documents to assist in determining future levels of nonmotorized de-
mand. Sometimes capacity analysis, which is used to determine whether a particular design can
provide a desired level of service for conditions represented by the design trafhc volume, is also
used as a design tool. The HCM (35) includes capacity analysis approaches for all roadway users
and should be consulted when multiple user modes exist or are expected along a facility. Refer
to Sections 2.3 and 2.4 for further information on design trafhc volumes and capacity analysis.

Design volumes for nonmotorized users should also be developed for the design of facilities
in urban areas. Several guidelines are available that address forecasting pedestrian and bicycle
volumes for urban arterial design projects (25, 26, 27).
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7.3.2.3 Level of Service

When designing for future design year, arterials in urban areas and their auxiliary vehicle fa-
cilities {e.g., turning lanes, intersections, interchanges, and traffic control signals and systems)
can be designed for level of service C or D. The choice of the design level and quality of service
for a facility involves striking an appropriate balance between the needs of and service levels for
motor vehicles, pedestrians, transit, and bicycles; the context, the community; and the degree of
confidence in future land use development and trip generation projections. In heavily developed
sections of metropolitan areas, the use of level of service D may be appropriate, although it may
be impractical to achieve even this level of service in constrained settings. In rapidly developing
urban areas, at least providing adequate right-of-way and appropriate drainage and grading for a
Level of Service C for all users should be considered. While motor-vehicle level of service is cal-
culated in a quantitative manner using numerical formulas, quality of service for pedestrians and
bicycles is often a more qualitative analysis and may be a more appropriate process for analyzing
facility performance, including accessibility, potential conflicts with motor vehicles, stress, and
overall acceptable accommodation. For additional guidance on determining the level of service
for all modes for a specific facility, refer to Sections 2.3 and 2.4, the HCM (35), and the FHWA
Guidebook for Developing Pedestrian and Bicycle Performance Measures (14).

7.3.2.4 Sight Distance

Providing adequate sight distance is important in the design of arterials in urban areas. Sight
distance affects normal operational characteristics, particularly where roadways carry high traf-
fic volumes, and are important to the visibility of pedestrians and bicyclists as well. The sight
distance values given in Table 7-1 are also applicable to the design of arterials in urban areas.
Design values for intersection sight distance are presented in Section 9.5.

7.3.2.5 Alignment

‘The alignment of an arterial in an urban area should be developed in accordance with its de-
sign speed, desired operating speed, and context, particularly where a principal arterial is to be
constructed on a new location and is not restricted by right-of-way constraints. There are many
situations, however, where this is not practical. An example of this is the need to shift {deflect)
the alignment of through lanes to accommodate left-turn lanes and other design features in an
intersection area. Under such circumstances, the intersection alignment should be consistent
with the guidance in Section 9.4. It is desirable to use the best alignment design practical since
curves on arterials in urban areas are often not superelevated in the low-speed range (see discus-
sion on superelevation in Section 7.3.2.7 for further explanation).

7.3.2.6 Grades

‘The grades selected for an arterial in an urban area may have a significant effect on its mo-
tor-vchicle operational performance and can also effect pedestrian and bicycle operations. For
example, steep grades affect truck speeds and stopping distances, as well as the overall capacity
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on the facility for all user modes. On arterials in urban areas having large numbers of trucks
and operating near capacity, flatter grades should be considered to avoid undesirable speed re-
ductions. Bicyclists will slow substantially on uphill grades, making provision of dedicated bi-
cycle facilities desirable. Steep grades may also result in operational problems at intersections,
particularly during adverse weather conditions, and may adversely affect the ability to provide
accessible adjacent pedestrian facilities. For these reasons, it is desirable to provide the flattest
grades practical while providing 0.3 percent minimum (0.5 percent desirable} gradients to pro-
vide adequate longitudinal drainage in curbed sections. The recommended maximum grades
for arterials in urban areas are presented in Table 7-4. Where steep grades cannot be flattened,
climbing lanes may be considered based on the warrants presented in Section 3.4.3.

Table 7-4a. Maximum Grades for Arterials in Urban Areas, U.S. Customary

Type of Maximum Grade (%) for Specified Design Speed (mph)
Terrain 20 | 25 30 | 35 40 45 | 50 | 55 60
Level 8 7 7 7 7 & 6 5
Rolling 10 10 9 8 8 7 7 b
Mountainous 13 12 11 10 10

Table 7-4b. Maximum Grades for Arterials in Urban Areas, Metric

Type of- Maximum Grade (%) for Specified Design Speed (km/h)
Terrain 30 40 50 60 70 80 90 | 100
Level 8 7 7 7 6 6 5
Rolling 10 10 9 8 7
Mountainous 11 12 11 10

7.3.2.7 Superelevation

Curves on low-speed, curbed arterial streets are usually not superelevated. Difficulties associat-
ed with drainage, ice formation, driveways, pedestrian crossings, bicycle accommedation, and
the cffect on adjacent developed property should be evaluated when superelevation is consid-
ered. Scction 3.3 on “Horizontal Alignment” provides a more detailed discussion of superele-
vation. When little or no superelevation is provided on curves for low-speed arterial streets, the
Method 2 distribution of superelevation discussed in Section 3.3.6 is usually used. Supplemental
guidance applicable to arterials in both rural and urban arcas is presented in the discussion
of superelevated cross sections presented in the earlier discussion of arterials in rural areas in
Section 7.2.11.9.

7.3.2.8 Cross Slope

Sufficient cross slope for adequate pavement drainage is important on arterials in urban areas.
The typical problems related to splashing and hydroplaning are compounded by heavy traffic
volumes and curbed sections, especially for higher speeds. Cross slopes should range from 1.5

© 2018 by the American Association of Statc Highway and Transportation Officials.
All vights regerved Dunlication is a vinlation nf annlicable law



Arterial Roads and Streets

to 3 percent; the lower portion of this range is appropriate where drainage flow is across a single
lane and higher values are appropriate where flow is across several lanes. Even higher cross-
slope rates may be used for parking lanes; however, accessible parking spaces should have the
flattest slope possible. The overall cross section should provide a smooth appearance without
sharp breaks, especially within pedestrian access routes where specific accessibility guidelines
apply (36, 37, 38). Because arterials in urban areas are often curbed, it is necessary to provide for
longitudinal as well as cross-slope drainage. The use of higher cross-slope rates also reduces flow
on the roadway and ponding of water due to pavement irregularitics and rutting. Section 4.2.2,
“Cross Slopes” provides additional guidance.

7.3.3 Cross-Sectional Elements
7.3.3.1 Roadway Widths

"The roadway width should be adequate to accommodate through-travel lanes and turn lanes, on-
strect parking and/or shoulders if provided, bicycle accommodation where appropriate, medians,
curbs, and appropriate clearances from curb or barrier face. When parking lanes are provided,
consideration may be given to providing a width adequate to allow peak hour or future operation
as a travel lane. When future context changes are anticipated along a corridor, consideration
may be given to converting through lanes to transit, bicycle, or parking lanes. In many instances
at intersections, the parking lane is used to provide a right-turn lane or used as a through-travel
lane in order to provide additional width for a left-turn lane.

7.3.3.2 Lane Widths

Lane widths on through-travel lanes may vary from 10 to 12 ft [3.0 to 3.6 m]. Lane widths of
10 ft [3.0 m]} may be used in more constrained areas where truck and bus volumes are relatively
low and speeds are less than 35 mph [60 km/h]. Lane widths of 11 {t [3.3 m] are used quite
extensively for urban arterial street designs. The 12-ft [3.6-m] lane widths are desirable, where
practical, on high-speed, free-flowing, principal arterials.

Under interrupted-flow operating conditions at low speeds (45 mph [70 km/h] or less), narrower
lane widths are normally adequate and have some advantages. For example, reduced lane widths
allow more lanes to be provided in areas with restrictive right-of-way, may help in reducing
operating speeds, and allow shorter pedestrian crossing times because of reduced crossing dis-
tances. Arterials with reduced lane widths are also more economical to construct and produce
less stormwater runoff. An 11-ft {3.3-m] lane width is often adequate for through lanes, con-
tinuous two-way left-turn lanes, and lanes adjacent to a painted median. Left-turn and com-
bination lanes used for parking during off-peak hours and for traffic during peak hours may be
10 ft [3.0 m] in width. If provision for bicyclists is to be made, see the AASHTO Guide for the
Dewelopment of Bicycle Facilities (7).
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If substantial truck or bus traffic is anticipated, additional lane width may be desirable. The
widths needed for all lanes and intersection design controls should be evaluated collectively
with consideration of all user modes and the adjacent land use. For instance, a wider right-hand
lane that provides for right turns without encroachment on adjacent lanes may be attained by
providing a narrower left-turn lane. Local practice and experience regarding lane widths should
also be evaluated.

7.3.3.3 Curbs and Shoulders

Shoulders may be desirable on high-speed (50 to 60 mph [80 to 100 km/h]) arterials in urban
areas. They provide additional mancuvering room and space for immobilized vehicles and/or
bicycles. They may also serve as speed-change lanes for vehicles turning into driveways and

intersections and provide storage space for plowed snow.

The use of shoulders on arterial streets is generally limited by restricted right-of-way and the
need to use the available right-of-way for travel lanes, parking lanes, transit lanes, bicycle lanes,
pedestrian facilities, and other needs. Where the abutting property is used for commercial pur-
poses or consists of high-density residential development, a shoulder, if provided, is subject to
such heavy use in serving local traffic that the pavement strength of the shoulder should be
about the same as that for the travel lanes. In urban and suburban arcas, the outside edges of
shoulders are often curbed and a closed drainage system provided to minimize the amount of
right-of-way nceded. In addition, curbs are often appropriate in heavily developed areas as a

means of controlling access.

In those instances where sufficient right-of-way exists to consider shoulders on high-speed arte-
rials, refer to the discussion on shoulders on arterials in rural areas in Section 7.2.3 for guidance,
Where providing shoulders is not desired or practical, and curbs are to be used, refer to Section
4.7.3, “Curb Placement.”

7.3.3.4 Number of Lanes

The number of lanes varies, depending on traffic demand, presence and needs of other users,
and availability of the right-of-way, but the typical range for arterials in urban areas is four to
eight through lanes in both directions of travel combined. Many minor arterials may have two
through-travel lanes, one in each direction. A capacity analysis for all users should be performed
to determine the proper number of lanes in consideration of the space needed to accommodate
all users of the right-of-way. In addition, roadways are sometimes widened through intersections
by the addition of one or two auxiliary lanes to accommodate turning vehicles. Section 2.4 pres-
ents additional information on capacity analysis.

7.3.3.5 Medians

Medians are a desirable feature of arterials in urban arcas and should be provided where space
permits. Medians and median barriers are discussed in Sections 4.10.2 and 4.11. In urban areas,
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where right-of-way is often limited, it is frequently necessary to determine how best to allo-
cate the available space between border areas, traveled way, and medians. On lower-volume,
lower-speed arterials in urban areas, the decision is often resolved in favor of no median at all.
However, a median 4 ft [1.2 m] wide is normally better than none for some contexts, and it
should be noted that any additional median width may reduce crash severity for vehicles that run
off the road and can improve operation between intersections. Medians provide space for land-
scaping and other enhancement, and can also be a benefit to pedestrians by providing a refuge
area, allowing pedestrians to cross one direction of traffic ata time, provided that the median is
at least 6 ft [1.9 m] wide and are accessible to and usable by individuals with disabilities.

At intersections in urban and suburban contexts, median widths should be limited, whenever
practical, to those widths needed to accommodate pedestrian refuge and appropriate left-turn
treatments for current and future traffic volumes. Pedestrian refuge has been shown to reduce
crash frequency and is often preferable where arterials have four or more lanes. At intersections
where left turns are made, a left-turn lane is desirable to increase capacity and reduce crash
frequencies. To accommodate left-turn movements, the median should be at least 10 ft [3.0 m]
wide. A minimum 4-ft [1.2-m] medial separator between the turning lane and the opposing
traffic lane is desirable. With wider medians, consideration should be given to off-setting the
left-turn lanes to provide maximum visibility between left-turning vehicles and opposing traffic
flows. Refer to Sections 9.7 and 9.9 for additional guidance concerning provision of dual left-

turn lanes and other special intersection treatments.

'The median configurations shown in Figures 7-4B, 7-4C, 7-4D, and 7-4E are appropriate for
suburban, urban, or urban core settings. The type of median treatment used is usually dependent
on context, pedestrian crossing volumes, local practice, and available right-of-way widths. The
median type selected should be compatible with the needs of drainage and street hardware.

Median openings on high-speed divided arterials with depressed or raised curbed medians
should be carefully considered. Such openings should only be provided for street intersections,
for U-turns, or for major developments. Spacing between median openings should be adequate
to allow for introduction of left-turn lanes and anticipated storage needs of left-turn queues.

On higher-speed arterials where intersections are relatively infrequent (e.g., 0.5 mi [1.0 km] or
more apart) and there is no existing or expected pedestrian crossing needs, the median width
may be varied by using a narrow width between intersections for economy and then gradually
widening the median on the intersection approaches to accommodate left-turn lanes. This solu-
tion is rarely practical, however, and should generally not be used where intersections are closely
spaced because the curved alignment of the lane lines may result in excessive maneuvering by
drivers to stay within the through lanes. It is far more desirable that the median be of uniform
width. Where a narrow median is provided on a high-speed facility, consideration should be
given to inclusion of a median barrier. Refer to the AASHTO Roadside Design Guide (6) for
guidance on use and placement of median barriers.
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For a street with an odd number of lanes, typically three or five, the center lane is often used
to provide a deceleration and storage lane for left-turning vehicles. Left-turn bays are typically
marked in advance of intersections. The center lane between left-turn bays is typically used for
vehicles making midblock left turns. In some cases, the center lane is designated for “Left-Turn
Only” from either direction, commonly referred to as two-way left-turn lane (TWLTL) design,
without specially marked bays at minor intersections. This type of operation works well where
the speed on the arterial highway is relatively low (25 to 45 mph [40 to 70 km/h]) and there
are no heavy concentrations of left-turning traffic. Additional guidance is available in NCHRP
Report 780, Design Guidance for Intersection Auxiliary Lanes (16).

Where an arterial in an urban area passes through a developed area having numerous cross
strects and commercial or residential driveways, and where it is impractical to limit left turns,
the two-way left-turn lane is often the best solution. Because left-turning vehicles are provid-
ed a separate space to slow and wait for gaps in traffic, the interference to traffic in through
lanes is minimized. Continuous two-way left-turn lanes should be identified by lane and arrow
markings placed in accordance with the MUTCD (22). Figure 7-8 shows an example of a two-
way left-turn lane. For further information, see Section 4.11, “Medians,” and Section 9.11.7,
“Midblock Left Turns on Streets with Flush Medians.”

A raised curbed median is typically used on low-speed (45 mph [70 km/h] and below) arterials
in urban areas. This median type is used where it is consistent with the context (urban core,
urban, or suburban), and where it is desirable to manage access and stormwater along an arte-
rial street and provide delineation between motorized and nonmotorized users. Raised curbed
medians provide a refuge for pedestrians and a good location for landscaping, signs, and other
appurtenances. In addition, in snow-belt areas, raised curbed medians provide positive delinea-
tion and can provide space for plowed snow.

However, raised curbed medians also present disadvantages that should be considered. On ar-
terials in urban areas serving high-speed (50 mph [80 km/h] and above) traffic, a raised curbed
median does not normally prevent pedestrian or cross-median crashes unless a median barrier
is also provided. If accidentally struck, the raised curb may cause drivers to lose control of
their vehicles. Also, such medians can be difficult to see at night without appropriate fixed-
source lighting or proper delineation. In some cases, the prevention of midblock left turns may
cause operational problems at intersections because of increased concentrations of left-turning
or U-turning trafhc.
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Source: Charlotte Department of Transportation

Figure 7-8. Continuous Two-Way Left-Turn Lane

Median crossings should be accessible for persons with disabilities at all legal crosswalks, wheth-
er marked or unmarked.

"The foregoing traffic operational disadvantages of raised curbed medians can be largely elimi-
nated by use of flush medians or low-profile sloped curbs. However, flush medians are difficult
to see under wet nighttime conditions, may become indiscernible under the lightest of snowfall
conditions, and provide little refuge for pedestrian crossings. Visibility of lush medians can be
improved by use of a contrasting pavement texture and by improved delineation, such as the use
of reflectorized pavement markers. The use of raised bars or blocks has proven to be an ineffec-
tive median treatment and should be avoided.

When a two-lane arterial in a suburban context is proposed for improvement to a multilane
facility with a median, access management principles suggest that a raised curbed median is
more desirable than a flush median. The limiting of left-turns except at intersections discourages
uncontrolled development and access to the highway and promotes improved traffic operations.

Special consideration should be given to the median width where intersections are provided.
Research in NCHRP Report 375 (27) found that most types of undesirable driving behavior in
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the median area of divided highway intersections are associated with competition for space by
vehicles traveling through the median in the same direction. The potential for such problems
is generally greater at urban and suburban rather than at rural intersections, where volumes of
turning and crossing traffic arc lower. Types of undesirable driving behavior observed include
side-by-side queuing, angle stopping, and encroaching on through lanes of a divided highway.
At urban and suburban unsignalized intersections, the frequency of crashes and undesirable
driving behavior were observed to increase as the median width increased. Thus, medians at
urban and suburban unsignalized intcrsections should not be wider than necessary considering
the needs of other user modes.

Urban and suburban unsignalized intersections with median widths from 30 to 50 ft [9 to 15
m] appear to operate quite well, although they may experience slightly higher crash rates than
intersections with narrower medians. However, urban and suburban intersections with medians
wider than 50 ft [15 m] have more crashes, and intersections with medians wider than 60 ft [18
m} are difficult to signalize properly (27).

Median widths at urban and suburban signalized intersections should be determined primarily
by the space needed in the median for current or future left-turn treatments, and should not be
wider than necessary (27). Median widths of more than 60 ft [18 m] are undesirable at intersec-
tions that are signalized or that may need signalization in the foreseeable future. ‘The efficiency
of signal operations decreases as the median width increases, because drivers need more time to
traverse the median and special detectors may be needed to avoid trapping drivers in the median
at the end of the green phase for traffic movements passing through the median. Furthermore,
if the median becomes so wide that separate signals are needed on the two roadways of the di-
vided highway, delays to motorists will increase substantially. However, careful attention should
be given to vehicle storage needs in the median area between the two signals. At locations with
substantial crossing and turning volumes of larger vehicles, such as school buses or trucks, it may
be appropriate to provide enough width to store such vehicles in the median without encroach-
ing on the through lanes of the major road.

Uncurbed, unpaved narrow medians often present problems for turning movements at intersec-
tions because vehicles tend to run off the roadway edges. To minimize this problem, the provi-
sion of edge lines and sufficient paved area beyond the edge lines provides positive guidance and
will accommodate the turning paths of passenger cars and occasional large vehicles.

A median barrier may be desirable on some arterial streets with higher speed trafhc. A bar-
rier provides a positive separation of traffic and discourages indiscriminate pedestrian cross-
ings. Where the median barrier is terminated at cross streets and other median openings, it
should have a crashworthy terminal or terminal end appropriate for the speed of traffic. Further
discussion on treatment of the ends of barriers is presented in the Roadside Design Guide (6).
Additional information on median barriers and median treatments at intersection areas is found
in Sections 4.10.2 and 9.8, respectively. The information on medians and median barriers in
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Sections 4.10.2 and 4.11 is especially pertinent to arterials in urban areas since they need the
most varied application of these features.

7.3.3.6 Drainage

An adequate drainage system to accommodate design runoff should be included in the design
of every arterial street. Inlets that are bicycle-compatible should be located adjacent to and up-
stream of intersections and at intermediate locations where needed. Where a shoulder or park-
ing lane is provided, the full width of the shoulder or parking lane may be utilized to conduct
surface water to the drainage inlets. Where no shoulder or parking lane is provided, one-half
of the outside traffic lane and curb offset may be utilized to conduct surface drainage, provided
two or more traffic lanes exist in each direction. Ponding of water at low points in the traveled
way on arterial streets is undesirable. The width of water spread on the roadway should not be
substantially greater than the width of spread encountered on continuous grades. Highways
with design speeds greater than 45 mph [70 km/h] will have a higher potential for hydroplaning
than highways with lower speeds when the traveled way is covered with water. Additional inlets
should be provided in sag locations to avoid ponding of water where the grade flattens to zero
percent and to mitigate flooding should an inlet become clogged. Chapter 4 has comprehensive
discussions concerning drainage.

7.3.3.7 Parking Lanes

Where parking is needed to contribute to an urban context or where adequate off-street parking
facilities are not available or practical, parallel or angle parking may be considered on low-
er-speed arterials as long as the capacity provided by the through lanes for motor vehicles and
bicycles is considered. However, parking is highly undesirable on higher-speed roadways (50
mph [80 km/h] and above) and generally not used on facilities in the 40- to 45-mph [60- to
70-km/h] range.

Passenger vehicles parked adjacent to a curb will occupy, on the average, approximately 7 ft [2.1
m] of street width. Therefore, the total parking lane width for passenger cars should be 7 to 10
ft [2.1 to 3.0 m]. 'This width is also adequate for an occasional parked commercial vehicle. To
accommodate usage by bicyclists, as well as passenger cars, a combined width of 12 to 14 ft [3.6
to 4.2 m] is desirable, and could be wider if a buffer is provided from the through lanes or parked
vehicles or both. Refer to the AASHTOQ Guide for the Development of Bicycle Facilities (7) and
the FHWA guide on Achiecving Multimodal Networks: Applying Design Flexibility and Reducing
Conflicts (15). Where it is unlikely that there will be a future need to use the parking lane as a
through lane, a parking lane width as narrow as 7 ft [2.1 m] may be acceptable. On curbed road-
ways, the width of the parking lane is measured to the face of curb. Where on-street parking
is provided, a portion of that parking should be accessible for use by persons with disabilities.
Additional width may be needed to provide an access aisle, so accessible parking needs should
be assessed early in project design. Further guidance may be found in the Proposed Guidelines for
Pedestrian Facifities in the Public Right-of~Way (36).
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A parking lane less than 11 ft [3.3 m] in width measured to the face of curb is usually considered
undesirable if future use of the parking lanc for through traffic is anticipated. Such alane can be
used as an additional through-traftic lane during peak hours by prohibiting parking during these
hours. A parking lane 10 ft [3.0 m] in width is typically acceptable for use as a storage lane for
turning vehicles at signalized intersections by prohibiting parking for some distance upstream
from the intersection.

The marking of parking spaces on arterial streets encourages more orderly and efficient use
where parking turnover is substantial and it also tends to prevent encroachment on fire hydrant
zones, bus stops, loading zones, approaches to corners, clearance space for islands, and other
zones where parking is prohibited. Typical parking-space markings are shown in the MUTCD
(12).

7.3.3.8 Borders and Sidewalks

"The border is the area between the roadway and the right-of-way line that separates traflic from
adjacent homes and businesses. For a minimum section in a residential area, or any contexts
where pedestrians are present or expected in the future, the border area should include a side-
walk and a buffer strip between the sidewalk and curb. Transit stops and multi-use paths for
pedestrians and bicycles may also be placed in the border area. Figure 7-9 illustrates an arterial
street in a residential area and shows curbs, a parking lane, curb cuts for driveways, and side-
walks. This type of arterial features a turf buffer strip that is provided between the sidewalk and
the curb. In addition, vertical-curb and gutter sections are employed on the outside of parking
lanes that may also serve as shoulders. In blocks that are fully developed with retail stores and
offices, the entire border area is usually devoted to a wider sidewalk that also provides space for
light poles, planters, trees, parking and traffic signs, parking meters, fire hydrants, mail boxes,
and other types of street furniture.
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Source: City of Charleston, WV
Figure 7-9. Arterial Street in a Residential Area

Some factors to be considered in determining border widths are existing and future land use,
vehicle operating speed, existing and future volumes of all modes, width of sidewalk for re-
tail activity and pedestrian needs, off-street bicycle facilities, transit stops, snow storage, storm
drainage, traffic control devices, roadside appurtenances, and utilities. The minimum border
should typically be 8 ft [2.4 m] wide and often 12 ft [3.6 m] or more, depending on context and
nonmotorized user needs. Every effort should be made to provide wide borders not only to serve
functional needs but also as a matter of aesthetics, reducing crash frequencies for all users, and
reducing the nuisance of traffic to adjacent development. Where sidewalks are not included as
a part of the initial construction, the border should be sufficiently wide to provide for their fu-
ture installation. The border can often be graded for future sidewalk installation, and driveways
constructed to provide accessible crossings, during initial construction at little additional cost,
making the installation of sidewalk in the future less disruptive to adjacent businesses. For fur-
ther information, see Section 7.3.9, “Bicycle and Pedestrian Facilities.” Where bicycle traffic is
anticipated or is to be served on arterial streets, provisions to accommodate bicycles should be in
accordance with the AASHTO Guide for the Development of Bicycle Facilities (7).

Figure 7-10 illustrates a divided arterial street with a parking lane in a residential area.
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Source: New York State DOT
Figure 7-10. Divided Arterial Street with Parking Lane

7.3.3.9 Right-of-Way Width

The width of right-of-way for the complete development of an arterial street is influenced by
both vehicular and nonmotorized traffic demands, topography, land use, cost, intersection de-
sign, and the extent of ultimate expansion. The width of right-of-way should be the summation
of the various cross-sectional elements (existing and planned): through-traveled ways, parking
lanes, bicycle lanes, medians, auxiliary lanes, shoulders, borders, sidewalks, and, where appro-
priate, frontage roads, roadside clear zones, sideslopes, drainage facilities, utility appurtenances,
and retaining walls. The width of right-of-way should be based on the dimensions of each ele-
ment that best accommodate in consideration of desired operating conditions for existing and
future contexts. The designer is confronted with the problem of providing an overall cross sec-
tion that will appropriately serve all modes within a limited width of right-of-way. Right-of-way

© 2018 by the American Association of State Highway and Transportation Officials.
All rights reserved Dunlication i a vinlation of annlicahle law



Avrterial Roads and Streets

widths in urban areas are governed primarily by community goals and context plans, economic
considerations, physical obstructions, or environmental concerns. Along any arterial route, con-
ditions of development and terrain vary, and accordingly, the availability of right-of-way varies.
For this reason, the right-of-way on a given facility should not be a fixed width predetermined
on the basis of the most critical point along the facility. Instead, a desirable right-of-way width
should be provided along most, if not all, of the facility.

7.3.4 Roadside Design

There are several primary considerations for roadside design along the traveled way for arterials
in urban areas. From a motor-vehicle standpoint, clear zones and lateral offset are key design
considerations, particularly in higher-speed arterial settings. As design and operating speeds
decrease, other considerations become as important, or possibly more important, in order to
provide a balanced roadway design for all users. These considerations may include providing ac-
cess and mobility for nonmotorized modes, facilitating transit operations, enhancing aesthetics,
supporting the local economy, and achieving other community goals.

7.3.4.1 Clear Zones

While the values provided in the AASHTO Roadside Design Guide (6) are appropriate for free-
ways and other controlled-access facilities, in an urban environment the right-of-way is often
limited and, in most cases, it is not practical to establish a clear zone using the guidance in the
AASHTO Roadside Design Guide. Urban environments are often characterized by sidewalks
beginning at the face of curb, enclosed drainage, numerous fixed objects (signs, utility poles,
luminaire supports, fire hydrants, sidewalk furniture, etc.), adjacent retail activity, and frequent
traffic stops. These environments typically have lower operating speeds, with frequent signalized

intersections, and in many instances on-street parking is provided.

On curbed facilities located in transition areas between rural and urban settings, there may be
opportunity to provide greater lateral offset in the location of fixed objects. These facilities are
generally characterized by higher operating speeds and have sidewalks separated from the curb
by a grass strip. Although establishing a clear zone commensurate with the suggested values in
the Roadside Design Guide (6) may not be practical due to right-of-way constraints, consideration
should be given to establishing a reduced clear zone, or incorporating as many clear zone con-
cepts as practical, such as removing roadside objects or making them crashworthy. The location
of fixed objects should also be closely coordinated with any existing or planned pedestrian and
bicycle facilities in the border areas, paying particular attention to the Proposed Guidelines for
Pedestrian Facilities in the Public Right-of-Way (36).

7.3.4.2 Lateral Offset

On arterials in the urban context or urban core context, a lateral offset to vertical obstructions
(e.g. signs, utility poles, luminaire supports, and fire hydrants, and including breakaway devic-
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es) is needed to accommodate motorists operating on the highway. The lateral offset to obstruc-
tions helps to:

* Avoid adverse effects on vehicle lane position and encroachments into opposing or adjacent
lanes

* Improve driveway and horizontal sight distances
* Reduce the travel lane encroachments from occasional parked and disabled vehicles
* Improve travel lane capacity

* Minimize contact from vehicle-mounted intrusions (e.g., large mirrors, car doors, and the
overhang of turning trucks)

Lateral offset is defined in Section 4.6.2. Further discussion and suggested guidance on the
application of lateral offsets is provided in the AASHTO Roadside Design Guide (6).

Where a curb is used, the lateral offset is measured from the face of the curb. A minimum of 1.5
ft [0.5 m] should be provided from the face of the curb, with 3 ft [1.0 m] at intersections to ac-
commodate turning trucks and improve sight distance. Consideration may be given to providing
more than the minimum lateral offset to obstructions where practical by placing fixed objects
behind the sidewalk. Traffic barriers, where needed, should be located in accordance with the
AASHTO Roadside Design Guide (6), which may recommend that the barrier should be placed
in front of or at the face of the curb.

On facilities with shoulder width less than 4 ft [1.2 m] and without curb, a minimum lateral
offset of 4 ft [1.2 m] from the edge of the traveled way should be provided. As noted above, the
location of fixed objects should also be closely coordinated with any existing or planned pedes-
trian, bicycle, and transit facilities in the border areas, paying particular attention to the Proposed
Guidelines for Pedestrian Facilities in the Public Right-of-Way (36).

7.3.5 Structures

7.3.5.1 New and Reconstructed Structures

The design of bridges, culverts, walls, tunnels, and other structures should be in accordance with
the current AASHTO LRFD Bridge Design Specifications (9). The design loading should be the
HL-93 calibrated live load designation.

'The minimum clear width for new bridges on arterial streets should be the same as the curb-
to-curb width of the street including any existing or proposed off-street bicycle paths and on-
street bicycle lanes. In addition, on streets with sidewalks, the sidewalks should also continue
across the bridge. Adequate separation from motor-vehicle traffic should be provided to adjacent
nonmotorized facilities. Due to the long life expected from structures, providing sidewalks on
bridges may eliminate the need for widening in the future as development occurs. On long
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bridges, defined as bridges with overall lengths in excess of 200 ft [60 m], the shoulders may be
reduced to 4 ft [1.2 m] where shoulders or parking lanes are provided on the arterial. For further
relevant discussion, see Sections 4.7, “Curbs;” 4,10, “Traffic Barriers;” and 4.17.1, “Sidewalks.”

7.3.5.2 Vertical Clearances

New or reconstructed structures should provide 16-ft [4.9-m] vertical clearance over the entire
roadway width. Existing structures that provide clearance of 14 ft [4.3 m], if allowed by local
statute, may be retained. In highly urbanized areas, a minimum clearance of 14 ft [4.3 m] may
be provided if there is an alternate route with 16-ft [4.9-m] clearance. Consideration should be
given to providing additional clearance for future resurfacing of the underpassing road. The
vertical clearance to sign supports and to bicycle and pedestrian overpasses should be 1.0 t [0.3
m] greater than the highway structure clearance.

7.3.6 Traffic Barriers

Traflic barriers are sometimes used in restricted areas, at separations, and in medians of arterials
in urban areas. The barrier should be compatible with context and the desired visual quality
and should be installed in accordance with accepted practice. Exposed ends should be treated
with crashworthy designs or other appropriate means. For further information, refer to the

AASHTO Roadside Design Guide (6).

7.3.7 Railroad-Highway Grade Crossings

Railroad-highway crossings on an arterial in an urban area can often be the most disrup-
tive feature affecting its operation. Crossings that are frequently occupied or occupied during
high-volume traffic periods should be treated by providing a grade separation. Crossings that
are occupied only infrequently or during off-peak traffic periods may be operated as an at-grade
crossing with high-type traffic control, such as gate-equipped automatic flashing signals.

At-grade crossings that involve pedestrian sidewalks or bicycle routes that are not perpendicular
to the railroad may need additional sidewalk width or paved shoulder width to allow pedestrians
and bicyclists to maneuver over the crossing, For further information, see the AASHTQO Guide
Jor the Development of Bicycle Facilities (7) and the AASHTO Guide for the Planning, Design, and
Operation of Pedestrian Facilities (3).

7.3.8 Access Management
7.3.8.1 General Features
Partial control of access and the application of access management techniques are desirable

on an arterial in an urban arca. Effective access management will not only enhance the initial
motor-vehicle level of service of a facility but may also preserve that original level of service as
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further development occurs. While access to abutting property is usually required, it should be
carefully regulated to limit the number of access points and their locations. Access management
is especially important on intersection approaches on both the arterial and cross streets where
auxiliary and storage lanes may be nceded.

The location and design of driveways, together with parking and bicycle facilities, may make it
difficult for motorists using driveways and approaching pedestrians and bicyclists to see one an-
other. The application of various access management strategies at driveways has direct implica-
tions for reducing potential conflicts involving pedestrians and bicyclists at driveway locations.
Any access management design effort should address all user modes that are affected by vehicle
crossings. NCHRP Report 659, Guide for the Geometric Design of Driveways (17), provides de-
sign guidance for driveways on arterial and other streets including consideration of all users.

Access control and access management may be exercised by statute or through zoning ordi-
nances, driveway regulations, turning and parking regulations, and cffective geometric highway
design. Implementation of any of these options should involve coordination with the community
and adjacent property owners. For additional discussion on access control and access manage-
ment, refer to Section 2.5,

7.3.8.2 Access Control by Statute

Where a high degree of access control is desired, it is usually accomplished by statute. When
statutory control is applied to an arterial street, access is usually limited to the cross streets or to
other major traflic generators.

7.3.8.3 Access Control by Zoning

Zoning can be used effectively to control the type of property development along an arterial and
thereby influence the type and volume of traffic generated. In certain cases, it may be desirable
to exclude land uses that generate heavy volumes of commercial traffic if, for various reasons,
this class of vehicle cannot be accommeodated readily by limitations in the highway geometrics.

Zoning regulations should require adequate off-street parking as a condition for approval of a
building permit. Also, the internal arrangement of the land-use development should be such
that the parking spaces are placed away from the street and with the building frontages closer to
the sidewalk. This type of internal design minimizes congestion in the vicinity of the entrance at
the street. Vehicles exiting from the parking facility to the arterial (or preferably to a cross street)
should not impede traffic entering the parking facility from the arterial.

Subdivision or zoning ordinances should require that the developer of a major traffic generator
provide a suitable connection to the arterial street (ox preferably to a cross street) comparable to
that for a well-designed street intersection serving a similar volume of traffic. If direct access to
the arterial is provided, it should be understood that the intersection is subject to the same traffic
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control measures, including restrictions to turning movements, as arc applicable elsewhere on
the arterial. In suburban areas, developers may be required to provide an internal connection be-
tween adjacent properties or a rear connecting roadway for access to the properties to maintain
a high traftic operational level of service and minimize the potential for crashes on the arterial.

7.3.8.4 Access Control through Driveway Regulations

Driveway controls can be effective in preserving the functional character of arterial streets. In
heavily developed areas and arcas with potential for intensive devclopment, permits for drive-
ways and entrances can be controlled to minimize interference with the free flow of traffic on
the arterial and pedestrian accessibility along the sidewatk. Cooperatively consolidated and joint
use of carefully located driveways is one method of providing property access while maintaining
access control. In more sparsely developed areas with little potential for dense development,
driveway controls are also desirable so that future driveways are located where there will contin-
ue to be minimum interference with the free movement of traffic.

7.3.8.5 Access Control through Geometric Design

Left turns in and out of local streets and adjacent properties can have a great effect on the
operation of and the frequency of crashes on an arterial. Such movements can be prohibited
by constructing a raised curbed median or by installing a median barrier. Left turns can be
accommodated by U-turns at intersections, “jug-handle” configurations, or around-the-block
movements. The effects of relocating midblock turns to these alternative locations should be
carefully considered to evaluate this option. Additional information concerning the effects of
midblock left-turn lanes can be found in NCHRP Report 395, Capacity and Operational Effects
of Midblock Left-Turn Lanes (10). Right-turn-in and right-turnout arrangements are another
important geometric design feature to control access to an arterial.

Frontage roads and grade separations provide the most effective access control. Fully developed
frontage roads effectively control access to through lanes on an arterial street while providing
access to adjoining property, separating local from through traffic, and permitting circulation of
traffic along each side of the arterial. When used in conjunction with grade-separation structures
at major cross streets, an arterial takes on many of the operating characteristics of a freeway.

Duc to right-of-way restrictions, frontage roads are usually located immediately adjacent to the
arterial. For this reason, careful attention should be given to proper signing to minimize the
potential for wrong-way entry into the through lanes of the arterial. Efforts should be made to
provide adequate storage distance for turning vehicles on the crossroad between the frontage
road and the arterial, although this is often difficult because of restricted right-of-way width. If
signalization is needed at the intersection of the crossroad and the frontage road, the operation
of this signal should be coordinated with the signal at the intersection of the crossread and the

arterial,
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General features of frontage roads and their design are discussed in Section 4.12. The effect of
frontage roads on the design of intersections is addressed in Section 9.11.1, “Intersection Design
Elements with Frontage Roads.” Additional information concerning access management can be
found in NCHRP Report 420, Impacts of Access-Management Technigues (19) and the TRB Access
Management Manual (34).

7.3.9 Bicycle and Pedestrian Facilities
7.3.9.1 Bicycle Facilities

Bicycle usage can be expected on most arterials in urban areas and should be considered in arte-
rial street design. In the absence of dedicated bicycle facilities, bicycle travel in the motor-vehicle
travel lanes should be expected. Separate facilities, such as bike lanes, separated bike lanes, and
shared-use paths help preserve capacity for motor vehicles while reducing potential conflicts

with bicyclists. The AASHTO Guide for the Development of Bicycle Facilities (7) should be refer-
enced for appropriate facility selection and design guidance.

Bicycle-vehicle conflicts occur at many locations including intersections, driveways, parallel
through lanes, and other locations where bicyclists negotiate across moving lanes of motor-ve-
hicle traffic. On lower classes of arterials with lower motor-vehicle volumes and speeds, these
conflicts are important but less challenging to address than on higher-speed, higher-volume
arterials. In those settings, the designer should carefully consider the conflict potential between
motor vehicles and bicycles and incorporate design and operational elements that address these
needs.

At signalized intersections, signal clearance times need to provide time for bicyclists to clear the
intersection (see the AASHTO Guide for the Development of Bicycle Facilities (7)) and turn lanes
on streets with bicycle lanes should follow the design guidance in the Manual on Uniform Traffic
Control Devices (12).

7.3.9.2 Pedestrian Facilities

Most arterial streets need to accommodate both vehicles and pedestrians; therefore, the de-
sign should include sidewalks, crosswalks, and sometimes grade separations for pedestrians.
Pedestrian facilities and control measures will vary, depending largely on the context, volume
of pedestrian traffic, volume of vehicular traffic to be crossed, number of lanes to be crossed,

number of vehicles turning at intersections, and location of transit stops.

As a general practice, sidewalks should be provided along arterial streets in urban areas, even
though pedestrian traffic may be light. On some sections of arterial streets that traverse relative-
ly undeveloped areas, no initial pedestrian demand may be present, and, therefore, sidewalks
may not be needed initially. Because these areas will usually be developed in the future, the
design should allow for the ultimate installation of sidewalks.
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‘The major pedestrian—vehicular conflict usually occurs at roadway intersections and at midblock
pedestrian crossings. On lower classes of arterials, especially at intersections with minor cross
streets where turning movements are light, pedestrian facilities are usually limited to crosswalk
markings. Features that help the pedestrian include fixed-source lighting, high-visibility pave-
ment markings, refuge islands, traffic barriers, flashing beacons, and pedestrian signals. Such
features are discussed in Chapter 4.

On higher-volume arterials (i.c., four to eight lanes wide with heavier traffic volumes), the con-
flicts between pedestrians and vehicles at intersections sometimes present a real challenge for
designers. 'The challenge is especially acute where the arterial traverses a business district and
there are intersections with higher volume cross streets. Although grade separations for pe-
destrians may be justified in some instances, crosswalks are the predominant form of crossing.
Conflicts between pedestrians and vehicular traffic can be reduced by shortening pedestrian
crossing distances by various means such as curb extension bulbs or narrower lanes, restricting
left or right turns, providing median refuge, and separate pedestrian signal phases. The ac-
commodation of pedestrians can have an effect on the capacity of intersections and should be
evaluated during design.

On heavily-traveled arterials in and near developed areas, crosswalks may be provided at inter-
secting streets and at midblock locations, as appropriate. Enforcement of a ban on pedestrian
crossings at an intersection is very difficult. A crossing should not be closed to pedestrians un-
less the benefits to traffic are sufficient to offset the inconvenience to pedestrians. In addition,
indiscriminate closing of pedestrian crossings will lead to illegal crossing maneuvers. Therefore,
proper and reasonable design for pedestrians is important.

Pedestrian walk signals should be provided at all signalized intersections where pedestrian fa-
cilities are present or planned. On exceptionally wide arterial streets, pedestrian signals may be
mounted in the median as well as on the far side of the intersection and, where frontage roads
exist, in the outer separators as well. Refer to the current MUTCD (72) and the AASHTO
Guide for the Planning, Design, and Operation of Pedestrian Facifities (3) for additional information
concerning installation and timing of pedestrian signals and the location of pedestrian actuation
buttons.

Where intersections are channelized or a median is provided, consideration should be given to
the use of curbing for those areas likely to be used by pedestrians for refuge when crossing the
roadway. The curb offset should be consistent with the design criteria in Section 4.7.3.

'The use of crosswalks at typical curbed-street intersections may be difficult for persons with
disabilities. Curb ramps of appropriate width and slope that are accessible to and usable by
individuals with disabilities (37, 38) must be provided in curbed areas that have sidewalks. For
additional guidance, see the Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way
(36). Curb ramps are addressed in Section 4.17.3.
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For further guidance on the accommodation of pedestrians, refer to the AASHTO Guide for
the Planning, Design, and Operation of Pedestrian Facilities (3). Also, the FHWA publication
Informational Report on Lighting Designs for Midblock Crossings (18) provides information on
nighttime visibility concerns at nonintersection locations.

7.3.10 Provision for Utilities

'The system of arterials in urban areas often serves as a utility corridor. Utilitics should desirably
be located underground or at the outer edge of the right-of-way. In addition, poles should be
located as near the right-of-way lines as practical. Whenever practical, service access openings
and covers should not be located in the traveled way but should preferably be placed outside the
entire roadway. However, locations in the medians or parking lanes may be acceptable under
special conditions. Utilities should seldom be added to an arterial by the open-cut method.
Additional installations should be bored or jacked to avoid interference with normal traffic
movements. The AASHTO Guide for Accommodating Utilities within Highway Right-of-Way (4)
presents general principles for utility location and construction to minimize conflicts between
the use of the right-of-way for vehicular movements and the secondary objective of providing

space for locating utilities.

7.3.11 Intersection Design

The design and operation of intersections have a significant effect on the operational quality
of an arterial. Intersection and stopping sight distance, pedestrian and bicycle movements, ca-
pacity, transit operations, grades, and provision for turning movements all affect intersection
operation. Although encroachment of turning movements on adjacent lanes may be necessary
in urban areas to avoid excessive corner radii (see the Section 9.6 discussion on effective turning
radius design), the effects of such encroachments should be considered. Roundabouts are also
becoming an increasingly popular intersection design alternative for many arterial intersections
and should be considered in most design processes. It is recommended that cach individual
intersection be carefully evaluated in the early design phases. Chapter 9 discusses intersection
development in detail.

7.3.12 Operational Control

The potential of traflic control measures to improve motor-vehicle capacity and level of service
for all transportation modes should be exploited to the maximum degree on properly designed
arterial streets while also considering context and the effects of these measures on other trans-
portation modes. Improvements to the arterial system may help to relieve congestion on the
local street system by diverting traffic to the more efficient and higher capacity arterial.
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7.3.12.1 Traffic Control Devices

Where trafhic signals are anticipated during the initial planning of an arterial street, intersection
design should integrate the ultimate signal operation. The design should consider the reduction
of signal phases by providing for concurrent opposing left-turn phases and by constructing left-
turn lanes in a manner that will allow their free operation for all modes. Channelization, which
provides for single or double left turns and free-flow right turns, often results in better signal
control and may assist pedestrian crossings. However, multiple lane shifts to accommodate the
installation of turn lanes should be designed in accordance with Sections 9.6.2 and 9.6.3.

Signal spacing to allow free-flow timing at a suitable operating speed in both directions of
travel is highly desirable and may be achieved by controlling intersection locations during early
land use development stages. If this cannot be achieved, suitable time-space diagrams based on
traffic forecasts may be used to determine signal timing and spacing for major access points.
Such efforts will allow optimum signal progression to provide maximum vehicle capacity and
minimum vehicle delay time at speeds appropriate for the adjoining land uses. Driveway loca-
tions that unduly affect major through movements or interfere with the operation of an adjacent
signalized intersection should be avoided. During the intersection design process, the physical
location of signal supports can often be changed to reduce the potential for crashes involving ve-
hicles that run off the road, to increase signal visibility, and to increase pedestrian accessibility.

The ultimate goal of any intersection design should be to serve the traffic demands of all users at
a level and quality of service consistent with the overall arterial design and with as few crashes as
practical. To accomplish this goal, all intersection elements, including traffic signals, should be
integrated into all aspects of the design process. Traffic control devices such as signs, markings,
signals, and islands are placed on or adjacent to an arterial to regulate, warn, or guide traffic.
Each device is designed to fulfill a specific traffic control need. The need for traffic control devic-
es should be determined by an engineering study conducted in conjunction with the geometric
design of the street or highway. To provide uniform design and installation application of the
various traffic control devices, refer to the current MUTCD (12).

Successful operation of an arterial in an urban area depends largely on proper pavement mark-
ing, especially on arterials having multiple lanes and particularly when special provision is made
for left turns. Pavement marking materials that provide effective long-life markings should be
used, even for areas where snow removal often obliterates ordinary markings in very short time
periods. Overhead lane signing can be very helpful. Signs ¢nable drivers to plan their maneu-
vers, and to change lanes where needed, well in advance of an intersection or decision point.
Advance signs are especially helpful under adverse weather conditions, such as rain or snow.
Adequate pedestrian crossing treatments and effective speed management enhance pedestrian
movements on arterials in urban areas.
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7.3.12.2 Provision and Management of Curb Parking

Curb parking reduces motor-vehicle capacity and creates friction with free flow of adjacent traf-
fic, but in some contexts those effects are desirable to reduce through speeds and the provision of
on-street parking provides an overall benefit. Replacing curb parking with through-travel lanes
can increase the capacity of arterials with four- or six-lane curb-to-curb widths by 50 to 80 per-
cent. On the other hand, in built-up areas, curb parking is often needed to sustain the viability
of the community. Eliminating curb parking can reduce potential conflicts for pedestrians but
can also reduce the livability of both commercial and residential districts.

Where parking provisions are included in the design, cross-sectional dimensions can be ar-
ranged such that the entire width can be used by moving traffic when parking is removed. At
interscctions, there should be a liberal distance from the corner of the intersection to the nearest
parking stall. This distance should be at least 20 ft [6.0 m] from a crosswalk. This provides extra
maneuvering space for turning trafhic, reduces the conflict with through traffic, eliminates the
need for parking vehicles to back across crosswalks, and increases sight distance. Where bul-
bouts, also called curb extensions, are utilized at intersections, the extended curb should extend
down the roadway to the point where legal parking is resumed. This practice helps deter motor-
ists from parking too close to the intersection.

While no other single operational control can have as dramatic an effect on trafhic flow on arte-
rial strects as the proper regulation of parking, indiscriminant parking bans can adversely affect
the community through which the arterial street passes. Therefore, parking controls should be
carefully considered, and where applied they should be vigorously enforced, particularly “No
Parking” regulations in loading zones and at bus stops.

7.3.13 Speed Management in Design

In urban areas, the land use context and presence of nonmotorized users may suggest that an
arterial be designed to effectively limit the resultant operating speeds on the facility to best
balance the needs of all users. FHWA guidance states that “...in urban areas, the design of the
street should generally be such that it limits the maximum speed at which drivers can operate
comfortably, as needed to balance the needs of all users.” In those situations, there are sever-
al choices in the selection of design elements and criteria for arterials in urban areas that can
induce speed reductions and have other operational and crash reduction benefits for all road
users. These include reduced lane widths, lane reductions, curb extensions, center islands or
medians, on-street parking, and special intersection designs such as roundabouts. All of these
speed management design techniques can be implemented on low-speed arterials and some may
also be appropriate on high-speed roadways. For additional guidance on management of oper-
ating speed through the geometric design process, please refer to Engincering Countermeasure for
Reducing Speeds: A Desktop Reference of Potential Effectiveness (13).
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7.3.14 Directional Lane Usage

Typically, the conventional arterial street is a multilane two-way facility with an equal number
of lanes for traffic in each direction of travel. Often, however, one-way operation is employed
where conditions are suitable. Somewhat less frequently, reversible lane operation is used to
improve operational efficiency. The conditions under which cach form of operation is most suit-
able depend largely on traffic flow characteristics, strect pattern, presence and activity of other
modes, and geometric features of the particular street. Where a street system is undergoing
expansion or improvement, the ultimate form of directional usage should be anticipated, and the
design should be prepared accordingly. Once an arterial street is completed, conversion from one
form of directional usage to another may involve considerable expense and disruption to traffic.
For existing streets of conventional design, this conversion may be a practical alternative for

increasing traffic capacity. For information concerning signing for directional lane usage, refer
to the current MUTCD (72).

7.3.14.1 One-Way Operation

An arterial facility consisting of one or more pairs of one-way streets may be generally appro-
priate where the following conditions exist: (1) a single two-way strect does not have adequate
capacity and does not lend itself readily to improvement to accommodate anticipated traffic
demand, particularly where left-turning movements at numerous intersections are difficult to
handle; (2) there are two parallel arterial streets a block or two apart; (3) there are a sufficient
number of cross streets and appropriate spacing to permit circulation of traffic; and (4) the
amount of traffic recirculation caused by the one-way traflic pattern is not detrimental to the
function of the land use context along or near the converted roadways.

One-way streets have the following advantages:

¢ Traflic capacity may be increased as a result of reduced midblock and intersection conflicts
and more efficient operation of trafhc control devices.

* Travel efficiency is increased as a result of reducing midblock conflicts and delays caused by
slowing or stopped left-turning vehicles. The increase in the number of lanes in one direction
permits rcady passing of slow-moving vehicles. One-way operation permits good progressive
timing of traffic signals.

* ‘The number and severity of crashes is reduced by eliminating head-on crashes and reducing
some types of intersection conflicts.

* ‘Iraflic capacity may be increased by providing an additional lane for through traffic. Although
a two-way street with only one lane in each direction may not have sufficient width to accom-
modate two lanes in each direction, it may have sufhicient width to accommodate three lanes
in one direction when converted to one-way operation.

* The available street width is used fully through the climination of need for a median.

* On-street parking that would otherwise have to be eliminated or curtailed may be retained.
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Disadvantages to one-way operation are:

* Travel distances are increased because certain destinations can be reached only by around-
the-block maneuvers. This disadvantage is more acute if the street grid is composed entirely
of one-way streets.

* One-way streets may be confusing to drivers unfamiliar with the area.

* Emergency vehicles may be blocked by cars occupying all lanes at intersections while waiting
for signals to change.

* Operating speeds may be higher than desired in comparison to similar two-way operations.

When considering a one-way street system, the operational disadvantages associated with one-
way streets should also be considered. A one-way street system often forces drivers to take
out-of-direction routes to their destinations, causing an increase in the volume of turning move-
ments and the number of intersections a vehicle has to travel through. The direct result of this
recirculation is an increase in vehicle miles traveled (VMT) and an increase in traffic volumes
on a given segment or intersection within a one-way system. One-way systems generally yield
120- to 160-percent more turning movements when compared to a two-way system, and travel
distances from a downtown entry point to destination is usually 20- to 50-percent greater in a
one-way system when compared to a two-way system (39).

In summary, there are several possible advantages and disadvantages to one-way operation. The
choice of one- or two-way operation depends largely on which type of operation can serve the
traflic demands for all users most efficiently and with greatest benefit to the adjacent property
and the context of the area. Both types of operation should be considered. In many cases, the
proper choice is immediately obvious. In other instances, a thorough study involving all relevant
considerations may be needed.

7.3.14.2 Reverse-Flow Operation

‘The familiar imbalance in directional distribution of traffic during peak hours on principal radi-
al streets in large and medium-sized cities often results in congestion in the direction of heavier
flow and excess capacity for opposing traffic. Capacity during peak hours can be increased by us-
ing more than half of the lanes for the peak direction of travel. In the application of reverse-flow
operation, consideration should be given to the presence of other modes and the effect that such
operation may have on those other modes.

Reverse-flow operation on undivided streets generally is justified where 65 percent or more of
the traffic moves in one direction during peak periods, where the remaining lanes for the light-
er flow are adequate for that traffic, where there is continuity in the route and width of street,
where there is no median, where left turns and parking can be restricted, and where effects on

all users are considered. Refer to the AASHTO Guide for the Design of High Occupancy Vehicle
Facilities (2) for additional guidance concerning the appropriateness of reverse-flow operation.
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The conventional undivided street need not be changed appreciably for conversion to reverse-flow
operation, and the cost of additional control measures is not great. On a five-lane street, three
lanes can be operated in the direction of heavier flow. On a six-lane street with directional dis-
tribution of approximately 65 to 35 percent, four lanes can be operated inbound and two lanes
outbound during the morning peak. The assignment of the center lanes can be reversed during
the evening peak so that two lanes are generated inbound and four lanes outbound. During off-
peak periods, traffic is accommodated on three lanes in each direction or on two lanes in each
direction with curb parking.

Streets with three or four lanes can also be operated with a reverse flow. However, with only one
lane in the direction of lighter flow, a slow vehicle or one picking up or discharging a passenger
will delay all traffic in that direction of travel, and a vehicle breakdown blocks traffic in that di-
rection completely. Occasionally, circumstances may be such that such streets can be adapted to
complete reverse flow (i.e., one-way inbound in the morning and one-way outbound in the eve-

ning). At other times the street may be operated as a two-way street, with or without parking.

Direct left turns by trafhc in the off-peak direction on a two-way reversible street should be
carefully controlled. Left turns from the predominant flow are subject to the same consider-
ations and regulations as they are for conventional operation with two-way traffic. By contrast,
on a one-way reversible street, left turns at all intersections can be readily made.

Reverse-flow operation needs special signing or additional control devices, or both. More polic-
ing and staffing are also needed to operate the control devices. Traffic cones or flexible tubes may
be used to separate opposing traffic, and “No Left Turn” and “Keep Right” signs on pedestals
or flexible posts are often used.

Assigning traffic to proper lanes can be accomplished by placing overhead signs indicating lane
usage for specific times of day. These signs should be supplemented with traflic control signals
located directly over cach lane indicating when reversible lanes are open or closed to traffic in
the specified direction. This is usually accomplished with a signal head displaying a red “X” for
closed or a green directional down arrow for open. Refer to the MUTCD (72) for further guid-
ance. This combination of signs and signals will decrease the undesirable potential for motorists
to pull out for left turns into a lane that is signed for traffic in the opposite direction. It is better
to place separate lane-use control signals at intervals over each lane. "This method is particularly
adaptable to long bridges and sections of streets without side connections.

Further efficiency, as well as speed management, can be gained for the predominant direction
of travel by progressive timing of signals. With an interconnected signal system, signals can be
set for proper progression of the major movement in the peak periods. A third setting is used for
the traffic flow during off-peak periods. In some cases, the signals for the center lane or lanes are
set red in both directions during off-peak hours, thus converting the unused traveled way into
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a median area that separates traffic in opposite directions of travel and may, therefore, reduce

crash frequency.

Reverse-flow operation on a divided facility is termed “contra-flow operation.” While the prin-
ciple of reverse-flow operation is applicable to divided arterials, the arrangement is more dif-
ficult than on an undivided roadway. The difficulty of handling cross and turning traffic, the
potential confuston for pedestrians, and the potential for conflicts between opposing vehicles at
high volumes may make other arrangements preferable to contra-flow operation. For example,
the capacity of an undivided arterial with a reverse-flow lane allocation of three-two-three or
three-three-three lanes {(equivalent in peak-directional capacity to 10- or 12-lane conventional
sections, respectively} may be comparable to the capacity of a six-lane freeway. For these widths,
likely volumes would be 3,500 to 4,000 veh/h in one direction, or two-way AL’ volumes of
50,000 to 60,000 vehicles per day, for which a freeway is warranted. Furthermore, traffic flows
that are currently unbalanced may not remain unbalanced in future years. Reverse-flow oper-
ation for at-grade facilities is applicable chiefly as a means of increasing capacity on existing

highways.

7.3.15 Frontage Roads and Outer Separations

Frontage roads are sometimes used on arterial streets to control access, to provide on-street park-
ing, and to provide a more comfortable location for pedestrian and bicycle travel. Frontage roads
are discussed in “Access Control through Geometric Design®, Section 7.3.8.5. Other important
functions of frontage roads are minimizing interference with operations on the through-traffic
lanes while still providing access to abutting properties. For data on widths and other design
features of frontage roads and outer separations, refer to Chapters 4, 9, and 10.

Figure 7-11 is an example of a two-way frontage road along a divided arterial with an appropri-
ate distance from the edge of the arterial to the intersection of the cross street and frontage road
in low-volume conditions. In moderate- to high-volume locations, moving the frontage road
intersection away from the main intersection can provide additional space for vehicle storage
between the intersections. Providing sufficient distance for turn-lane storage on the cross street
is an important design feature in frontage road design.
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Source: Minnesota DOT
Figure 7-11. Divided Arterial Street with Two-Way Frontage Road

7.3.16 Grade Separations and Interchanges

Grade separations and interchanges are addressed in Chapter 10 and many of the principles
presented there are applicable to arterial streets. Although grade separations and interchanges
are not often used on arterial streets due to high cost, limited right-of-way, increased operational
challenges for pedestrians and bicyclists, and effects to frontage properties, they may be the only
means available for providing sufficient capacity at some critical intersections.

In some cases, grade separations can be constructed within the existing right-of-way. Locations
where grade separations could be considered on arterials in urban areas are:

* Very high-volume intersections between principal arterials
* High-volume intersections having more than four approach legs

* Arterial street intersections where all other principal intersections in the corridor are grade
separated

* All railroad-highway grade crossings

¢ Sites where terrain conditions favor separation of grades

Normally, where a grade separation is provided on an arterial in an urban area, it is included
as part of a diamond interchange. A single-point diamond interchange (SPDI) or diverging
diamond interchange (DDI) can provide the benefits of a grade separation while reducing cross-
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street delays and right-of-way needs. Other types of interchanges have application where more
than four legs are involved. These interchange types are discussed in Section 10.9.

Where a grade separation is proposed, it is desirable to carry the entire approach roadway width,
including parking lanes or shoulders, across or under the grade separation. Where pedestrian
and/or bicycle facilities are present or planned, the design should carry those facilities through
and across the interchange as appropriate. However, in cases with restricted right-of-way, it may
be appropriate to reduce the width so long as reasonable, well-designed access is provided to all
user modes. Such a reduction is not as objectionable on arterial streets as on freeways because of
lower speeds. The reduction in parking-lane or shoulder width should be accomplished with a

taper. See Section 10.9.6 for a discussion about taper design elements.

Interchange elements for arterial streets may be designed with lower dimensional values than
with freeways. Desirably, loop ramps should have radii no less than 100 ft {30 m]. Diamond
ramps may have lengths as short as the minimum distance needed to overcome the difference
in elevation between the two roadways at suitable gradients and to accommodate traffic storage
queue needs at the ramp terminal. The length of speed-change lanes should be consistent with
design speed. Chapter 10 provides criteria for design of interchanges and grade separations.

7.3.17 Erosion Control

When an arterial in an urban area is designed with an open-ditch cross section, rural erosion
control measures should be applied and water quality effects should be considered. Curbed cross
sections usually need more intensive treatment to prevent damage to adjacent property and
siltation in sewers and drainage systems. Seeding, mulching, and sodding are usually employed
to protect disturbed areas from erosion. Landscaping features, such as groundcover plantings,
bushes, and trees also control erosion, enhance beauty, and provide a visual bufter for adjacent

properties.

7.3.18 Lighting

Adequate lighting can be very important to provide visibility for all users and reduce crash
frequencies on an arterial in an urban area at night and can also aid older drivers. The higher
volumes and speeds that are typically found on arterials make it especially challenging for the
driver to make correct decisions with adequate time to execute the proper mancuvers with-
out creating undue conflict in the traveled way. Pedestrian and bicycle movements, along with
transit access, are also made more challenging by higher volumes and speeds on arterial road-
ways. Where lighting is adequate, sudden braking and swerving are minimized and visibility of
nonmotorized users is improved. The visibility of signing and pavement marking also helps to
smooth traffic flow, A well-designed, adequate lighting system is more important to optimum
operation for all users of an arterial in an urban area than for any other type of city street. The
lighting should be continuous and of an energy-saving type. Lighting in an urban area is often
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a matter of civic pride and is a deterrent to crime. In the event that it is impractical to provide
continuous lighting, consideration should be given to providing intermittent lighting at such
locations as intersections, areas of high pedestrian and/or bicycle activity, and ramp termin.
Additional or special lighting may also be nceded on roadway borders to illuminate separated
sidewalks and bicycle or multi-use paths. The AASHTO Roadway Lighting Design Guide (5),
FHWA Lighting Handbook (22) and ANSI/TESNA RP-8 American National Standard Practice
Jor Roadway Lighting (30) are recommended as sources of lighting information.

7.3.19 Public Transit Facilities

Wherever there is a demand for arterials to serve passenger car traffic, there is likewise a po-
tential demand for public transportation. With increasing use of fixed-rail transit vehicles in
surface streets and the increased use of frec-wheeled buses, public transit is often an important
consideration in design of arterials in urban areas. Other high-volume passenger vehicles such
as the minibus, taxicab, and limousine may merit serious consideration in the overall planning
of a high-volume arterial. The transit vehicle is more efficient than the private automobile with
respect to street space occupied per passenger carried. With proper recognition of transit needs
and provisions for them in the design and operation of arterials, buses can become even more
compatible with arterial traffic in the future. The detailed discussion of bus facilities presented
below is not intended to limit consideration of other types of mass transit facilities. The more
sophisticated public transit modes such as streetcars, trolleys, and fixed rail, present unique and
varied challenges that are often difficult to integrate with roadway design. To address this need,
AASHTO has developed the Guide for Geometric Design of Thansit Facilities on Highways and
Streets (8). The discussion below concentrates on the transit arrangements that most often affect
arterial roadway design, namely bus transit.

The vehicle-carrying capacity of through-traffic lanes is typically decreased when a transit ve-
hicle and other traffic use the same lanes. A bus stopping for passenger loading, for example,
not only blocks traffic in that particular lane but affects traffic operations in other lanes. It is
desirable that such interferences be minimized through careful facility planning, design, and

traffic control measures.

'The needs of public transit should be considered in the development of an urban highway im-
provement program. The routings of transit vehicles (including turns and transfer points) and
the volumes of buses (i.e., average or minimum headways) and passenger loading/unloading
should be considered in highway design. Design and operational features of the highway that
are affected by these considerations include: (1) locations of bus stops (spacing and location with
respect to intersections and pedestrian crosswalks), (2) design of bus stops and turnouts, (3)
rescrvation of bus lanes, and (4) special traffic control measures. Because some of the design and
contro] measures that are beneficial to bus operation have an adverse effect on other traffic, and
vice versa, a compromise that is most favorable to all users is appropriate.
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7.3.19.1 Location of Bus Stops

The demand for bus service is largely a function of land-use patterns. The general location of bus
stops is largely dictated by patronage and by the locations of intersection bus routes and transfer
points. Bus stops should be located primarily for the convenience of patrons. The geometric de-
sign process should provide for appropriate pedestrian and bicycle access to those stop locations.

The specific location of a bus stop within the general area where a bus stop is needed is influ-
enced not only by convenience to patrons but also by the design and operational characteristics
of the highway. Except where cross streets are widely spaced, bus stops are usually located in
the immediate vicinity of intersections. This facilitates crossing of streets by patrons without
the need for midblock crosswalks. Midblock locations for bus stops may be appropriate where
blocks are exceptionally long, or where bus patrons are concentrated at places of employment
or residences that are well removed from intersections. Midblock bus stops will generally need
provision for midblock pedestrian crossings.

Bus stops at intersections may be located on the near (approach) or far (departure) side of the
intersection. Although there are advantages and disadvantages to both near- and far-side lo-
cations, in most cases far-side locations are preferred. However, the specific location for each
bus stop should be examined separately to determine the most suitable arrangement, Factors
for consideration include service to bus patrons, efficiency of transit operations, and efficiency
of traffic operations. Far-side bus stops are advantageous at intersections where (1) other buses
may turn left or right from the arterial; (2) turning movements from the arterial by other vehicle
types, particulardy right turns, are heavy; and (3) approach volumes are heavy, creating a large
demand for vehicle storage on the near-side approach. Far-side bus stops have also proven to be
effective in reducing collisions involving pedestrians. Sight distance conditions generally favor
far-side bus stops, especially at unsignalized intersections; a driver approaching a cross street on
the through lanes of an arterial can better sce any vehicles approaching from the right if no bus
is present. At near-side bus stops, the view of through drivers to their right may be blocked by
a stopped bus. If the intersection is signalized, the bus may block the view of one of the signal
heads.

Another disadvantage of near-side bus stops is the difliculty encountered by other vehicles in
making turns while a bus is loading. Drivers frequently proceed around the bus to turn right,
which interferes first with other traffic on the arterial and then with the bus as it leaves the stop.
'This disadvantage is eliminated if the cross street is one way from right to left. Thus, where the
street pattern consists of a onc-way grid, there is some advantage in having stops at alternate
cross streets in advance of the streets crossing from right to left.

Where buses turn left at an intersection, the bus stop in advance of the intersection should be
located at least one block before the turn, and the next bus stop should be located on the inter-
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secting street after the turn is completed. Even with this arrangement, the bus will need to cross
all traffic lanes in the direction of travel to reach the left lane for the turn.

On highly developed arterials with ample rights-of-way, bus turnouts, and speed-change lanes,
there is a definite traffic advantage to the far-side bus stop. Such stops can be combined with
speed-change lanes for turning vehicles entering the arterial. Where the stop is located on the
near side of an intersection, vehicles turning right from the through lanes of the arterial cannot
use the deceleration lane when it is occupied by a transit vehicle and instead may maneuver
around it on the through lanes. Where the bus stop is located on the far side of the intersection,
traffic turning right from the arterial does so freely.

On an arterial with frontage roads, buses may leave and return to the arterial by special open-
ings in the outer separation in advance of and beyond the intersection. This arrangement has
the advantage that buses stop in a position that is well removed from the through lanes. Right-
turning traffic to and from the arterial street may also use these special openings, thereby re-
ducing conflicts at the intersection proper. In an alternate arrangement, no slot in advance of
the intersection is provided, and buses can cross to the frontage road at the intersection proper.
Both slots may be eliminated where the frontage road is continuous between successive cross
streets because buses can leave the through lanes at one intersection and use the frontage road
to reenter the arterial at the next intersecting street. This type of operation is fitting where bus
stops are widely spaced.

Midblock bus stops, like far-side stops, have an advantage over near-side stops in that the full
roadway width on the intersection approach is made available for vehicle storage and turning
maneuvers to maintain capacity as high as practical. However, midblock bus stops are not gen-
erally suitable for streets where parking is permitted, as is the case on some arterials during oft-
peak hours, Usually, a crosswalk is needed at midblock bus stops to provide access to the stops
from either side of the arterial and to serve as an intermediate crosswalk for other pedestrian
traffic. Where the pedestrian crossing demand and traffic volumes are high, signal control may
be needed to create crossing opportunities for pedestrians. Midblock signals violate driver ex-
pectations and should generally be used only where pedestrian crossing demand indicates a clear
need. At a major transit stop with heavy pedestrian movements, a pedestrian grade separation
may be warranted.

Additional information concerning the location and design of bus stops is presented in TCRP
Report 19, Guidelines for the Location and Design of Bus Stops (33) and the AASHTO Guide for
Geometric Design of Transit Facilities on Highways and Streets (8).

7.3.19.2 Bus Turnouts

The interference between buses and other traffic can be considerably reduced by providing stops
clear of the lanes for through traffic. However, since bus operators may not use the turnout if
they have difficulty maneuvering back into traffic, the bus turnout should be designed so that
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a bus can enter and leave easily. The preceding discussion illustrates methods for reducing in-
terference between buses and through traffic on higher-speed arterials. For geometric details,
see Section 4.19 on “Bus Turnouts” and the AASHTO Guide for Geometric Design of Transit
Facilities on Highways and Streets (8). It is somewhat rare that sufficient right-of-way is available
on lower-speed arterial streets to permit turnouts in the border area, but for streets with on-
street parking, judicious use of parking restrictions can provide the same benefits.

7.3.19.3 Reserved Bus Lanes

Some improvement in transit service can be realized by excluding other traffic from selected
lanes of arterial streets, particularly curb lanes in the urban core context. The success of this
regulatory measure is rather limited in most instances, however, because vehicles making right
turns occupy this same lane, it is not practical to exclude them, for distances up to a block or
two in advance of the turn. Vehicles preparing to turn right cannot be distinguished from
through traffic, so compliance with the exclusive bus lane regulation is largely on a voluntary
basis. Nevertheless, there are certain combinations of conditions under which at least a modest
improvement in transit service can be achieved. These conditions are not always apparent or
definable, and the only way to determine conclusively that there will be overall benefit is to test
the regulation in practice at locations where a preliminary investigation indicates likelihood of
success. Figure 7-12 shows a typical reserved bus lane for peak-hour use.

¥ 4 ——

Figure 7-12. Reserved Bus Lane Source: MRIGlobal
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7.3.19.4 Traffic Control Measures

Traffic control devices on arterial streets are usually installed with the intent of favoring au-
tomobile traffic, with only secondary consideration to transit vehicles. For express-bus or bus
rapid transit operation, the control measures that are most favorable for one mode will generally
be equally well-suited for the other. However, where local service is provided by buses with
frequent stops to pick up and discharge passengers, a signal system that provides for good pro-
gressive movement of privately operated vehicles may actually result in reverse progression for
buses. 'The resulting slow travel speed for buses tends to discourage patronage, further increasing
the already heavy volume of automobile traffic.

Traffic control systems have been developed that are more favorable for bus service without
serious adverse effects on other traffic. This approach holds some promisc of improving average
travel speeds for buses and making public transit more attractive. One method of prioritizing
bus movemnents without reducing travel speeds for passenger cars is by extending the green time
for an approaching bus so the bus can clear the intersection and then load and unload on the
far side while the light is red. Other techniques involve providing an exclusive advanced green
signal for transit vehicles so they may proceed through an intersection before regular traflic is
released. Development of a suitable signal system operation involves careful investigation by
properly skilled personnel and should be a part of an arterial improvement program that involves
the joint efforts of traffic specialists, the transit industry, and the design team.

Although the major emphasis in the application of traffic control measures is in minimizing de-
lay, the control measures can facilitate bus operation in other respects, particularly where buses

turn from the arterial onto a cross street,

Buses making right turns may create a problem where the cross street is narrow and the adjoin-
ing property is developed so intensively that it is not practical to provide a sufficiently long curb
return radius. Buses turning right from the curb lane may encroach beyond the centerline of the
cross street. At signalized intersections, the space beyond the centerline is normally occupied
by vehicles stopped for the red signal. Under such conditions, the stop line on the cross street
should be set back to provide suflicient space for turning maneuvers by buses. If needed, an aux-
iliary signal head could be placed at the relocated stop line to obtain compliance.

7.4 REFERENCES

1. AASHTO. 4 Guide for the Development of Rest Areas on Major Arterials and Freeways,
‘Third Edition, SRA-3. Association of State Highway and Transportation Officials,
Washington, DC, 2001,

© 2018 by the American Association of State Highway and Transpertation Officials,

All rights reserved Thinlication iz a violatinn nf annlicakle law

7-69



7-70

A Policy on Geometric Design of Highways and Streets

10.

11.

AASHTO. Guide for High-Occupancy Vebicle (HOV) Facilities, Third Edition, GHOV-3.
American Association of State Highway and Transportation Officials, Washington, DC,
2004,

AASHTO. Guide for the Planning, Design, and Operation of Pedestrian Facilities, First
Edition, GPF-1. Association of State Highway and Transportation Officials, Washington,
DC, 2004. Second edition pending.

AASHTO. Guide for Accommodating Utilities within Highway Right-of-Way, Fourth
Edition, GAU-4. American Association of State Highway and Transportation Officials,
Washington, DC, 2005.

AASHTO. Roadway Lighting Design Guide, Sixth Edition with 2005 Errata, GL-6.
Association of State Highway and Transportation Officials, Washington, DC, 2005.
Seventh edition pending 2018.

AASHTO. Roadside Design Guide, Fourth Edition with 2015 Errata, RSDG-4. American
Association of State Highway and Transportation Officials, Washington, DC, 2011.

AASHTO. Guide for the Development of Bicycle Facilities, Fourth Edition with 2017
Errata, GBF-4. Association of State Highway and Transportation Officials, Washington,
DC, 2012.

AASHTO. Guide for Geometric Design of Transit Facilities on Highways and Streets, First
Edition, TVF-1. Association of State Highway and Transportation Officials, Washington,
bC, 2014.

AASHOTO. AASHTO LRFD Bridge Design Specifications, Eighth Edition with 2018
Errata, LRFD-8. American Association of State Highway and Transportation Officials,
Washington, DC, 2017.

Bonneson, J. A. and P. T. McCoy. Nationa! Cooperative Highway Research Program
Report 395: Capacity and Operational Effects of Midblock Left-Twrn Lanes. NCHRP,
Transportation Research Board, National Research Council, Washington, DC, 1997,
Available at

http:/fonlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_395 pdf

Dickman, D., N. Falbo, S. Durrant, J. Gilpin, G. Gastaldi, C. Chesston, P. Morrill, C.
Ward, W. Walker, B. Jones, C. Cheng, . Portelance, D. Kack, R. Gleason, T. Lonsdale, K.
Nothstine, J. Morgan, and R. Pressley. Small Town and Rural Mulfimodal Networks Guide,

© 2018 by the American Association of State Highway and Transportation Officials.
All richts reserved Dunlication is a vinlation of annlicahle laws



12.

13.

14.

15.

16.

17.

18.

19.

GDHS-7-E1: October 2019 Errata to
A Policy on Geometric Design of Highways and Streets, 7th Edition (2018}

Arterial Roads and Streets

Report No. FHWA-HEP-17-024. Federal Highway Administration, U.S. Department
of Transportation, Washington, DC, December 2016.

FHWA. Manual on Uniform Traffic Control Devices for Streets and Highways. Federal
Highway Administration, U.S. Department of Transportation, Washington, DC, 2009.
Available at

http://muted.fhwa.dot.gov

FHWA. Engincering Countermeasure for Reducing Speeds: A Desktap Reference of Potential
Effectiveness. Federal Highway Administration, U.S. Department of Transportation,
Washington, DC, May 2009.

FHWA. Guidebook for Developing Pedestrian and Bicycle Performance Measures, Report
No. FHWA-HEP-16-037. Federal Highway Administration, U.S. Department of
Transportation, March 2016.

FHWA. Achieving Multimodal Networks: Applying Design Flexibility and Reducing Conflicts,
Report No. FHWA-HEP-16-055. Federal Highway Administration, U.S. Department
of Transportation, August 2016.

Fitzpatrick, K., M. A. Brewer, P. Dorothy, and E. S. Park. National Cooperative Highway
Research Program Report 780: Design Guidance for Intersection Auxiliary Lanes. NCHRP,
Transportation Research Board, National Research Council, Washington, DC, 2014.

Gattis, J. L., J. S. Gluck, J. M Barlow, R. W. Eck, W. F. Hecker, and H. S. Levinson.
National Cooperative Highway Research Program Report 659: Guide for the Geometric Design
of Driveways. NCHRP, Transportation Research Board, National Research Council,
Washington, DC, 2010.

Gibbons, R. B., C. Edwards, B. Williams, and C. K. Anderson. Informational Report
on Lighting Design for Midblock Crosswalks, Report No. FHWA-HRT-08-053. Federal
Highway Administration, U.S. Department of Transportation, Washington, DC, April
2008, Available at

http://www.fhwa.dot.gov/publications/research/safety/08053

Gluck, J., H. S. Levinson, and V. Stover. National Cooperative Highway Research Program
Report 420: Impacts of Access Management Technigues. NCHRP, Transportation Research
Board, National Research Council, Washington, DC, 1999. Available at

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_420.pdf

© 2018 by the American Association of State Highway and Transportation Officials.
Al righig rezerved Tinlication is a vialation of annlicable: law

7-71



7-72

A Policy on Geometric Design of Highways and Streets

20.

21

22.

23.

24,

25,

26.

27.

28.

Graham, J.L., DW. Harwood, K.R. Richard, M.K. O’Laughlin, E.T. Donnel, and S.N.
Brennan, National Cogperative Highway Research Program Report 794: Median Cross Section
Design for Rural Divided Highways. NCHRP, Transportation Research Board, National
Research Council, Washington, DC, 2014,

Harwood, D. W., M. T. Pietrucha, M. D. Wooldridge, R. E. Brydia, and K. Fitzpatrick.
National Cooperative Highway Research Program Report 3 75: Median Intersection Design.
NCHRP, Transportation Research Board, National Research Council, Washington,
DC, 1995.

Lutkevich, P., D. Mclean, and J. Cheung, FHWA Lighting Handbook, Report No. FHWA-
SA-11-22. Federal Highway Administration, U.S. Department of Transportation,
Washington, DC, August 2012.

Maryland Department of Transportation. When Main Street is a State Highway—Blending
Function, Beauty and Identity: A Handbook for Communities and Designers. Maryland State
Highway Administration, Maryland Department of Transportation, Baltimore, MD,
2001,

Oregon Department of Transportation. Main Street... When a Highway Runs Through It:
A Handbook for Oregon Communities. Oregon Department of Transportation, Salem, OR,
November 1999.

Ryus, P, E. Ferguson, K.M. Lausten, R]J. Schnieder, F.R. Proulx, T, Hull, and L.
Miranda-Moreno, National Cooperative Highway Research Program Web-Only Document
205: Methodologies and Technologies for Pedestrian and Bicycle Volume Data Collection.
NCHRP, Transportation Research Board, Washington, DC, 2014.

Ryus, P, A. Butsick, K.M. Lausten, RJ. Schnieder, FR. Proulx, T. Hull, and L.
Miranda-Moreno, National Cooperative Flighway Research Program Web-Only Document
229: Methodologies and Technologies for Pedestrian and Bicycle Volume Data Collection, Phase
2. NCHRP, Transportation Research Board, National Research Council, Washington,
DC, 2016.

Ryus, P, E. Ferguson, F.R. Proulx, RJ. Schnieder, and T. Hull, Nationa! Cooperative
Highway Research Program Report 797: Guidebook on Pedestrian and Bicyde Volume Data
Collection. NCHRP, Transportation Research Board, National Research Council,
Washington, DC, 2014.

Semler, C., A. Vest, K. Kingsley, S. Mah, W. Kittelson, C. Sundstrom, and K. Brookshire.
Guidebook for Developing Pedestrian and Bicycle Performance Measures, Report No. FHWA-

© 2018 by the American Association of State Highway and Transportation Officials.
All riohig recerved Dinlication i a vinlation of annkicable Iaw



29.

30.

31

32,

33.

34.

35.

36.

Arterial Roads and Streets

HEP-16-037. Federal Highway Administration, U.S. Department of Transportation,
Washington, DC, March 2016.

Stamadiadis, N., J. Pigman, ]. Sacksteder, W. Ruff, and D. Lord, National Cooperative
Highway Research Program Report 633: Impact of Shoulder Width and Median Width on Safety.
NCHRP, Transportation Research Board, National Research Council, Washington,
DC, 2009.

Standard Practice Committee of the IESNA Roadway Lighting Committee. American
National Standard Practice for Roadway Lighting, ANSI/EISNA RP-8-00. Illuminating
Engineering Society of North America, New York, NY, published by ANSI, Washington,
DC, 2000.

Torbic, D. J,, D. K. Gilmore, K. M. Bauer, C. D. Bokenkroger, D. W. Harwood,
L. L. Lucas, R. J. Frazier, C. 5. Kinzel, D. L. Petree, and M. D. Forsberg. National
Cooperative Highway Research Program Report 737: Design Guidance for High-Speed to Low-
Speed Transition Zones for Rural Highways. NCHRP, Transportation Research Board,
Washington, DC, 2012.

Torbic, D.J., L.M. Lucas, D.W. Harwood, M. A. Brewer, E.S. Park, R. Avelar, M.P. Pratt,
A. Abu-Odeh, E. Depwe, and K. Rau. National Cooperative Highway Research Program
Web-Only Document 227: Design of Interchange Loop Ramps and Pavement/Shoulder Cross
Stope Breaks. NCHRP, Transportation Research Board, National Research Council,
March 2016.

TRB. Transit Cooperative Research Program Report 19: Guidelines for the Location and
Design of Bus Stops. TCRP, Transportation Rescarch Board, National Research Council,
Washington, DC, 1996.

TRB. Access Management Manual, Transportation Research Board, National Research
Council, Washington, DC, 2015.

TRB. Highway Capacity Manual: A Guide for Multimodal Mobility Analysis, Sixth Edition.
Transportation Rescarch Board, National Research Council, Washington, DC, 2016.

U.S. Access Board, Proposed Guidelines for Pedestrian Facilities in the Public Right-of-Way,
Federal Register, 36 CFR Part 1190, July 26, 2011. Available at

http://www.access-board.gov/guidelines-and-standards/streets-sidewalks/public-rights-of-way/
proposed-rights-of-way-guidelines

© 2018 by the American Association of State Highway and Transportation Officials.
All riohts recerved Dunhiealion ic a vinlation of annlicable law

7-73



7-74

A Policy on Geometric Design of Highways and Streets

37.

38.

39.

U.S. Department of Justice, 2010 ADA Standards for Accessible Design, September 15,
2010. Available at

https://www.ada.gov/2010A DAstandards_index.htm

U.S. National Archives and Records Administration. Code of Federal Regulations. Title 49,
Part 27. Nondiscrimination on the Basis of Disability in Programs or Activities Receiving
Federal Financial Assistance.

Walker, G. W., W. M.. Kulash, and B. T. McHugh. Downtown Streets: Are We Strangling
Ourselves on One-Way Networks? Transportation Research E-Circular, Number E-COI9.
Transportation Research Board, National Research Council, Washington, DC, 2000.

© 2018 by the American Association of State Highway and Transportation Officials,
All riohts reserved Dhnlicalion is a violation nf annlicahle law



2 - Appendix 4

itions or Starting
on for Local

uctures
9)

omnts 1n |
Governmet
(September




Basic considerations or starting points in design for local government structures

September 2019

Prestressed Girder Bridges (PGB)

Most local government bridges usually have a 28’-30’ roadway width requiring a minimum
number of girders. (SDDOT requires at minimum a 4-girder system — good design starting point
for the roadway widths noted). Girder depth and configuration should be optimized based on
roadway width and span length requirements.

Decks can usually be designed efficiently with an 8.25” deck thickness. Following AASHTO Code
requirements one can optimize the deck thickness to minimize concrete quantities.

Bents — Optimize the number of columns in bents. Generally speaking, 2 column bents will be
adequate for the roadway widths used on LGA structures, however skewed structures or long
span structures may require more columns.

Integral abutments — Use a 3’ pile cap with a minimum grout pad height above the construction
joint of 1.5”. Grout pads in excess of 6” in height should be reinforced, however, given the
relatively narrow bridges used by LGA’s, this should rarely be encountered. In most cases if
following the above guidelines, the integral abutment assumptions should be valid and frame
action calculations will not be required.

Due to constructability issues with 27 M prestressed girders, SDDOT does not recommend their
use.

Wing configurations shall be proportioned to minimize wing length as well as keep the
embankment spill cone from contacting the superstructure. Use a 2:1 inslope, or that required
to meet clear zone/guard rail requirements, immediately adjacent to the abutment wing and
carry the berm slope to the top of the wing when calculating wing length. Check to ensure that
the spill cone does not interfere with superstructure elements. SDDOT would like to see layout
calculations for abutments wings.

Cast-in-place and Precast Reinforced Concrete Box Culverts

For boxes 8’ in height or less, use 7” walls and increase the wall thickness by %" per 1’ of height
after 8’ unless by structural analysis thicker walls are needed. The guidance noted is for
constructability and has proven to be adequate over many years of box culvert construction.
When box cell spans exceed 12’ consider adding another cell. The slab thicknesses on box
culvert spans exceeding 12’ start to get thick and may be less economical. A cost estimate
should be prepared to determine the most economical box configuration.

Maximum skew allowed for precast box culverts is 10 degrees. Skews beyond this limit require
additional barrel length resulting in increased costs and standard precast inlet and outlet wing
configurations result in slopes adjacent to the wings steeper than 2:1.

On shallow fills (approximately 3’ or less on asphalt or gravel roadways) where clear zone
controls the length, the parapets on box culverts shall be placed outside the clear zone. Where
fill controls the length of a box culvert, calculate the length of the barrel required assuming a 6”-
9” dirt pile-up at the back of the parapet. For shallow fills of 3’ or less where the clear zone
controls length, the box will be designed for 0 to 5’ fill. Boxes with deeper fills or under paved
roadways, where there is little to no chance that maintenance forces will remove material from
over the box, may be designed for minimum fills of 1’ or 2’, as appropriate.

The bottom slab thickness shown on the plans should be the same as the top slab unless
structural analysis deems it necessary to be thicker. The structural model used for analysis
should use a bottom slab thickness 1” less than detailed on the plans. The intent is that

1” shall be added to design bottom slab thickness to allow for irregularities in the ground
surface; however, it is not intended that this extra inch be included in the structural model. For
example, a box culvert structure may be modeled with a 12” top slab and an 11” bottom slab. If



this is structurally acceptable, the top and bottom slabs would be detailed as 12”, effectively
adding 1” to the bottom slab to allow for any irregularities in the ground surface.
Maximum rebar size shall be a No. 8.

e Riprap adjacent to inlet and outlet box culvert wings on the inslope is used when H&H analysis
indicates a need or when there is evidence of significant erosion at either routine NBI
inspections or at the TS&L inspection.

e All cast-in-place box culverts shall have reinforced concrete aprons (inlet and outlet) with #4
rebar at 12” spacing.

e The SDDOT requests that wingwall layout calculations be submitted along with the structure
design calculations. Wingwall lengths can vary depending on skew, fill height, clear zone, etc.

Double Tee Bridges/Bulb Tee Bridges
e Berm type abutment designs are preferred.
e Pay attention to camber when using these beams in straight or sag vertical curves. Rideability
has been an issue in the past.
¢ Single span structures tend to work the best.
e Maximum 65’ spans for Dbl T’s and 90’ spans for Bulb T’s — Check with suppliers for maximum
length design and availability

Continuous Concrete Bridges (CCB’s)

e Structures skewed from 20-30 degrees shall be designed for the span length perpendicular to
the supports. Need to note how reinforcing is placed and the design considerations that steel
configuration requires. Also note that edge beams must be designed for span lengths parallel to
centerline and railing loads are distributed into the deck perpendicular to centerline roadway.

e Span ratio shall be kept at 1.25:1 to optimize slab thickness for bending moment and keep dead
load moment induced into intermediate supports to a minimum.

*  Wing configurations shall be proportioned to minimize wing length as well as keep the
embankment spill cone from contacting the superstructure. Use a 2:1 inslope, or that required
to meet clear zone/guard rail requirements, immediately adjacent to the abutment wing and
carry the berm slope to the top of the wing when calculating wing length. Check to ensure that
the spill cone does not interfere with superstructure elements. SDDOT would like to see layout
calculations for abutments wings.

Precast Concrete Arch structures
e Due to scour concerns, precast concrete arch structures are generally only allowed when
bedrock is near the surface If used, place on cast-in-place foundations founded on bedrock at
or near (within a foot or two) the flowline of the stream.

Rigid frame structures
* The superstructure/abutment/abutment wing configuration must be correctly modeled and
designed to accommodate structure response to force effects.
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FOREWORD

As road designers, 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 design problems. The geometric design of low-volume
roads presents a unique challenge because the low traffic volumes and reduced frequency of
crashes make designs normally applied on higher volume roads less cost effective. The guidance
supplied by this document, Geometric Design Guidelines for Low-Velume Roads, addresses the
unique needs of such roads and the geometric designs appropriate to meet those needs. These
guidelines may be used in lieu of the guidance in A4 Policy on Geomeiric Design of Highways and
Streets, commonly known as the Green Book (5).

‘The first edition of these guidelines, published by AASHTO in 2001, which addressed roads
with design volumes of 400 vehicles per day or less, was the result of a research and develop-
ment process initiated by AASHTO in 1996. ‘These guidelines were initially developed through
two projects of the National Cooperative Highway Research Program (NCHRP), which is
jointly sponsored by AASHTO and the Federal Highway Administration. After completion
of the NCHRP research, these guidelines went through the normal AASHTO review process.
During the development process of the first edition, representatives of other interested organi-
zations such as the National Association of County Engineers, the American Society of Civil
Engineers, the U.S. Forest Service, the American Public Works Association, and the National
League of Cities participated in the review of the guidelines.

This second edition is the result of a new research and development process initiated by
AASHTO in 2013 through the NCHRP program. After completion of the NCHRP research,
these guidelines went through the normal AASHTO review and balloting process. AASHTO
appreciates the advice of the U.S. Forest Service in the development of this edition of the guide-
lines. The scope of these new guidelines includes local and minor collector roads with traffic
volumes of 2,000 vehicles per day or less.

Design values are presented in this document in both U.S. customary and metric units and
were developed independently within each system. The relationship between the U.S. custom-
ary and metric values is neither an exact (soft) conversion nor a completely rationalized (hard)
conversion. The U.S. Customary values are those that would have been used had the policy been
presented exclusively in U.S. Customary units; the metric values are those that would have been
used if the policy had been presented exclusively in metric 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. 4 Policy on
Geometric Design of Highways and Streets (5) states that 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 major realignment
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is not needed, will often not be justified. This is especially true for low-volume roads, which
experience substantially fewer crashes than roads with design volumes greater than 2,000 ve-
hicles per day. These guidelines recommend an approach to geometric design for low-volume
roads, including both new construction and projects on existing roads, that is based on research
concerning the safety cost-effectiveness of geometric elements. For projects on existing roads,

reviews of site-specific conditions also are a key element of the design guidance presented here.

These guidelines address issues for which appropriate geometric design guidance for low-vol-
ume roads differs from the policies normally applied to higher volume roads. For any geometric
design issues not addressed by these guidelines, design professionals should consult A4 Poficy on
Geometric Design of Highways and Streets (5).

The intent of these guidelines is to assist the designer by referencing a recommended range of
values for critical dimensions. It is not intended to be a detailed design manual that could super-
sede the need for the application of sound principles by the knowledgeable design professional.
Flexibility in application of these guidelines is encouraged so that independent designs tailored
to particular situations can be developed.

Roads, vehicles, drivers, and nonmotorized users (pedestrians and bicyclists) are all integral
parts of transportation safety and efficiency. While this document primarily addresses geomet-
ric design of roads, a properly equipped and maintained vehicle and reasonable and prudent
performance by the user are also needed for safe and efficient operation of the transportation

facility.
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PREFACE

This Guideline was developed as part of the continuing work of the AASHTO Councit on
Highways and Streets. The Council, then titled the Committee on Planning and Design Policies,
was established in 1937 to formulate and recommend highway engineering policies. This Council
has developed A Policy on Geometric Design of Rural Highways, 1954 and 1965 editions; A Poficy on
Arterial Highways in 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, 1994, 2001, 2004, and 2011; A4 Policy on Design
Standards—Interstate System, 1956, 1967, 1988, 1991, 2005, and 2016; and a number of other
AASHTO policy and guide”publications.

An AASHTO publication is typically developed through the following steps: (1) The Council se-
lects subjects and broad outlines of material to be covered. (2) The appropriate subcommittee and
its task forces, in this case the Committee on Design and the Technical Committee 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 Committee until agree-
ment is reached. 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 all the states, the Federal Highway Administration, and representatives of the
American Public Works Association, the National Association of County Engineers, the National
League of Cities, and other interested parties.

This Guideline was first published by AASHTO in 2001 for application to very low-volume local
roads and some collector roads with design average daily traffic volumes of 400 vehicles per day
or less. This second edition has been updated for application to all low-volume local and minor
collector roads with design average daily traffic volumes of 2,000 vehicles per day or less.
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Introduction

1.1 INTRODUCTION

This document presents geometric design guidelines for low-volume roads. The purpose of the guide-
lines is to help highway designers in selecting appropriate geometric designs for roads with low traffic
volumes. The design guidelines presented here may be used on low-volume local and minor collector
roads in lieu of the applicable policies presented in the AASHTO publication, A Policy on Geometric
Design of Highways and Streets (5), commonly known as the Green Book.

This chapter defines low-volume roads, describes the scope of the design guidelines, explains the rela-
tionship of the guidelines to other AASHTO policies, and presents the organization of the remainder
of this document.

1.2 DEFINITION OF LOW-VOLUME ROADS

'The guidelines presented in this document are applicable to low-volume roads. Low-volume roads are
defined as follows:

A low-wolume road is a road that is functionally classified as a local or minor collector road and has a
design average daily traffic volume of 2,000 vehicles per day or less.

The preceding statement indicates that the functional classification of a road is a key element of the
definition of a low-volume road in these guidelines. A Joca/ road is a road whose primary function is to
provide access to residences, farms, businesses, or other abutting property, rather than to serve through
traffic. Although some through traffic may occasionally use a local road, through traffic service is not
its primary purpose. The term local road is used here to refer to the functional classification of the road
and is not intended to imply that the road is necessarily under the jurisdiction of a local or municipal
unit of government. Rural minor collector roads generally serve travel of intracounty rather than state-
wide importance and constitute those routes on which predominant travel distances are shorter than
major collector and arterial routes. Urban minor collector streets provide both land access service within
residential neighborhoods and commercial and industrial areas and connections to streets of higher
functional classification. Administrative arrangements for operation of the highway system vary widely
and, in different parts of the United States, roads that are functionally classified as local and minor
collector roads may be under Federal, state, or local control.
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More than 80 percent of the roads in the United States have traffic volumes of 2,000 vehicles per day or
less. The low-volume local and minor collector roads, defined above, to which the guidelines presented
in this document are applicable, should include most of this extensive road mileage. Little of this road
mileage would be classified as arterials. In some states, portions of the state-numbered route system
meet the definition of low-volume minor collector roads and can be addressed with these guidelines.

In addition to serving motor vehicle traffic, low-volume roads also serve varying numbers of pedestri-
ans and bicyclists. The needs of pedestrians and bicyclists should be considered in the design of cach
project. Some low-volume roads may serve pedestrians and bicyclists only rarely, but other low-volume
roads, particularly in urban areas, serve pedestrians or bicyclists, or both, in sufficient numbers that
specific pedestrian or bicycle facilities, or both, are needed.

1.3 SCOPE OF GUIDELINES

The guidelines presented in this document are intended for application in the design of low-volume
g P PP g

roads, as defined above, including application in new construction of low-volume roads and in the im-
provement of existing low-volume roads. The scope of the guidelines includes roads in both rural and

urban areas.

These design guidelines enable designers for projects on low-volume roads to apply design criteria that
are less restrictive than those generally used on Aigher volume roads. Where the term higher volume roads
is used in this document, this refers to roads with design volumes of more than 2,000 vehicles per day,
which are outside the scope of these guidelines. The risk assessment on which the guidelines are based
shows that these less restrictive design criteria can be applied on low-volume roads without substantial
effects on crash frequency and severity. The guidelines discourage widening of lanes and shoulders,
changes in horizontal and vertical alignment, and roadside improvements except in situations where
such improvements are likely to provide substantial reductions in crash frequency or severity. Thus,
projects designed in accordance with these guidelines are less likely to negatively impact the environ-
ment, roadway and roadside aesthetics, existing development, historic and archeological sites, and en-
dangered species. In reviewing the geometric design for sections of existing roadway, designers should
strive for consistency of design between that particular section and its adjoining roadway sections. The
potential effects of future development that may affect the traffic volume, vehicle mix, and presence of
pedestrians or bicyclists on the roadway should also be considered.

These design guidelines are intended to encourage rational safety management practices on low-vol-
ume roads. Expenditures for highway improvements are discouraged at sites where such improvements
are likely to have little effect on crash frequency or severity, but are strongly encouraged at sites where
crash patterns exist that can be corrected by a roadway or roadside improvement. Designers are provid-
ed substantial flexibility to retain the existing roadway and roadside design, where that existing design
is performing well, but are also provided flexibility to recommend improved designs, even designs that
exceed the guidelines presented here, where needed to correct documented crash patterns or meet other
agency goals.
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The scope of these guidelines includes geometric design for new construction and for improvement
of existing roads. Geometric design criteria for new construction apply to construction of 2 new road
where none existed before. Projects on existing roads may involve reconstruction, resurfacing, rehabil-
itation, restoration, and other types of improvements.

These guidelines are limited in scope to geometric design issues and do not address the application
of traffic control devices on low-volume roads. For traffic control device guidance, sce the Manual on
Uniform Traffic Control Devices (8).

1.4 RELATIONSHIP TO OTHER AASHTO POLICIES

The design guidelines presented in this document may be applied to low-volume roads in lieu of the
applicable policies of the AASHTO Green Book (5) and the AASHTO Roadside Design Guide (3). For
projects on local roads and streets, these design guidelines may be applied in place of Chapter 5 (Local
Roads and Streets) of the AASHTO Green Book (5) to local roads that serve design volumes of 2,000
vehicles per day or less. For projects on minor collector roads and streets that serve design volumes of
2,000 vehicles per day or less, these design guidelines may be applied in place of the applicable policies
in Chapter 6 (Collector Roads and Streets) of the AASHTO Green Book (5). The design guidelines
presented here address design issues for which an explicit risk assessment has been performed. For
design issues that are not addressed in these guidelines, the designer should consult the applicable
sections of the AASHTO Green Book (5) and the AASHTO Roadside Design Guide (3). Design of
facilities for nonmotorized users is addressed in the AASHTO Guide for the Planning, Design, and
Operation of Pedestrian Facilities (1) and the AASHTO Guide for the Development of Bicycle Facilities (4).
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Framework for Design Guidelines

2.1 INTRODUCTION

This chapter presents a framework for the design guidelines for low-volume roads. The elements of
this framework are area type, roadway functional class and subclass, design speed or operating speed,
and design volume. The chapter identifies how these elements of the framework are used in identify-
ing the appropriate design guidelines for a specific design application.

2.2 AREA TYPE

The design guidelines are applicable to both rural and urban areas. The operating characteristics,
constraints, and configurations of low-volume roads in rural and urban areas differ substantially and,
therefore, in many cases, the design guidelines for rural and urban roads also differ. Thus, before
applying the design guidelines, the designer should determine the area type in which the site of

interest is located.

Low-volume roads in rural areas are more likely than urban roads to operate at high speeds and have
a cross section with open drainage (shoulders and ditches, rather than curb and gutter). Rural roads
tend to have fewer right-of-way constraints, less pedestrian activity, and a broader range of uses than
urban roads. Low-volume rural roads include roads in undeveloped or agricultural areas as well as
roads in rural towns.

By contrast, urban and suburban roads, even those with low traffic volumes, are generally more
constrained than rural roads in terms of speeds and right-of~way. ‘The guidelines for urban roads
presented in this document apply to both urban and suburban conditions.

2.3 FUNCTIONAL CLASSIFICATION

The concept of functional classification is fundamental to the criteria used in the gecometric design
of highways and streets. The functional classification of a roadway identifies the relative importance
of the mobility and access functions for that roadway. Roadways in the highest functional class are
freeways. Freeways are intended primarily to serve through traffic traveling relatively long distances
and provide no access to adjacent land cxcept by way of interchanges spaced at appropriate intervals.
Arterials and major collectors provide progressively less emphasis on mobility for through traffic and
more emphasis on access to adjacent land. Local roads are intended to provide access to residences,
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businesses, farms, or other abutting property and are not intended to serve through traffic, although a
limited amount of through traffic may use some local roads.

‘The design guidelines presented in this document are applicable to local and minor collector roads with
design volumes of 2,000 vehicles per day or less. Some highway agencies distinguish between major
and minor collectors only in rural areas, although Federal guidelines now permit this distinction in
urban areas as well. If an agency does not formally use the minor collector classification in urban areas,
designers should excrcise judgment in applying the guidelines to low-volume roads that are classified
as collectors and are closer in character to local roads than to arterials.

For purposes of the design guidelines, low-volume roads are further subdivided into six functional
subclasses for rural facilities and three functional subclasses for urban facilities as follows:

Rural Roads:

* rural major access roads,

* rural minor access roads,

* rural industrial or commercial access roads,
* rural agricultural access roads,

* rural recreational and scenic roads, and

* rural resource recovery roads.
Urban Roads:

* urban major access streets,
* urban residential streets, and

* urban industrial or commercial access streets.
Each of these functional subclasses is defined below.

Figures 2-1 and 2-2 present photographs of typical rural and urban low-volume roads.
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Figure 2-1. Typical Rural Low-Volume Roads (Source: CH2M Hill/Jacobs Engineering)
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Figure 2-2. Typical Urban Low-Volume Streets (Source: MRIGlobal)

2.3.1 Rural Major Access Roads

Rural major access roads serve a dual function of providing access to abutting properties as well as
providing through or connecting service between other local roads or higher type facilities. In rural ar-
eas, major access roads may have significant local continuity and may operate at relatively high speeds.
Because of the possibility of through traffic, there may be a meaningful segment of traffic that includes
unfamiliar drivers. Major access roads classified as local roads may thus, in some respects, function
like collector or even minor arterial roads. Major access roads are usually paved, but may be unpaved
in some rural areas. Minor collector roads should be treated as major access roads for purposes of these
guidelines. Traffic on rural major access roads is largely composed of passenger vehicles or other small-
er vehicle types. However, such roads need to be accessible to school buses, fire trucks, other emergency
vehicles, and maintenance vehicles such as snow plows and garbage trucks. Access roads serving com-
mercial or industrial land uses are described below in a separate functional subclass.
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2.3.2 Rural Minor Access Roads

Rural minor access roads serve almost exclusively to provide access to adjacent property. Many of these
roads are cul de sacs or loop roads with no through continuity. The length of minor access roads is
typically short. Because their sole function is to provide access, such roads are used predominantly by
familiar drivers.

Minor access roads generally serve residential or other non-commercial land uses. Speeds are generally
low for the local environment, given the purpose of the road and short trip lengths. As noted above,
many minor access roads end in cul de sacs or dead ends, thus limiting the opportunity for high travel
speeds. Minor access roads are frequently narrow, and in some rural areas may function as one lane
roads. Minor access roads can be either paved or unpaved. Traflic is largely composed of passenger
vehicles or other smaller vehicle types. However, such roads need to be accessible to school buses, fire
trucks, other emergency vehicles, and maintenance vehicles such as snow plows and garbage trucks.
Access roads serving commercial or industrial land uses are described below in a separate functional

subclass.

2.3.3 Rural Industrial or Commercial Access Roads

Industrial or commercial access roads serve developments that may generate a significant proportion of
truck or other heavy vehicle traffic. The primary or sole function of such roads is generally to provide
access from a factory or another commercial land use to the local or regional highway network. Typical
industrial or commercial access roads are very short and, in many cases, they do not serve any through
traffic. Industrial or commercial access roads may be either paved or unpaved. Such industrial or com-
mercial access roads are addressed in their own functional subclass, separately from minor access roads,
which they otherwise resemble, because consideration of trucks and other heavy vehicles is important

in their design.

2.3.4 Rural Agricultural Access Roads

Certain roads in rural areas serve primarily to provide access to fields and farming operations. Vehicle
types that use such roads include combines, tractors, trucks that haul agricultural products, and other
large and slow-moving vehicles with unique operating characteristics. The driving population gener-
ally consists of repeat users who are familiar with the road and its characteristics. Such roads are often
unpaved.

Consideration of the unique vehicle types that use agricuitural access roads is important in their de-
sign. For purposes of these guidelines, rural agricultural access roads consist of roads that are used
regularly or seasonally for access to farms by agricultural equipment, such as combines, that are wider
than a typical 8.5-ft [2.6-m] truck. Roads that provide frequent access to farms for conventional trucks,
but not for wider equipment, should be treated as rural commercial or industrial access roads. Roads
that provide access to farms but are used only occasionally by conventional trucks and are not used by
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wider equipment, should be treated as cither rural major access or rural minor access roads depending

upon the function and characteristics of the road.

2.3.5 Rural Recreational and Scenic Roads

Recreational and scenic roads serve specialized land uses, including parks, tourist attractions, and
recreational facilities, such as campsites or boat-launch ramps, and are found primarily in rural areas.
Traffic is open to the general public, and their users are more likely than users of other functional
subclasses of local roads to consist of unfamiliar drivers. Recreational and scenic roads do not gen-
erally carry significant volumes of truck traffic, but do serve recreational vehicles including motor
homes, campers, and passenger cars pulling boats and other trailers. In many cases, these roads may
carry highly seasonal traffic volumes. Recreational and scenic roads may accommodate a wide range
of speeds and trip lengths may be fairly long. Such roads can be either paved or unpaved. Additional
design guidance for this category of roadway is available in the U.S. Forest Service Road Preconstruction
Handbook (17).

2.3.6 Rural Resource Recovery Roads

Resource recovery roads are local roads serving logging, mining, oilfield, or similar operations. Such
roads are typically found only in rural areas, and frequently in very remote areas. Resource recovery
roads are distinctly different from the other functional subclasses of low-volume roads in that they are
used primarily by vehicles involved with the resource recovery activities and the driving population
consists primarily or exclusively of professional drivers with large vehicles. In some cases, traffic opera-
tions on resource recovery roads are enhanced through radio communication between drivers, enabling
such roads to be built and to operate as single-lane roads. Most resource recovery roads are unpaved.
The design guidelines for this category of road take into account the remoteness of their setting, the
types of vehicles that generally use such a road, and the professional experience of the drivers of those
vehicles. Additional design guidance for this category of roadway is available in the U.S. Forest Service
Road Preconstruction Handbook (17).

2.3.7 Urban Major Access Streets

Urban major access streets, like major access roads in rural areas, serve a dual function of providing
access to adjacent property as well as providing through or connecting service between other local roads
or higher type facilities. Urban major access roads are generally shorter than major access roads in rural
areas, but their function in serving more through traffic than most local roads is much the same. Thus,
urban major access streets that are functionally classified as local roads often approach the status of a
minor collector. Minor collector streets in urban and suburban areas should be treated as urban major
access streets for purposes of the guidelines. Any specific role assigned to particular urban major access
streets in local pedestrian and bicycle planning should be considered in their design.
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2.3.8 Urban Residential Streets

Urban residential streets typically serve to provide access to single- and multiple-family residences in
urban areas. Motorists, pedestrians, and bicyclists using such streets generally include only residents
and their visitors. Use of such streets by large trucks and other heavy vehicles is rare, except for oc-
casional use by delivery and maintenance vehicles. Accessibility for school buses, fire trucks, other
emergency vehicles, and maintenance vehicles such as snow plows and garbage trucks is an important
consideration in the design of residential streets.

2.3.9 Urban Industrial or Commercial Access Streets

Urban industrial or commercial access streets, like their rural counterparts, serve development that
may generate a substantial volume of trucks or other heavy vehicles. The primary function of such a
street is typically to provide access from a factory or another industrial or commercial site to the local
or regional highway network. Pedestrian and bicycle usage may be expected on some industrial or
commercial access streets. Industrial or commercial access streets are typically quite short, can be paved
or unpaved, and may or may not carry traffic from smaller streets. The main defining characteristic of

an industrial or commercial street is that its design is influenced by the heavy vehicles using the street.

2.3.10 Other Urban Facilities

Urban agricultural access roads, recreational and scenic roads, and resource recovery roads are rare, but
where they occur, they should be designed like their rural counterparts.

2.3.11 Roads that Meet the Definition of More than One Functional Subclass

Some roads meet the definition of more than one of the functional subclasses defined above. For ex-
ample, a given road might be considered both a rural minor access road and a rural agricultural access
road. Another road might be considered both a rural major access road and a recreational and scenic
road. In such cases, the road should be evaluated using the design guidelines applicable to each func-
tional class, as presented in Chapter 4, and the higher of the applicable design guidelines should be
applied.

2.4 DESIGN SPEED OR OPERATING SPEED

Speed has always been a primary defining variable in the development and presentation of geometric
design criteria. Current AASHTO policy specifies design criteria in increments of 5 mph [10 km/h).
Designers select a design speed which is appropriate for the roadway and that speed is used to correlate
the various features of the design. The selected design speed should be a logical one with respect to the
anticipated operating speed, topography, adjacent land use, and functional classification of the road. In
sclection of design speed, every effort should be made to attain a desired level of safety, mobility, and
efficiency within the constraints of environmental quality, economics, aesthetics, and soctal or political
impacts. "lhe sclected design speed should be consistent with the speeds that drivers are likely to expect
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on a given road. Where a reason for limiting speed is obvious to approaching drivers or bicyclists, they
are more apt to accept lower speed operation than where there is no apparent reason.

One of the design guidelines presented in Chapter 4 varies as a function of speed, as follows:

* Low speed—0 to 45 mph [0 to 70 km/h], and
* High speed—more than 45 mph [70 km/h].

2.5 TRAFFIC VOLUMES

The projected average daily traffic volume (ADT) should be used as the basis for design, Usually, the
year for which traffic is projected is 20 years from the date of completion of construction, but may range
from the current year to more than 20 years in the future depending upon the nature of the improve-
ment. Where traffic volumes vary substantially from season to season, design should be based on the
ADT during the peak season. Traffic volume growth rates on low-volume roads are generally modest,
and some roads may experience future traffic volume decreases. However, the designer should be alert
to the possibility of future development that might affect traffic volume growth, especially in or near
urban areas. If new development that would increase the design volume above 2,000 vehicles per day is
anticipated on a local or minor collector road within the period for which traflic volumes are projected,
then Chapter 5 or 6 of the AASHTO Green Book (5) should be used instead of the design guidelines
presented here. Where future development is uncertain, a project with a projected volume of 2,000
vehicles per day or less may be designed in accordance with the design guidelines presented in Chapter
4, but the basis for this decision should be documented.

For some design criteria for new construction in Chapter 4, traftic volumes on low-volume roads (2,000
vehicles per day or less) are stratified into several levels. The volume ranges used for specific new con-

struction design criteria may include:

* 100 vehicles per day or less,
* 101 to 250 vehicles per day,

251 to 400 vehicles per day, or
401 to 2,000 vehicles per day.

*
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Rationale for Development of
Design Guidelines

3.1 INTRODUCTION

This chapter explains the rationale for and approach to development of the design guidelines presented
in Chapter 4. The rationale includes a discussion of the unique characteristics of low-volume roads, a
discussion of the basis for the design guidelines, an explanation of the risk-assessment approach used
to develop the guidelines, an explanation of the differences between the guidelines for new construc-
tion and for improvement of existing roads, and a discussion of the need for flexibility in applying the
design guidelines.

3.2 UNIQUE CHARACTERISTICS OF LOW-VOLUME ROADS

‘The design guidelines presented in Chapter 4 are based on the unique characteristics of low-volume
roads. The fundamental characteristics of low-volume roads that distinguish them from other types of

roads are;

* The traffic volumes of such roads are, by definition, low. All low-volume roads have average daily
traffic volumes of 2,000 vehicles per day or less, and many such roads have volumes that are much
less than the 2,000-vehicle-per-day threshold value. These low traffic volumes mean that encounters
between vehicles that represent opportunities for crashes to occur are rare events and that multi-
ple-vehicle collisions of any kind are extremely rare events.

* 'The limitation of the scope of these guidelines to Jocal and minor collector roads mcans that many
motorists using the road have traveled it before and are familiar with its features. Geometric design
features that might surprise an unfamiliar driver will be anticipated by the familiar driver.

Because of these unique characteristics, design guidelines for low-volume roads can be less stringent
than those used for higher volume roads or roads that serve primarily unfamiliar drivers, The function-
al subclasses of low-volume roads presented in Chapter 2 permit the design guidelines to vary with the
expected proportion of unfamiliar drivers. Similarly, design guidelines for low-volume roads also vary
with the expected design traflic volume level.

3.3 BASIS FOR DESIGN RECOMMENDATIONS

Design criteria for streets, roads, and highways are based on a wide range of considerations. Operational
efficiency, low crash frequency and severity, constructability, and maintainability are of primary im-
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portance. While limiting crash frequency and severity is fundamentally the most important factor
in destgn criteria, the other considerations play a meaningful role as well. An overriding concern
in development of design criteria is the concept of flexibility to accommodate future uncertainty. A
well-designed road should reflect the potential for changes in traffic volumes, patterns, and operating
conditions. Similarly, drivers with a wide range of skills, operating a wide variety of vehicles, may
use a highway, including unfamiliar or less skilled drivers, a combination of passenger cars, trucks,
and other vehicle types, and nonmotorized users including pedestrians and bicyclists. Road designs
should be developed to be appropriate for the specific context of each facility including rural areas,
rural towns, suburban arcas, urban areas, and urban core areas. Low-volume roads can be found in

each of these contexts, with the possible exception of urban core areas.

It is important to understand how design criteria fit within the overall design process. Design criteria
are generally employed as mintmum or limiting values, beyond which the designer should not go
unless unusual circumstances create a site-specific need. Design criteria typically express geometric
dimensions in terms of minimum values {lane width, shoulder width, curve radius, stopping sight
distance) or maximum values {grades). Design criteria, as published and used, thus tend to direct
or limit a design’s basic characteristics; and the intent of such criteria is that they be followed with

relatively few exceptions.

Design criteria to reflect the considerations described above have been developed to have minimal
effect on crash frequency and severity. In other words, design for basic geometric elements such as
alignment and cross section have been historically derived to operate effectively across the wide range
of conditions that might occur across a highway system. Past design criteria have not typically been
based on a strict or rigorous cost-effectiveness approach, but have incorporated values that are judged
to be reasonable and prudent given the overall costs, impacts, and benefits to be derived systemwide
from the highway system.

The design guidelines for low-volume roads presented in this document are based on a risk assess-
ment performed by Neuman (11). This risk assessment was intended to establish design criteria for
low-volume roads that, when applied systemwide, will operate comparably to those presented in the
AASHTO Green Book (5) for higher volume roads. However, because of the unique characteristics
of low-volume roads discussed earlier in this chapter, appropriate design criteria for such roads differ
from those for higher volume roads. The analysis approach used in this risk assessment is presented
below. Other research and sources of information consulted in the preparation of these guidelines
have included existing AASHTO policies [the Green Book (5), the Roadside Design Guide (3), the
Pedestrian Guide (1), and the Bicycle Guide {(4)], TRB Special Report 214 (14), NCHRP Report
362 (20), NCHRP Report 383 (9), NCHRP Report 400 (7), horizontal curve research by Zegeer
et al. (19), guardrail research by Stephens (12) and by Wolford and Sicking (18}, design guidelines
developed by the U. S. Forest Service (17) and the Transportation Association of Canada (13), and
the Neighborhood Street Design Guidelines (10) developed by the Institute of Transportation Engineers
(ITE).
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An important compaenent of the design guidelines for low-volume roads is the incorporation of sub-
stantial design flexibility based on the exercise of judgment by qualified enginecring professionals who
are familiar with site conditions and local experience. The important role of design flexibility in the
guidelines is addressed later in this chapter.

3.4 DEVELOPMENT OF DESIGN GUIDELINES THROUGH RISK ASSESSMENT

‘The risk assessment by Neuman (11) recommends that design criteria for low-volume roads should be
based on tradeoffs between two factors:

* demonstrable differences in construction and maintenance costs, and

* estimated impacts on traffic crash frequency or severity.

This approach highlights crash frequency and severity and cost (and hence, cost-effectiveness in a
more direct sense) as the only appropriate basis for defining minimum design criteria or values for
these unique facilities. Other factors such as level of service, travel time savings, and driver comfort
and convenience are not considered of sufficient importance for low-volume roads to influence their
fundamental design criteria.

Because it is derived from a formal risk assessment, the design philosophy recommended for low-vol-
ume roads is based fundamentally on limiting crash frequency and severity. Moreover, the philosophy
focuses on direct comparison of known or expected crash reduction benefits and system costs. This
tradeoff implies that public funds spent to improve such roads in the name of crash reduction should be
spent only where there is likely to be an actual crash reduction benefit in return. This, in turn, assures
that highway funds expended for crash reduction purposes on all highways (not just low-volume roads)
will be available for use where they are most needed (i.e., where meaningful crash reduction benefits
can reasonably be expected).

3.4.1 Risk Assessment Approach

‘The risk assessment by Neuman (11) addressed roads with average daily traffic volumes of 400 vehicles
per day or less and represents a comparison between crash risk for low-volume roads designed in accor-
dance with the guidelines presented in Chapter 4 of this document and roads designed in accordance

with Chapter 5 of the AASHTO Gireen Book (5). The guidelines concerning threshold or acceptable
risk levels for new construction used by Neuman (11) were:

* For urban or low-speed facilities, an acceptable risk is represented by an action or proposed action
that is expected to result in no more than one additional traffic crash per kilometer of roadway every
6 to 10 years. 'This is equivalent to one additional traffic crash per mile of roadway every 4 to 6 years.

* For rural or high-speed facilities, an acceptable risk is represented by an action or proposed action
that is expected to result in no more than one additional traffic crash per kilometer of roadway every
10 to 15 years. 'This is equivalent to one additional traffic crash per mile of roadway every 6 to 9 years.
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The risk assessment by Neuman (11) did not address new construction of roads in the range of aver-
age daily traffic volumes from 401 to 2,000 vehicles per day. Therefore, the design guidance for new
construction of such roads presented in Chapter 4 of this document is essentially equivalent to the

guidance in Chapter 5 of the AASHTO Green Book (5).

These risk assessment thresholds for rural and urban roadways with average daily traffic volumes of
400 vehicles per day or less are consistent with those used to evaluate roadway widths in NCHRP
Report 362 (20), which was the basis for the current lane and shoulder width design values for rural
highways in the AASHTO Green Book (5). Although NCHRP Report 362 considers roadways with
higher ADTs than those addressed in these guidelines, it provided a model for the risk assessment of

low-volume roads.

The acceptable risk levels represented by the thresholds presented above were applied by Neuman (11)
in the research to develop the design guidelines presented in Chapter 4. Determination of expected risk
levels was based on a synthesis of the best available research on the quantitative relationships between
key geometric design elements and the frequency and severity of crashes.

The threshold or acceptable risk levels given above represent maximum risk levels over an extensive
roadway system consisting of many sites; these maximum risk levels are not likely to occur everywhere,
but only at sites where minimum or controlling geometry is incorporated ina design. The threshold risk
levels presented above were used in the research that developed the guidelines; they are not intended

for use in the assessment of individual sites.

As an example of the risk assessment approach, the use of a minimum radius curve in a project de-
signed in accordance with Chapter 4 of these guidelines may result in a crash rate slightly higher than
a curve designed to the minimum radius shown in the AASHTO Green Book (5), but the crash fre-
quency and severity of the rest of the roadway, consisting of tangents and larger radius curves, should
be unaffected. Consider a horizontal curve with a design speed of 60 mph [100 km/h] and a maximum
superelevation rate of 6 percent on a rural major access road with an ADT of 400 vehicles per day.
The minimum radius for such a curve designed in accordance with the AASHTO Green Book (5), is
1,330 ft [437 m]. Neuman (11) determined that the difference in crash frequency and severity between
a curve with a radius of 1,330 ft [437 m] and a curve with a radius of 830 ft [250 m] for the specified
conditions would be less than 1.6 crashes per mi [1.0 crashes per kilometer] over a period of 10 years.
Therefore, the use of a minimum radius of 830 ft [250 m] can be recommended for horizontal curves
on low-volume roads under the specified conditions. All of the design guidelines presented in Chapter
4 are based on risk analyses of this type conducted by Neuman (11).

This example does not imply that the minimum radius of 830 ft [250 m] is appropriate for all horizontal
curves on low-volume roads, any more than the minimum radius of 1,330 ft (437 m)] is appropriate for
all horizontal curves on higher volume roads. Rather, the design guidelines in Chapter 4 give the de-
signer flexibility to use radii as small as 830 ft [250 m] should site-specific conditions warrant this. The
guidelines were developed with the understanding that a designer is expected to exercise engineering
judgment in selecting any design value, whether it is a minimum value or not.
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For existing roads, application of the design guidelines in Chapter 4 should result in a slight reduction
in systemwide crash frequency and severity. The safety performance of most existing low-volume roads
will be unaffected by the guidelines, but improvements that should have a positive effect on reducing
crash frequency and severity are recommended at locations on existing roads where site-specific crash
patterns are found.

3.4.2 Expected Systemwide Effects on Crash Frequency and Severity

Overall, the net effect on systemwide safety of applying these design guidelines for low-volume roads
will undoubtedly be small. Any higher expected crash frequencies that might occur would take place
at limited sites, not over the entire length of the road system. For example, not every horizontal curve
would be affected, only those curves that are designed to minimum radii. Similarly, only a portion of
the length of any roadway is likely to lack a clear zone. Thus, it is highly unlikely that, even on roadways
with scveral design elements at minimurmn values, the risk thresholds presented above would be exceed-
ed. Furthermore, for projects on existing roads there should be a net reduction in crash frequency and
severity because existing roads with site-specific crash patterns will be improved. Thus, the net effect
of applying these design guidelines systemwide for low-volume roads should be a change in crash fre-
quency and severity that is so small as to be negligible.

The use of risk assessment as a basis for the design guidelines is intended to focus public spending for
low-volume roads on improvements at locations where it can be expected to provide substantial crash
reduction benefits and to discourage spending at locations where little or no crash reduction benefit
would be expected. This will allow scarce public funds to construct and repair more facilities rather
than spending major amounts of funds in one location while not addressing other locations in need.

The AASHTO Highway Safety Manual (HSM) (2) provides guidance on highway safety management
and crash prediction methods for specific roadway types. HSM methods confirm that low-volume
roads are expected to experience fewer crashes than roads with traffic volumes above 2,000 vehicles per
day. HSM techniques can be applied to analyze highway improvement needs of specific roads based on
their observed crash history. Highway agencies have also begun using systemic approaches to highway
improvement, which may include making improvements to existing roads based on the potential for
future crashes, even if no crashes have yet occurred. However, there is very little potential for crash
reduction to result from systemic improvements to low-volume roads in the absence of specific crash
patterns. The most effective systemwide results will be obtained if systemic improvements are focused
on roads with traflic volumes above 2,000 vehicles per day and the improvement strategies presented in
these guidelines are applied to existing low-volume roads.

3.5 GUIDELINES FOR NEW CONSTRUCTION
VERSUS IMPROVEMENT OF EXISTING ROADS

Separate design guidelines are presented in Chapter 4 for new construction and improvement of ex-
isting roads. In most cases, specific design criteria are presented for new construction of low-volume
roads. For roads with design volumes of 400 vehicles per day or less, these design criteria are generally
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less restrictive than those used in new construction of higher volume roads such as those discussed in

the AASHTO Green Book (5).

Projects on existing low-volume roads may involve reconstruction, resurfacing, rehabilitation, resto-
ration, or other types of improvements. Changes to roadway or roadside geometrics during such proj-
ects are generally recommended only where there is a documentable site-specific crash pattern that
can potentially be corrected by a roadway or roadside improvement. Thus, this guide implements a
performance-based design approach for improvement of existing roads. Where documentable site-spe-
cific crash patterns do not exist, it is unlikely that any roadway or roadside improvement would provide
substantial crash reduction benefits. The design guidelines in Chapter 4 provide advice to the designer
on specific situations in which geometric improvements may be desirable on existing roads.

‘There are a wide variety of sources that may be considered in investigating and documenting the exis-
tence of site-specific crash risk. These naturally include crash history data. Because low-volume roads
have few crashes, a long time period, typically 5 to 10 years, should be considered in reviewing crash
patterns. However, even when 5 to 10 years of crash data are available, these data will often be so sparse
that other indicators of crash risk should be considered, as well. Such other indicators may include field
reviews to note skid marks or roadside damage, speed data (which may indicate whether speeds are
substantially higher than the intended design speed), or concerns raised by police or local residents.
These indicators should be fully considered in the assessment of site-specific crash risk because, as stat-
ed above, assessments of low-volume roads should not usually be based on crash data alone.

In projects on existing roads, consideration should also be given to maintaining consistency in geomet-
ric design features and consistency in speed between adjacent sections of roadway.

3.6 DESIGN FLEXIBILITY

The design guidelines in Chapter 4 are intended to provide great flexibility for the designer to exercise
engineering judgment about the appropriate geometric and roadside designs for specific projects. Even
for new construction projects, where specific design criteria are recommended in Chapter 4, the guide-
lines provide flexibility for the designer to change those criteria for specific projects where such changes
appear appropriate. The designer has the flexibility to use reduced design criteria, where judgment indi-
cates that this can be accomplished without substantially affecting crash risk, or to increase the design
criteria to the levels used for higher volume roads as discussed in the AASHTO Green Book (5).

Even more flexibility than for new construction projects is provided to the designer for projects on
existing roads, because the guidelines in Chapter 4 do not include quantitative design criteria for such
projects. Rather, the designer is discouraged at most sites from making unnecessary geometric design
and roadside improvements, but is encouraged to look for evidence of site-specific crash patterns and to
focus expenditures on those sites where a site-specific crash pattern exists that is potentially correctable

by a specific roadway or roadside improvement.
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Where designers exercise judgment and develop a project using design criteria that differ from those
presented in the Chapter 4 guidelines, or where a site-specific crash pattern is identified and used as
the basis for a design decision, the designer should document the decision making process in writing,
‘This is not intended to imply that a formal design exception is needed; however, it is good practice to
document key project decisions in writing.

The guidelines encourage the designer to exercise engineering judgment based on a thorough knowl-
edge of the principles of highway design, traffic engineering, highway safety engineering, and specific
knowledge of local conditions. Thus, the flexibility provided by these guidelines is intended to be ex-
ercised by a qualified engineer.
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Design Guidelines

4.1 INTRODUCTION

This chapter presents design guidelines for specific aspects of the design of low-volume roads including
cross section (traveled way and shoulder widths), horizontal alignment, stopping sight distance, inter-
section sight distance, roadside design, pedestrian and bicycle facilities, unpaved roads, and two-way
single-lane roads.

The design guidelines for new construction and projects on existing roads presented in this chapter
apply to low-volume local and minor collector roads with design traflic volumes of 2,000 vehicles per
day or less. New construction for roads with design traffic volumes over 2,000 vehicles per day should
generally be designed in accordance with AASHTO Green Book (5) criteria. However, design flexi-
bility for roads with traffic volumes of 2,000 vehicles per day or less should be especially encouraged.

4.2 CROSS SECTION

'The key elements of cross section design for a roadway are traveled way width and, in rural areas, shoul-
der width. Cross section design criteria for lower volume roads generally address total roadway width
(traveled way plus shoulders) rather than having separate criteria for lane and shoulder width. Many
lower volume roadways have no painted edgelines and do not have paved shoulders of a material that
contrasts with the traveled-way pavement, so there may be no clear demarcation between the traveled
way and shoulders. Design guidelines for cross sections of paved two-lane roads in new construction
projects and on existing low-volume roads are presented in Sections 4.2.1.1 and 4.2.1.2, respectively.
Separate discussions of unpaved roads and single-lane roads are provided in Sections 4.9 and 4.10,
respectively.

4.2.1 New Construction

‘The design guidelines for cross section in new construction projects on low-volume roads differ be-
tween rural and urban areas. Each set of design guidelines is presented below. While the quantitative
design guidelines for new construction address only total roadway widths, designers should also give
consideration to the appropriate right-of-way width. In new construction projects, ample right-of-way
should be obtained, whenever practical, to accommodate possible future widening of the roadway.
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4.2.1.1 Low-Volume Roads in Rural Areas

Table 4-1 presents the guidelines for total roadway widths for newly constructed roads in rural areas.
Total roadway width is the sum of the traveled way width and the usable shoulder width. Usable
shoulder width includes graded shoulders, but not roadside slopes. The total roadway width criteria
vary from 18 to 26 {t [5.4 to 8.0 m] with the functional subclass and the design speed of the road. The
roadway width values for roads with design volumes of 400 vehicles per day or less were developed in
research by Neuman (11) from several sources. The primary source for roadway widths was NCHRP
Report 362 (20); other sources included TRB Special Report 214 (14), the U. S. Forest Service (USFS)
(17), and the Transportation Association of Canada (13). The roadway widths for major access roads
with design volumes greater than 400 vehicles per day are based on Chapter 5 of the AASHTO Green
Book (5). For application of Table 4-1, all low-volume roads with design volumes greater than 400
vehicles per day should be treated as major access roads.

'The roadway width guidelines for major access roads, minor access roads, and recreational and scenic
roads are based primarily on travel by passenger cars and recreational vehicles. Widths for industrial
or commercial access roads, resource recovery roads, and agricultural roads consider more frequent
use by larger trucks and, in the case of agricultural access roads, use by wide agricultural equipment.
These greater widths for industrial or commercial access roads, resource recovery roads, and agricultus-
al access roads reflect the offtracking and maneuverability needs and the greater widths of the larger
vehicles using these roads. The ability of vehicles in opposing directions of travel to pass one another is
an important design consideration for rural roads. Access past parked vehicles is not a major concern
because parking on rural roads is not common. The increased cross section widths for industrial or
commercial access roads, resource recovery roads, and agricultural access roads should not be construed
as based on a safety need. It should be noted that the roadway widths for agricultural access roads are
applicable on roads used by agricultural equipment wider than a typical 8.5-ft [2.6-m] truck. Some
low-volume rural roads, particularly in recreational and scenic areas, may serve substantial bicycle vol-
umes; designers may consider adjusting the roadway widths in Table 4-1 in such cases.

'The choice of the appropriate functional subclass is key to determining the appropriate roadway width.
Where minimum roadway widths are used for a selected functional subclass, the designer should con-
sider providing a wider roadway at sharp horizontal curves, By contrast, widths less than the mini-
mums shown in Table 4-1 may be appropriate adjacent to historic structures or in other constrained
locations. In determining appropriate roadway widths, the designer should refer to the discussion of
design flexibility in Section 3.6.
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Table 4-1. Guidelines for Total Roadway Width for New Construction of Low-Volume
Roads in Rural Areas

U.S. Customary

Total Roadway Width (ft) by Functional Subclass’

Major Access Road by Design Volume Level (veh/day)

Minor Recreational Industrial/ Resource Agricultural
Design Speed 400 or 401 to Access and Scenic Commercial Recovery Access

(mph) Less 2,000 Road Road Access Road Road Road
15 18.0 23.0 18.0 180 200 20.0 22.0
20 18.0 23.0° 18.0 180 200 20.0 24.0
25 18.0 23.0? 18.0 180 210 21.0 24.0
30 18.0 23.0° 18.0 180 225 225 24.0
35 18.0 23.0 18.0 18.0 225 22.5 24.0
40 18.0 23.0 18.0 200 225 — 24.0
45 20.0 25.0 20,0 200 23.0 — 26.0
50 20.0 25.0 20.0 200 245 - —
55 220 25.0 — 220 — — —
60 220 250 — - — — -

Metric

Total Roadway Width (m) by Functional Subclass’

Major Access Road by Design Volume Level (veh/day)

Minor Recreational Industrial/ Resource Agricultural
Design Speed 400 or 401to Access and Scenic Commercial Recovery Access
(kmih) Less 2,000 Road Road Access Road Road Road
20 54 7.0? 54 54 6.0 6.0 6.6
30 54 7.0 54 54 6.0 6.0 72
40 54 7.0? 54 54 6.4 6.4 7.2
50 54 7.0 54 54 6.8 6.8 7.2
60 54 7.0? 54 54 6.8 6.8 72
70 6.0 76 6.0 6.0 7.0 — 8.0
80 6.0 76 6.0 6.0 74 — —
90 6.6 7.6 — 6.6 — — —

100 6.6 7.6 — = — — -

Note: Total roadway width includes the width of both traveled way and usable shoulders.
' All low-volume roads with design volumes greater than 400 veh/day should be treated as major access roads
2 For roads in mountainous terrain with design volumes up to 600 veh/day, use 20.0-ft [6.0-m] total roadway width.

Small differences in the existing or proposed dimensions from those shown in Table 4-1 may be com-
pletely acceptable. For example, on roads used by trucks or wider agricultural equipment, designers
should have the discretion to consider the actual widths of vehicles expected to use a particular road
and modify the width guidelines in Table 4-1 accordingly.
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Where pedestrian facilities are provided, they must be accessible to and usable by individuals with
disabilities (6, 16). Additional design guidance for pedestrian facilities may be found in local policies;
the AASHTO Guide for Planning, Operarion, and Design of Pedestrian Facilities (1); and the Proposed
Accessibility Guidelines for Pedestrian Facilities in the Public Right-of-Way (15},

4.2.1.2 Low-Volume Roads in Urban Areas

As in rural areas, the cross-section width guidelines for low-volume roads in urban areas are related to
basic operational needs. Speeds are lower, trip lengths and lengths of low-volume roads are generally
much shorter, and available right-of-way width is much less than in rural areas. The major functional
needs for low-volume roads in urban areas include the ability for vehicles in opposite directions to pass
one another, the need for vehicles to pass parked or stopped vehicles, the need to provide access for fire
trucks and other emergency vehicles, and the need to accommodate occasional larger delivery vehicles.

Cross-section widths for urban major access roads and urban industrial or commercial access roads
should generally be the same as those shown for comparable rural roads in Table 4-1. Greater widths
should be provided where parking is permitted.

Cross section width guidelines for urban residential streets are shown in Table 4-2. These widths in-
corporate consideration of access for fire trucks and other emergency vehicles. Parking should usually
be permitted on both sides of residential streets. Reduced widths may be appropriate where parking is
restricted to one side of the street. The guidelines in Table 4-2 are adapted from the ITE Neighborhood
Street Design Guidelines (10), which may be consulted for more detailed guidance.

‘The roadway widths presented in Table 4-2 assume that there is sufficient off-street parking (e.g., drive-
ways and garages) so that on-street parking is used only occasionally by visitors and delivery vehicles.

Where pedestrian facilities are provided, they must be accessible to and usable by individuals with
disabilities (6, 16). Additional design guidance for pedestrian facilities may be found in local policies;
the AASHTO Guide for Planning, Operation, and Design of Pedestrian Facilities (1); and the Proposed
Accessibility Guidelines for Pedestrian Facilities in the Public Right of Way (15).
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Table 4-2. Guidelines for Total Roadway Width for New Construction of Two-Lane
Urban Residential Streets [adapted from (10)]

U.S. Customary Metric
; ) Total Roadway Width (ft) with Parking on: Total Roadway Width (m) with Parking on:
Development Dwelling Units per
Density Gross Acre’ Number of Channels? Both Sides One Side Only Both Sides One Side Only
Low <20 2 20-22 18 6.1-6.7 55
Medium 21t06.0 3 26-28 24 79-85 7.3
High 6.1t010.0 4 30-32 28 9.2-98 85
Very high 2101 4 34-38 32 10.4-11.6 9.8

! Gross acreage includes land used for the roadway, alleys, pedestrian and bicycle palhs, easements, parks, schools, or olher neighborhood facililies; use average density for bolh sides of the street.

2 Number of channels represents the number of through and parking lanes; for low and medium density development, both the likelihood of parked vehicles and the traffic volume are low, and the occasional
parked vehicles may park in a lane designated for through traffic, as needed.

Note: These guidelines should not be used as a substitute for engineering judgment. Specific streets may be wider or narrower than these guidelines based on consideration of site-specific factors.

4.2.2 Existing Roads

The cross-section widths of existing roads need not be modified except in those cases where there is ev-
idence of a site-specific crash pattern. Chapter 3 discusses the types of evidence of a site-specific crash
pattern that might be considered. When a site-specific crash pattern that can be mitigated by a wider
roadway is identified, the cross section for the portion of the roadway with the identified crash pattern
should be widened to at least the total roadway width presented above for new construction.

4.3 BRIDGE WIDTH

The key elements in selecting an appropriate bridge width are the width of the adjacent roadway (trav-
eled way and shoulder widths) and, for existing locations, the crash history of the existing bridge.

4.3.1 New Construction

New bridges are those on new roadways where there is no existing roadway or bridge in place. The
widths of new bridges should generally be selected in accordance with the bridge width criteria in
the AASHTO Green Book (5), Chapters 5 and 6 for local and minor collector roads, respectively.
Those criteria indicate that, for bridges on local roads with ADT of 400 vehicles per day or less, the
bridge width should be equal to the width of the traveled way plus 2 ft [0.6 m]. However, when the
entire roadway width (traveled way plus shoulders) is paved, the bridge width should be equal to the
total roadway width. Bridge width should be measured between the inside faces of the bridge rail or
guardrail. Bridges greater than 100 ft [30 m] in length should be evaluated individually to determine
the appropriate bridge width. Bridge usage by trucks, recreational vehicles, bicyclists, and pedestrians
should also be considered in determining the appropriate width.
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One-lane bridges may be provided on single-lane roads and on two-lane roads with design volumes
less than 100 vehicles per day where the designer finds that a one-lane bridge can operate effectively.
The minimum width of a one-lane bridge should be 15 ft {4.5 m] unless the designer concludes that a
narrower bridge can function effectively (e.g., based on the crash history of similar bridges maintained
by the same agency). Caution should be exercised in design of one-lane bridges wider than 16 £t [4.9 m]
to assure that drivers will not use them as two-lane structures. Simultaneous arrival of two or more op-
posing vehicles at 2 one-lane bridge should be rare, given the low traffic volumes, but one-lane bridges
should have pull-offs at each end where drivers can wait for traffic on the bridge to clear.

4.3.2 Existing Bridges

Existing bridges can remain in place without widening unless there is evidence of a site-specific crash
pattern related to the width of the bridge. As described in Section 3.5, evidence of a site-specific crash
pattern may include not only crash history but also other indications such as skid marks, damage to
bridge rail or guardrail, and concerns raised by police or local residents. Where an existing bridge
needs replacement for structural reasons, but there is no evidence of a site-specific crash pattern, and
the existing bridge serves trucks, recreational vehicles, bicyclists, and pedestrians appropriately, the
replacement bridge can be constructed with the same width as the existing bridge; this criterion applies
to bridges that are reconstructed on the same alignment and bridges that are reconstructed on a more

favorable alignment.

4.4 HORIZONTAL ALIGNMENT

For balance in roadway design, all geometric elements should, as far as economically practical, be de-
signed to provide continuous operation at a speed likely to be observed under the general conditions for
that roadway. For the most part, this is done through the use of design speed as the overall control. The
design of roadway curves is based on understanding the appropriate relation between design speed and
curvature and also their joint relations with superelevation and side friction. Although these relations
stem from the laws of physics, the actual values for use in design depend on practical limits and factors
determined more or less empirically over the range of variables involved.

A key parameter that represents the friction demand for a vehicle traversing a horizontal curve is the

side friction factor, which can be estimated as:
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U.S. Customary Metric
V2 2
f=——-00le = -0.0le (4-1)
I15R 127R
where: where:
f = side friction factor; f = side friction factor;
V = vehicle speed, mph; V = vehicle speed, km/h;
R = radius of curve, ft; and R = radius of curve, m; and
e = rate of roadway superelevation, percent. e = rate of roadway superelevation, percent.
A fundamental objective in horizontal curve design is to select a radius of curve, R, such that the side
friction factor, f, of a vehicle traversing the curve at the design speed does not exceed a specified
threshold value. To achieve this, Equation 4-1 can be recast as:
U.S. Customary Metric
v? v? (42)

Ry =
min " 1 5 (Ol()le"m + ,fmax )

R..=
min 127(0019 +.f;nux)

max

where:

R, =minimum curve radius, ft;
e, =maximum rate of superelevation permitted by highway agency policy, and
f = maximum side friction factor.

max

minimum curve radius, m;
maximum rate of superelevation permitted by highway agency policy; and
maximum side friction factor.

Thevaluesof £ and R__ used in design of higher volume roads (i.c., roads with design volumes great-
er than 2,000 vehicles per day) are specified in Chapter 3 of the AASHTO Green Book (5) and are
presented here in Table 4-3. Maximum superelevation rates from 4 to 12 percent may be used in the

design of such curves. Guidance in selection of an appropriate maximum superelevation rate is provid-
ed by the AASHTO Green Book (5). The values of £ __in Table 4-3 are intended to assure the comfort
of drivers in traversing a curve. Actual tire—pavement friction data indicate that these criteria provide
a substantial margin against loss of control due to skidding on most pavements, even at high speeds.
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Table 4-3. Maximum Side Friction Factor and Minimum Radius for Horizontal Curve
Design on Higher Volume Roadways (Design Volume > 2000 veh/day) (5)

U.S. Customary

Minimum Radius (ft), R

min

Max, Superelevation Rate (%), e

Maximum Design
Side Friction Factor,

Design Speed (mph) f o 4 6 8 10 12
10 0.38 25 25 25 25 25
15 0.32 40 40 40 35 35
20 0.27 85 80 75 70 70
25 0.23 155 145 135 125 120
30 0.20 250 230 215 200 190
35 0.18 370 340 315 290 270
40 0.16 535 485 445 410 380
45 0.15 710 645 585 540 500
50 0.14 925 835 760 695 640
55 0.13 1185 1060 960 875 805
60 0.12 1500 1335 1200 1090 1000

Metric

Minimum Radius (m), R

‘min

Max. Superelevation Rate (%), e

Maximum Design
Side Friction Factor,

Design Speed (km/h) f oo 4 6 8 10 12
15 0.40 10 10 10 10 10
20 0.35 10 10 10 10 10
30 0.28 20 20 20 20 20
40 0.23 45 45 40 40 35
50 0.19 85 80 75 70 65
60 0.17 135 125 15 105 100
70 0.15 205 185 170 155 144
80 0.14 280 250 230 210 195
90 0.13 376 335 305 275 255
100 0.12 490 435 395 360 330

A risk assessment by Neuman (11) found that because established horizontal curve design criteria are
based on driver comfort levels, rather than loss of control, the criteria for £, _and R, can be relaxed for
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low-volume roads with average daily traffic volumes of 400 vehicles per day or less with no discernable
change in crash risk. The specific criteria applicable to horizontal curve design for new construction
projects and for existing low-volume roads are presented in Sections 4.4.1 and 4.4.2, respectively.

4.41 New Construction

The following guidelines are recommended for design of horizontal curves in new construction of
low-volume roads:

* For the design of low-volume roads with design volumes of 400 vehicles per day or less without sub-
stantial truck and recreational vehicle volumes, acceptable operations can be obtained with smaller
curve radii than those shown in Table 4-3. Design radii based on a reduction in design speed of 5
to 10 mph or 10 to 20 km/h, may be used. The maximum reduction in design speed of 10 mph or
20 km/h is generally appropriate for roadways with speeds of 45 mph or 70 km/h or more and with
design volumes of 250 vehicles per day or less. For roadways with design volumes of 250 to 400
vehicles per day without substantial truck volumes, the appropriate maximum reduction in design
speed is 10 mph or 15 km/h.

* For the design of low-volume roads with design volumes of 400 vehicles per day or less that carry
substantial recreational vehicle or truck traffic, design radii based on no reduction in design speed
should be used at very low speeds (e.g., 15 mph or 20 km/h). This guideline reflects the greater like-
lihood of truck rollover at low speeds. At higher speeds, design radii based on a reduction in speed
of no more than 5 mph or 10 km/h, may be used.

The specific guidelines for the design of horizontal curves in new construction projects are presented

separately for seven categories of low-volume roads. These are:

* rural major access, minor access, and recreational and scenic roads with design volumes of 250 ve-

hicles per day or less;

* rural major access, minor access, and recreational and scenic roads with design volumes from 251 to

400 vehicles per day;

* rural industrial or commercial access, agricultural access, and resource recovery roads with design

volumes up to 400 vehicles per day;

* urban major access streets with design volumes of 250 vehicles per day or less and urban residential
streets;

* urban major access streets with design volumes from 251 to 400 vehicles per day;
* urban industrial or commercial access streets with design volumes up to 400 vehicles per day; and

* low-volume roads of any functional subclass with design volumes of 401 to 2,000 vehicles per day.

Horizontal curve design criteria for new construction of roads in each of these seven categories are
2
presented below.
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4.41.1 Rural Major Access, Minor Access, and Recreational and Scenic Roads
(250 Vehicles per Day or Less)

The design of horizontal curves for major access, minor access, and recreational and scenic roads in
rural areas is based on the expectation that the proportion of large trucks in these functional subclass-
cs is relatively low. Newly constructed rural roads in these subclasses should be designed using the
limiting values of £ and R . shown in Table 4-3, whenever practical. In constrained situations, for
roads with design volumes of 250 vehicles per day or less, horizontal curves may be designed using the
limiting values for £, and R__ presented in Table 4-4. This table incorporates reductions in design
speed up to 10 mph or 20 km/h based on the design principles presented above. Table 4-4 is appro-
priate in constrained situations, where providing a horizontal curve designed in accordance with Table
4-3 would result in significant additional costs for carthwork or right-of-way acquisition or would have
significantly greater environmental impacts. Design superelevation and superelevation transitions for
this category of low-volume roads is discussed in Section 4.4.1.8.

4.4.1.2 Rural Major Access, Minor Access, and Recreational and Scenic Roads
(251 to 400 Vehicles per Day)

As in the previous category, rural major access, minor access, and recreational and scenic roads with
design volumes from 251 to 400 vehicles per day should be designed with horizontal curves based on
the limiting values of £ _and R_. shown in Table 4-3, whenever practical. In constrained situations,
the limiting values of /,_and R, shown in Table 4-5 may be used. Table 4-5 incorporates reductions
in design speed up to 10 mph or 15 km/h based on the design principles presented above. Design of
superelevation and superelevation transitions for this category of very low-volume roads is discussed in
Section 4.4.1.8.

4.4.1.3 Rural Industrial or Commercial Access, Agricultural Access, and Resource Recovery
Roads (400 Vehicles per Day or Less)

Horizontal curves on rural industrial or commercial access, agricultural access, and resource recovery
roads with design volumes of 400 vehicles per day or less should be designed using the limiting values
of £ _and R . shown in Table 4-3, whenever practical. In constrained situations, the limiting values
of f and R . shown in Table 4-6 may be used. Table 4-6 incorporates reductions in design speed up
to 5 mph or 10 km/h. Lower reductions in design speed are used for industrial or commercial, agricul-
tural access, and resource recovery roads because these functional subclasses are more likely than other
subclasses to carry substantial proportions of large trucks. Design of superelevation and superelevation

transitions for this category of low-volume roads is discussed in Section 4.4.1.8.
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Table 4-4. Guidelines for Maximum Side Friction Factor and Minimum Radius

(New Construction, Design Volume < 250 veh/day, Limited Proportion of Heavy

Vehicle Traffic)

U.S. Customary
Minimum Radius (ft), R__
Max. Superelevation Rate (%}, e
Maximum Design
Design Speed Reduced Design Side Friction
(mph) Speed (mph) Factor, f 4 6 8 10 12
10 10 0.380 25 25 25 25 25
15 15 0.320 40 40 40 35 35
20 15 0.320 40 40 40 35 35
25 20 0.270 85 80 75 70 70
30 20 0.270 85 80 75 70 70
35 25 0.230 155 145 135 125 120
40 30 0.200 250 230 215 200 190
45 35 0.180 370 340 315 290 270
50 40 0.160 535 485 445 410 380
56 45 0.150 710 645 585 540 500
60 50 0.140 925 835 760 695 640
Metric
Minimum Radius (m), R
Max. Superelevation Rate (%), e,
Maximum Design
Design Speed Reduced Design Side Friction
(km/h) Speed (km/h) Factor, f 4 6 8 10 12

15 15 0.400 10 10 10 10 10
20 20 0.350 10 10 10 10 10
30 25 0.315 15 15 10 10 10
40 30 0.280 20 20 20 20 20
50 35 0.255 35 30 30 25 25
60 45 0.210 65 60 55 50 50
70 50 0.190 85 80 7% 70 65
80 60 0.170 135 125 15 105 100
90 70 0.150 205 185 170 155 145
100 80 0.140 280 250 230 210 195
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Table 4-5. Guidelines for Maximum Side Friction Factor and Minimum Radius
(New Construction, Design Volumes from 251 to 400 veh/day, Limited Proportion

of Heavy Vehicle Traffic)
U.S. Customary
Minimum Radius (ft),R
Max. Superelevation Rate (%), e
Maximum Design
Design Speed Reduced Design Side Friction
(mph) Speed (mph) Factor, f 4 6 8 10 12
10 10 0.380 25 25 25 25 25
15 15 0.320 40 40 40 35 35
20 15 0.320 40 40 40 35 35
25 20 0.270 85 80 75 70 70
30 25 0.230 155 145 135 125 120
35 30 0.200 250 230 A5 200 190
40 35 0.180 370 340 35 290 270
45 40 0.160 535 485 445 410 380
50 45 0.150 710 645 585 540 500
55 50 0.140 925 835 760 695 640
60 50 0.140 925 835 760 695 640
Metric
Minimum Radius (m},R__
Max. Superelevation Rate (%), e
Maximum Design
Design Speed Reduced Design Side Friction

(kmfh) Speed (km/h) Factor, f__ 4 6 8 10 12
15 15 0.400 10 10 10 10 10
20 20 0.350 10 10 10 10 10
30 25 0.315 15 15 10 10 10
40 30 0.280 20 20 20 20 20
50 40 0.230 45 45 40 40 35
60 50 0.190 85 80 75 70 65
70 60 0.170 135 125 115 105 100
80 65 0.160 165 155 140 130 120
90 75 0.145 240 215 195 180 165
100 85 0.135 325 290 265 240 225
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Table 4-6. Guidelines for Maximum Side Friction Factor and Minimum Radius

(New Construction, Design Volumes of 400 veh/day or Less, Substantial Proportion

of Heavy Vehicle Traffic)

U.S. Customary
Minimum Radius (ft), R
Max. Superelevation Rate (%), e,
Maximum Design
Design Speed Reduced Design Side Friction
{mph) Speed (mph) Factor, f 4 6 8 10 12
10 10 0.380 25 25 25 25 25
15 15 0.320 40 40 40 35 35
20 20 0.270 85 80 75 70 70
25 25 0.230 155 145 135 125 120
30 25 0.230 155 145 135 125 120
35 30 0.200 250 230 215 200 190
40 35 0.180 370 340 315 290 270
45 40 0.160 535 485 445 410 380
50 45 0.150 710 645 590 540 500
55 50 0.140 925 835 760 695 640
60 55 0.130 1190 1060 960 875 805
Metric
Minimum Radius (m), R .
Max. Superelevation Rate (%), e
Maximum Design
Design Speed Reduced Design Side Friction
{km/h) Speed (kmih) Factor, f,_ 4 6 8 10 12

15 15 0.400 10 10 10 10 10
20 20 0.350 10 10 10 10 10
30 30 0.280 20 20 20 20 20
40 40 0.230 45 45 40 40 35
50 45 0.210 65 60 55 50 50
60 55 0.180 10 100 90 85 80
70 65 0.160 165 155 140 130 120
80 70 0.150 205 185 170 155 145
90 80 0.140 280 250 230 210 195
100 90 0.130 375 335 305 275 255
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4.4.1.4 Urban Major Access Streets (250 Vehicles per Day or Less) and Urban Residential
Streets (400 Vehicles per Day or less)

Horizontal curves on urban major access streets with design volumes of 250 vehicles per day or less
and on urban residential streets with design volumes of 400 vchicles per day or less should be designed
in accordance with the limiting values of / and R _ presented in Table 4-3, whenever practical. In
constrained situations, the limiting valucs of £ and R, shown in Table 4-4 may be used in place
of Table 4-3. Design of supcrclevation and superelevation transitions for this category of low-volume

roads is discussed in Section 4.4.1.8,
4.4.1.5 Urban Major Access Streets (251 to 400 Vehicles per Day)

Horizontal curves on urban major access streets with design volumes from 251 to 400 vehicles per
day should be designed in accordance with the limiting values of £ and R presented in Table 4-3,
whenever practical. In constrained situations, the limiting values of fmax and R shown in Table 4-5
may be used in place of Table 4-3. Design of superelevation and superelevation transitions for this cat-

egory of low-volume roads is discussed in Section 4.4.1.8.
4.4.1.6 Urban Industrial or Commercial Access Streets {400 Vehicles per Day or Less)

Horizontal curves on urban industrial or commercial access streets should be designed in accordance
with the limiting values of £, and R presented in Table 4-3, whenever practical. In constrained
situations, the limiting values of £ and R_,_shown in Table 4-6 may be used in place of Table 4-3.
Design of superelevation and superelevation transitions for this category of low-volume roads is dis-
cussed in Section 4.4.1.8.

4.4.1.7 Low-Volume Roads of Any Functional Subclass (401 to 2,000 Vehicles per Day)

Horizontal curves on low-volume roads in any functional subclass should be designed in new construc-

tion projects in accordance with the limiting values of /. and R, presented in Table 4-3.
4.4.1.8 Superelevation and Superelevation Transitions

Once the radius for a particular horizontal curve has been determined, the selection of the appro-
priate superelevation and the design of superelevation transitions should proceed in accordance with
the criteria presented in Chapter 3 of the AASHTO Green Book (5). Where the horizontal curve
design is based on Table 4-3, the superclevation and superelevation transition design should follow the
criteria from Chapter 3 of the AASHTO Green Book for the actual roadway design speed. Where
the horizontal curve design is based on Tables 4-4, 4-5, or 4-6, the superelevation and superelevation
transition design follow the criteria from Chapter 3 of the AASHTO Green Book using the reduced
design speed indicated in Tables 4-4, 4-5, or 4-6 in place of the roadway design speed. The criteria in
Chapter 3 of the AASHTO Green Book concerning situations where no superelevation is needed ap-
ply to low-volume roads based on the roadway design speed or the reduced design speed, as appropriate.
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4.4.2 Existing Roads

For improvement projects on existing low-volume roads, the existing horizontal curve geometry should
generally be considered acceptable unless there is evidence of a site-specific crash pattern related to
horizontal curvature. The following guidelines reflect the results of the risk assessment for horizontal
curves on existing roads:

* For curves on low-volume roads with low speeds (design or estimated operating speed of 45 mph
[70 km/h] or less), reconstruction without changing the existing curve geometry and cross section
is acceptable if the nominal design speed of the curve is within 20 mph or 30 km/h of the design or
operating speed, and if there is no clear evidence of a site-specific crash pattern associated with the

CUrve,

* For curves on low-volume roads with higher speeds (design or estimated operating speed greater
than 45 mph [70 km/h]), reconstruction without changing the existing curve geometry and cross
section is acceptable if the nominal design speed of the curve is within 10 mph or 20 km/h of the
design or operating speed, and if there is no clear evidence of a site-specific crash pattern associated
with the curve.

Evidence of a site-specific crash pattern may be demonstrated by a history of curve-related crashes
(considering at least 5 years, and preferably 10 years, of crash data); physical evidence of curve problems
such as skid marks, scarred trees or utility poles, substantial edge rutting or encroachments, etc.; a
history of complaints from residents or local police; or measured or known speeds substantially higher
(e.g., 20 mph or 30 km/h higher) than the intended design speed. Even with such evidence, curve
improvements should focus on low-cost measures designed to control speeds, enhance curve tracking,
or mitigate roadside encroachment severity. Except in rare circumstances, there are more cost effective

solutions to identified curve problems on low-volume roads than curve flattening and reconstruction.

Acceptable substitutes for curve reconstruction include measures to reduce speed in the curve (sign-
ing, rumble strips, pavement markings), measures to improve the roadside within the curve (clear-
ing slopes, widening shoulder through curve), and measures to increase pavement friction within the
curve. Reconstruction employing any or all of these measures should be accompanied by appropri-
ate before-and-after studies to monitor their effectiveness. Procedures for before-and-after evaluation
studies are presented in Chapter 9 of the AASHTO Highway Safety Manual (2).

4.5 STOPPING SIGHT DISTANCE

Sight distance is the length of roadway ahead visible to the driver. The available sight distance on a
roadway should be sufficiently long to enable a vehicle traveling at or near the design speed to avoid col-
liding with a stationary object in its path. For new construction projects on higher volume roads with
design volumes greater than 2,000 vehicles per day, sight distance at every point on the road should
be at least that needed for a poorly performing driver or a poorly equipped vehicle to stop within the
available sight distance. The object normally considered in stopping sight distance design is a stopped
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vehicle in the roadway. On local roads with low design volumes (400 vehicles per day or less), on which
stopped vehicles would rarely be expected, provision of sufficient sight distance for a driver to maneuver
around a small object on the road, rather than come to a stop, may be appropriate.

Stopping sight distance is generally determined as the sum of two distances: (1) the distance traversed
by the vehicle from the instant the driver sights an object necessitating a stop to the instant the brakes
are applied; and (2) the distance needed to stop the vehicle from the instant brake application begins.
These are referred to as brake reaction distance and braking distance, respectively. Similarly, sight dis-
tance to maneuver around an object incorporates a maneuver reaction time and a maneuver time. The -
current stopping sight distance criteria in the AASHTO Green Book (5) are based on the following

model:
U.S. Customary : Metric
V? y?
SSD = 147Vt + 1.075— SSD = 0.278Vt + 0.039— {4-3)

a a

where: where:

SSD = sight distance, ft; SSD = sight distance, m;

t = brake reaction time, s; t = brake reaction time, s;

V= design speed, mph; and V= design speed, km/h; and

a = deceleration rate, ft/s® a = deceleration rate, m/s%.

'The brake reaction time () of 2.5 s used in Equation 4-3 represents approximately the 95th percentile
of the observed distribution of brake-reaction times. The deceleration rate, a, of 11.2 ft/sec? [3.4 m/s?]
used in Equation 4-3 represents approximately the 10th percentile of driver deceleration rate. These
values of brake reaction time and driver deceleration rate were developed in research for higher volume

roads in NCHRP Report 400 (7).

As discussed later in this section, sight distance plays a key role in setting the minimum lengths of crest
vertical curves. The AASHTO Green Book (5) uses values for height of eye (51) and height of object
(52) equal to 3.5 ft and 2.0 ft [1,080 mm and 600 mm], respectively.

Sight distance criteria applicable to new construction projects and to existing low-volume roads are
presented below. The design criteria for stopping sight distance on low-volume roads vary with traffic
volume levels and the proximity of intersections, narrow bridges, railroad-highway grade crossings,
sharp curves, and steep grades, but the design criteria do not vary between rural and urban areas or

between functional subclasses of low-volume roads.
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4.5.1 New Construction

Design of newly constructed low-volume roads with design volumes of 400 vehicles per day or less may
be based on sight distances lower than those presented in the AASHTO Green Book (5). NCHRP
Report 400 {7) found that collisions at crest vertical curves with limited sight distance are extremely
rare events, even on higher volume roadways, and that the object struck in such collisions was pre-
dominately another motor vehicle, Furthermore, there was no indication that lengthening of the sight
distance at crest vertical curves has any demonstrable effect on reducing the number of collisions. The
risk assessment by Neuman (11) for roads with average daily traffic volumes of 400 vehicles per day or
less concluded that collisions with vehicles stopped in the roadway were far less likely on such roads
than even the limited likelihood of collisions with stopped vehicles on higher volume roads and that
sight distance values lower than those presented in the AASHTO Green Book (5) for higher volume
roads can be applied to such roads with minimal effect on crash frequency and severity. Based on the
formal risk assessment by Neuman, two sets of alternative sight distance criteria for roads with design
volumes of 400 vehicles per day or less are recommended. The maneuver sight distance model devel-
oped in NCHRP Report 400 (7) is recommended for application to:

* roads with traffic volumes of 100 vehicles per day or less; or

* roads with traffic volumes of 101 to 250 vehicles per day located at lower risk locations, such as
locations not in close proximity to intersections, narrow bridges, railroad-highway grade crossings,
sharp curves, or steep downgrades.

The sight distance model presented in Equation 4-3 using alternative parameter values for brake-reac-
tion time and driver deceleration is recommended for the following types of low-volume roads:

* roads with design volumes of 101 to 250 vehicles per day located at higher risk locations, such as
locations near intersections, narrow bridges, or railroad-highway grade crossings, or in advance of
sharp curves and steep downgrades; or

¢ roads with design volumes of 251 to 400 vehicles per day

The alternative parameter values recommended for use when Equation 4-3 is applied to new construc-

tion of roads with design volumes of 400 vehicles per day or less are:

* a brake-reaction time of 2 s, based on the 90th rather than the 95th percentile of observed driver

behavior; or

* adriver deceleration of 13.4 {t/s* [4.1 m/s?], based on the 50th percentile rather than the 10th per-

centile of the observed distribution
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Table 4-7 presents recommended design stopping sight distance criteria for new construction on roads
with design volumes of 400 vehicles per day or less based on the models discussed above. These criteria
may be used in design of both horizontal and crest vertical curves for new construction.

Table 4-7. Design Stopping Sight Distance Guidelines for New Construction of
Low-Volume Roads with Design Volumes of 2,000 Vehicles per Day or Less

U.S. Customary

Minimum Sight Distance (ft) for Specified Design
Traffic Volumes and Location Types

401-2,000
0-100 veh/day 101-250 veh/day 251-400 vehlday veh/day
"“Lower Risk" "Higher Risk”
Design Speed (mph) All Locations Locations' Locations? All Locations All Locations
15 65 65 65 65 80
20 90 90 95 95 115
25 115 15 125 126 155
30 135 135 165 165 200
35 170 170 205 205 250
40 215 215 250 250 305
45 260 260 300 300 360
50 310 310 350 350 425
55 365 365 405 405 495
60 435 435 470 470 570
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Metric

Minimum Sight Distance (m) for Specified Design
Traffic Volumes and Location Types

401-2,000
0-100 veh/day 101-250 veh/day 251-400 veh/day veh/day
“Lower Risk” “Higher Risk"
Design Speed (km/h) All Locations Locations' Locations? All Locations All Locations
20 15 15 15 15 20
30 25 25 30 30 35
40 35 35 40 40 50
50 45 45 55 55 65
60 60 60 70 70 85
70 75 75 90 90 105
80 95 95 110 10 130
90 120 120 130 130 160
100 140 140 155 155 185

' Notin close proximity to intersections, narrow bridges, railroad-highway grade crossings, sharp curves, or steep downgrades.
7 Near intersections, narrow bridges, or railroad-highway grade crossings, or in advance of sharp curves or sleep downgrades.

For new construction of roads with design volumes greater than 400 vehicles per day, the stopping sight
distance criteria presented in Chapter 3 of the AASHTO Green Book (5) should be applied.

4.5.1.1 Sight Distance on Horizontal Curves

Sight distance across the inside of horizontal curves is an element of the design of horizontal align-
ment. Where there are sight obstructions (such as walls, cut slopes, vegetation, buildings, or longitudi-
nal barriers) on the inside of a horizontal curve, a design to provide adequate sight distance may need
an adjustment in the normal highway cross section or a change in alignment if the obstruction cannot
be removed. Because of the many variables in alignment and cross sections and in the number, type,
and location of possible obstructions, a specific study is usually needed for each condition. With the
sight distance specified in Table 4-7 for the appropriate design speed as a control, the designer should
check the actual condition and make any needed adjustments in the manner most fitting to provide
adequate sight distances.

For general use in the design of a horizontal curve, the sight line is a chord of the horizontal curve,
and the applicable stopping sight distance is measured along the centerline of the inside lane around
the curve. The minimum width that should be clear of sight obstructions is the middle ordinate of the
curve, referred to in geometric design as the horizontal sightline offset, /80, as shown in Figure 4-1.
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Sight Distance (S) %
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—¢
el I

@Sight

Sight Obstruction

Figure 4-1. Horizontal Curve Showing Stopping Sight Distance Along the Curve and the Horizontal
Sightline Offset that Defines the Maximum Unobstructed Width

The horizontal sightline offset can be computed, for any curve whose length exceeds the design sight

distance, as shown in Equation 4-4:

U.S. Customary

Metric

28.655
HSO=R[1—COS( )l

HSO:R[l—cos(

28.655
)] (4-4)

where:

S = Sight distance, ft;
R = Radius of curve, ft; and
HSO = Horizontal sightline offset, ft.

where:

S Sight distance, m;
R Radius of curve, m;and
HSO = Horizontal sightline offset, m.

Table 4-8 presents the horizontal sightline offsets that define the width that should be clear of sight
obstructions for a horizontal curve as a function of curve radius and design speed.
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Table 4-8. Design Guidelines for Sight Distance on Horizontal Curves for New
Construction of Low-Volume Roads

U.S. Customary
All Locations for 0-100 veh/day and “Lower Risk” Locations “Higher Risk” Locations for 101-250 veh/day
for 101-250 veh/day’ and All Locations for 251-400 veh/day?
Width on Inside of Curve Clear of Sight Obstructions? (ft) Width on Inside of Curve Clear of Sight Obstructions? (ft)
Radius of Curvature (ft) Radius of Curvature (ft)
Stopping Stopping

Design Sight Design Sight

Speed  Distance Speed  Distance

(mph} (ft) 50 100 200 500 1000 2000 5000 10000 20000  (mph) () 50 100 200 500 1000 2000 5000 10000 20000
15 65 102 52 26 1.1 05 0.3 0.1 0.1 00 15 65 10.2 52 26 14 05 03 0.1 0.1 0.0
20 90 — 100 50 20 1.0 0.5 0.2 0.1 0.1 20 95 — 11 5.6 23 11 06 0.2 0.1 0.1
25 15 — — 8.2 33 1.7 0.8 03 0.2 0.1 25 125 - — 9.7 39 20 1.0 04 0.2 0.1
30 135 —_ - 13 45 23 1.1 0.5 0.2 0.1 30 165 — - 168 68 34 17 07 0.3 02
35 170 — - - 7.2 36 1.8 07 0.4 02 35 205 — — - 105 52 26 11 05 03
40 215 = — — 1.5 5.8 29 1.2 0.6 03 40 250 — — —= 155 78 39 16 0.8 04
45 260 - — — 16.8 8.4 4.2 1.7 0.8 04 45 300 — — — 223 112 56 23 1.1 06
50 310 — — - — 120 6.0 24 1.2 0.6 50 350 — - - — 153 17 34 1.5 08
55 365 - - — - 166 83 33 1.7 0.8 55 405 - - - — 204 102 4.1 21 10
60 435 - - — - 236 18 47 24 1.2 60 470 — - - — 215 138 55 28 14

Metric
All Locations for 0-100 veh/day and “Lower Risk” Locations “Higher Risk™ Locations for 101-250 veh/day
for 101-250 veh/day’ and All Locations for 251-400 veh/day?
Width on Inside of Curve Clear of Sight Obstructions? (m) Width on Inside of Curve Clear of Sight Obstructions? (m)
Radius of Curvature (m) Radius of Curvature {m)
Stopping Stopping

Design Sight Design Sight

Speed  Distance Speed  Distance

{km/h) (m) 10 50 100 200 500 1000 2000 4000 6000 {km/h) (m) 10 50 100 200 500 1000 2000 4000 6000
20 15 2.1 06 03 0.1 0.1 0.0 0.0 0.0 0.0 20 156 2.7 06 0.3 0.1 0.1 0.0 0.0 0.0 0.0
30 25 - 16 0.8 04 0.2 0.1 0.0 0.0 0.0 30 30 — 22 11 0.6 02 01 0.1 0.0 00
40 35 - 30 1.5 038 0.3 0.2 0.4 0.0 0.0 40 40 — 39 20 1.0 04 0.2 0.1 0.1 0.0
50 45 - — 25 13 0.5 0.3 0.1 01 0.0 50 55 — - 38 1.9 08 04 0.2 0.1 0.1
60 60 = - — 22 0.9 0.5 02 0.1 0.1 60 70 —_ - - 31 1.2 0.6 0.3 0.2 0.1
70 5 —_ - — 35 14 0.7 04 0.2 0.1 70 90 — - — 5.0 20 1.0 0.5 03 0.2
80 95 - — — 56 23 141 0.6 0.3 0.2 80 110 — - — 15 30 15 0.8 04 03
90 120 - - - - 36 18 0.9 0.5 0.3 90 130 — - — - 42 21 11 0.5 0.4
100 140 = - - — 49 24 1.2 0.6 0.4 100 155 — — — — 6.0 30 1.5 0.8 05

Continued on next page.
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Table 4-8. Design Guidelines for Sight Distance on Horizontal Curves for

New Construction of Low-Volume Roads (Continued)

U.S. Customary

All Locations for 401-2,000 veh/day

Width on Inside of Curve Clear of Sight Obstructions’ (ft)

Radius of Curvature (ft)

Design Speed  Stopping Sight

(mph) Distance (ft) 50 100 200 500 1,000 2,000 5,000 10,000 20,000
15 80 15.2 7.9 4.0 1.6 0.8 0.4 0.2 0.1 0.0
20 115 — 16.1 8.2 3.3 1.7 0.8 03 0.2 0.1
25 155 — — 14.8 6.0 3.0 156 06 0.3 0.2
30 200 — — 245 10.0 5.0 2.5 1.0 0.5 0.3
35 250 — — — 155 78 3.9 1.6 0.8 0.4
40 305 — — — 231 116 58 23 1.2 0.6
45 360 — — - 3241 16.2 8.1 32 1.6 0.8
50 425 — — — — 22.3 1.3 45 23 11
56 495 — — — — 305 15.3 6.1 31 1.5
60 570 — — — — 40.3 20.3 8.1 41 2.0

Metric
All Locations for 401-2,000 veh/day
Width on Inside of Curve Clear of Sight Obstructions? {m)
Design Speed  Stopping Sight Radha of SHratirpim)

(km/h) Distance (m) 10 50 100 200 500 1,000 2,000 4,000 6,000
20 20 46 1.0 0.5 0.2 0.1 0.1 0.0 0.0 0.0
30 35 — 3.0 15 0.8 0.3 0.2 0.1 0.0 0.0
40 50 - 6.1 31 1.6 06 0.3 0.2 0.1 0.1
50 65 — — 52 26 11 05 0.3 0.1 0.1
60 85 — — — 45 18 0.9 05 0.2 0.2
70 105 — — — 6.9 28 1.4 0.7 0.3 0.2
80 130 — — — 10.5 4.2 21 1.1 0.5 04
90 160 — — — — 6.4 3.2 16 0.8 0.5
100 185 — — — — 8.5 4.3 21 11 0.7

! “Lower risk” locations are locations not in close proximity to intersections, narrow bridges, railroad-highway grade crossings, sharp curves, or steep down-
grades.

% *Higher risk” locations are locations near intersections, narrow bridges, or railroad-highway grade crossings, or in advance of sharp curves or steep down-
grades.

* Width on inside of curve clear of sight obstructions is measured from the centerline of the inside lane.
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4.5.1.2 Sight Distance on Vertical Curves

Vertical curves are provided to effect 2 smooth and gradual change between tangent grades and may be
any one of the crest or sag types depicted in Figure 4-2. Vertical curves should be simple in application
and should result in a design that is comfortable in operation, pleasing in appearance, and adequate
for drainage, with limited likelihood of crashes. For simplicity, the parabolic curve with an equivalent
vertical axis centered on the vertical point of intersection is usually used in roadway profile design. The
vertical offsets from the tangent vary as the square of the horizontal distance from the beginning of

the curve.

TYPE I

G,, and G,, Tangent grades in percent.
A, Algebraic difference.

TYPE HI L, Length of vertical curve. TYPE IV

SAG VERTICAL CURVES

Figure 4-2, Types of Vertical Curves

4.5.1.3 Crest Vertical Curves

'The major control for operation on crest vertical curves is the provision of sight distance appropriate
for the roadway design speed. In new construction of low-volume roads, crest vertical curves should,
where practical, be designed to have at least the length that provides the stopping sight distance values
presented in Table 4-7. These lengths can be determined as shown in Equations 4-5 through 4-8:
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U.S. Customary Metric
When Sis less than L, When Sis less than L,
B AS? ~ AS? (4-5)
= 3 = 2
100 {2k, +J2h, ) 100 (/28 + 21, )
When Sis grealer than L, When S is greater than L,
i) folnf
200 (|, + 1, 200 (| +Jh, )
i =85 (VA + P ol L
A A
where: where:
L =length of vertical curve, ft; L =length of vertical curve, m;
S = sight distance, ft; S = sight distance, m;
A = algebraic difference in grades, percent; A = algebraic difference in grades, percent;
h, = height of eye above roadway surface, ft; and h, = height of eye above roadway surface, m; and
h, = height of object above roadway surface, ft. h, = height of object above roadway surface, m.
When the height of eye (4;) and height of object (4,) are 3.5 ft and 2.0 ft [1,080 mm and 600 mm],
respectively, as used for stopping sight distance, Equations 4-5 and 4-6 become:
U.S. Customary Metric
When Sis less than L, When S is less than L,
: 48? . As?
il v 47
2158 658 )
When S is greater than L, When S is greater than L,
2158 = g 08
L=0§-2"2 =28 («8)
A A

Table 4-9 presents the rate of vertical curvature, K, that will provide stopping sight distance for crest
vertical curves on low-volume roads. The appropriate length for a vertical curve can generally be de-
termined by multiplying the K-value in Table 4-9 by the algebraic difference in grade between the

adjoining tangents.
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Table 4-9. Guidelines for Minimum Rate of Vertical Curvature to Provide Design
Stopping Sight Distance on Crest Vertical Curves for New Construction of Low-Volume
Roads
U.S. Customary
All Locations for 0-100 veh/day and “Lower Risk”  “Higher Risk” Locations for 101-250 veh/day and All Locations for
Locations for 101-250 veh/day' All Locations for 251-400 veh/day? 401-2,000 veh/day
Rate of Vertical Rate of Vertical Stopping Rate of Vertical
Curvature, K* Curvature, K Sight Curvature, K
Design Speed  Stopping Sight Stopping Sight Distance
(mph) Distance (ft) Calculated Design Distance (ft) Calculated Design (ft) Calculated Design
15 65 20 2 65 2.0 2 80 30 3
20 90 3.8 4 95 42 5 115 6.1 i
25 115 6.1 7 125 7.2 8 200 111 12
30 135 8.4 9 165 12.6 13 250 18.5 19
35 170 134 14 205 195 20 305 29.0 29
40 215 214 22 250 29.0 29 360 431 44
45 260 33 32 300 447 42 425 60.1 61
50 310 445 45 350 56.8 57 495 837 84
55 365 61.7 62 4056 76.0 76 570 113.5 114
60 435 87.7 88 470 102.4 103 — 150.6 151
Metric
All Locations for 0-100 veh/day and “Lower Risk” “Higher Risk" Locations for 101-250 veh/day All Locations for
Locations for 101-250 veh/day’ and All Locations for 251-400 veh/day? 401-2,000 veh/day
Rate of Vertical Rate of Vertical Stopping e
Curvature, K Curvature, K Sight Curvature, K
Design Speed  Stopping Sight Stopping Sight Distance
(km/h) Distance (m) Calculated Design Distance (m) Calculated Design (m) Calculated Design
20 15 0.3 0.5 15 0.3 0.5 20 0.6 1
30 25 0.9 1 30 14 2 35 19 4
40 35 1.9 2 40 24 4 50 38 4
50 45 3.1 4 55 46 5 65 6.4 7
60 60 5.5 6 70 74 8 85 1.0 1
70 75 85 9 90 12.3 13 105 16.8 17
80 95 13.7 14 10 18.4 19 130 25.7 26
90 120 219 22 130 257 26 160 38.9 39
100 140 29.8 30 165 36.5 37 185 52.0 52

' “Lower risk” locations are locations not in close proximity to intersections, narrow bridges, railroad-highway grade crossings, sharp curves, or steep downgrades.
2 “Higher risk” locations are locations near intersections, narrow bridges, or railroad-highway grade crossings, or in advance of sharp curves or steep downgrades,
* The rate of vertical curvalure, K, is the length of curve (L) per percent algebraic difference in intersecting grades (A); i.e., K= UA.
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4.5.1.4 Sag Vertical Curves

There are no special guidelines for design of sag vertical curves on low-volume roads. Sag vertical curves

should generaltly be designed in accordance with Chapters 5 and 6 of the AASHTO Green Book (5).

4.5.2 Existing Roads

Given the geometry of stopping sight distance on horizontal and crest vertical curves, the costs for even
marginal or incremental improvements make reconstruction of low-volume roads to increase stopping
sight distance not cost-effective except in unusual cases. NCHRP Report 400 (7) found that, even
on higher volume roadways, crashes associated with limited sight distance are extremely rare cvents.
Furthermore, there was no indication that lengthening the sight distance of a crest vertical curve has
any demonstrable cffect on reducing the number of collisions. Collisions related to limited sight dis-
tance are even less likely on low-volume roads than on the higher volume roads studied in NCHRP
Report 400 (7).

Because sight distance improvements are unlikely to be cost-eftective under most circumstances, the
existing sight distance on a low-volume road may be allowed to remain in place unless there is evidence
of a site-specific crash pattern attributable to inadequate sight distance. If a site-specific crash pattern
is identified, and if the designer finds after investigation that the crash pattern is attributable to lim-
ited sight distance, then the sight distance of the specific horizontal or vertical curve(s) at which the
problem is present should be upgraded to at least the sight distance levels shown in Table 4-7 as part of
any reconstruction project undertaken. Sight distance could be increased to the full criteria presented
in the AASHTO Green Book (5) where the judgment of the designer indicates that this is appropri-
ate. This approach is intended to provide maximum flexibility to the designer in assessing site-specific
conditions and exercising informed judgment to decide whether a correctable problem is present or
not. Guidance concerning identification of site-specific crash patterns is found in Section 3.5 of these

guidelines.

4.6 INTERSECTION SIGHT DISTANCE

4.6.1 General Considerations

Each intersection has the potential for several different types of vehicle-vehicle conflicts. The possi-
bility of these conflicts actually occurring can be greatly reduced through the provision of proper sight
distances and appropriate traffic controls. The avoidance of crashes and the efficiency of trafhc opera-
tions still depend on the judgment, capabilities, and response of each individual driver.

The driver of a vehicle approaching an at-grade intersection should have an unobstructed view of
the entire intersection, including any intersection traffic-control devices, and sufficient lengths of the
intersecting road to permit the driver to anticipate and avoid potential collisions. The sight distance
that should be used for design under various assumptions of physical conditions and driver behavior is
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directly related to vehicle speeds and to the resultant distances traversed during perception—reaction
time and braking.

Guidelines for intersection sight distance at intersections between low-volume roads with design vol-
umes of 400 vehicles per day or less are presented here. However, if one or more of the intersection
legs has a design traffic volume that exceeds 400 vehicles per day, intersection sight distance for newly
constructed intersections should be designed in accordance with Chapter 9 of the AASHTO Green
Book (5).

Stopping sight distance is generally provided continuously along each road or street so that drivers have
a view of the roadway ahead that is sufficient to allow drivers to stop or take evasive action, if necessary,
under prescribed conditions. The provision of stopping sight distance at all locations along cach road or
street, including intersection approaches, is fundamental to intersection operations.

Vehicles are assigned the right-of-way at intersections by traffic-control devices or, where no traf-
fic-control devices are present, by the rules of the road. A basic rule of the road is that, at an intersection
at which no traffic-control devices are present, the vehicle on the left must yield the right-of-way to the
vehicle on the right if they arrive at approximately the same time. Sight distance is provided at inter-
scctions to allow the drivers of vehicles without the right-of-way te perceive the presence of potentially
conflicting vehicles in sufficient time for the vehicle without the right-of-way to stop, if necessary,
before reaching the intersection. The methods for determining the sight distances needed by drivers
approaching intersections are based on the same principles as stopping sight distance, but incorporate
modified assumptions based on observed driver behavior at intersections.

Sight distance is also provided at intersections to allow the drivers of vehicles stopped on intersection
approaches a sufficient view of the intersecting highway to decide when to turn onto the intersecting
highway or to cross it from a stop- or yield-controlled approach to an intersection that has both con-
trolled and uncontrolled approaches. If the available sight distance for an entering or crossing vehicle
is at least equal to the appropriate stopping sight distance for the uncontrolled approach, then drivers
should have sufficient sight distance to anticipate and avoid collisions. However, in some cases, this may
require a vehicle on an uncontrolled approach to stop or slow to accommeodate a turning maneuver by a
vehicle from a controlled approach. Intersections between two low-volume roads with design volumes
of 400 vehicles per day or less can be operated effectively with approach sight distances based on stop-
ping sight distances. To achieve better traffic operations, so that vehicles on uncontrolled approaches
do not need to stop or slow substantially to accommeodate entering or crossing vehicles, intersection
sight distances that exceed stopping sight distance are desirable along the uncontrolled approaches.
Thus, intersection sight distances that exceed stopping sight distance are intended to enhance traffic
operations, but are not minimum design criteria that are essential to limiting crash risk.

4.6.2 Clear Sight Triangles

Specified areas along intersection approach legs and across their included corners should be clear of
obstructions that might block a driver’s view of potentially conflicting vehicles. These specified areas
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are known as clear sight triangles. Two types of clear sight triangles considered in intersection design,
approach sight triangles and departure sight triangles, are explained below. The dimensions of the clear
sight triangles depend on the design speeds of the intersecting roadways and the type of traffic control
used at the intersection. These dimensions are based on field studies in NCHRP Report 383 (9) that
have observed driver behavior and have documented the space—time profiles and speed choices of driv-
ers on intersection approaches.

4.6.2.1 Approach Sight Triangles

Each quadrant of an uncontrolled or yield-controlled intersection should contain a clear sight triangle
free of obstructions that might block an approaching driver’s view of potentially conflicting vehicles
on the intersecting approaches. The area clear of sight obstructions should include sufficient lengths
of both intersecting roadways, as well as their included corner, so that the drivers without the right-
of-way can sec any potentially conflicting vehicle in sufficient time to slow or stop before reaching the
intersection. Figure 4-3A shows typical clear sight triangles to the left and to the right for a vehicle
approaching an intersection.

'The vertex of the sight triangle on the uncentrolled or yield-controlled approach represents a decision
point for the approaching driver. This decision point is the location at which the driver should begin
to brake to a stop if another vehicle is present on an intersecting approach, The distance from the de-
cision point to the center of the major-road lane into which a driver will turn is shown in Figure 4-3A
as distance @, The length of the leg of the clear sight triangle along the major road is shown in Figure
4-3A as distance 4.

The geometry of a clear sight triangle is such that when the driver of a vehicle without the right-of-way
sees a potentially conflicting vehicle on an intersecting approach that has the right of-way, then the
driver of that potentially conflicting vehicle can also see the first vehicle. Thus, the provision of a clear
sight triangle for vehicles without the right-of-way also permits the drivers of vehicles with the right-
of-way to be prepared to slow, stop, or avoid other vehicles, should it become necessary.

Approach sight triangles like those shown in Figure 4-3A are not needed for intersection approaches
controlled by stop signs because all approaching vehicles are required to stop at the intersection, re-
gardless of the presence or absence of vehicles on the intersecting approaches.
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Figure 4-3. Clear Sight Triangles for Intersection Approaches
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4.6.2.2 Departure Sight Triangles

A second type of clear sight triangle provides sight distance sufficient for a driver stopped on a stop- or
yield-controlled approach to depart from the interscction by entering or crossing the intersecting road.
Figure 4-3B shows typical departure sight triangles to the left and to the right. The distance from the
stopped vehicle position or decision point to the center of the major-road lane into which a driver will
turn is shown in Figure 4-3B as distance 4. The length of the leg of the clear sight triangle along the
major road is shown in Figure 4-3B as distance 4. Departure sight triangles should be provided in each
quadrant of each intersection approach controlled by stop or yicld signs from which stopped vehicles
may cnter or cross a road on which traffic is not required to stop.

4.6.2.3 |dentification of Sight Obstructions within Clear Sight Triangles

'The profiles of the intersecting roadways should be designed to provide the recommended sight dis-
tances for drivers on the intersection approaches. Within a clear sight triangle, any object at a height
above the elevation of the adjacent roadways that would obstruct the driver’s view should be removed
or lowered, if practical. Such objects may include: buildings, parked vehicles, highway structures, road-
side hardware, hedges, trees, bushes, unmowed grass, tall crops, and the terrain itself.

The determination of whether an object constitutes a sight obstruction should consider the horizontal
and vertical alignment of both intersecting roadways, as well as the height and position of the object.
In making this determination, it should be assumed that the driver’s eye is 3.5 ft [1,080 mm] above
the roadway surface and that the object to be seen is also 3.5 ft [1,080 mm] above the surface of the
intersecting road. This object height is based on a vehicle height of 4.4 ft [1,330 mm), which represents
the 15th percentile of vehicle heights in the current passenger car population less an allowance of 0.9
ft [250 mm), which represents a near-maximum value for the portion of the vehicle height that needs
to be visible for another driver to recognize a vehicle as such. The use of an object height equal to the
driver eye height makes intersection sight distances reciprocal {i.e., if one driver can see another vehi-

cle, then the driver of that vehicle can also see the first vehicle).

4.6.3 New Construction

Sight distance design for newly constructed intersections at which all intersection legs are low-volume
roads with design volumes of 400 vehicles per day or less should be based on the criteria presented be-
low. If one or more of the intersection legs has a design volume that exceeds 400 vehicles per day, the
sight distance criteria in Chapter 9 of the AASHTO Green Book (5) should be applied.

The sight distance design criteria for intersections between low-volume roads vary with the type of traf-
fic control used at an intersection because different types of control impose different legal constraints
on drivers and, therefore, result in different driver behavior. Sight distance policies for intersections
with the following types of traffic control are presented below:
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*» Intersections with no control (Case A),
» Intersections with stop control on the minor road (Case B), and

* Intersections with yield control on the minor road (Case C).

Other intersection sight distance cases are presented in the AASHT O Green Book (5).
4.6.3.1 Intersections with No Control (Case A)

For intersections not controlled by yield signs, stop signs, or traffic signals, the driver of a vehicle
approaching the intersection should be able to see potentially conflicting vehicles on intersecting ap-
proaches in sufficient time for the approaching driver to stop before reaching the intersection. The
Jocation of the vertex of the sight triangles on each approach is determined from a model that is analo-
gous to the stopping sight distance model, with slightly different assumptions. Drivers of approaching
vehicles may need up to 2.5 s to perceive vehicles on intersecting approaches and to initiate braking.

While some perceptual tasks at intersections may need substantially less time, the detection and recog-
nition of a vehicle that is a substantial distance away on an intersecting approach, and is near the limits
of the driver’s peripheral vision, may need up to 2.5 s. The distance to brake to a stop can be determined
from the same braking coefficient used for stopping sight distance design.

Field observations in NCHRP Report 383 (9} indicate that vehicles approaching uncontrolled inter-
sections typically slow down from their running speed between intersections to approximately 50 per-
cent of their running speed. This occurs even when no potentially conflicting vehicles are prescnt. This
initial slowing typically occurs at deceleration rates up to 5 ft/s* [1.5 m/s?], deceleration at this gradual
rate has been observed to begin even before a potentially conflicting vehicle comes into view. Braking
at greater deceleration rates, which can approach those assumed in stopping sight distance, begins up
to 2.5 s after a vehicle on the intersecting approach comes into view. Thus, approaching vehicles may
be traveling at lcss than their running speed upstream of the intersection during all or part of the per-
ception—reaction time and can, thercfore, where necessary, brake to a stop from a speed less than the
running speed upstream of the intersection.

Table 4-10 shows the distance traveled by an approaching vehicle during perception-reaction and
braking time as a function of the design speed of the roadway on which the intersection approach is lo-
cated. These distances should be used as the legs of the sight triangles shown in Figure 4-3A. Referring
to Figure 4-3A, roadway A with a 50 mph [80 km/h] design speed and roadway B with a 30 mph [50
km/h] design speed need a clear sight triangle with legs extending at least 225 ft [80 m] and 120 ft [40
m] along roadways A and B, respectively.

‘This clear sight triangle will permit the vehicles on either road to stop, if necessary, before reaching the
intersection. If the design speed of any approach is not known, it can be estimated by using the 85th
percentile of the running speeds upstream of the intersection on that intersection leg.
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The distances shown in Table 4-10 are generally less than the corresponding values of stopping sight
distance for the same design speed. Where a clear sight triangle whose legs correspond to the stopping
sight distances of their respective approaches can be provided, this will likely reduce crash frequency
and severity even further. However, since field observations show that motorists slow down to some ex-
tent on approaches to uncontrolled intersections, the provision of a clear sight triangle with legs equal
to the full stopping sight distance is not essential.

Where the grade along an intersection approach exceeds 3 percent, the leg of the clear sight triangle
along that approach should be adjusted by multiplying the appropriate sight distance from Table 4-10
by the appropriate adjustment factor from Table 4-11.

If the sight distances given in Table 4-10, as adjusted for grades, cannot be provided, consideration
should be given to installing advisory speed signing to reduce speeds or installing stop signs on one or
more approaches.

No departure sight triangle like that shown in Figure 4-3B is needed at an uncontrolled intersection
because of the very low traffic volumes present on the intersection approaches, typically less than 400
vehicles per day.

If a motorist finds it necessary to stop at an uncontrolled intersection because of the presence of a con-
flicting vehicle on an intersecting approach, it is unlikely that another potentially conflicting vehicle
will be encountered as the first vehicle departs the intersection.

Table 4-10. Recommended Sight Distance Guidelines for New Construction of Intersec-
tions with No Traffic Control (Case A) (5, 17)

U.S. Customary Metric

Design Speed (mph}) Sight Distance (ft) Design Speed (km/h) Sight Distance (m)
15 60 20 20
20 80 30 25
25 95 40 30
30 120 50 40
35 140 60 50
40 170 70 65
45 210 80 80
50 255 90 95
55 300 100 120
60 350

Note: For approach grades greater than 3 percent, multiply the sight distance value by the appropriate adjustment factor from Table 4-11.
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Table 4-11. Adjustment Factors for Sight Distance Based on Approach Grade (5, 9)

U.S. Customary Metric
Design Speed (mph) Approach Design Speed (km/h)
Approach Grade
Grade(%) 15 20 25 30 35 40 45 50 55 60 (%) 20 30 40 50 60 70 80 90 100
-6 1411 11 11 14 11 11 12 12 12 -6 11 11 11 11 11 11 12 12 12
-5 10 10 11 1.1 11 11 14 11 11 14 -5 10 10 11 11 11 11 1.1 1.1 11
-4 10 10 10 1.1 11 11 1.1 11 11 14 -4 10 10 10 11 14 1.1 1.1 11 11
—3to +3 10 10 10 10 10 10 10 10 10 10 -3to+3 10 10 10 10 1.0 10 1.0 10 10
+4 10 10 10 10 10 09 09 09 09 09 +4 10 10 10 10 09 09 09 09 09
+5 10 10 10 09 09 09 09 09 09 09 +5 10 10 1.0 08 09 09 09 09 09
+6 10 10 09 09 09 09 09 09 09 09 +6 10 10 09 09 09 09 09 09 09

Note: Based on ratio of stopping sight distance on specified approach grade to stopping sight distance on level terrain.

4.6.3.2 Intersections with Stop Control on the Minor Road (Case B)

No approach sight triangles like those shown in Figure 4-3A are needed on stop-controlled approaches
because all vehicles on the approach are required to stop before entering or crossing the intersecting
road.

Departure sight triangles to the left and the right like those shown in Figure 4-3B should be provided
for each stop- or yield-controlled approach. Whenever practical, a leg of the departure sight triangle
along each uncontrolled approach equal to at least the full intersection sight distance for stop-con-
trolled intersections, as presented in Chapter 9 of the AASHTO Green Book (5), should be provided.
In constrained situations, the length of the leg of the departure triangle along the major road should
be at least equal to the stopping sight distance appropriate for the design speed of the major road as
determined from Table 4-7. For the design volume range from 100 to 250 vehicles per day, the sight
distances in the column of Table 4-7 headed “higher risk” locations should be used, because this col-
umn is appropriate for application to intersections. The vertex of the departure sight triangle on the
minor road should be 14.4 ft [4.4 m] from the edge of the major-road traveled way (5, 9).

4.6.3.3 Intersections with Yield Control on the Minor Road (Case C)

Approach sight triangles to the left and to the right like those shown in Figure 4-3A should be pro-
vided for each yield-controlled intersection approach. Whenever practical, legs of the approach sight
triangles equal to at least the full intersection sight distances for yield-controlled intersections, as pre-
sented in Chapter 9 of the AASHTO Green Book (5), should be provided. In constrained situations,
the leg of the approach sight triangle along each intersection approach should be at least equal to the
stopping sight distance appropriate for the design speed of that approach as determined from Table
4-7. For the design volume range from 100 to 250 vehicles per day, the sight distances in the column of
Table 4-7 headed “higher risk” locations should be used because this column is appropriate for applica-
tion to intersections. The grade adjustment factors in Table 4-11 also apply to this case.
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No separate departure sight triangles for yield-controlled intersections need be considered. The ap-
p P g g y P
proach sight triangles for yield-controlled intersections described above include departure sight trian-

gles equivalent to those described earlier for stop-controlled intersections on low-volume roads.

4.6.4 Existing Roads

For improvement projects at existing intersections between low-volume roads, the existing intersection
sight distance may generally remain in place unless there is evidence of a site-specific crash pattern
related to intersection sight distance. Where there is evidence of a site-specific crash pattern, the in-
tersection sight distance should be increased to at least the appropriate values shown above for new

construction.

4.7 ROADSIDE DESIGN

Two key aspects of roadside design are clear zone width and traffic barrier warrants. AASHTO policy
on these aspects of roadside design for higher volume roads is presented in the AASHTO Roadside
Design Guide (3). 'This section presents guidelines for roadside design on low-volume roads that may
be used in lieu of these other AASHTO policies and guidelines. For design issues not addressed in
this guide, the designer should consult the applicable sections of these other AASHTO policies and
guidelines.

A clear zone is that portion of the roadside that is free of obstructions and sufficiently flat to enable an
errant vehicle to encroach without overturning. The clear zone width at any point along the roadway is
measured from the edge of the traveled way to the nearest obstruction or the beginning of a non-tra-
versable slope. Thus, shoulders are part of the roadside clear zone.

A traffic barrier is a device used to prevent a vehicle from striking a more severe obstacle or feature
located on the roadside. Traflic barriers include roadside barriers, median barriers, bridge railings, and
crash cushions.

‘The roadside design is the one major determinant of crash frequency and severity on low-volume roads,
if for no other reason than that multiple-vehicle collisions on the roadway are rare. Both the safety lit-
erature and the risk assessment conducted by Neuman (11) indicate that run-off-road crashes on roads
with design volumes of 400 vehicles per day or less occur so infrequently as to make any minimum clear
zone width demonstrably not cost-effective. In many cases, the provision of additional clear zone width
increases construction costs and involves additional right-of-way acquisition which potentially has both

cost and environmental concerns.

Research has found that roadside clear zones and traffic barriers are not generally cost-effective on
roads with low traffic volumes, particularly for roads with design volumes of 400 vehicles per day or
less (12, 17, 18). However, there are no established criteria to identify those limited situations where
provision of a roadside clear zone or a traffic barrier may be warranted. Therefore, the roadside design
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guidelines for low-volume roads provide great flexibility to the designer in exercising engineering judg-
ment to decide where it is appropriate to provide improved roadsides.

4.71 New Construction

Roadside design guidelines applicable to new construction of low-volume roads are presented below.
The guidelines address both clear zone width and traffic barrier warrants and are appropriate for all
functional subclasses of low-volume roads.

4.71.1. Clear Zone Width

The risk assessment discussed in Section 3.4 of this guide found that it is not generally cost-effective
to provide clear zones, also known as clear recovery areas, on low-volume roads. Nevertheless, a clear
zone of any width should provide some contribution to crash reduction. Thus, where clear zones can
be provided on low-volume roads at little or no additional cost, their incorporation in designs should
be considered. Clear zones may also be appropriate on horizontal curves where the minimum radius of
curvature is not provided. However, major expenditures to provide clear zones will generally have only
limited crash reduction benefits and are unlikely to be cost-effective. The design guidelines for roadside
clear zone width on low-volume rural roads with design volumes of 400 vehicles per day or less are as
follows:

1. Atlocations where a clear recovery area of 6 ft [2 m] or more in width can be provided at low cost
and with minimum social or environmental impacts, provision of such a clear recovery area should
be considered.

2. Where constraints of cost, terrain, right-of-way, or potential social or environmental impacts make
the provision of a 6-ft {2-m)] clear recovery area impractical, clear recovery areas less than 6 ft [2 m]
in width may be used, including designs with 0 ft [0 m] clear recovery areas,

3. Inall cases, designers should be encouraged to tailor the roadside design to site-specific conditions,
considering cost-effectiveness and crash risk tradeoffs. For example, the use of adjustable clear
zone widths may be appropriate in some cases, such as providing wider clear zone dimensions at
sharp horizontal curves where there is a history of run-off-road crashes or where scarring of trees
or utility poles may indicate possible vehicle encroachments. Lesser values of clear zone width may
be appropriate on tangent sections of the same roadway.

4. Other factors for consideration in analyzing the need for providing clear zones include the crash
history, the expectation for future traflic volume growth on the facility, and the presence of vehicles
wider than 8.5 ft [2.6 m] and vehicles with wide loads, such as farm equipment.

On low-volume rural roads with design volumes from 401 to 2,000 vehicles per day, clear zones with
widths of 7 to 10 ft [2 to 3 m] are desirable.

Provision of clear zones is often not practical for urban low-volume streets. On urban local streets, clear
zones are not generally provided. On urban minor collector streets, designs with reduced clear zones or

designs incorporating as many roadside safety features as practical may be considered.
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4.7.1.2 Traffic Barriers

The use of guardrail or other traffic barriers to protect drivers from roadside obstructions is not gener-
ally cost-cffective for roads with design volumes of 400 vehicles per day or less. This finding has been
confirmed in studies by Stephens (12) and Wolford and Sicking (18). Guardrail itself is a roadside
obstacle, and a significant proportion of vehicle impacts with guardrail produce injuries. The costs to
maintain guardrail and the low frequency of collisions with guardrail that is provided generally make
it impractical for use on roads with low traffic volumes. For low-volume roads with design volumes
above 400 vehicles per day, designers may exercise engineering judgment concerning the placement of
guardrail at locations where the potential conscquences of departure from the roadway are likely to be

extremely severe.

4.7.2 Existing Roads

'The roadside design guidelines for existing low-volume roads are the same as those for newly construct-
ed roads. Roadside clear zones and traffic barriers are not generally cost effective and need not generally
be provided, except in situations where a site-specific crash pattern is present or the engineering judg-
ment of the designer identifics a need for the provision of a roadside clear zone or a guardrail. Evidence
of a site-specific crash pattern that could indicate the desirability of providing a roadside clear zone or a
guardrail can include reported crashes or evidence of roadside encroachments. However, both roadside

encroachments and crashes are generally rare on low-volume roads.

4.8 PEDESTRIAN AND BICYCLE FACILITIES

'The needs of pedestrians 2nd bicyclists should be assessed during the design or improvement of low-vol-
ume roads. Low-volume roads are typically sparsely developed; however, as these roads transition to or
connect with developing corridors, the transportation needs for all users (motorists, bicyclists, transit
riders, and pedestrians) should be investigated through collaboration with the nearby community and
local and regional planning agencies.

Many rural low-volume roads have little pedestrian activity, and facilities specifically intended for
pedestrians may not be needed. Pedestrian activity levels may be greater on urban low-volume roads
and streets and, where appropriate given pedestrian volumes and the character of surrounding devel-
opment, provision of pedestrian facilities may be considered. Where pedestrian facilities are provided,
they must be accessible to and usable by individuals with disabilities (6, 16). Design of pedestrian facil-
ities should be guided by local policies and the AASHTO Guide for Planning, Operation, and Design of
Pedestrian Facilities (1}, Further guidance on the design of accessible pedestrian facilities is presented in
the Proposed Accessibility Guidelines for Pedestrian Facilities in the Public Right~of~Way (15).

Bicycle volumes vary widely on low-volume roads. Many low-volume roads have little or no bicycle
activity. However, some low-volume roads in both rural and urban areas may provide bicyclists with
excellent alternatives to higher volume roads and may be designated as bicycle routes. Some recreation-
al and scenic roads may serve bicyclists, as well as motor vehicles, attracted by the natural beauty of
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the region. Low-volume roads are unlikely to nced designated bicycle lanes or separated bicycle paths,
but paved shoulders are useful to bicyclists and may be considered, particularly on major access routes
with higher traffic volumes. The AASHTO Guide for the Development of Bicycle Facilities {4) provides
guidance on choosing appropriate facility types and design elements.

4.9 UNPAVED ROADS

Many low-volume roads have unpaved surfaces. Unpaved roads are generally appropriate for all func-
tional subclasses of low-volume roads. Major access roads often have paved surfaces because they serve
higher traffic volumes, but this is not considered mandatory. In particular, resource recovery {(e.g., log-
ging) roads and agricultural access roads in rural areas are frequently unpaved. Provision of an unpaved
surface is an economic decision that is appropriate for many low-volume roads for which the cost of

constructing and maintaining a paved surface would be prohibitive,

The likelihood of crashes on unpaved roads has been addressed in NCHRP Report 362 (20). This
research established that crash rates are generally higher for unpaved roads than for paved roads for
design volumes of 250 vehicles per day or more. The risk assessment by Neuman (11) found that roads
in rural areas generally reach the threshold at which paving the road would be expected to result in one
less severe crash every 10 to 15 years in the traffic volume range between 300 to 350 vehicles per day.
However, there are no specific guidelines that indicate the maximum traffic volume Jevel for which

unpaved surfaces are appropriate.

NCHRP Report 362 (20) found crash rates for unpaved roads to be lower for narrower roadway widths.
‘Therefore, existing unpaved roads should not generally be widened as a crash-reduction measure unless
there is evidence of a site-specific crash pattern that may be corrected by widening,

Unpaved roads are intended to operate at low to moderate speeds. Design speeds for unpaved roads
should normally be 45 mph [70 km/h] or less, but may occasionally be as high as 50 mph [80 km/ h] in
situations the designer considers appropriate.

Provision of roadside clear zones, flatter slopes, or traffic barriers is generally inconsistent with the eco-
nomic decision to build and maintain an unpaved surface and is not generally needed for the low-speed
environment of an unpaved road.

Design of horizontal alignment on unpaved roads differs from paved roads because paved and unpaved
roads have different surface friction characteristics and because unpaved roads are typically designed
for low-speed operation.

Table 4-12 presents guidelines for the minimum radius of curvature for unpaved surfaces with no su-
perelevation for application on low-volume roads. The table is based on the design eriteria of the United
States Forest Service (17), which operates many unpaved roads. The minimum radius of curvature is a
function of traction coefficient, which in turn is a function of the surface type (earth, gravel, crushed
rock, packed snow, etc.) and the surface condition (dry, wet, ice, etc.) as shown in Table 4-13. The rec-
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ommended minimum curve radii in Table 4-12 are based on Equation 4-9 using a side friction factor, f;
that is 50 percent of the specified traction coeflicient shown in Table 4-13. Use of high values of friction
coefficient for design allows the designer to select smaller curve radii than would otherwise be used.
Of course, the selection of a high traction coefficient is consistent with a higher surface type or with an
assumption that poor surface conditions such as snow, ice, or wet pavement, or both, are not sufficiently
frequent for use as a design control. The choice of the appropriate surface condition from Table 4-13
should be based on the engineering judgment of the designer based on site-specific conditions.

Smaller curve radii than those shown in Table 4-12 may be used where superelevation is provided. The
minimum radius of curvature for such cases can be determined with Equation 4-2.

When an existing unpaved road is to be paved, a review of all geometric design elements of the road
should be undertaken to assess their suitability for the higher speeds that are likely on a paved road.

Table 4-12. Guidelines for Minimum Radius of Curvature for New Construction
of Unpaved Surfaces with No Superelevation [adapted from (17)]

U.S. Customary

Minimum Radius (ft)

Traction Coefficient

Design Speed (mph) 0.7 0.6 0.5 0.4 03
15 50 50 60 75 100
20 75 90 10 135 180
25 120 140 170 210 280
30 170 200 240 300 400
35 235 215 330 410 545
40 305 360 430 535 715
45 390 450 540 675 900
Metric

Minimum Radius (m)

Traction Coefficient

Design Speed (km/h) 0.7 0.6 0.5 04 03
20 15 15 15 20 25
30 20 25 30 35 50
40 40 45 50 65 85
50 60 70 80 100 135
60 85 95 115 145 190
70 10 130 155 195 260

© 2019 by the American Association of State Highway and Transportation Officials.

All riohts reserved Dunlication is a violation of annlicahle law



Design Guidelines 4-39

U.S. Customary Metric
v: y?
Rmin = Rmin = 127 (4'9)
] 5 (lf;]]ilx ) (-ﬁnax )
Where: Where:
R_. = Minimum curve radius (ff) of curvalure for surfaces with no superelevation Ry = Minimum curve radius (m) of curvature for surfaces with no superelevation
V' = vehicle speed (mph) V' = vehicle speed (km/h)
f = (0.50) Traction Coefficient f = (0.50) Traction Coefficient

Table 4-13. Traction Coefficients Used in Design of Horizontal Alignment on Unpaved

Roads (17)
Material Surface Condition
Dry Wet
Gravel, packed, oiled 0.50-0.85 0.40-0.80
Gravel, loose 0.40-0.70 0.36-0.75
Rock, crushed 0.55-0.75 0.56-0.75
Wet earth 0.55-0.65 0.40-0.50
Dry-packed snow 0.20-0.55 —
Loosely packed snow 0.10-0.60 —
Snow, lightly sanded 0.29-0.31 —
Snow, lightly sanded with chains in use 0.34 _

4.10 TWO-WAY SINGLE-LANE ROADS

Two-way single-lane roads may be used in constrained locations, where traflic volumes are extremely
low. The U.S. Forest Service Road Preconstruction Handbook (17), which deals primarily with rural
recreational and scenic roads and rural resource recovery roads, recommends that single-lane roads be
used when the estimated design volume is less than 100 vehicles per day, and that two-lane roads be
considered for roads with design volumes above 100 vehicles per day. For other roadway types, sin-
gle-lane cross sections are normally used on local roads where design volumes are less than 50 vehicles
per day. In addition to ADT thresholds, other considerations for choosing a single-lane or double-lane
cross section include the characteristics of the vehicles and drivers who will be using the road. On re-
source recovery roads used by professional drivers who are often in contact with one another by radio,
two-way single-lane roads may be more appropriate than on roads used by unfamiliar drivers or by
large vehicles (such as tour buses). Two-way single-lane roads are designed to operate at low speeds,
typically no more than 40 mph [60 km/h].

‘Two-way single-lane roads are often unpaved and normally have widths in the range from 10 to 14 ft
[3.0 to 4.3 m], depending on design speed and design vehicle. Single-lane roads narrower than 10 ft
[3.0 m] or wider than 14 ft [4.3 m] are not recommended. Curve widening may be needed in some loca-
tions to provide for offtracking of tractor—trailers and some vehicle-trailer combinations. Design values
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of stopping sight distance for two-way single-lane roads should be twice the stopping sight distance
for a comparable two-lane road, as shown in Table 4-7. USFS guidelines recommend that turnouts
be provided at regular intervals on two-way single-lane roads to allow opposing vehicles to pass one
another. The location of turnouts should consider topography and horizontal and vertical alignment.
In some cases, particularly where increased sight distances are impractical, widening of the roadway
at crests should be considered. Refer to the U.S. Forest Service Road Preconstruction Handbook (17) for
additional design guidance for two-way single-lane roads.
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Design Examples

This chapter presents ten examples of the application of the design guidclines for low-volume roads
presented in Chapter 4. The ten examples are hypothetical situations that illustrate how the design
guidelines are intended to be applied. The general subjects of the ten examples are:

1. New construction of a major access road in a rural area,
Resurfacing of an existing major access road in a rural area,
Rehabilitation of a minor collector road in a rural area,

New construction of an industrial or commercial access road in a rural area,

New construction of an unpaved minor access road in a rural area,
New construction of an urban residential street,

2

3

4

5. Reconstruction of a minor access road in a rural area,

6

7.

8. Reconstruction of an urban industrial or commercial access street,
9

Rehabilitation of a rural recreational or scenic road, and

10. Resurfacing of an urban major access road.

The specific examples are presented below.

5.1 EXAMPLE 1—NEW CONSTRUCTION OF A MAJOR ACCESS ROAD
IN A RURAL AREA

A county engineer has been given the job of designing a new rural major access road with a design
speed of 50 mph [80 km/h]. The road is functionally classified as a local road and will provide access
to adjoining property as well as to several minor access roads. The roadway will be located in rolling
terrain and initial traffic volumes are expected to be in the range of 275 to 300 vehicles per day. The
design year is 20 years into the future, by which time the trafhc volumes are expected to grow to no
more than 350 vehicles per day. Thus, the engineer has concluded that it is appropriate to use the design
guidelines for low-volume roads presented in Chapter 4.
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In summary, the traffic engineer knows the following information before the design process begins:

Project Type: new construction
Area Type: rural

Functional Subclass: rural major access road
Design Speed: 50 mph [80 km/h]

Design Traffic Volume: 350 vehicles per day

Cross Section

Guidelines for total roadway width for low-volume roads in rural areas are presented in Table 4-1.
Since the new roadway will be a major access road with a design speed of 50 mph [80 km/h], the county
engincer selects from Table 4-1 a total roadway width of 20.0 ft [6.0 m] for the project.

'The engineer determines that the project could be built within a minimum right-of-way width of 48
ft [15 m]. However, because right-of-way can be casily acquired for this facility on a new alignment,
the engineer chooses a more generous right-of-way width of 60 ft [18 m]. This provides flexibility to
accommodate future increases in traffic volume and future widening needs that are not currently an-
ticipated but could occur.

Horizontal Alignment

Maximum Friction Factor and Minimum Radius

Table 4-3 presents the values of £ and R _ used in the design of higher volume roadways. However,
for the design of low-volume roads without substantial truck volumes, acceptable operations can be
obtained with smaller curve radii than those shown in Table 4-3. Table 4-5 presents values of £ and
R that can be used in preference to those in Table 4-3 in the design of low-volume roads with design

min

volumes of 251 to 400 vehicles per day and limited truck volumes.

The county in which the project will be constructed uses a maximum superelevation rate, e, of 8
percent. Thus, the county engineer should confirm that all curves in the horizontal alignment have a
minimum radius of 760 ft [230 m] if the design is based on Table 4-3 or a minimum radius of 585 ft
[140 m] if the design is based on Table 4-5. The county engineer, however, is not faced with any real
physical constraints in connection with this project. That is, the county has purchased plenty of right-
of-way, there are no environmentally sensitive areas to be avoided, and there are no physical constraints
or adjacent development that influence the design. Therefore, the county engineer is able to design
the horizontal alignment using the guidelines in Table 4-3 which are based on the AASHTO Green
Book (5).
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Superelevation

For each individual horizontal curve, the designer sclects the design superelevation based on the crite-
ria in Chapter 3 of the AASHTO Green Book (5), based on a design speed of 50 mph [80 km/h] and
a maximum superelevation rate of 8 percent.

Superelevation Transition
The county engineer designs the superelevation transitions in accordance with the criteria presented in
Chapter 3 of the AASHTO Green Book (5).

Stopping Sight Distance

Design Stopping Sight Distance

Table 4-7 presents the design stopping sight distance criteria for low-volume roads. Since the new
roadway will have a design speed of 50 mph [80 km/h] and a projected traffic volume of 350 vehicles
per day, the minimum stopping sight distance for this project is 350 ft [110 m].

Crest Vertical Curves

Table 4-9 shows that to achieve the design stopping sight distance of 350 ft (110 m], all crest vertical
curves should be designed with a rate of vertical curvature, K, of at least 57 ft [19 m] per percent dif-
ference in grade.

Sag Vertical Curves

‘There are no special guidelines for design of sag vertical curves on low-volume roads. Therefore, the
county engineer should design the sag vertical curves in accordance with Chapter 5 of the AASHTO
Green Book (5).

Horizontal Curves

The county engincer uses Equation 4-4 or Table 4-8 to determine the width that should be clear of
sight obstructions on the inside of each horizontal curve. The hor_izontal sightline offset, HSO, com-
puted with Equation 4-4 or determined from Table 4-8 is measured from the center of the inside lane.

Intersection Sight Distance

All intersections on the new major access road will have stop control on the intersecting crossroad.
Therefore, no approach sight triangles are needed on the crossroad approaches.
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Departure sight triangles, like those shown in Figure 4-3B, should be provided for each crossroad ap-
proach. Due to the rolling terrain, the legs of the sight triangles located along the major road may not
be equal to the full intersection sight distance for stop-controlled intersections, as presented in Chapter
9 of the AASHTO Green Book (5). In constrained situations, the length of the leg of the departure
triangles along the major road will be at least equal to the stopping sight distance of 350 ft [110 m], as
determined from Table 4-7. These departure sight triangles not only allow drivers of crossroad vehicles
to sec major-road traffic before they begin to enter the major road, they also allow major-road drivers

to see vehicles on the crossroad approach.

Roadside Design

Clear Zone Width

While no specific minimum clear zone width is needed, the county engincer has found that a clear .
zone width of 6.5 {t [2 m] can be provided at little or no additional cost. Therefore, a clear zone of this
width will be provided. Since the horizontal alignment will be designed according to the AASHTO
Green Book (5), the county engineer determined that there was no need to provide a widened clear

zone on the outside of horizontal curves.
Trafhic Barriers

The engineer has found no locations within the project where guardrail or other traffic barriers are
needed. Therefore, no barriers are included in the design.

Other Design Features

All other geometric design elements will be provided in accordance with Chapter 5 of the AASHTO
Green Book (5).

5.2 EXAMPLE 2—RESURFACING OF AN EXISTING MAJOR ACCESS ROAD
IN A RURAL AREA

A state highway agency is about to begin a resurfacing project on a major access road with a design
speed of 55 mph [90 km/h]. The road is functionally classified as a local road and provides access to ad-
joining property as well as to several minor access roads. The roadway is located in level terrain and car-
ries traffic volumes in the range of 150 to 175 vehicles per day. Little traffic volume growth is expected;
the traflic volume in the design year, 20 years from now, is not expected to exceed 200 vehicles per day.
Because of the functional classification of the road and its low volumes, the highway agency has con-
cluded that it is appropriate to use the design guidelines for low-volume roads presented in Chapter 4.

One of the horizontal curves within the project has experienced a site-specific crash pattern—two
single-vehicle crashes in which a vehicle ran off the outside of the curve have occurred in the last seven

years, and several skid marks near the same site have been noted in the field as well. Therefore, the
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state highway agency has decided to incorporate improvements to the horizontal curve as part of the
planned resurfacing project.

In summary, the traffic engineer responsible for this state project knows the following information
before the resurfacing process begins:

Project Type: resurfacing of an existing road
Area Type: rural

Functional Subclass: rural major access road
Design Speed: 55 mph [90 km/h]

Design Traffic Volume: 200 vehicles per day

Cross Section

The existing total roadway width within the project is 20.7 ft [6.3 m]. The cross-section guidelines
for new construction for a rural major access road with a design speed of 55 mph [90 km/h] in Table
4-1 indicate that a total roadway width of 22.0 ft [6.6 m] would be appropriate. However, because no
site-specific crash patterns attributable to cross section width have been found at the site, the existing
total roadway width of 20.7 ft [6.3 m] may remain in place.

Horizontal Alignment

For improvement projects to existing roads, the guidelines suggest that for curves on low-volume roads
with higher speeds, reconstruction without changing the existing curve geometry and cross section or
making other improvements is acceptable if:

1. The nominal design speed of the curve is within 10 mph or 20 km/h of the design or operating
speed of the roadway.

2. 'There is no clear evidence of a sitc-specific crash pattern associated with the curve.

The guidelines also suggest that even with such evidence, curve improvements should focus on low-
cost measures designed to control speeds, enhance curve tracking, or mitigate roadside encroachment
severity. Therefore, the engineer decides to address the crash patterns at the horizontal curve with more
cost-cffective solutions than curve flattening and reconstruction.

Since both the crash history and the skid marks at the horizontal curve location noted above are an in-
dication of excessive speed, the enginecr recommends implementing measures to reduce vehicle speeds
on the curve. Specifically, the state highway agency will place curve warning signs in advance of the
curve and improve the pavement markings throughout the curve.
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Stopping Sight Distance

There is no evidence of a site-specific crash pattern related to stopping sight distance. Therefore, no
modifications will be made to the horizontal and vertical alignments.

Intersection Sight Distance

‘There is no evidence of a site-specific crash pattern related to intersection sight distance. Therefore, no
modifications will be made to increase intersection sight distance at any of the intersections along the

resurfacing project.

Roadside Design

‘There is no evidence of a site-specific crash pattern indicating the desirability of providing a wider
roadside clear zone or guardrail. Therefore, no improvements will be made to the roadside design.

5.3 EXAMPLE 3—REHABILITATION OF A MINOR COLLECTOR ROAD IN A
RURAL AREA

A state highway agency plans to rehabilitate a minor collector road with a design speed of 60 mph
(100 km/h] in a rural area. This minor collector road is part of the state primary road system (i.c., a
numbered route), but it serves a traffic volume of only 300 vehicles per day. Most drivers on this road
use it at least weekly for access from two small villages to the county seat where stores and services are
available. The population of the area is declining; traffic volumes have decreased over the last 10 years
and are expected to continue to decrease. Therefore, the design guidelines in Chapter 4 are applicable
to this road and it is treated for purposes of the guidelines as a rural major access road. It should be
noted that the designation of this road as a state numbered route has no bearing on its classification for
application of the guidelines. The road should be treated in the same manner under these guidelines

whether it is under state, county, or township jurisdiction.

In summary, the design engineer responsible for this state project knows the following information as

planning for the project begins:

Project Type: rehabilitation of an existing road
Area Type: rural

Functional Subclass: rural major access road

Design Speed: 60 mph [100 km/h]

Design Traffic Volume: 300 vehicles per day
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Cross Section

'The existing total roadway width within the project over most of its length is 24 {t [7.2 m]. 'This exceeds
the roadway width guidelines of 22 ft [6.6 m] for major access roads shown in Table 4-1. Furthermore,
there is no evidence of any site-specific crash pattern related to roadway width. Therefore, the existing
roadway width may remain in place.

One 2-mi {3.2-km)] section of the project has a total roadway width of 20 ft [6.1 m]. While there is no
evidence of an existing crash pattern that would make widening desirable, the design engineer decides
that this section should be widened to a total roadway width of 24 ft [7.2 m)] for consistency with the
rest of the project,

Horizontal Alignment

For improvement projects to existing roads, the guidelines suggest that, for curves with higher speeds,
there is no neced to change the existing curve geometry and cross section or to make other improve-

ments if:

1. The nominal design speed of the curve is within 10 mph or 20 km/h of the design or operating
speed of the roadway.

2. There is no clear evidence of a site-specific crash pattern associated with the curve.

All horizontal curves on the project were found to meet these criteria.

Stopping Sight Distance
There is no evidence of a site-specific crash pattern related to stopping sight distance. Therefore, no
modifications will be made to the horizontal and vertical alignments.
Intersection Sight Distance

There is no evidence of a site-specific crash pattern related to intersection sight distance. Therefore, no
modifications will be made to increase intersection sight distance at any of the intersections along the
rehabilitation project.

Roadside Design

There is no evidence of a site-specific crash pattern indicating the desirability of providing a wider
roadside clear zone or guardrail. Therefore, no improvements will be made to roadside design.
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5.4 EXAMPLE 4—NEW CONSTRUCTION OF AN INDUSTRIAL OR
COMMERCIAL ACCESS ROAD IN A RURAL AREA

An engineering consultant has been hired by a township to design a new rural industrial or commer-
cial access road with a design speed of 30 mph [50 km/h]. The road is functionally classified as a local
road and will function solely to provide access to adjoining property. The roadway will be located in
level terrain and initial traffic volumes are expected to be around 80 vehicles per day. The design year
is 20 years into the future, by which time the traffic volumes are expected to grow to no more than 100
vehicles per day. Thus, the engineer has concluded that it is appropriate to use the design guidelines for
low-volume roads presented in Chapter 4.

In summary, the consultant knows the following information before the design process begins:

Project Type: new construction

Area Type: rural

Functional Subclass: rural industrial or commercial access road
Design Speed: 30 mph [50 km/h]

Design Traffic Volume: 100 vehicles per day

Cross Section

Guidelines for total roadway width for low-volume roads in rural areas are presented in Table 4-1.
Since the new roadway will be an industrial or commercial access road with a design speed of 30 mph
[50 kin/h], the consultant selects from Table 4-1 a total roadway width of 22.5 ft [6.8 m] for the project.

Horizontal Alignment

Maximum Friction Factor and Minimum Radius

Table 4-3 presents the values of /__and R__ used in design of higher volume roadways. However, for
the design of low-volume roads, even those with substantial proportions of truck traffic, acceptable
operations can be obtained with smaller curve radii than those shown in Table 4-3. Table 4-6 presents
values of £ and R__ that can be used in preference to those in Table 4-3 in the design of low-volume
roads with substantial proportions of truck traffic.

‘The township in which the project will be constructed uses a maximum superelevation rate, e, of 6
percent. Therefore, the consulting engineer should confirm that all curves in the horizontal alignment
have a minimum radius of 230 ft [80 m} if the design is based on Table 4-3 or a minimum radius of 145
ft [60 m] if the design is based on Table 4-6. The roadway alignment is constrained by the presence of
existing structures on private property and environmentally sensitive wetlands which can be avoided if
curve radii based on Table 4-6 are used. Therefore, the consulting engincer decides that the horizontal
alignment should be designed on the basis of the values of / _and R shown in Table 4-6.
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Superelevation

For each individual horizontal curve, the designer selects the design superelevation based on the crite-
ria in Chapter 3 of the AASHTO Green Book (5) based on a design speed of 30 mph [50 km/h] and

a maximum superelevation rate of 6 percent.
Superelevation Transition

The consultant designs the superelevation transitions in accordance with the criteria presented in
Chapter 3 of the AASHTO Green Book (5).
Stopping Sight Distance

Design Stopping Sight Distance

Table 4-7 presents the design stopping sight distance criteria for low-volume roads. Since the new
roadway will have a design speed of 30 mph [50 km/h] and a projected traffic volume of 100 vehicles
per day, the minimum stopping sight distance for this project is 135 ft [45 m].

Crest Vertical Curves

Table 4-9 shows that to achieve the design stopping sight distance of 135 ft [45 m), all crest vertical
curves should be designed with a rate of vertical curvature, K, of at least 9 ft [4 m] per percent differ-

ence in grade.
Sag Vertical Curves

There are no special guidelines for design of sag vertical curves on low-volume roads. Thercfore, the con-
sultant designs the sag vertical curves in accordance with Chapter 5 of the AASHTO Green Book (5).

Horizontal Curves

'The consultant uses Equation 4-4 to determine the width that should be clear of sight obstructions on
the inside of each horizontal curve. The horizontal sightline offset, F750, computed with Equation 4-4
or determined from Table 4-8 is measured from the center of the inside lane.

Intersection Sight Distance

Some intersections on the new minor access road will have stop control on the intersecting minor
access roads. Only departure sight triangles are needed for these intersections. The remaining intersec-
tions will have no control on the intersecting roads. Only approach sight triangles are needed at these
uncontrolled intersections.
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Approach Sight Triangles

Approach sight triangles, like those shown in Figure 4-3A, should be provided for each approach to
each of the uncontrolled intersections. The consultant selects values for the legs of the approach sight
triangle from Table 4-10. The leg extending along the road being constructed, with a 30 mph [50
km/h] design speed, should be at least 120 ft [40 m]. The leg extending along the intersecting roadway
will be determined from Table 4-10 based on the design speed of that roadway.

Departure Sight Triangle

Departure sight triangles, like those shown in Figure 4-3B, should be provided for each minor-road
approach to each of the stop-controlled intersections. The length of the leg of the departure triangle
along the major road will be at least equal the stopping sight distance of 135 ft [45 m], as determined
from Table 4-7. The length of the departure sight triangle along the crossroad approach should be 14.4
ft [4.4 m].

Roadside Design

Clear Zone Width

Since no specific minimum clear zone width is required, and there are both right-of-way and environ-

mental constraints, the consultant does not provide any clear zone on this project.
Traflic Barriers

The engineer has found no locations within the project where guardrail or other traffic barriers are
needed. Therefore, no barriers are included in the design.

Other Design Features

All other geometric design elements will be provided in accordance with Chapter 5 of the AASHTO
Green Book (5).

5.5 EXAMPLE 5—RECONSTRUCTION OF A MINOR ACCESS ROAD IN A
RURAL AREA

A rural county is about to begin a reconstruction project on a minor access road with a design speed of
25 mph [40 km/h]. The road is functionally classified as a local road and provides access to adjoining
property. The traffic volume on this road, in the range of 100 to 125 vehicles per day, has been declining
slightly in recent years and is expected to continue to decline over the 20-year design period.
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'The roadway pavement has failed and the reconstruction project will therefore involve a total replace-
ment of the pavement structure down to the subgrade. The county engineer is responsible for determin-
ing any geometric improvements that should be made in conjunction with the reconstruction project.

In summary, the county engineer knows the following information before the resurfacing process

begins:
Project Type: reconstruction of an existing roadway
Area Type: rural
Functional Subclass: rural minor access road
Design Speed: 25 mph [40 km/h]

Design Traffic Volume: 100 to 125 vehicles per day or less

Cross Section

There is no evidence of any site-specific crash pattern. Therefore, in accordance with the guidelines for
existing roadways, the county engineer determines that there is no need to modify the cross-section
width of the existing roadway.

Horizontal Alignment

Maximum Friction Factor and Minimum Radius

For improvement projects, the guidelines suggest that for curves on lower speed low-volume roads,
reconstruction without changing the existing curve geometry and cross section is acceptable if:

1. 'The nominal design speed of the curve is within 20 mph or 30 km/h of the design or operating
speed of the roadway.

2. There is no clear evidence of a site-specific crash pattern associated with the curve,

The county engineer determines that both of these guidelines are met. Therefore, he or she concludes
that no improvements to the horizontal alignment are needed.

Stopping Sight Distance

There is no evidence of a site-specific crash pattern attributable to inadequate sight distance. Therefore,
no modifications will be made to the horizontal and vertical alignments.
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Intersection Sight Distance

There is no evidence of a site-specific crash pattern related to intersection sight distance. Therefore, no
modifications will be made to increase intersection sight distance at any of the intersections along the

reconstruction project.

Roadside Design

"There is no evidence of a site-specific crash pattern indicating the desirability of providing a roadside
clear zone or a guardrail. There is a line of attractive 100-year-old trees along both sides of a long tan-
gent segment of the roadway. Removal of these trees would bring strong objections from local residents
and there is no evidence that, given the low traffic volumes on the roadway, vehicles are likely to run off
the road and strike these trees. Therefore, the county engineer decides that these trees should remain
in place. However, the county engineer does find that 16 ft [5 m] clear zones can be provided on the
outside of two horizontal curves at little or no additional cost, so a decision to provide these clear zones

is made.

5.6 EXAMPLE 6—NEW CONSTRUCTION OF AN UNPAVED MINOR ACCESS
ROAD IN A RURAL AREA

A rural township is planning to construct an unpaved rural minor access road on a new alignment. The
design speed will be 40 mph [60 km/h] and the traffic volume on the road is expected to be 75 vehicles
per day initially and 90 vehicles per day after 20 years. Therefore, the consulting engineer engaged by
the township has determined that it is appropriate to apply the design guidelines presented in Chapter
4 to this project.

In summary, the consulting engineer has the following information about the project:

Project Type: new construction of an unpaved road
Area Type: rural

Functional Subclass: rural minor access road

Design Speed: 40 mph [60 km/h]

Design Traffic Volume: 90 vehicles per day

Cross Section

The total roadway width selected for the road is 18 ft [5.4 m] based on the guidelines presented in Table 4-1.

Horizontal Alignment

The surfacing material selected for the roadway is loose gravel with an expected traction coefficient of
0.5 under wet conditions, which is consistent with Table 4-13. A traction coefficient of 0.5 corresponds
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to a side friction factor, f; of 0.25. Table 4-12 indicates that the appropriate minimum radius of cur-
vature for a design speed of 40 mph [60 km/h] and a traction coefficient of 0.5 is 430 ft [115 m]. This
minimum radius applies to curves with no superelevation. If superelevation of 4 percent is provided,
the equivalent minimum radius, determined from Equation 4-2, curves could be built with a minimum
radius of 370 ft [100 m]. In fact, the sharpest curve designed by the consultant for the project has a
radius of 492 ft [150 m].

Stopping Sight Distance

Design Stopping Sight Distance

Table 4-7 presents the design stopping sight distance guidelines for low-volume roads. Since the road-
way will have a design speed of 40 mph [60 km/h] and a design traffic volume under 100 vehicles per
day, the minimum stopping sight distance for this roadway should be 215 ft [60 m].

Crest Vertical Curves

Table 4-9 shows that to achieve the design stopping sight distance of 215 ft [60 m], all crest vertical
curves should be designed with a rate of vertical curvature, K, of at least 22 ft [6 m] per percent differ-

ence in grade.
Sag Vertical Curves

There are no special guidelines for sag vertical curves on low-volume roads. Therefore, the engineer
designs the sag vertical curves in accordance with Chapter 5 of the AASHTO Green Book (5).

Horizontal Curves

The engineer should use Equation 4-4 on Table 4-8 to determine the width that should be clear of sight
obstructions on the inside of each horizontal curve. The horizontal sightline offset, SO, computed
with Equation 4-4 as determined from Table 4-8 is normally measured from the center of the inside
lane. Since lanes are not marked on an unpaved road, the clear sight width on the 18-ft [5.4-m] road-
way should be measured from a point in the roadway 4.5 ft [1.35 m] from its inside edge.

Intersection Sight Distance

There are only two intersections on the new minor access road. The first is a four-leg uncontrolled in-
tersection with another unpaved roadway that has a design traffic volume of 30 vehicles per day. The
clear sight triangles for this intersection are determined from Table 4-10. The second intersection is
a three-leg intersection where the new minor access road terminates with stop-control at an existing
collector road with a design traffic volume of 900 vehicles per day. Because this intersection has two
legs whose traffic volumes exceed 400 vehicles per day, the design guidelines in Chapter 4 do not apply.
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The clear sight triangles for this intersection should be determined in accordance with Chapter 9 of the

AASHTO Green Book (5).

Roadside Design

Clear Zone Width

While no specific minimum clear zone is needed, the engineer has found that a 6.5-ft [2-m] clear zone
can be provided throughout the project’s length at little or no additional cost, because all roadside ob-~
stacles within that area would normally be removed during construction.

Traffic Barriers

No need for guardrail or other traffic barriers has been identified. Therefore, no barriers are included

in the design.

Other Design Features

All other geometric design elements will be provided in accordance with Chapter 5 of the AASHTO
Green Book (5).

5.7 EXAMPLE 7—NEW CONSTRUCTION OF AN URBAN RESIDENTIAL STREET

A city traflic engineer has been given the job of reviewing the plans prepared by a developer for a new
residential street on which a new housing development is planned. The road is functionally classified as
an urban residential street and will serve to provide access solely to single-family residences. The street
will have a design speed of 30 mph [50 km/h] and is expected to carry traffic volumes in the range of
85 to 100 vehicles per day. The design year is 20 years into the future, by which time the traffic volumes
are expected to grow to no more than 150 vehicles per day. Thus, the engineer has concluded that it is
appropriate to use the design guidelines for low-volume roads presented in Chapter 4.

In summary, the traffic engineer knows the following information before the design review begins:

Project Type: new construction

Arca Type: urban

Functional Subclass: urban residential street
Design Speed: 30 mph [50 km/h]

Design Traffic Volume: 150 vehicles per day
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Cross Section

Guidelines for total roadway width for urban residential streets arc presented in Table 4-2. These
widths incorporate consideration of access for fire trucks and other emergency vehicles. While there
will not be any marked parking spaces on the proposed residential street, parking will be permitted on
both sides of the street. The suburban character of the development represents a medium development
density. Therefore, the traffic engineer determines from Table 4-2 that a total roadway width of 26 ft
[7.9 m] is appropriate for the project. The developer has recommended a roadway width of 25 t [7.6 m],
so the engineer requests that this be increased to 26 ft [7.9 m].

Horizontal Alignment

Maximum Friction Factor and Minimum Radius

Table 4-3 presents the values of £ and R . used in the design of higher volume roadways. Urban
residential streets with average daily traflic volumes of 400 vehicles per day or less should be designed

in accordance with the limiting values of / _ and R__ presented in Table 4-3, whenever practical.

If constrained conditions were present, the design could use a minimum radius of curvature of 85 ft
[35 m] with the city’s maximum superelevation rate, ¢__, of 4 percent, based on Table 4-4. However,
since there are no structures currently present in the right-of-way and there are no other physical
constraints, the horizontal alignment can be designed in accordance with the guidelines in Table 4-3
which are based on the AASHTO Green Book (5). Therefore, the city engineer selects from Table
4-3 a minimum radius of 250 ft [85 m], corresponding to a design speed of 20 mph [50 km/h] and the
city’s maximum superelevation rate, ¢__, of 4 percent. For the one horizontal curve on the project, the
developer has chosen a radius of 724 ft [221 m]. The engineer concludes that the proposed horizontal
curve design is acceptable.

Superelevation

For the one horizontal curve on the project, the designer selects the design superelevation based on the
criteria in Chapter 3 of the AASHTO Green Book (5) for a design speed of 30 mph [50 km/h] and a
maximum superelevation rate of 4 percent.

Superelevation Transition

The city traffic engineer designs the superelevation transitions in accordance with the criteria presented

in Chapter 3 of the AASHTO Green Book (5).
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Stopping Sight Distance

Design Stopping Sight Distance

Table 4-7 presents the design stopping sight distance guidelines for low-volume roads. Since the new
roadway will have a design speed of 30 mph [50 km/h] and a projected traffic volume of 150 vehicles
per day, the minimum stopping sight distance for this project should be 165 ft [55 m] near interscctions
and 135 ft [45 m] away from intersections.

Crest Vertical Curves

Table 4-9 shows that to achieve the design stopping sight distance of 135 ft [45 m], all crest vertical
curves should be designed with a rate of vertical curvature, K, of at least 9 ft {4 m] per percent dif-
ference in grade. The engineer finds that both crest vertical curves on the project have been designed

appropriately.
Sag Vertical Curves

‘There are no special guidelines for design of sag vertical curves on low-volume roads. Therefore, the city
traffic engineer concludes that the sag vertical curves on the project should be designed in accordance

with Chapter 5 of the AASHTO Green Book (5).
Horizontal Curves

'The city traffic engineer uses Equation 4-4 to determine the width that should be clear of sight ob-
structions on the inside of each horizontal curve. The horizontal sightline offset, H50, computed with
Equation 4-4 or determined from Table 4-8 is measured from the center of the inside lane. After ap-
plying this criterion, the city traffic engineer finds that a decorative sculpture planned for placement by
the developer constitutes a horizontal sight obstruction. Based on the engineer’s recommendation, the

sculpture is moved to an alternative location.

Intersection Sight Distance

All intersections on the new urban residential street will have stop control on the intersecting cross-

roads. Therefore, no approach sight triangles are needed on these crossroads.

Departure sight triangles, like those shown in Figure 4-3B, should be provided for each crossroad
approach. ‘The legs of the sight triangles located along the urban residential street should be equal to
the full intersection sight distance for stop-controlled intersections, as presented in Chapter 9 of the

AASHTO Green Book (5.

€1 2019 by the American Association of State Highway and Transportation Gfficials.
All rivhts reserved Diinlication i a vinlalinn of annlicable law



Design Examples

Roadside Design
Clear Zone Width

Since no specific minimum clear zone width is required, no clear zone is provided on this project.
Traffic Barriers

The city traffic engineer has found no locations within the project where guardrail or other traffic bar-
riers are needed. Thercfore, no barriers are included in the design.

Other Design Features

All other geometric design elements will be provided in accordance with Chapter 5 of the AASHTO
Green Book (5).

5.8 EXAMPLE 8—RECONSTRUCTION OF AN URBAN INDUSTRIAL OR
COMMERCIAL ACCESS STREET

A city is about to reconstruct a short unpaved access street. A member of the city engineering staff
has been given the responsibility to determine what geometric improvements should be made in con-
junction with the reconstruction project. The road is functionally classified as an urban industrial or
commercial access street and serves a paper factory that generates a substantial volume of truck and
heavy vehicle trips. The primary function of the street is to provide access from the factory to the local
highway network. The access street has a design speed of 35 mph [60 km/h]. "The street carries traffic
volumes in the range of 175 to 200 vehicles per day. Over the 20-year design period, the traffic volume
is expected to grow to 225 to 250 vehicles per day. The reconstruction project will involve paving the

street.

In summary, the city engineer knows the following information before the resurfacing process begins:

Project Type: reconstruction of an existing street

Area Type: urban

Functional Subclass: urban industrial or commercial access street
Design Speed: 35 mph [60 km/h]

Design Traffic Volume: 225 to 250 vehicles per day

Cross Section

'The existing unpaved street width is 22.5 ft [6.8 m], which is equal to the recommended cross section
width for an industrial or commercial access street with a 35 mph [60 km/h] design speed as shown in
Table 4-1.
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There is no evidence of any site-specific crash patterns on the existing street. Therefore, in accordance
with the guidelines for existing roadways, the county engineer determines that there is no need to

modify the cross-section width of the existing roadway.

Horizontal Alignment

Maximum Friction Factor and Minimum Radius

For improvement projects, the guidelines suggest that for curves on lower speed low-volume roads,
reconstruction without changing the existing curve geometry and cross section is acceptable if:

1. 'The nominal design speed of the curve is within 20 mph or 30 km/h of the design or operating
speed of the roadway.

2. 'There is no clear evidence of a site-specific crash pattern associated with the curve.

The city engineer determines that both criteria are met. Therefore, he or she is justified in not making
any improvements to the horizontal alignment.

Stopping Sight Distance

‘There is no evidence of a site-specific crash pattern attributable to inadequate sight distance. Therefore,
no modifications will be made to the horizontal and vertical alignments.

Intersection Sight Distance

There is no evidence of a site-specific crash pattern related to intersection sight distance. Therefore, no
modifications will be made to increase intersection sight distance at any of the intersections along the
resurfacing project.

Roadside Design

There is no evidence of a site-specific crash pattern indicating the desirability of providing a roadside
clear zone or a guardrail. Therefore, no improvements will be made to the roadside design.

5.9 EXAMPLE 9—REHABILITATION OF A RURAL RECREATIONAL OR SCENIC
ROAD

A state DOT has plans to rchabilitate a rural state route that connects a primary state highway to the
entrance of a state park. The road provides a scenic drive along a river that is used for canocing and
fishing, and provides access to campgrounds and rental cabins. When the roadway was designed, it car-
ried 300 vehicles per day and was considered a rural recreational or scenic road. Today, during the peak
months {April through October), the average daily traflic volume is approximately 1,200 vehicles per
day and is expected to remain at that level for the roadway’s design life. The road has been reclassified

© 2019 by the American Association of State Highway and Transportation Officials.

All richte rogorvord Dhinliratinn ic a vinlatinn nf annlicahle law



Design Examples

as a minor collector. There is some limited bicycle flow to and from the state park during the months of
July and August. The design speed of the road is 45 mph [70 km/h]. Thus, the engineer has concluded
that it is appropriate to use the design guidelines for low-volume roads presented in Chapter 4,

In summary, the traffic engineer knows the following information before the design process begins:

Project Type: rehabilitation of existing roadway
Area Type: rural
Functional Subclass: formerly, rural scenic or recreational road; today,

rural major access road
Design Speed: 45 mph [70 km/h}
Design Traffic Volume: 1,200 vehicles per day (seasonal)

Cross Section

'The existing tota! roadway width within the project over most of its length is 18 ft [5.4 m]. This does
not meet the roadway width guidelines of 20 ft [6.0 m] for rural scenic or recreational roads shown in
Table 4-1. Furthermore, there is some evidence of sideswipe crashes, especially involving boat trailers,
and one head-on collision occurred on the roadway last year. ‘Therefore, the engineer decides that the
existing roadway should be widened. The engineer decides to widen the roadway to 28 ft [8.4 m], which
is appropriate for a rural major access road and will also better accommodate bicycles.

Horizontal Alignment

For improvement projects to existing roads, the guidelines suggest that, for curves with lower speeds,
there is no need to change the existing curve geometry and cross section or to make other improve-
ments if:

1. The nominal design speed of the curve is within 20 mph or 30 km/h of the design or operating
speed of the roadway.

2. There is no clear evidence of a site-specific crash pattern associated with the curve.

'The roadway mects these criteria, as the roadway is fairly straight with only a few horizontal curves
with radii greater than 1,000 ft, and none of the reported crashes were related to a horizontal curve.
Stopping Sight Distance

There is no evidence of a site-specific crash pattern related to stopping sight distance. Therefore, no
modifications will be made to the horizontal and vertical alignments.
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Intersection Sight Distance

"There is no evidence of a site-specific crash pattern related to intersection sight distance. Therefore, no
modifications will be made to increase intersection sight distance at any of the intersections along the
rehabilitation project.

Roadside Design

"There is no evidence of a site-specific crash pattern indicating the desirability of providing a wider

roadside clear zone or guardrail. Therefore, no improvements will be made to roadside design.

5.10 EXAMPLE 10—RESURFACING OF AN URBAN MAJOR ACCESS ROAD

A city engineer is about to begin a resurfacing project on a major access road with a design speed of 40
mph [60 km/h]. The road is functionally classified as a minor collector and provides access to adjoining
property as well as to several minor access roads. The roadway currently has an average daily traffic
volume of 1,500 vehicles per day and is expected to grow to 1,800 vehicles per day over the design life
of the new surface. Because the roadway is classified as a minor collector road and the project is not
new construction, the city engineer has concluded that it is appropriate to use the design guidelines for
low-volume roads presented in Chapter 4.

The crash history of the roadway is below what is expected for similar roadways in the city, with only
a few property damage crashes occurred in the past 5 years. Parking is not permitted on the roadway,
which is currently 24 ft [7.2 m] wide. There are approximately three dwelling units per acre along the
road.

In summary, the traffic engineer responsible for this state project knows the following information

before the resurfacing process begins:

Project Type: resurfacing of an existing road

Area Type: suburban, medium development density
Functional Subclass: urban major access road

Design Speed: 40 mph [60 km/h]

Design Traffic Volume: 1,800 vehicles per day

Cross Section

The existing total roadway width within the project is 24 {t [7.3 m]. While the roadway width is
less than that indicated in the Table 4-1 guidelines for new construction of rural major access roads
(which are also applicable to new construction of urban major access roads), the existing roadway has
a curb-and-gutter section, rather than shoulders, which is acceptable for lower-speed urban streets.
Furthermore, no site-specific crash patterns attributable to cross section width have been found at the
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site and no parking is permitted along the road; therefore, the engineer concluded that existing total
roadway width of 24 ft [7.3 m] may remain in place.
Horizontal Alignment

For improvement projects to existing roads, the guidelines suggest that for curves on low-volume roads
with lower speeds, reconstruction without changing the existing curve geometry and cross section or
making other improvements is acceptable if:

1. The nominal design speed of the curve is within 20 mph or 30 km/h of the design or operating
speed.

2. ‘lhere is no clear evidence of a site-specific crash pattern associated with the curve,

The engineer finds that both of these criteria are met, so no improverments to the horizontal alignment
are needed.
Stopping Sight Distance
There is no evidence of a site-specific crash pattern related to stopping sight distance. Therefore, no
modifications will be made to the horizontal and vertical alignments.
Intersection Sight Distance

There is no evidence of a site-specific crash pattern related to intersection sight distance. Therefore, no
modifications will be made to increase intersection sight distance at any of the intersections along the
resurfacing project.

Roadside Design

'There is no evidence of a site-specific crash pattern indicating the desirability of providing a wider
roadside clear zone or guardrail. Therefore, no improvements will be made to the roadside design.
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