9.0INTERSECTION AND
INTERCHANGE DESIGN

General

This chapter covers the design standards, guidelines, and processes for designing road
approaches, signalized and unsignalized at-grade intersections, and interchanges for State
Highways. For information on general design considerations not fully covered in this
chapter, or other parts of this manual, refer to AASHTO’s* A Policy on Geometric Design of
Highways and Streets — 2001,” Chapters 9 and 10; the FHWA “Design of Urban Streets,”
Jan. 1980; “ Technology Sharing Report 80-204,” Chapter 8; and/or the ODOT “Modern
Roundabouts For Oregon, Report 98-SRS-522,” and those documents referenced in Section
9.5.

The Preliminary Design Unit can provide design assistance in the areas of interchange
design, intersection design, channelizations, road approaches, roundabouts, large vehicle
accommodation, and alternative mode accommodation. The Preliminary Design Unit is
responsible for the preparation of all interchange layout sheets for all new and modified
interchanges. In addition, the Preliminary Design Unit should be consulted about complex
intersection designs that cannot meet the standards contained in this design manual.

Information on traffic volumes and requirements can be found in Section 10.6 of this manual
or further information can be obtained from the Transportation Planning Analysis Unit of the
Transportation Development Division of ODOT.

9.1 ROAD APPROACHES

General

The location and spacing of road approaches should be in conformance with the Access
Management standards as described in the Oregon Highway Plan, Appendix C. The decision for
placement and design of aroad approach must be consistent with the function of the highway
and optimize the safety and operational efficiency for vehicles as well as bicyclists and
pedestrians. The road approach design must accommodate the turning movements of the
appropriate design vehicle. All road approaches, public and private, require a construction
permit from the appropriate District Maintenance Office. The District Manager and Regional
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Access Management Engineer and/or Access Management sub-team should be involved early in
any road approach discussion and decisions.

Road approaches can be classified as either private or public. Private approaches connect private
property with a state highway across the highway right of way. Public approaches are at-grade
intersections of public roadway right of way with a state highway. The remaining part of this
section will discuss the design requirements for private approaches. For public approach design,
see Section 9.2, Intersection Design.

9.11 DESIGN REQUIREMENTSFOR PRIVATE ROAD APPROACHES

Private approaches are connections to adjacent businesses, residences, or other private roadways.
Generally, private approaches provide access to/from the highway and an adjacent property
across the highway right of way. These approaches service all land use types including
residential, commercial, and industrial. Typically, private approachesin urban areas will use a
‘dust pan’ style approach. This style drops the curb and possibly the sidewalk to highway grade
to alow vehicular access. Standard Drawings RD725 through RD750 should be used when
designing “dust pan” style private approach roads. For high volume driveways, a radius design
style similar to that used by a public approach should be used. Refer to Table 9-1 to determine
the style of approach to be used.

There are three general types of private road approaches. These are:

Type A Non-curbed, ditch section highway with radius style approach.
TypeB Curbed highway section with “dust pan” style approach.
TypeC Curbed highway section with radius style approach.

Type C private approaches should be designed in accordance with Section 9.2, Intersection
Design. The design of Types A and B are described below.

The design of private road approaches is affected by many factors. The type of access, volume
of vehicles, type of vehicles, grades, alignment, and adjacent land use al influence the design.
The spacing of approach roads should be consistent with the spacing guidelines specified in the
Oregon Highway Plan, Appendix C. The designer is encouraged to read the Access
Management Policy contained in the OHP for clarification of spacing guidelines.

Road approaches should be placed so that intersection sight distance is provided. The
vehicle entering the traffic stream should have a view along the highway equal to the
intersection sight distance for the design speed of the highway. At aminimum, stopping
sight distance for the design speed of the highway must be provided at all approaches. For
more information on intersection and stopping sight distances refer to AASHTO’s“ A Policy
on Geometric Design of Highways and Streets-2001”  and Section 5.2 herein. Any proposed
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approach that cannot provide stopping sight distance must obtain an approval from the
Region Access Management Engineer (RAME). For more information related to access
management deviations, see Section 5.11. Cut slopes may need to be widened and roadside
vegetation removed in order to provide required sight distance.

Road approach grades should be designed so that drainage from the approach does not run on
or across the traffic lane, shoulder areas, or sidewalk. In no case should the normal slope of
the shoulder be atered. In urban areas where the drainage is along a curb and gutter, only the
paved approach areato the right of way line may drain into the gutter. In the case of an
approach below the street grade, a short vertical curve should be used to confine the drainage
in the gutter line. In some instances inlets may be required on each side of the approach to
collect runoff without ponding or to ensure that roadway drainage does not leave the right of
way. The approach road should provide aflat landing areafor vehicles entering the highway
for at least 20 feet from the edge of the shoulder. A grade of two percent is desirable for
these landings and four percent is the maximum. Approach grades steeper than four percent
should be carefully evaluated by the Designer.

The maximum grade break between highway shoulder and approach is eight percent for Type
A and B approaches. In addition, a 20 foot landing area should be provided. In some
situations, the maximum break cannot be met. The designer should attempt to achieve a
roadway-to-approach transition as smooth as possible. Thismay require using a short
vertical curve.

The approach must accommodate the appropriate design vehicle. Generally, commercial
accesses should be designed for at least a Single Unit (SU) truck design vehicle. Vehicles
larger than an SU are not to be treated as the design vehicle unless 3 or more WB-40 or
larger trucks are anticipated between 7:00AM and 7:00PM. Anytime the design vehicleis
larger than a SU, the approach isto be designed as aradius style. When vehicles larger than
an SU are anticipated, but are not the design vehicle as described above, the approach must
accommodate the larger vehicle. (‘fAccommodation’ only refers to the physical ability to
make the maneuver including encroaching on other lanes, whereas ‘ designed for’ means that
design elements do not require encroachment. (See Figure 9-1 for more detail.)
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Figure9-1
Accommodating And Desianing For Vehicles

All approaches must be designed to aid in the longitudinal crossing of pedestrians. Itis
preferable to maintain sidewalks at a continuous grade. However, without a buffer strip or
set back, thisis nearly impossible. Route continuity is also important to pedestrians. If a
curbside sidewalk cannot be set back for a significant longitudinal distance, it is best to leave
it curbside rather than break up the pedestrian continuity.

All curbs and delineators used at approaches on highways without continuous curbs should
be placed at the normal shoulder width from the edge of the traveled way to provide adequate
shoulder adjacent to the approach.

Approaches on opposite sides of the highway should be located across from each other
whenever possible. However, under high speed and high traffic volume conditions,
approaches may need to be separated to reduce the complexity and number of conflicts (see
Figure 9-2). The approaches need to be separated far enough that they operate independently
outside their functional areas (see Figure 9-3). Although this situation is possible at some
high volume private approaches, this treatment is generally only appropriate for public road
approaches. Preliminary Design and the Region Access Management Engineer should be
contacted when considering separation of private approach roads. Major public roads with
large volumes of through traffic should generally not be separated.
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No approach road should be constructed within the functional area of an adjacent
intersection. Refer to the Access Management Policies from the Oregon Highway Plan for
more information on functional area (see Figure 9-3).

OPPOSING APPROACHES OFFSET APPROACHES
* Potential Conflict Points * Potential Conflict Points
Figure 9-2
Offset Approaches
9-5
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Functional Intersection Area
UPSTREAM FUNCTIONAL INTERSECTION AREA

d; = Distance traveled during perception-reaction time

d, = Distance traveled while driver decelerates and moves laterally

d; = Distance traveled during full deceleration and coming to a stop or
to a speed at which the turn can be comfortably executed.

d, = Storage length

Figure9-3
Functional I ntersection Area

Where a private approach serves a high volume of traffic, additional design and/or traffic
controls may need to be incorporated into the design. High volume approaches often will
require channelization along the highway. Refer to Section 9.2 for details on left and right
turn lanes. In some instances, the approach may require atraffic signal in order to operate
safely and efficiently. The designer should work with the Region Access Management
Engineer to determine solutions for high volume private approaches and potential private
approaches opposite signalized intersections. Private approaches are not allowed directly
opposite interchange ramp terminals. NOTE: All traffic signals must be approved by the
State Traffic Engineer prior to installation. Generally only public road approaches should
be considered for signalization. Signalizing private approaches should be avoided.

Type A approaches need to be designed to minimize the pedestrian longitudinal distance.
This may require the design to incorporate a two-centered curve rather than asingle radius
when accommodating design vehicles larger than a Single Unit (SU) truck.

The approach design and corresponding site circulation plan should specify the entry/exit
throat distance. Thisthroat distanceis critical in order to provide an efficient and functional
connection between the highway and adjacent property. Throat lengths are critical for
commercia and industrial type land use approaches. The Transportation Planning Analysis
Unit or the Region Access Management Engineer can assist with determining the appropriate
throat distance. See Figure 9-4.
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L egal Considerationsfor Road Approaches

The legal issuesinvolved with approaches are specialized and complicated. Refer to the “ Access
Management Manual” for access rights and road approach issues. This manual includes
information from “ Oregon Administrative Rules, Chapter 734, Division 51 — Access
Management,” that defines legal criteriarelating to road approach permitting and design.
Additional information on access management can be found in Section 5.11.

S

Throat Distance

J—
i}

Figure9-4
Throat Distance at Approaches
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Table9-1
Typical Private Approach Style and Width

Land Use Approach Peak Approach Typical Throat
Type Hour Volume Style Width?

SF Residential® 0-10 Dust Pan 16’

SF Residential® 11+ Dust Pan 24

MF Residential 0-10 Dust Pan 16

MF Residential 11-150 Dust Pan 24 - 28
MF Residential 151 —300 Dust Pan’ 36’ —40
MF Residential 301 —399 Radius’ Variable’
MF Residential 400+ Radius Variable®
Commercial 0-20 Dust Pan 24

Commercial 21 -150 Dust Pan 28 —-32
Commercial 151 -300 Dust Pan® 36" —46’
Commercial 301 —399 Radius® Variable®
Commercial 400+ Radius Variable®
Industrial Dust Par/Radius’ Variable®
Special Uses’ Radius Variable®

Notes: SF= Single Family

1

2

3

MP= Multiple Family
Thetypical throat widths are only to be used as guidesto the designer or permit specialist. The throat
width needs to be checked to ensure traffic movements are accommodated acceptably.
Generally, multiple single-family residences don’t share a single approach unless they are on apublic
road.
The dust pan style designs are primarily to be used. However aradius style may be used if the traffic
composition at the driveway contains a substantial number of recreational vehicles, buses, and single
unit trucks, and the highway posted speed is greater than 35 mph, or access spacing each side is 660
feet or more.
The radius style design should generally be used. However, adust pan style may be considered where
the highway posted speed is 30 mph or less and access spacing is 165 feet or less.
Thetypical width is variable dependant upon approach style, design vehicle, and number of lanes.
Special care should be used when determining the appropriate style. Some industrial uses operate
similar to commercia uses and should use commercial style approaches and dimensions. Heavy
industrial/warehouse uses that serve significant truck volumes should use aradius style.
Special Uses include developments such as truck stops, amusement parks, stadiums, distribution
centers, etc.
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9.2 GENERAL INTERSECTION DESIGN

General

This section describes the standards and guidelines for the geometric design of traditional at-
grade intersections including lane widths, shoulders, superelevation, skew angles, turning
radii, left turn lanes, right turn lanes, channelization islands, curb extensions, and bicycle and
pedestrian needs. Other factors in the design of intersections include the adjacent land use,
urban or rural condition, and speeds.

Specific design issues and concerns related to signalized and unsignalized intersections are
discussed in Sections 9.3 and 9.4, respectively. The design standards and considerations for
modern roundabouts are contained in Section 9.5

9.21 DESIGN CONSIDERATIONS

Approach Grades

The approach grades of intersecting roadways with a state highway should be kept to a
minimum. It is preferableto have arelatively flat or slightly elevated roadway connecting
with a state highway. This helps improve the visibility of the intersecting roadway .

Generally the intersecting roadway’ s vertical alignment should match with the cross slope of
the highway as long as the cross slope is less than 3%. Where the cross slopeis equal to or
greater than 3% a small break in the grade or vertical curve may necessary. The goal isto
provide a connection that does not require vehicles to stop and enter the highway from a
steep grade. The flatter the approach, the better, particularly for large vehicles.

The maximum grade break between the highway shoulder and intersecting road should be
held to 6% or less. Where the algebraic grade difference is greater than 6%, a short vertical
curve should be used. In addition, a 20 foot landing should be provided (see Figure 9-5,
Standard Drawing RD725). In amarked or unmarked crosswalk, the cross slope should be
held to 2% or less to meet ADA requirements.

NOTE: Crosswalks, whether marked or unmarked, exist across each approach to an
intersection unless specifically closed by the road authority.
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Travel Lane Widths

Through travel lane widths should remain constant through an intersection. The lane lines
should line up throughout the entire intersection and not be offset. This helps to discourage
lane changes through the intersection area. The appropriate travel lane width is determined
by the location (rural or urban), design speed, volume of trucks, and alignment. Therural or
urban highway design chapters of this manual should be used to determine the appropriate
through lane width.

Through travel lanesin aleft turn channelization are typically widened to 14 feet. The
overall width of the combination travel lanes and shoulders does not vary through the
intersection, but is accomplished through striping. The striped 14 foot lanes are taken from
the 8 foot typical shoulder width. For example an existing 8 foot shoulder will be narrowed
to 6 feet while the 12 foot travel lane is widened to 14 feet through the channelization. See
Standard Drawing RD 220. Inlow speed urban/suburban environments where the design
speed is 45 mph or less, the through travel lanes can be maintained at 12 feet.

When an intersection is a part of or connecting to aturning roadway, the lane widths may
need to be increased to allow for large vehicle off tracking. Refer to chapters 3 and 9 of the
AASHTO’s*“ A Policy on Geometric Design of Highways and Streets-2001” for more details
of turning roadways.

Shoulder Widths

Aswith travel lanes, the width of shoulders should generally remain constant through an
intersection. However, two-lane highways that are flared to provide left turn channelization
may require shoulder width modifications. When the through travel lanes are widened, the
shoulder should be reduced 2 feet from standards but shall be no lessthan 4 feet. Where the
travel lanes are not widened, the shoulder width should remain at standard width.

Shoulder widths will also require modifications where the intersection includes a right turn
lane. In these situations, the shoulder should be reduced to match the dimensions of Figure
9-6 (Standard Drawing RD225).
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Superelevation

It is undesirable to have an intersection located within a horizontal curve. However, in many
existing situations, intersections are present within a highway curve. In many situations,
these connections cannot be relocated. When an intersection occurs within a highway curve,
the highway superelevation should be kept to a minimum. The highway still needs to

provide for safe movement of traffic through the intersection at highway speeds. However,
stopping traffic on steep cross slopes is undesirable due to the potential for slippage under ice
conditions. In most situations, the superelevation should be held to 4% or less.

In some cases, trying to hold the superelevation to 4% or less will result in design speeds less
than desirable for a specific highway. At aminimum, the superelevation at an intersection
should provide safe speeds equal to the desirable design speed. This meansthat if the design
speed for the highway segment is 45 mph, then the safe speed for the curve at the desired
superelevation must be at least 45 mph.

Itiscritical to ensure that connections on the high side of a superelevated highway curve
provide an approach with adequate sight distance. Ideally, intersection sight distance should
be provided. Where thisis not feasible or practical, stopping sight distance must be
provided.

Skew Angles

Roadway connections with a state highway should intersect at a 90 degree angle. 90 degree
intersections maximize sight distance, improve safety, increase efficiency, and improve
operations and safety of bike and pedestrian movements. In some situations however,
obtaining a 90-degree intersection is impractical or excessive in cost. Where thisis the case,
skewed intersections may be unavoidable. Skew angles of up to 30 degrees from
perpendicular may be justified. The amount of skew should be held to a minimum.

Several factors can help determine the amount of skew that is acceptable for any particular
intersection. Intersections with all or most of the following characteristics might justify
allowing a skew angle of up to 30 degrees.

(a) highway speeds are low;

(b) volumes on both the highway and intersecting roadway are low (not much above left
or right turn channelization warrant limits);

(c) large vehicle turning movements are minimal;

(d) intersecting roadway has afunctional classification of minor collector or below, and

(e) intersection sight distance is available.
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For al other intersections, the maximum skew should be held to 15 degrees from
perpendicular. Refer to AASHTO's* A Palicy on Geometric Design of Highways and Streets-
2001" , pages 584-585, for possible alignment solutions to skewed intersections.

Turning Radii

Turning radii are one of the most important design elements of intersections. The operations,
safety, and efficiency of an intersection are controlled by the turning movements. If the
turning vehicles are geometrically limited from completing the maneuver properly, the
intersection will break down, capacity is limited, and accident potential will increase.

The appropriate design vehicle must be identified prior to designing the intersection turning
movements. Selection of the appropriate design vehicle can sometimes be difficult. Issuesto
take into consideration in choosing a design vehicle include number and type of trucks,
functional classification of the intersecting roadways, surrounding land use, consideration of
future changes in land use and traffic, freight route designation, etc. After determining the
appropriate design vehicle, a decision needs to be made asto the level of design
accommodation to be made. In other words, isthe intersection radii to be designed for the
design vehicle or merely to accommodate the design vehicle? The concept of designing for
the design vehicleisto provide a path for the vehicle that is free of encroachments upon
other lanes. Providing adesign that only accommodates the design vehicle means that some
level of encroachment upon other lanes is necessary for the vehicle to make a particular
movement (see Figure 9-1). An example of an intersection that would need to be designed
for trucks with no encroachment into adjacent lanes would be a stopped controlled
intersection with a state highway, the highway being two lane or multi-lane with higher
speeds and/or high traffic volumes. Finding a gap in multiple traffic flows may not be
possible, therefore requiring the truck driver to turn from their lane into asingle lane. Other
factorsto consider in turning radii are the affects on pedestrians and bicycles: long crossing
distances and exposure times negatively impact their safety.

Another item that must be decided is the turning radius of the design vehicle. The turning
radius of the design vehicle determines the ease and comfort of making the turning
maneuver. The smaller the turning radius, the larger the off-tracking of the vehicle and the
slower the speed. Forcing large vehicles to use very small turning radii forces the driver to
perform avery slow maneuver that may not be in the best interests of the operation of the
intersection. Generally the radius chosen isin line with the surrounding culture. Tighter
radii are chosen for low and/or urban speeds, while larger radii are selected for higher speeds
and rural intersections.

Once the design vehicle is selected and the level of design accommodation determined, then
the intersection radii can be designed. Intersection radii should be kept as small as possible
to minimize the size of the intersection and the pedestrian crossing distance. Any time the
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design vehicleislarger than a Single Unit (SU) truck or abus, the radii may need to consider
using a two-centered curve. Off-tracking templates or automated off-tracking programs
should be used to determine the vehicle path. Once this path is identified, a two-centered
curve can be developed which closely emulates this path. The designer may need to look at a
range of vehicle turning radii and the subsequent intersection designs. This allows the
designer to select the best design for the design vehicle while minimizing the size of the
intersection.

Designers are encouraged to keep the size of intersections to aminimum. Often when
accommodating large trucks, the intersection radii become very large. This can substantially
increase the size of the intersection. Larger intersections generally have greater accident
potential, are difficult to delineate, can be confusing, require more right of way, and
significantly increase pedestrian and bicycle crossing times and distances.

Left Turn Lanes

Providing aleft turn lane at an intersection will significantly improve the safety of the
intersection. Eliminating conflicts between left turning vehicles decelerating or stopping and
through traffic is an important safety consideration. A left turn lane must be provided at al
non-traversable median openings. Left turn lanes may be installed at intersections meeting
theinstallation criteria. The left turn lane installation criteria are different for signalized and
unsignalized intersections. Refer to Section 9.3, Signalized Intersections, and Section
9.4,Unsignalized Intersections, for the appropriate siting criteria.

Left turn lanes shall be 12 feet wide plus the appropriate traffic separator width. The width
of the traffic separator is determined by several factors. If the median includes araised curb
design, the traffic separator width shall be a minimum of 4 feet. When pedestrians are to be
accommodated on the raised portion of the median with separate phases for the crossing
maneuver, the raised traffic separator width shall be 6 feet minimum. Medians that use
raised curb also need to provide the appropriate shy distance from the curb and adjacent
through travel lanes. The width of striped traffic separatorsis determined by the design
speed of the highway and the type of land use area. For design speeds of 45 mph or less, the
striped separator shall be 2 feet and 4 feet for design speeds of 50 mph or greater. For more
information on median design, refer to Section 5.5.

Development of left turn lanes should be in conformance with Standard Drawing RD215.
However, where the median width is developed non-symmetrically, areversing curve may be
used in lieu of the straight speed tapers. The reversing curve option can reduce the overall
widening thereby saving construction costs and possibly saving right of way or significant
features. Figure 9-7 depicts the standard left turn channelization design. Figure 9-8 depicts
the reversing curve channelization option.
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L eft turn lanes should be striped in accordance with the ODOT Striping Design Guidelines.
Essentially this means that the reversing curve entry taper shall be used for:

All dua left turn lanes;

All left turn lanes devel oped from sections without medians or with narrow medians, and
All left turn lanes located within wide median sections or CTWLTLs that have design
speeds greater than 45 mph.
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It iscritical to the operation of intersections to provide adequate storage length for | eft
turning vehicles out of the through traffic lanes. At a minimum, the turn lane should provide
100 feet of storage for design speeds of 40 mph or less and 150 feet of storage for design
speeds of 45 mph or greater. The Transportation Planning Analysis Unit should be contacted
to determine the appropriate storage length.

Right Turn Lanes

Speed differential between right turning traffic with through traffic can create significant
safety problems at intersections. To reduce this conflict, installation of right turn lanes may
be appropriate at some intersections. Right turn lanes also help improve traffic operations
and mobility standards at some intersections. Installation of right turn lanes should be
considered at intersections that meet the siting criteria. The appropriate siting criteriafor
signalized and unsignalized intersections can be found in Appendix F. Not al intersections
that meet the siting criteria should have right turn lanes installed. In urban situations, only
significant public roads and large private approaches should be considered for installation of
aright turn lane. A proliferation of right turn lanes along an urban arterial is undesirable for
bicycles and pedestrians, creates an aesthetically unpleasing typical section, and may not
improve safety throughout the section. Multiple right turn lanes could, in effect, create a
continuous right turn lane, which is not desirable on state highways.

Right turn lanes should be designed in conformance with Standard Drawing RD225, Figure
9-6. Theright turn lane should be 12 feet wide with a shoulder of 3 feet or 4 feet for curbed
or non-curbed sections respectively.

Acceleration Lanes

At-grade intersections should not have short tapers or acceleration lanes constructed for
vehicles entering the state highway from a crossroad or another state highway. Acceleration
lanes are generally only provided at grade separated facilities. However, in some situations
acceleration lanes may be justified. All acceleration lanes from at-grade intersections must
be approved by the Roadway Engineering Manager through a design exception.

Channdlization | slands

Channelization islands help to direct turning traffic through an intersection. Channelization
islands are atool to help decrease the exposed crossing area of very large intersections.
These islands can provide arefuge area for crossing pedestrians and offer alocation for
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signal poles and sign posts. Where channelization islands are to accommodate poles or sign
posts, the island should ideally have an area of 100 square feet.

Channelization islands are also useful for decreasing the crossing distance of pedestrians.
When intersections are very wide, pedestrians must cross very long distances which increases
their exposure time to traffic, reduces safety, and reduces efficiency of the signal due to the
time necessary to cover the crossing maneuver. The designer should consider using
channelization islands where crossing distances are greater than 90 feet and where right turn
lanes are used (Section 9.2.2 of this section gives additional guidance on channelization
islands). Channelization islands should be designed in conformance with Standard Drawing
RD220. Figure 9-9 provides additional information regarding pedestrian crossings and
channelization islands.

In rural areasit may be advantageous to provide a moderate to high speed right turn
movement at major intersections. Channelization islands could also be used in these
instances.
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Figure 9-9
Channdlized I nter section

Curb Extensions

Curb extensions, also known as “ bulb-outs,” are good tools to help reduce the pedestrian
crossing distances in areas with on-street parking. Curb extensions also increase pedestrian
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visibility, help control vehicular speeds, and give a“downtown look” to an urban area. Curb
extensions are generally appropriate within slower speed compact areas, such as Special
Transportation Areas (STAS).

The curb extensions still must be designed to accommodate the appropriate design vehicle.
However, due to the speed, traffic characteristics, and importance of alternative modesin
these areas, the level of accommodation (see Section 9.2.1) of large vehicles should be
minimal.

Curb extensions should generally be constructed to the full width of the on-street parking.
However, the curbside lane should be at least 14 feet wide from the lane line to the curb.
Each curb extension design is different. The curb extension should not block bicycle lanes.
Figure 9-10 contains severa design concepts for consideration. Additional curb extension
ideas can be found in the ODOT “Oregon Roadway Design Concepts’ (Pattern Book).
Special consideration is required in many situations for addressing drainage in conjunction
with curb extensions, especialy in retrofit situations.
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9.2.2 Bicycleand Pedestrian Needs

The design of intersections takes into account the needs of bicyclists and pedestrians. The
level and amount of design effort required to ensure adequate design for these modes will
vary among different areas.

Intersection designs should try to keep the crossing distances and pedestrian exposure to a
minimum. Pedestrians and motorists must be able to see each other clearly and understand
how the other will proceed through the intersection. This can sometimes be difficult at maor
intersections that accommodate multiple turn lanes. When intersections become excessively
large and complex, pedestrian safety is often at ahigher risk. The designer should try to find
mitigation measures to reduce the crossing distance.

When pedestrians must cross more than 6 lanes of traffic or 6 lanes with an intersection skew
angle of 20 degrees or greater, a pedestrian median refuge should be provided to enable the
pedestrian to cross the street in two phases. A right turn channelization island should also be
considered to reduce the pedestrians exposure to both through and right turning vehicles.
Curb extensions are another tool available to reduce the crossing distance for roadways with
on-street parking. Median refuges and right turns channelization islands may be more
appropriate in suburban locations, and curb extensions may be a more appropriate tool in
more compact areas such as STAs or Commercial Business Districts. However, any of these
tools could apply in amultitude of situations. A general rule of thumb isto consider
pedestrian crossing remediation when the crossing distance exceeds 90 feet in typical urban
environments such as Urban Business Areas (UBAS) and 72 feet in compact densely
developed areas such as STASs.

ADA requirements shall be met in every intersection design. |ssues such as proper ramps,
location of pedestrian and signal poles, obstructions, fixed objects, drainage, etc., need to be
reviewed and designed to accommodate all roadway and intersection users. Chapter 11,
Pedestrian and Bicycle, has additional information on intersection accommodation.

I nter section Design Affecting Pedestrians

There are several aspects of intersection design that impact the safety, comfort or access needs of
pedestrians. For each identified issue, measures that can be used to mitigate these effects will be
proposed.

Excessive Skews

Skewed approaches have several negative effects for pedestrians:
1. They make the crossing longer;
2. They enable motorists to make aturn at high speeds;
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3. They force entering motorists to look backwards for conflicts, so that a pedestrian
approaching from the other direction is out of sight, and
4. They place crossing pedestrians with their backs to approaching traffic.

The best way to mitigate for a skew isto reconfigure the intersection at or close to aright
angle. If sufficient right of way is not available for total reconfiguration, the negative
effects can be mitigated with a curb extension in the flat-angle corner(s). Figure 9-11
shows an example of an intersection with excessive skew and the intersection
reconfigured with improve skew angle. If acurb extension isn't feasible, then use the
tightest possible radius in the flat-angle corner(s).

. 7- //7 . - I .
- =W m =
\\\& % |

K/
/

/

Field of view with Revised Skew Angle with
Excessive Skew Angle improved field of view

Figure9-11
Skew Angle and Field of View

Long Crosswalks
Long crosswalks are a problem for all road users for several reasons:
1. The pedestrian is exposed to conflicts longer;
2. Itisdifficult for some people to see pedestrian signalsif they are too far away, and
3. The capacity of the intersection is reduced if the signal cycleis governed by the
pedestrian crossing time.

Several methods may be considered, individually or jointly, to reduce crosswalk lengths:
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Narrow the cross-section;

Provide curb-extensions on streets with parking;
Reduce the skew of the intersecting street, and
Minimize curb radius.

pODRE

If the overall crosswalk Iength cannot be reduced, or the above techniques still do not
provide sufficient reductions, then consider placing arefuge island(s) to enable the
pedestrian to cross in two or more phases. Pedestrians should not be forced into atwo-
phase crossing; rather, the option should be available should they be stranded on arefuge
island. Always provide a pedestrian push-button in islands. Pedestrian median refuges
are strongly recommended when crossing more than 6 lanes.

Isand Geometry

Anisland placed between a dlip lane and through traffic can offer pedestrians arefuge,
but if it is poorly designed, the geometry can encourage drivers to make turns at high
speeds without looking for pedestrians. This can be mitigated by a design that brings the
motorist to the intersecting street at close to aright angle, rather than a skew. This forces
the driver to slow down, and enables the driver to see the crossing pedestrian. Figure 9-
12 shows an example of areconfigured right angle design skewed flat angle design. The
type of design chosen varies depending upon the right turn vehicle accommodation. In
many cases the presence of large trucks prohibits the use of this treatment.

1‘@7/ :*

Right Angle Design Skewed Design

Figure 9-12
|sland Geometry
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Corner Radii
Large corner radii present several problems for pedestrians:

1. They make the crossing longer;
2. They enable motorists to make aturn at high speeds, and
3. They makeit very difficult to line up the sidewalks, crosswalks and curb cuts.

Designers should try every possible technique to minimize the corner radii at intersectionsin
urban areas. Refer to the techniques described in Section 9.2.1, Design Considerations,
Turning Radii.

Choosing the appropriate radius is often dependent on factors other than strict interpretation
of design parameters. For example, it may be acceptable to design to atight radius on
approach streets with very little truck traffic, even if that means that the occasional truck may
have to encroach into traffic to make aturn.

Crosswalk and ramp placement

Crosswalk and ramp placement becomes a concern when an intersection is skewed, or if the
corner radii are too large, especially with curb-tight sidewalks. The pedestrian expects the
sidewalk, the curb cuts and the crosswalks to be in areasonably straight line. The natural
crossing point will be a continuation of the sidewalk.

Again, large corner radii create very long crosswalks. The designer may then be tempted to
move the crosswalk away from the intersection, where the crossing is shorter, and crosswalks
and curb cuts are perpendicular to the curb. This creates a new problem, asthe crosswalk is
offset from the intersection. The crossing pedestrians may not be visible to turning motorists,
or they may ignore the crosswak markings and walk where they are lessinconvenienced. In
other circumstances, squaring up the crossing may be the appropriate treatment. The best
solution isto tighten up the intersection as much as possible.

In most instances, the best design will be arrived at through an iterative process, by trial and
error, and imagining the natural path the pedestrian will take and the various turning
movements, to reach optimal visibility, driver and pedestrian expectation, and reasonable
crossing distances.

Another consideration is trying to ensure that sidewalks are separated with a buffer strip.
This has two advantages: the extra separation will place the sidewalks between the offset
crosswalk and the curb-tight crosswalk described above, and a curb cut traced through the
buffer strip will more effectively channel pedestrians to the right crossing point.
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Curb cuts- placement and number

ADA requires two curb cuts at each corner of an intersection on new construction, and
reasonabl e efforts should be made to install two on retrofit projects. Two curb cuts enable
people in wheelchairs and other mobility aids to enter a crosswalk directly, without having to
turn 45°in the roadway. Two curb cuts also make it easier to construct them perpendicular to
the curb, as required.

Single Curb Cut Multiple Curb Cut

Figure 9-13
Crosswalk Ramp Placement

However, on corners with alarge radius, placing two curb cuts may make it difficult to line
everything correctly, as noted above. In these situations, after other mitigation has been tried,
placing one diagona ramp may work better. Figure 9-13 is an example of number of curb
cuts based upon radius.

Signal pole placement

Signal poles must be placed in alocation where they do not interfere with pedestrians' path of
travel. But they should not be placed so far away that it is difficult or inconvenient to reach
the pedestrian push-buttons. The designer should work with Traffic Management Section
concerning placement of signal poles.
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Placing the poles correctly is made easier with tight corner radii, sidewalks separated with a
buffer strip, and two curb cuts per corner. As the radius increases, it becomes more difficult
to place the pole out of the ramps and out of the walking area, but still within reach. The best
location for asignal pole is between the two curb cuts. If that is not feasible, the pole can be
placed in the back of walk. This may make it difficult for pedestrians to reach the push-
buttons. In this situation, consider placing a pedestrian pole at a more convenient location,
preferably between the two curb cuts.

On corners with one curb cut, it may be best to place the pole at the back of curb, while
ensuring that thereisaminimum 3 foot level area between the pole and the top of the curb
cut. Under no circumstances should poles be placed in a curb cut, or in the level landing at
the top of acurb cut. Figure 9-14 provides an example of signal pole placement.
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Alternate

Placement

Optimum

Placement

Figure 9-14
Signal Pole Placement

Free-flow acceleration (add) lanes

This type of intersection treatment should be avoided in urban areas. Acceleration lanes are
generally not allowed for at-grade intersections in accordance with Section 9.2.1. They create
an unexpected condition for both pedestrians and cyclists.

If an acceleration or add lane is provided for capacity reasons, then every reasonable effort
should be made to create conditions that make the crossing safer and easier for pedestrians
and cyclists.

Most of the design principles offered so far would apply to free-flow lanes a so: tighten the
turning radius, narrow the lane, and keep the angle of approach as close to aright angle as
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possible. These three elements combined will force drivers turning right to slow down and
look ahead, where pedestrians and bicyclists may be present, before turning and accel erating
onto the roadway.

9.3 SIGNALIZED INTERSECTIONS

Signalized intersection design will need to consider the following issues in addition to the design
standards for general intersection design that were discussed in Section 9.2.

Left Turn Lanes

Most signalized intersections will have left turn lanes. When left turning traffic is allowed
from atwo way highway at a signalized intersection, aleft turn lane must be provided.
Providing atraffic signal phase for left turning traffic is determined by Traffic Management
Section (see Traffic Signal Guidelines and Policy).

When the left turning volume is very large, asingle left turn lane may not be able to handle
the volume and still provide an acceptable mobility standard or safety. In these instances, a
dual left turn lane may be needed. Requests for dual left turn lanes must be approved by the
State Traffic Engineer (see OARs 734-020-0135 and 0140 for criteria). Wheniitis
determined that a dual left turn is the appropriate solution, the receiving lanes and
appropriate throat width shall accommodate the design vehicle. Dual left turn lanes should
be designed in conformance with Figure 9-15.
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Right Turn Lanes

There are no specific warrants for installation of aright turn lane at a signalized intersection.
A rule of thumb isto install aright turn lane when peak hour right turn volumeis 200 or
more. Installation of aright turn lane at signalized intersections should be justified by
engineering analysis. The Transportation Planning Analysis Unit (TPAU) should be
consulted where right turn lanes might be necessary.

It iscritical to the operation of signalized intersections that adequate storage length for right
turning vehicles (out of the through traffic lanes) be provided. The storage length needsto
accommodate the 95% gueue distance through the design life of the project. The 95% queue
length means that there is only a 5% probability that the actual volume of vehicles will
exceed the storage available. In areas where obtaining the 95% queue distance isimpractical,
the designer should provide as much storage as possible. Consideration should be given to
shortening the entrance taper to lengthen the available storage. Any exceptions, however,
will require an approval from the Roadway Engineering Manager. The Transportation
Planning Analysis Unit should be contacted to determine the appropriate storage length.

At some intersections, right turn demands might be so large that dual right turn lanes may be
necessary. TPAU and Traffic Management Section must be consulted and the approval of
the State Traffic Engineer obtained prior to installation of dual right turn lanes (see OARS
734-020-0135 and 0140). Where dual right turn lanes are required, follow the guidelines
shown in Figure 9-16.

Travel Lane
Travel Lane

—

/ o
I J—
Taper Rate

1.5 times the taper rate for a single right turn lane
(see Table A Std. Dwg. RD225)

Figure 9-16
Dual Right Turn Channelization
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Bicycle and Pedestrian Needs

Signalized intersections should provide marked pedestrian crossings at all approaches. The
only exceptions are:

(@ Intersectionsinclude multiple left or right turn lanes,
(b) Intersections with one or more legs being one way roadways, and
(c) Intersectionsthat area ‘T’ configuration.

Theideaisto only close a crossing where aturn movement has a direct protected green
arrow conflict with a crossing pedestrian. Only the State Traffic Engineer can close alegal
pedestrian crossing. The Traffic Management Section should be contacted early in the
project to determine the appropriate pedestrian crossing locations.

9.4 UNSIGNALIZED INTERSECTIONS

Unsignalized intersection design will need to consider the following issues beyond the design
standards for general intersection design that were discussed in Section 9.2.

The design of unsignalized intersections must account for the needs of bicyclists and pedestrians.
The level and amount of design effort required to ensure adequate design for these modes will
vary among different areas. Because of the complexity of urban areas, a higher level of effort is
needed in those areas.

By law, every intersection isalegal crossing location for pedestrians. Thisistrue whether the
crossing is marked or unmarked. Therefore, it isimportant to ensure that pedestrian needs are
included in the intersection design, particularly in urban areas. The marking of crosswalks shall
meet the guidelines and recommendations of the Traffic Management Manual and ODOT
Striping Guide.

Left Turn Lanes

Left turn lanes at unsignalized intersections must meet the siting criteriato justify installation.
Regardless of the funding source, the Region Traffic Engineer must approve al unsignalized
channelized left turn lanes. The designer should work with the Traffic Management Section in
locations where left turn lanes are being considered. Left turn siting criteria has been established
and islocated in Appendix F along with aleft and right turn lane siting example.
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Right Turn Lanes

Unsignalized intersections and private approach roads must meet the installation criteria prior to
constructing aright turn lane. Regardless of the funding source, the Region Traffic Engineer
must approve al unsignalized right turn lanes.

Since the right turning vehicles only have to yield to pedestrians at unsignalized intersections,
there is no need to provide vehicle storage at an unsignalized right turn lane. The one exception
iswhere vehicular storage may be required where the right turn lane is next to an at grade
raillroad crossing as per Siting Criterion 3-1. The right turn lane siting criteria are located in
Appendix F.

9.5 MODERN ROUNDABOUTS

General

(This section provides some basic information on single lane roundabouts and site criteria. Please
contact the Preliminary Design Unit for additional design criteria and recommendations.)

A modern roundabout is a form of intersection control. The distinctive characteristics of a
modern roundabout include a central island with a circulatory roadway, raised splitter islands at
the entry to introduce deflection to the vehicle path, and ayield control for approaching vehicles.
Figure 9-17 details severa major roundabout elements.

951 ROUNDABOUT ELEMENTS

M odern roundabouts show promise of reducing crashes and delay. They can be particularly
efficient where traffic volumes are roughly equal on all approaches. But they can also have
limitations:

Generally, higher capacities can be achieved with traffic signals,
Roundabouts are more expensive than stop control at low volume locations,
They provide aless positive form of intersection control, and

They cannot provide a smooth progression for arterial flows.
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Circulatory Roadway

Splitter Island

Yield Line Central Island

Truck Apron
Approach Roadway

Figure 9-17
Elements of a Roundabout

9.52 ROUNDABOUT SELECTION CRITERIA AND APPROVAL PROCESS

The State Traffic Engineer has been delegated the authority to approve the installation of
roundabouts on State Highways. Formal requests for evaluation of proposed roundabouts shall
be sent to the State Traffic Engineer. Planning level evaluation requests including TSP and
Comprehensive plan proposals shall be sent to the State Traffic Engineer to insure consistency.
Requests for roundabout evaluation shall be made through the Region Traffic Engineer in
collaboration with the Technical Services Roadway Manager.

Engineering I nvestigation

A comprehensive investigation of traffic conditions and physical characteristics of the location
shall be made by the Region Traffic Engineer or applicant. Details of crash history, traffic
volumes, analysis of roundabout operation, and other safety concerns should be included. The
investigation should include comparisons of alternative intersection control, i.e., stop control,
signal control, both operationa aspects and other considerations. A discussion of nearby land use
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Issues, access management issues, operational issues and local support for the roundabout are
desirable. For normal STIP projects a 20-year design life from the date of construction shall be
used. The State Traffic Engineer must approve exceptions to the minimum design life. A scale
drawing of the proposed roundabout should be included to assure appropriate geometry and
layout elements can be obtained (see Section 9.5.3-Design Considerations and contact the
Preliminary Design Unit for design details). Horizontal and vertical geometry must be clearly
identified. Surrounding topography and approximate Right of Way should also be included.

Evaluation of Proposals

The following recommendations will be used in evaluating proposed roundabout
locations:

Should not have more than 4 approach legs.

Should meet acceptable v/c ratios for the proposed design life.

Should have posted speeds 35 mph or less.

Should have normal circular geometry.

Should have similar or balanced volumes on all approach legs.

Should be at an intersection of two highways with roughly the same functional
classification or no more than one level of difference (i.e., arteria to arteria, arteria to
collector).

Should be mostly commuter and local traffic.

Should not have high pedestrian volumes.

Should not have high volumes of large trucks.

Should not be located within an interconnected signal system.

Should not be in locations where exiting vehicles would be interrupted by queues from
signals, railroads, drawbridges, ramp meters, or by operational problems created by left
turns, accesses, etc.

Should not be located where grades or topography limit visibility or greatly complicate
construction.

(Contact the Preliminary Design Unit for further information regarding
geometric design requirements and considerations.)

Process and Approval

Once the State Traffic Engineer receives arequest, Traffic Management staff will coordinate
review with other Technical Services staff and will make a recommendation to the State Traffic
Engineer. If the information provided isinsufficient or not of appropriate methodology (as
determined by Oregon State Highway Division) the State Traffic Engineer may request further
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analysis. The State Traffic Engineer will make the final decision whether the roundabout will be
approved.

9.5.3 DESIGN CONSIDERATIONS

It isthe intent of the Oregon State Highway Division to ensure that the geometric design of
roundabouts adheres to principals that encourage lower speeds and increased safety for all users.
These principals will also have traffic-calming benefits on the road system. It must be recognized
that the design of aroundabout is an iterative process. Geometric layout may need to be refined
several times before capacity and safety requirements can be achieved. Engineering judgement
will be required to refine the layout.

The following discussion points present some basic design considerations for modern
roundabouts. Additional design details and layout considerations can be obtained through
consultation with the Preliminary Design Unit.

Design Vehicle

In the design of roundabouts, as with other highway facilities, layouts should provide for the
largest design vehicles likely to use the facility. Intersections on state highways shall
accommodate the Interstate Design Vehicle.

Design Speed

Design speed plays an important part for safety at roundabouts. Roundabouts are purposely
designed so that traveling speeds are restricted to alow and consistent speed through the
roundabout. The design speed of the roundabout intersection should not be confused with the
design speed of the highway. A safely designed roundabout should have geometry that
accommodates all traffic movements at the chosen intersection design speed, thereby
maximizing safety benefits and minimizing the area needed. The recommended design speed of
all vehicles entering and traveling through a roundabout is 25 mph.

Inscribed Circle and Central |dand

The inscribed circle is the outside edge of travel of the circulatory roadway. The central island is
the raised area surrounded by the circulatory roadway. There are two areas of a central island,
the mountable truck apron and the non-traversable raised area. Figure 9-18 shows a typical
cross-section of the truck apron and central island.

On low-truck-volume roads, encroachment on the truck apron is permitted; however, al vehicles
smaller than the Interstate Design V ehicle should be accommodated without encroachment.
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Where high proportion of heavy vehiclesis expected, the design of adequate circulatory roadway
width with minimal use of the truck apron is preferred.

The minimum inscribed circle diameter for a single lane roundabout (accommaodating the
Interstate Design Vehicle) shall be 165 feet. The recommended circulatory roadway width for a
single lane roundabout is 21 feet, excluding the truck apron width. A truck apron should be

designed in such away that mounting over by a passenger car would feel uncomfortable but not
unsafe.

Central Island

Truck Apron
(Paver blocks

or stamped concrete) Mountable Curb

Low Profile Mountable Curb
Circulatory Roadway

Standard Curb

Figure 9-18
Central Idand Cross-Section

Entry/Exit

All approaches should be designed as perpendicular to each other as possible. This approach
design will help ensure sufficient separation between two adjacent legs. If approaches are built
too close together, it can lead to potential traffic conflicts due to the entering driver being
unaware of entering vehicle on the upstream approach leg.

Splitter 1sland

The purposes of splitter islands are to:
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Help alert drivers of the upcoming roundabout, regulate entry and exit speed;
Physically separate entering and exiting traffic, minimize potentia for wrong-way

movement;
3. Introduce deflection into vehicle paths; and
4. Provide arefuge for pedestrians, and a place to mount traffic signs.

The length of the island measured along the approach should be at least 50 feet long to provide
sufficient protection for pedestrians. Longer islands or extended raised medians should be used
in areas with high approach speeds. A separation between the yield line on the circulatory
roadway and the pedestrian crossing is crucia to safety and operation. This separation distance
helps split up the decision points of yielding to a pedestrian and picking a gap in the vehicular
flow of the roundabout. It isrecommended that the pedestrian crossing be located at least 33 —
40 feet from the yield line to the center of the crosswalk. The recommended crosswalk width is
10 feet. The opening through the splitter island should be 6 feet at the center of the crosswalk.
Typicaly, the splitter island will have a cut through design to accommodate pedestrians. Figure
9-19 shows an example of a splitter island.
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Figure 9-19
Minimum Splitter 1sland Dimensions

9- 40
2003 English HDM



9.54 MULTI-MODAL ROAD USERS

Pedestrians

The accommodation and safety of pedestrians at roundabouts is dependent on the following
design features:

Slow speeds, achieved through sufficient deflection.

Separation of conflicts, achieved by placing the crosswalk 26 — 40 feet (approx. one car
length) away from the yield line of the circulatory roadway; and

Breaking up the pedestrian crossing movements, achieved by placing a splitter island at
each leg.

Bicyclists

On single lane roundabouts, bicyclists will generally be given a choice to enter the roundabout as
avehicle and occupy a lane until exiting the roundabout, or to use the sidewalks and crosswalks
as pedestrians.

Approach legs that have a shoulder or bike lane should have the shoulder/bike lane terminate at a
distance sufficient to allow cycliststo merge into traffic before drivers' attentionison
roundabout traffic coming from the left. Curb ramps should be placed where the shoulder/bike
lane terminates, allowing cyclists to access the sidewalk. The bike lane should end 165 feet in
advance of the yield line and curb ramp width should be a minimum of 8 feet with no texturing.
See Figure 9-20 for bike curb cut information.
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Figure 9-20
Bike Curb Cut

Transit Considerations

The placement of bus stops near roundabouts should be consistent with the needs of the users
and the desired operations of the roundabout. Bus stops should be close to passenger generators
or destinations, and pedestrian crossings of the roundabout |egs should be minimized. A bus
stop is best situated:

On an exit lane, in apullout just past the crosswalk; or
On an approach leg 60 feet upstream from the crosswalk, in a pullout; or

On asingle lane entrance leg, just upstream from the crosswalk, if the traffic volume is
low and the stopping timeis short. Thislocation should not be used on two-lane
entrances (a vehicle should not be allowed to pass a stopped busin the interest of
pedestrian crossing safety).

Bus pullouts shall not be located in the circulatory roadway on the state highway system.
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9.6 INTERCHANGE DESIGN

General

Prior to the location and design stage, ODOT staff approval and FHWA approva must be
obtained for the reconstruction or addition of an interchange on the Interstate system. The
approval procedures are processed through the Preliminary Design Unit. Justification is based
on anumber of issues, including roadway system analysis, traffic studies, interchange spacing,
cost/benefit ratio, etc. The following documents provide the basis of interchange planning and
design process:

OSHD Policy for New Interchanges on Full Access Controlled Highways-1988
AASHTO “ A Palicy on Geometric Design of Highways and Streets, 1994”
AASHTO “ A Policy on Design Sandards- Inter state System, 1991”

FHWA Policy Statement on Additiona Interchangesto the Interstate System
The* Oregon Highway Plan,” 1999

aprwdE

Traffic Studies

Traffic studies should be requested from the Transportation Planning and Analysis Unit as early
in the development of the design as possible. Typical requests for analysis should include
volumes, turning movements, capacity and levels of service. Analysisfor weaving sections,
storage lengths and spacing should also be done as needed. Analysis shall be considered on the
basis of a20-year design life after construction of the project. Further information on traffic
studies can be found in Section 10.6.

Standard Interchange L ayout Sheet

The proposed interchange design shall be prepared on the Standard Interchange Layout Sheet by
the Preliminary Design Unit or authorized representative. Study copies of the " Standard Sheet”
are typicaly submitted to the Roadway Section, Transportation Planning Analysis Unit, and the
Bridge Section for approval. Depending on the level of interchange detail, FHWA approval is
obtained locally for minor interchange revisions and at the national level for maor freeway to
freeway type interchange revisions.

The approved design must be used for contract plans. If revisions are desired, they must be
made by the Preliminary Design Unit, which will consult with the appropriate Technical
Services Sections and circulate the revised copies.
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Interchanges can be designed for freeways or non-freeways. The first half of this section will
discuss the design elements and issues for freeway interchanges. The second half will discuss

non-freeway design.

9.6.1 FREEWAY INTERCHANGE DESIGN

I nter change Spacing

Table 9-2 shows the access spacing standards for interchanges for freeway and non-freeway
locations. The spacing shown is measured crossroad to crossroad centerline distance.

Table9-2
Freeway | nterchange Spacing
Access M anagement .
Classification Area I nter change Spacing
Interstate and _
Non-Interstate Urban 3miles
Rural 6 miles
Freeways
All Expressways, Statewide, _
Regional, and District Urban 1.9 mlles
i Rural 3 miles
Highways
Design Speed

The design speed of an interchange ramp varies from 50% (minimum) to 85% (desirable) of the
freeway speed, with the exception of loop ramps. Design speed appliesto the ramp proper and
not to the terminals, which are relative to the speed of the highway involved. The design speed
influences the horizontal and vertical curvature of the ramp. Table 9-3 below can be used to
determine the appropriate ramp design speed. Ramp capacity is a so influenced by the design
speed. (See Table 9-4.)
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Table9-3

Ramp Design Speed
Highway Design Speed (mph)
50 55 60 65 70
Ramp Design Speed (mph)
- Desirable 45 45 50 55 60
- Minimum 25 30 30 35 35

Note: Loop Ramp Design Speed should not be less than 25 mph

Table9-4
Single Lane Ramp Capacity
Approximate Service Flow Ratesfor Single Lane Ramps
(Passenger CarsPer Hour)
Ramp Design Speed (mph)
LOS
<20 21-30 31-40 41 -50 Over50

A * * * * 600
B * * * 900 900
C * * 1100 1250 1300
D * 1200 1350 1550 1600
E 1250 1450 1600 1650 1700
F Variable Variable Variable Variable Variable

* Level of service not obtainable due to restricted design speed.

NOTE: For two lane ramp, multiply the valuesin the table by:
1.7 for 20 mph or less
1.8for 21 - 30 mph
1.9for 31- 40 mph
2.0 for 41 mph or over

Typical Section

The urban and rura arterial design chapters, Chapters 7 and 8, discuss typical section elements
for roadways. These chapters should be referenced for the crossroad design. See Figures 9-21
and 9-22 for details of the ramp design.
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Horizontal Alignment

The main curve (the curve immediately following the exit taper or preceding the entrance taper)
should conform to the desirable ramp design speed, with maximum degrees of curvature shown
in Table 9-5. Variations of thiswill require adjustments to the exit taper or acceleration lane
length. See Figures 9-21 and 9-22 (Standard Drawings RD205 and RD210).

Table9-5
Maximum Degree of Curvature and Sight Distance on Ramps

Design Speed of Ramp (mph)

Design Element
25 30 35 40 45 50 55 60
Maximum Design 36° 26° 19° 14° | 10°30" | 8°15 | 6°30 5°
Degree of Curvature
Stopping Sight
Distance (feet) 155 200 250 305 360 425 495 570

Also See Figures 9-21 & 9-22

The layout of the interchange is influenced by the skew and horizonta aignment of the
crossroad. The skew of the crossroad to the highway should be as close to 90 degrees as
possible. The use of horizontal curves on either highway through the interchange should be
avoided. A discussion on horizonta aignments for roadways can be found in Section 5.3.

When one way, one-lane ramps exceed 1500 feet in length, a second lane should be added to
relieve congestion caused by slow moving or stalled vehicles. Steep grades and/or ahigh
percentage of trucks may require an added lane on shorter ramps.

Typical horizontal exit and entrance details to the main highway can be found in Figures 9-21
and 9-22. Ramp terminals are generaly perpendicular to the crossroad.
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Adjacent loop ramps on the same side of the freeway are not usually permitted unlessthe
weaving section is carried on a Collector-Distributor, C-D, road. Loop ramps on the same side
of the crossroad are discouraged due to the short weaving section normally available between
the loop ramps.

Loop ramps should be as large as practical and never be sharper than a 36° curve. When
designing an exit loop ramp where the crossroad is below the freeway, the maximum degree of
curve should be 30°, the use of spiralslonger than the standard is recommended in this situation.
L oop ramp connections usually come paralld to the crossroad using a spird rather than an
angled connection.

Termina curves (where aramp terminates at a crossroad) are generally sharper than the main
curve, varying with the conditions.

Due to the crossroad grade often being adverse to anormal superelevation for termina curves
and the fact that traffic is dowing to stop at the crossroad, ramp terminal curves seldom are fully
superelevated and may not be superelevated at al. Therefore, the need for spirals, particularly
standard length spirals, is diminished and sometimes eliminated on terminal curves. While
spirals may not be required, their use is aways beneficia for leading traffic smoothly into the
terminal curve. Theramp terminal curve superelevation rate istypically one-half the full
superelevation rate for that curve.

Vertical Alignments

Ramp grades should be asflat as possible. (See Table 9-6 following.) Where ramp traffic
congists chiefly of heavy trucks or buses, 3 or 4% gradients are preferred. A gradient of 2% for
"landings' at ramp terminals shall be provided when possible. In Figure 5-14, the effect of
grades on truck speedsis shown. Speed of trucks on gradesis directly related to the
weight/horsepower ratio. (See AASHTO “A Palicy on Geometric Design of Highways and
Sreets—2001" page 252.) Vertica alignments and clearances for the crossroad and ramps
should be designed in accordance with Figures 5-11 and 5-12.

The deceleration and acceleration characteristics of trucks are quite different from the normal
passenger vehicle. When there is significant truck traffic (over 20 trucks with 4 or more axles
per hour), the minimum deceleration design lengths for trucks should be consistent with Figure
9-22. Dueto the long acceleration requirements for trucks, it is not practical for acceleration
lanes to be designed for significant numbers of large trucks, but, instead, al types of vehicles
should be considered in the design of interchange ramps.
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Table9-6

Maximum Grades For Ramps

_ Ascending Grades % Descending Grades %
Design Speed ) ) : :
Desirable Maximum Desirable Maximum
25-30 mph 5 7 7 8
35-40 mph 4 6 6 7
45-50 mph 3 5 5 6

Except in special cases, descending grades on exit ramps should be the same as the ascending
grades.

Superelevation

The superelevation on ramps shall follow the same standards as those on the main roadway with
consideration given for speed and local conditions. (See rura and urban design sections,
Section 5.3). Theterminal curve will use minimal superelevation as appropriate for the
intersection (typically one-haf the full super rate).

Ramp Terminals

The separation or "spread" between ramp terminals on the crossroad should be adequate to
alow for standard median channelization if left turns are required. Figure 9-23 gives minimum
spread distances for a basic diamond interchange at various design speeds. Particular attention
should be paid to adequate vertical and horizontal sight distance at the ramp terminals. Design
elements such as barrier, protective screening, superelevation rates, and landscaping can have an
impact on the sight distance of ramp terminals.

Exit ramp and entrance ramp terminals on the crossroad should be offset to encourage driversto
use the entrance ramp and to discourage wrong way moves. See Figure 9-24 for methodol ogy
in designing exit and entrance ramp terminals.

Freeway ramp terminals, and intersections pre-approved for interstate trucks as shown on Route
Map 7 (Route Map 7 can be found at http://www.odot.state.or.us/trucking/od/maps.htm) at
major truck use locations, shall accommodate the current Interstate Design Vehicle. Other
intersections that have known large truck usage should be designed to accommodate the current
Interstate Design Vehicle where feasible. Overlay templates or computer and CADD generated
wheel paths of the design vehicle should be used to determine adequate clearances. Thisis
particularly important when determining stop lines for |eft turn bays and when designing double
left turns and two lane loop ramps.
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DIAMOND INTERCHANGE - TERMINAL RAMP SPREAD

CHANNELIZATION DIMENSIONS

L min. X-XMIN -

RAMP
TERMINAL ¢

195 100 150 100 600 | 510

250 | 110 160 100 610 | 520

305 120 180 100 640 | 550

370 136 235 100 735 | 645

435 145 205 150 945 | 855

510 160 355 150 1050 | 960

595 170 420 150 | 1170 | 1080

680 180 485 150 1290 | 1200

3|a(2|s|a|s(5]x|alx(3

680 180 555 150 | 1430 | 1340

MPH = Design speed of crossing roadway.

Shid. Width (ft.) on Structure

-
[N

-
[=]

GLOSSARY OF TERMS

R = Radius of reversing curve.

T = Length of reversing curve.

*8 = Stopping sight distanca for a speed
10 mph less than the Design Speed.

L = Length of storage determined by X-X

storage analysis - Minimums shown.
W = 100" for 3-lane @ 90° in tangent section.

55' for 5-lane @ 90° in tangent section.
W determined by where turning vehicle's
off-track crosses edge of left-turn lane
(See figure right).
This is where stop bar should be placed.

X-X = Minimum distance between the left edges
of travel of the ramp terminals (see
diagram left). X-X =2(W+L+S)-T ;
where S 2 T. Else X-X = 2(W+L)+T.

G = Combined horizontal and vertical sight L
distance clearance from the structure.
Typically 200 feet or more.

See Sec. 9.6.1, Hwy. Design Manual,
Frontage Roads and Outer Separations.

RT = Ramp terminal radii should accommodate a
WB-67 Interstate Design Vehicle (IDV).
Two Centered radii should be used to satisfy
this requirement.

ET = Edge of Travel

'C' TABLE

R T S
@) | () | @) | |®) [3Lane[5-Lane ET] AT
195 100 150 100 600 | 510 RT

ROADWAY

CROSSING

RT

—_—

ET

ET

* RAMP
TERMINAL

-]

=]

2 S 3, Ly,

IS

n

o

8o
5 Mp,
%MP/Y % MP/./ R MP/Y 2]

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

Clearance from Structure (ft.) to € of Ramp Terminal

'C' TABLE NOTES
1) 'C' Table values are based on the appropriate vertical curve and horizontal

State of Oregon
Department of Transportation

safe sight distance values for the design speed in a tangent section.

2) Clearance calculations do not include sidewalks; as there may or may not
be barrier separation from the roadway. Barriers must be used when
the cross-road design speed is 46 mph or greater.

HIGHWAY DESIGN MANUAL
INTERCHANGE RAMP SPREAD

SOURCE: PRELIMINARY DESIGN Figure: 9-23

2003

Figure 9-23

I nter change Ramp Spread
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NOTES
@ Ramp skew angle may vary between 60° and 120°
90° belng preferred In most cases. Larger skew
angles result in excessive pavement width.

@ These tapers are a function of the design speed,
i.e., Design Speed (mph) = Taper Rate
Example: Design Speed = 50 mph

Taper = 50:1

@ This offset usually varies between 10' and 35',
but may be less or greater depending on individual
circumstances. The offset is used to discourage a
wrong way left turn. (See 2001 AASHTO pages 684
and 685, Exhibits 9-71 and 9-72)

4%:
—

@Taper

Figure 9-24
Exit and Entrance Ramp Terminals

Recommendations for radii can be found in Section 9.2 and in "Turning Paths of Design
Vehicles,” adesign guide prepared by Preliminary Design. Interstate Design Vehicle path
requirements can a so be found on Figure 9-25. Typically, two centered curves are used at ramp
terminals due to the benefits of matching the turning characteristics of large vehicles. Two
centered curves assist in reducing the crossing distance at ramp terminals while accommodating
the turning requirements of the design vehicle.

Access Control

Complete restriction of access must be obtained in the interchange area consistent with the
following:
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A) At all rura and suburban/urban fringe area interchanges, access shall be controlled a
minimum distance of 1320 feet from the centerline of the ramp. The access control
shall be applied equally to both sides of the crossroad. No reservations of access
should be alowed within these access controlled areas. No private access should be
allowed across from the interchange ramp terminal.

B) All other urban interchange areas should a so be access controlled for 1320 feet from
the centerline of the ramp. In many existing urban interchange environments
however, this distance will be very difficult to achieve due to the built up
environment surrounding the interchange. In these situations, the crossroad shall be
controlled for aminimum distance of 750 feet. This controlled section applies
equally to both sides of the crossroad and shall not include any reservations of
access. No private access should be allowed across from the interchange ramp
terminal.

Exceptions from the above have been developed through a deviation process associated with
Interchange access management area planning. OAR 734 Division 51 provides information
and rules involving access management for road connections to state highways. Potential
justifications for not obtaining the minimum access control may include but are not limited
to:

(A) The cost of obtaining the access rights far exceeds the benefits.

(B) Existing development patterns make it difficult and costly to provide alternative access
routes such as frontage roads, combined access, or completing local roadway networks.

(C) Topographica constraints make it impractical to achieve the desired spacings.
Exceptions from the access control standards for new interchanges will generally not be
approved. In these situations, the standards should be achievable at a reasonable cost and
impact. Only extreme cost or environmental impacts may justify an exception.

Additional guidance on controlling access at interchanges can be found in the 1999 Oregon
Highway Plan.
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Ramp Meters

In highly congested aress, typically urban, the use of ramp meters may be beneficial to freeway
traffic operations. Ramp meters reduce merge area turbulence and regulate total freeway flow
through downstream bottlenecks. The Traffic Management Section should be contacted when
ramp meters are being considered in the project development process. In addition, there are
geometric and safety issues with the design of the ramps and placement of the ramp meter
signals that should be considered in the design.

Ramp meters can be installed on single lane or two lane entrance ramps. Ramp meters should
not be installed on ramps connecting freeways to freeways, as freeway ramps should be
designed to operate as free flow ramps. Where ramp meters are to be installed on a single lane
entrance ramp, the ramp design shal be consistent with the appropriate design for 4R/New
Congtruction for Freeway or Non-Freeway Ramps found in Figure 9-21 and 9-26. In a 3R
project, installation of a two lane ramp meter on a single lane ramp should be built to 4R/New
Congtruction standards (ramp should be widened to full two lane ramp standards). In
constrained areas, an evaluation should be made to determine if the existing one lane ramp
should be widened to two full standard lanes or if the existing one lane ramp width can be
retrofitted for installation of two ramp meters. Single lane ramps retrofitted for two lane ramp
meters require a design exception. The location of the ramp meter signal's should be located just
prior to the paved edge of the ramp gore area. Figure 9-27 details the proper location and
typical section for atwo lane tapered to one lane parallel entrance ramp. It isimportant to locate
the ramp meter signals outside of the freeway clear zone.

2' 14' 6'
Shoulder Travel Lane Shoulder
— \

Figure 9-26
Non-Freeway Interchange Ramp Typical Section
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Lane Balance

To redize efficient traffic operation through an interchange, there should be a balance in the
number of traffic lanes on the highway and ramps. Design traffic volumes and capacity anaysis
determine the number of lanes to be used on the highway and on the ramps, but the number of
lanes for some sections should be increased to ease operation from one roadway to another.

L ane balance should be checked after the minimum number is determined for each roadway on
the basis of the following principles:

A) The number of lanes beyond the merging of two traffic streams should not be less than
the sum of al traffic lanes on the merging roadways minus one.

B) For entrance ramps bringing two lanes of traffic onto a highway, the road beyond the
ramp entrance should be at least one lane wider than the road approaching the entrance.
The paralld design for two lane entrance ramps shall be used. Any exception from this
standard shall be approved by the Roadway Engineering Manager. (See AASHTO's*A
Policy on Geometric Design of Highways and Streets - 2001 “, pages. 860-863).

Asapreliminary guide, the minimum distance between a freeway entrance and exit ramp at
separate interchanges is one mile for urban freeways and two milesfor rural freeway (see
Oregon Highway Plan, Appendix C). The minimum distance between successive freeway
entrance and exit ramp terminalsis 1000 feet. The minimum distance for asingle exit followed
by a secondary exit or split is 800 feet. Exceptions from the standard spacing must be obtained
from the Roadway Engineering Manager. All exception requests should be reviewed by the
Trangportation Planning Analysis Unit to ensure the freeway and ramps will function
acceptably.

Where the distance between an entrance terminal and an exit terminal is 2500 feet or less, the
interim space generally becomes aweaving section and must be analyzed for required length
and design by the Transportation Planning Analysis Unit. Where the distance is 1500 feet or
less, an auxiliary lane may be introduced.

Collector-Distributor roads may be used to reduce traffic friction from multiple entrance and
exit connections on the same side of the freeway, thereby permitting higher speeds on the
through traffic lanes.

Weaving Sections

Weaving sections occur when entrance ramps are closely followed by exit ramps, and/or an
auxiliary laneis utilized. Such areas present specia design problems due to the concentrated
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lane changing maneuvers of merging and diverging traffic. The development of the design
involves the following factors: desired mobility standard; length; number of lanes; traffic
volumes; weaving and non-weaving vehicles, and average speed. Auxiliary lanes generally will
be bel ow access management spacing standards and may require adeviation. Design guidance
may be obtained from "Design Controls and Criteria, Chapter 2 of AASHTO's"A Policy on
Geometric Design of Highways and Streets—2001" and from "Freeway Weaving" TRB #209,
Highway Capacity Manual, Chapter 24.

The Transportation Planning Analysis Unit shall be consulted for data and direction on the
design of each weaving section and the location of consecutive entrance and exit ramps.

Figure 9-28 shows the terminal points for measuring the length of aweaving section.

9- 58
2003 English HDM



Buloeds reulw o] dwey wnuwiul A

82-69.nb14
200e @g-6 :einbig
IVYNINHIL JONVHINT IVNING3L 11X3
ONIOVdS TVNINHAL dNVH Nviaaw NvIdan
AVNNVIN NDIS3Ad AVMHOIH ||||||||IV| z|||| S z||V|||||||
ElN g :w:om:._.uom_an_mu/ —_— |ﬁ |ﬂ —_—) - 3INVIHONOHHL 40 3003
uojjeyodsuel ] Jo juswpedeg HIATNOHS ANIMNIVIN
wbBeigoe@yg | —====—q A= g s
\

sEanoRe e —

8EL

<L /IM@O 5

> dl
(FHNLYAHND NI 38 AV HLONTT ONIAVIM —~
AVM GISAVHL 50 3903 a3103r0Hd (UNLVAHND NI 38 AVI)
039 3ro AVM F13AVHL 40 3903 aAL53rodd

NOILO3S ONIAVAM 40 HLONTT ONIHNSYAN HO4 SINIOd TVNINHIL

'8v8 39Vd '89-01 LIGIHX3 '1008 'OLHSYY 33S "ONIOVS TYNINYIL dJAVH WNINININ HOS

'9861 ‘G4VO8 HOHVY3SIH NOLLYLHOJSNVHL
'2p 3DVd 'SOIHLINOITD 40 S1O343 TVNOILVHIJO ANV NDIS3A "00+ GHOOIH HOHVASIH NOILV.LHOISNVHL "ONIOVdS TYNIWLIL dWVH 2LVNO3AV ANV 318VHISIA HOd :30HN0S

(a3sn 39 0L SAMIVA THL 40 HIDHVYTD " 1002 “IVNNVIN ALIOVYD AVMHSIH JHL NI G3NM.LNO 3HNA3004d HLIM SONVAHOOOV NI a3MO3HO 38 d1NOHS :d3ANININODTHx

WNIWININ| 000} | 009 | 0091 | 000G | WNNWININ| 009 008 WNWININf 00 | 00S WNNININ| 008 | 0001 WNWININ
31vnd3av| ooct | 0081 | 0081 | 00Se |3LvND3A¥Y| 008 | 0001 |3LvnND3dv| 00S | O09 |31vnD3IAY| 0001 | O0Zl |3LvnO3Iav
J19vHIS3a| 00St | 0002 | 000¢ | 000E |31avdISAd| O00L | OO0C) (31avHISIA| 009 | 0SZ |31avHISIa| 00ck | 00SH |J19vHIS3A

sanmaang | aige | te | oEEC| a2 [sanraing | oHowi | OHOINI [saNmAaINg |51 M amaaus | SINMEaING | LS9 AN | aymazud [saNTEaING

BORIBOTIONES | =omen e s J0IAG3S | NALSAS avoiao| TIN4 avohao| TiNd
b
3 AN
* .‘!V/
'

ipa oL 13
(ONIAVEM) LIX3 OL IONVHINI SAVMAVOH DNINYHNL FONVHINT OL 133 JONVHINT OL JONVHINI

3 1

(ALMIENETH YO A33N ANY ONTIHIAXE TYNOLLYHIJO NOdN a3sva)

{4 ONIOVdS TYNINGAL dWvd WNINININ A3ANTNNOD3H

2003 English HDM

9- 59




Frontage Roads and Outer Separations

The area between the traveled ways of athrough traffic roadway and afrontage road or street is
called the outer separation. Outer separations shall be a minimum of 33 feet (desirably 40 feet)
between edge of travel lanes for one-way frontage roads with traffic proceeding in the same
direction as the adjacent freeway or expressway traffic. A minimum of 40 feet (desirably 50
feet) isthe required outer separations for frontage roads having two-way traffic. Screening of
headlight glare should be considered on frontage roads with two-way traffic or traffic opposing
the main roadway traffic. These outer separation requirements should not be confused with the
ramp terminal and roadway spacing standards (Appendix C of the 1999 Oregon Highway Plan).

A thorough study should be made to determine appropriate widths of outer separations on
ground level freeways. The outer separation should be as wide as can be economically attained
to provide a safe buffer zone (see AASHTO's“A Poalicy on Geometric Design of Highways and
Sreets—2001" , pages. 512).

At intersections on mgjor streets and on expressways, outer separations shall be minimum of
40 feet (desirably 65 feet) to provide room for turning movements.

Intersections of roads or streets with a crossroad having a structure shall be located 200 feet or
more from the end of the structure to improve sight distance for vehicles on the intersecting
facilities, unlessthe intersections are signalized.

Safety Rest Areas

Safety rest areas provide the driver an opportunity to pull off the highway and rest, thus making
the highway safer. Rest areas also provide picnic areas, water and sanitary areas, and motorist
serviceinformation. Rest areas are located on freeways and other highways where thereisa
need.

The design of rest areas will vary depending upon location and need. Some rest areas are quite
large while other rest areas only serve afew vehicles and are more of awayside than rest area.
The Preliminary Design Unit should be contacted concerning the design of rest aress.

Rest areas located on the freeway system should be designed with exit and entrance ramps. The
exit and entrance ramps should be designed in the same manner as interchanges. Because rest
areas accommodate large numbers of trucks, the design should consider the use of exit and
entrance ramps that better accommodate trucks.

As mentioned above, rest areas have different functions. One of those functionsis providing
travel information at the rest areas. Many timesthe rest areawill be closed for long periods of
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time and this has an impact on the travel information provider. In caseswheretherest area
requires remodeling or repair, the designer should see that tourist information facilities are kept
inserviceif possible or look at ways of minimizing the closure time.

9.6.2 NON-FREEWAY INTERCHANGE DESIGN
General

The types and styles of interchange designs on highways other than freeways are quite
varied. They can range from freeway designs to intersection right in/out jug handles. Many
of the design standards for freeway interchange design are also applicable to non-freeway
interchange design. Unless otherwise noted below, the freeway design standards generally
apply to non-freeway designs as well. However, other design elements and issues related to
non-freeway design are also discussed below.

Design Speed

Aswith freeway style interchanges, the design speed of the ramps should be between 50%
and 85% of the design speed of the mainline. However, the ramp design speed should never
be below 25 mph.

Typical Section

The design of the crossroad should be the same as for freeways. The ramp sections are
different, however. Non-freeway ramp design should be in conformance with
Figure 9-26.

Access Control

In addition to controlling access at the ramp terminals at the crossroad, access control along
the mainline needs to be acquired upstream and downstream of the deceleration and
acceleration lanes. Access needs to be controlled one mile (urban)/two miles (rural) in
advance of a deceleration lane and one mile (urban)/two miles (rural) downstream of an
acceleration lane. Achieving the access spacing may be very difficult on aready developed
existing roadways and may require adesign deviation. Appendix C of the Oregon Highway
Plan contains information on access management requirements.
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Deceleration L anes

All exit ramps for non-freeway interchanges require a deceleration lane. The deceleration
lane can be afreeway style exit taper with gore area or an intersection right turn deceleration
lane. Either option is adequate for loop ramp or jug handle style ramps. Interchanges that
look like a standard diamond should use freeway style deceleration design.

Acceleration Lanes

The decision to use acceleration lanes will vary depending upon the speed of the highway,
ramp volume, highway volume, number of lanes, level of service, and the highway roadside
culture downstream from the ramp.

Acceleration lanes should generally only be used when merging with a multilane highway.
Only where safety is not compromised, could acceleration lanes be considered on two lane
two-way roadways. Where acceleration lanes are used, they should conform to the lengths
shown on Standard Drawing RD205. Non-freeway acceleration lanes may or may not use
the entrance angle design associated with freeway interchanges. Consistency among ramps
and throughout sections should be maintained as much as possible. If the exit ramps utilize
an exit angle, the following acceleration lane should use the entrance angle. However, each
interchange and ramp needs to be evaluated separately to determine the appropriate design.
Typicaly, if the facility uses a“freeway style” interchange, exit and entrance angles should
be used. “Jughandle style”’ interchanges should use parallel deceleration and acceleration
ramps. Refer to Figures 9-29 and 9-30 for non-freeway interchange design concepts.
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