Preface

Purpose

Many manuals, policies, guides, standards etc. have been published regarding roadway design. Most of
these have been written using wide ranges of design recommendations (minimums and maximums) since
the contents were intended to apply nationally. The purpose of this manual is to reduce the selection of
design alternatives to those most appropriate for the State of Ohio, to document Ohio’s interpretation of
various policies, and to include design criteria which may be unique to the State of Ohio.

Application

The criterion included in this manual has been developed to closely conform to the following publications:

AASHTO - A Policy on Geometric Design of Highways and Streets (2004 Green Book)
AASHTO - A Policy on Design Standards - Interstate System (2005)
TRB Report 214 - Designing Safer Roads - Practices for Resurfacing, Restoration and
Rehabilitation (1987)

e AASHTO - Roadside Design Guide (2006)

This manual is neither a textbook nor a substitute for engineering knowledge, experience or judgment. It
is intended to provide uniform procedures for implementing design decisions, assure quality and
continuity in design of highways in Ohio, and assure compliance with Federal criteria. Although the
manual is considered a primary source of reference by personnel involved in highway design in Ohio, it
must be recognized that the practices suggested may be inappropriate for some projects because of
fiscal limitations or other reasons.

Consideration must also be given to design standards adopted by city, county or other local governments
when designing facilities under their jurisdiction.

In lieu of the geometric design guidelines presented in this manual, the geometric design guidelines
presented in the AASHTO publication “Guidelines for Geometric Design of Very Low-Volume Local
Roads (ADT # 400)” (2001) may be used for very low-volume local roads with a design average daily
traffic volume of 400 vehicles per day or less.

Preparation

The Roadway Design Manual has been developed by the Office of Roadway Engineering Services.
Errors and omissions should be reported to the Office Administrator, Office of Roadway Engineering
Services, Ohio Department of Transportation, 1980 West Broad Street, Columbus, Ohio, 43223.

Format and Revisions
Updating the manual is intended to be a continuous process and revisions will be issued periodically.

Each page has its publishing date shown. Users are encouraged to keep their copies up to date.

Updates are available for viewing or downloading only from ODOT’s Design Resource Reference
Center, found on ODOT’s web page. ODOT'’s Internet address is http:/www.dot.state.oh.us.
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Unit of Measure
Plans are to be prepared using the English system of units. Metric units are provided for reference only.

Design values are presented in both English and metric units and were developed independently within
each system. For design purposes, the relationships between the two units are not exact or
interchangeable. The user is therefore cautioned to work entirely within one system and not attempt to

convert directly between the two.

In the text portion of this manual, metric units are shown in brackets following the English dimensions.
The Figures are published in two sets, one for English units and one for metric units.
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DISTRICT ADDRESS CITY ZIP CODE PHONE NUMBER
District 1 1885 N. McCullough St. Lima 45801 419-222-9055
District 2 317 E. Poe Rd. Bowling Green 43402 419-353-8131
District 3 906 N. Clark St. Ashland 44805 419-281-0513
District 4 2088 South Arlington Rd. Akron 44306 330-786-3100
District 5 9600 Jacksontown Rd., S.E. Jacksontown 43030 740-323-4400
District 6 400 E. William St. Delaware 43015 740-363-1251
District 7 1001 St. Mary’s Ave. Sidney 45365 937-492-1141
District 8 505 S. State Route 741 Lebanon 45036 5183-932-3030
District 9 650 Eastern Ave. Chillicothe 45601 740-773-2691
District 10 338 Muskingum Dr. Marietta 45750 740-373-0212
District 11 2201 Reiser Ave., S.E. New Philadelphia 44663 330-339-6633
District 12 5500 Transportation Blvd. Garfield Heights 44125 216-581-2100
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Glossary

Arterial - A functional classification for a facility primarily used for through traffic, usually on a continuous route.

Attenuator (Crash Cushion) - Protective devices that prevent errant vehicles from impacting fixed objects by
gradually decelerating or redirecting the vehicle.

Backslope - The slope from the back of a ditch to the existing ground surface. (Sometimes referred to as a cut
slope.)

Barrier - A longitudinal device used to shield motorists from natural or manmade obstacles along the roadway.
Occasionally used to protect others (pedestrian, bicyclists, etc.) from vehicular traffic.

Barrier Clearance - The distance required between the face of a barrier and the face of an obstacle to permit
adequate shielding.

Barrier Grading - The shaping of the roadside when a barrier is required for slope protection. (See Figure 307-
4).

Border - The area between the face of curb and the right of way line. Usually referred to as the border area
when no sidewalk is used.

Buffer - The space between the face of the curb and the sidewalk for the purpose of providing snow storage, a
buffer between cars and pedestrians, a place for signs and to improve aesthetics.

Clear Zone - The area along a highway beyond the edge of pavement and available for safe use by errant
vehicles.

Clear Zone Grading - The shaping of the roadside using 4:1 or flatter foreslopes and traversable ditches within
the clear zone area. (See Figure 307-3).

Cloverleaf Interchange - An interchange with loop ramps and outer ramps for directional movements. A full
cloverleaf has ramps in every quadrant.

Collector - A functional classification for a facility in an intermediate functional category connecting smaller local
or street systems with larger arterial systems.

Collector-Distributor (C-D) - A directional roadway adjacent to a freeway used to reduce the number of conflicts
(merging, diverging and weaving) on the mainline facility.

Common Grading - The shaping of the roadside using 3:1 or flatter slopes and normal ditches. (See Figure 307-
4).

Converging Roadway - Separate and nearly parallel roadways or ramps which combine into a single continuous
roadway or ramp having a greater number of lanes beyond the nose than the number of lanes on either
approach roadway.

Controlled Access - (Partial control of access) - Highway right of way where preference is given to through
traffic. In addition to access connections with selected public roads, there may be some private drive
connections.

Crest Vertical Curve - A vertical curve such that the point of intersection of the approach grades is above the
roadway profile. Crest vertical curves are concave downward.

Critical Slope - A slope, steeper than 3:1, on which vehicles are likely to overturn.
Cross Slope - The rate of change of elevation along a straight line from one point in cross section to another.

Cut Slope - See Backslope.
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Decision Sight Distance - The distance required for a driver to detect an unexpected or otherwise difficult to
perceive information source or hazard in a roadway environment that may be visually cluttered, recognize the
hazard or its threat potential, select an appropriate speed and path, and initiate and complete the required
maneuver safely.

Degree of Curve (Arc Definition) - The angle subtended at the center by an arc of 100 foot length.

Design Exception - A document which explains the engineering and/or other reasons for allowing certain design
criteria to be relaxed in extreme, unique, or unusual circumstances.

Design Hour - The 30™ highest hourly volume of the design year.

Design Hourly Volume - The total volume of traffic in the design hour, usually a forecast of peak hour volume,
measured in vehicles per hour.

Design Speed - A selected speed used to determine the various geometric design features of the roadway.

Diamond Interchange - The simplest and most common type of interchange, formed when one-way diagonal
ramps are provided in each quadrant and left turns are provided on the minor highway.

Directional Interchange - An interchange , generally having more than one grade separation, with direct
connections for all movements.

Diverging Roadway - Where a single roadway branches or forks into two separate roadways without the use of
a speed change lane.

Expressway - A divided arterial highway with full or partial control of access and generally with grade
separations at major intersections.

Fill Slope - See Foreslope.
Foreslope - The slope from the edge of the graded shoulder to the bottom of the ditch. (Also called Fill Slope.)
Freeway - An expressway with full access control and no at-grade intersections.

Functional Classification - The grouping of highways by the character of service they provide.

Glare Screen - A device used to reduce the amount of headlight glare resulting from opposing traffic.

Graded Shoulder - The area located between the edge of the pavement and the foreslope.

Headlight Sight Distance - The stopping sight distance required on an unlighted sag vertical curve.

Horizontal Sight Distance - The sight distance available in consideration of various horizontal alignment
features, such as: degree of curvature and the horizontal distance to roadside obstructions.

Intersection Sight Distance (ISD) - The sight distance required within the corners of intersections to safely allow
a variety of vehicular maneuvers based on the type of traffic control at the intersection.

Interstate - Those roadways on the Federal System which have the highest design speeds and the most
stringent design standards.

“K” Factor - The length of a vertical curve divided by the algebraic difference in grades expressed as a percent.
“K” factors are only applicable where the length of curve is greater than the necessary stopping sight distance.

Lateral Clearance - The distance measured horizontally from the edge of pavement to the face of an object
(parapet, abutment, pier, wall, etc.).

Legal Speed - The legislated or agency authorized maximum speed limit of a section of roadway.

Level of Service - A qualitative measure describing the operational flow of traffic.
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Limited Access (Full control of access) - Highway right-of-way where rights of access of properties abutting the
highway are acquired, such that all access to and from the highway are prevented except at designated
locations.

Local Road - A functional classification used for rural roadways whose primary function is to provide access to
residences, businesses or other abutting properties.

Local Street - A functional classification used for urban roadways whose primary function is to provide access to
residences, businesses or other abutting properties.

Normal Design Criteria - The criteria used for the design of new or reconstructed projects (all projects that do
not qualify as 3R).

Normal Ditch - A trapezoidal-shaped ditch having a bottom width of 2 feet [0.6 m] and rounding of 4 feet [1.2 m]
(See Figure 307-4).

Passing Sight Distance (PSD) - The visible length of highway required for a vehicle to execute a normal passing
maneuver as related to design conditions and design speed.

Pavement Edge (Edge of Pavement) - The intersection of the treated or turf shoulder and the mainline
pavement.

Peak Hour - The maximum traffic volume hour of the day.

Reconstructed Bridge - Any improvement to an existing bridge involving the replacement of the bridge deck or
more.

Recoverable Ditch - A rounded ditch having a radius of either 20 or 40 feet [6 or 12 m] (See Figure 307-2).

Recoverable Slope - A slope of 4:1 or flatter, where vehicles may normally stop or slow down and return safely
to the roadway.

Resurfacing, Restoration and Rehabilitation (3R) - Improvements to existing roadways, which have as their main
purpose, the restoration of the physical features (pavement, curb, guardrail, etc.) without altering the original
design elements.

Resurfacing, Restoration, Rehabilitation and Reconstruction (4R) - Much like 3R, except that 4R allows for the
complete reconstruction of the roadway and alteration of certain design elements (i.e., lane widths, shoulder
width, SSD, etc.).

Roadside - The area between the outside edge of the graded shoulder and the right-of-way limits.

Roadway - The portion of a highway for vehicle use measured either between the outside edges of the graded
shoulders or face to face of guardrail.

Safety Grading - The shaping of the roadside using 6:1 or flatter slopes within the clear zone area and 3:1 or
flatter foreslopes and recoverable ditches extending beyond the clear zone (See Figure 307-1).

Sag Vertical Curve - A vertical curve such that the point of intersection of the approach grades is below the
profile line. Sag vertical curves are concave upward.

Shy Distance - The distance from the edge of the traveled way beyond which a roadside object will not be
perceived as an obstacle by the typical driver to the extent that the driver will change the vehicle’s placement or
speed.

Sloped Curb (mountable) - Curbs 6 inches [150 mm] or less in height with a sloping face designed to be
traversable by vehicles when required.
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Spiral - A transition curve from a tangent to a circular curve, or a circular curve to a circular curve, designed to
effect a more gradual change of direction. The Euler spiral (clothoid) is used in design.

Stopping Sight Distance (SSD) - The cumulative distance traversed from the time a driver sees a hazard
necessitating a stop, actually applies the brakes and comes to a stop.

Superelevation - The cross-slope of the pavement used to compensate for the effect of centrifugal force on
horizontal curves.

Temporary Road - Any crossover, ramp, roadway, etc. whose sole purpose is to temporarily maintain traffic
during construction which is normally removed upon project completion.

Traveled Way - The portion of the roadway for the movement of vehicles, exclusive of shoulders.

Traversable Ditch (preferred ditch) - An open ditch with a preferred combination of foreslope, backslope, bottom
width and rounding that allows the ditch shape to be used within the clear zone. (See Figures 307-10 & 307-
11).

Traversable Slope - A slope steeper than 4:1 but not greater than 3:1, which may be safely traveled, but
generally too steep to stop or return to the roadway.

Treated Shoulder - That portion of the graded shoulder which has some type of surface treatment.

Tree Lawn - see Buffer.

Trumpet Interchange - A semi-directional “T” interchange.

3R Values - Special values developed for certain design features on 3R improvements.

Vertical Clearance - The distance, measured vertically, from the surface (pavement, shoulder, ground, etc.) to a
fixed overhead object (bridge superstructure, sign, signal, etc.).

Vertical Curb (barrier) - A steep faced curb 6 inches [150 mm] or more in height.
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Desigh Reference Documents

ODOT Publications
Contact ODOT Office of Contracts (614) 466-3778 to purchase,
or link to them at http://www.dot.state.oh.us/drrc/.

The current revision of those listed should be used.

Bridge Design Manual (ODOT)
Construction and Material Specifications
e Location and Design Manual
Volume Two - Drainage Design
Volume Three - Highway Plan
Ohio Manual of Uniform Traffic Control Devices
Pavement Design & Rehabilitation Manual
Railroad Project Procedure Manual
Real Estate Policies and Procedures Manual
State Highway Access Management Manual
Specifications for Subsurface Investigations
Standard Construction Drawings
Office of Roadway Engineering Services
Structural Engineering
Traffic Engineering
e Traffic Engineering Manual (and appendices)
Design Manual for Highway Lighting
Design Manual for Directional Guide Signs
Standard Sign Design Manual
Traffic Control Design Information Manual

AASHTO Publications
Phone: (202) 624-5800, Web site: http://www.transportion.org

Guide for Erecting Mailboxes on Highways (1994)

Guide for the Development of Bicycle Facilities (1999)

Guidelines for Geometric Design of Very Low-Volume Local Roads (ADT 400) (2001)
Policy on Design Standards - Interstate System (2005)

Policy on Geometric Design of Highways and Streets (2004)

Roadside Design Guide (2006)

TRB Publications
Phone: (202)334-3213, Web site: http:/www.nas.edu/trb/

e Designing Safer Roads - Practices for Resurfacing, Restoration and Rehabilitation (TRB Special Report
214 - 1987)

e Highway Capacity Manual (TRB - 2010)

e Recommended Procedures for the Safety Performance Evaluation of Highway Features (NCHRP
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100 Design Controls and Exceptions

100 Introduction

In order to determine the criteria to be used for a project, it is necessary to initially identify some basic
information about the facility. This information is known collectively as the design designation and
includes: functional classification, traffic data, terrain, locale, design speed and legal speed. Figure
100-1 shows how these design controls relate to many of the design features included in this manual.

101 Functional Classification

101.1 General

Functional classification, the systematic grouping of highways by the character of service they provide, is
an important tool that has been used for many years in comprehensive transportation planning. lts
adoption by highway designers to categorize basic highway systems serves as an effective transition
from the planning process to the design process. Under a functional classification system, standards and
level of service vary according to the function of the highway facility. Traffic volumes are used to refine
the standards for each class.

101.2 Urban & Rural

Functional classification is initially divided into urban and rural categories. Urban areas are comprised of:
(1) places with a population of 2,500 or more, that are incorporated as cities, villages, and towns but
excluding the rural portions of extended cities; (2) census designated places with 2,500 or more persons;
and (3) other territory, incorporated or unincorporated, included in urbanized areas.

Extended cities are those cities whose boundaries include territory that is essentially rural in character
(e.g., uncurbed pavement with open drainage, where a rural typical section would be more consistent with
the existing roadway).

Urbanized areas consist of one or more places (central places) and the adjacent densely populated
surrounding territory (urban fringe) that together have a minimum population of 50,000. The urban fringe
generally consists of contiguous territory having a density of at least 1,000 persons per square mile.

Rural areas are those outside the boundaries of urban areas.

101.3 Classification Used In ODOT Design Criteria

The rural and urban functional classifications are further defined for design purposes as follows:

Interstate

Other Freeways and Expressways
Arterial Roads (rural) and Streets (urban)
Collector Roads (rural) and Street (urban)
Local Roads (rural) and Streets (urban)
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100 Design Controls and Exceetions

The functional classifications for streets and highways in Ohio are kept on record in the Office of Systems
Planning and Program Management.

102 Traffic Data

102.1 General

Traffic data is the foundation upon which designs are based; consequently, it is important that adequate
traffic data be available early in the development of a project's design. It is equally important that this
data be coordinated within various geographic regions of the State to avoid inconsistencies between
projects under the same traffic influences.

All traffic data used shall be certified by the Office of Technical Services. However, design Traffic Data
for non-interstate bridge replacement and rehabilitation projects may be developed according to the
Procedures for Developing Design Designations for Non-Interstate Bridge Replacement/Rehabilitation
Projects in the Reference Section.

102.2 Traffic Data Content

The design criteria tables in this manual require basic traffic data for the design year. The traffic design
year is generally considered to be the following:

Project Type Traffic Design Year

(After Opening Day)
New Construction 20 years hence
Reconstruction 20 years hence
Major Pavement Rehab. 20 years hence
Minor Pavement Rehab. 12 years hence
Two-Lane Resurfacing 12 years hence
Local 3R 12 years hence

For most projects, the following data are required:

Average Daily Traffic (ADT) for opening day (for lighting and signal warrants).

Average Daily Traffic (ADT) for design year.

Design Hourly Volume (DHV).

The percentage of B and C trucks (T,4) during the 24-hour period for the design year.

The percentage of B and C trucks (Tp) during the design hour traffic for the design year (for
adjusting capacity analyses).

o Directional Distribution Factor (D) for the design year (used to obtain the Directional Design Hour
Volume (DDHYV) for the design hour).

Projects on low-volume facilities (current ADT<400) without a design year traffic forecast may use the
current ADT for design purposes.

Average Daily Traffic (ADT) volumes should be subdivided into the following classes:

P - Passenger Cars - including station wagons, mini-vans, sport utility vehicles and motorcycles.
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|
A - Commercial - including motorized recreational vehicles, school buses, and light delivery trucks
such as panel trucks and pick-up trucks which do not use dual tires.

B - Commercial - including tractors, trucks with semi-trailers and truck-trailer combinations.
C - Commercial - including buses or dual tired trucks having either single or tandem rear axles.

Estimated Design Year ADT may be subdivided into P & A vehicles and B & C trucks if data for each
vehicle class is not readily available, since these classes have similar operational characteristics. Current
ADTs for various sections of Interstate, United States and State Highways for each county are available
in the Traffic Survey Report published by the Office of Technical Services. Counts at specific points in
the section may vary from the average and are available upon request from the Office of Technical
Services.

103 Terrain & Locale

103.1 General

Many rural design features are significantly influenced by the topography of the land through which the
roadway is constructed. To characterize variations, Ohio topography is categorized into three types of
terrain: level, rolling or hilly. Locale is used to describe the type of area and generally refers to the
character and extent of development in the vicinity. Urban, rural, residential, and commercial/industrial
are characteristics often used to describe locale.

103.2 Terrain Types

Level - Any combination of grades and horizontal and vertical alignment permitting heavy vehicles to
maintain approximately the same speed as passenger cars. This generally includes grades of no more
than 2 percent for a distance of no more than 2 mile [0.8 km].

Rolling - Any combination of grades and horizontal and vertical alignment causing heavy vehicles to
reduce their speeds substantially below those of passenger cars, but not causing heavy vehicles to
operate at crawl speeds.

Hilly - Any combination of grades and horizontal and vertical alignment causing heavy vehicles to operate
at crawl speeds. Hilly terrain in Ohio conforms to mountainous terrain used in the American Association
of State Highway Transportation Officials (AASHTO) publications.

For design purposes a heavy vehicle is defined as a vehicle with a mass/power ratio of approximately
200 Ib/hp [120 kg/kW]. This represents a typical semi-truck. Crawl speed is the maximum sustained
speed that a heavy vehicle can maintain on an extended upgrade and varies with the weight of the
vehicle and the steepness of the grade.
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104 Design & Legal Speed

104.1 General

Design speed is defined in the AASHTO publication, "A Policy on Geometric Design of Highways and
Streets" (Green Book), as a selected speed used to determine the various geometric design features of
the roadway. The assumed design speed should be a logical one with respect to the topography,
anticipated operating speed, the adjacent land use and the functional classification of highway.

104.2 Design Speed Values

The minimum design speed for all projects, except 3R projects, shall be equal to or greater than the legal
speed for the facility and the preferred design speed shall be 5 mph [10km/h] higher than the legal speed.
Design speeds shall be specified in 5 mph increments [even 10 km/h increments] as shown in

Figures 104-1 and 104-2. For 3R projects the design speed is the legal speed [the metric equivalent of
the design speed]. (See Table 104-1) Ramp design speeds are included in Section 503.2.

Design speeds of 50 mph [80 km/h] and higher are considered high speed and design speeds less than
50 mph [80 km/h] are considered low speed.

104.3 Legal Speed Values

Since metric design speeds are specified in kilometers per hour, but legal speeds are currently
designated in miles per hour, the following conversion table is provided:

Table 104-1 METRIC EQUIVALENTS OF LEGAL SPEED

Legal Speed Metric Equivalent
(mph) (km/h)
15 24
20 32
25 40
30 48
35 56
40 64
45 72
50 80
55 89
60 97
65 105
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105 Design Exceptions

105.1 General

The designer should call attention to any substandard design feature as soon as possible, but no later
than the Stage 1 review submittal as defined in the Location & Design Manual, Volume Three. All
designs that do not meet the appropriate design criteria shall be noted in the design exception together
with the reasons why the criteria cannot be met. (See Figure 105-1 for appropriate design criteria.) The
Stage 1 review is not considered complete until the design exception is submitted and approved. Design
exceptions should be stand alone documents and should include attachments for clarity when needed.

The design elements set forth in Sections 105.2 and 105.3 are to be considered "controlling” items. As
such, whenever the proposed design of a project does not meet or exceed the criteria set forth in this
Manual for these items, it will be necessary to prepare and process a formal request for a design
exception. The criteria, format and procedures for processing such requests are set forth in

Section 105.5.

Other design values, policies, practices, etc. that are mentioned in this Manual are guidelines intended to
promote uniformity and good design. Deviation from these guidelines does not require a formal design
exception; however, it may still be necessary to justify or otherwise seek approval from ODOT of the
proposed design when deviations are necessary. This should be accomplished through the normal
review process.

Ramps do not have continuous design speeds throughout their lengths. However, design exceptions are
required for not meeting the lower range for speed related items (see Section 503.2 for directional and
loop ramps). In addition, design exceptions for non-speed related items (e.g., lane width, shoulder width,
bridge width, and lateral clearance) are required.

Exceptions will not be required for projects that do not alter the basic highway cross-section or geometry;
e.g. rest areas, lighting, signing, signalization, fencing, guardrail, slide corrections, etc.

Side roads with approach work that does not exceed 300 ft. [90 m] measured from the edge of mainline
pavement do not require design exceptions.

Resurfacing projects on non-NHS routes should utilize the Resurfacing Accident Analysis (see Section
106 for further guidance). On NHS routes, a traditional design exception will be required.

Where guardrail is needed, exceptions will not be granted for graded shoulder width that would permit the
face of guardrail to be located closer than 4 ft. [1.2 m] to the edge of traveled way.

105.2 Federal-Aid Projects on the National Highway System

Exceptions must be processed for the following design features when the normal design criteria will not
be attained:

Lane Width*

Graded/Curbed Shoulder Width*
Bridge Width

Structural Capacity

PO~
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100 Design Controls and Exceptions

5. Horizontal Alignment
Excessive Deflections
Degree of Curve [Curve Radius]
Lack of Spirals
Transition (Taper) Rates
Intersection Angles
Vertical Alignment
Grade Breaks
Grades
Stopping Sight Distance
. Pavement Cross Slopes
0. Superelevation
Maximum Rate
Transition
Position
11. Horizontal Clearance
12. Vertical Clearance

o

= ©ooN

* Lane and graded shoulder widths do not require design exceptions on bridge projects where the
lengths of roadway approach work including approach slabs do not exceed 100 ft. [30 m] in each
direction.

In addition to the above geometric design features, design exceptions are also required when existing
non-standard bridge parapets and curb configurations are to be retained. For details on non-standard
bridge parapets see ODOT Bridge Design Manual, or contact the Office of Structural Engineering.

105.3 Other Projects

Federal-Aid projects that are not on the National Highway System and all projects that are 100% State-
funded will require design exceptions for those items listed in Section 105.2 except as stated below.

The following types of projects will not require a design exception for the elements cited where the
lengths of roadway approach work including approach slabs do not exceed 100 ft. [30 m] in each
direction:

1. Bridge/Culvert Replacement Projects
Lane Width
Shoulder Width

2. In addition, Bridge Rehabilitation Projects that utilize the existing substructure with no major
modifications
Bridge Width

105.4 Local Projects

Projects on the non-NHS that do not have State funding and are under local jurisdictions that have
established their own design standards and assumed responsibility for the development of those projects
in accordance with ODOT Policy 25-001(P) - Locally Administered Transportation Projects generally do
not require design exceptions from ODOT. Exceptions will be required for local projects that encroach
upon the State system, producing substandard design features on the State roadway. With bridge
replacement or rehabilitation projects the following exceptions may be encountered:
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1. Vertical Clearance
2. Horizontal Clearance

105.5 Design Exception Requests

105.5.1 Format

Design exception request submissions must contain at least the following information:

1. A description of the existing facility (including type of highway, number of lanes, current traffic,
legal speed, pavement width, shoulder width, bridge width, vertical profile, degree [radius] of
curvature and superelevation rate). Include the existing speed for the deficient items if
applicable.

2. A description of the proposed facility (including general project description, project length, design
speed, design traffic and pavement width).

3. The controlling criteria affected by the proposed design exceptions. (As noted in Figure 105-1,
normal design criteria must be used as the basis for all design exceptions, including those for 3R
projects.)

4. A detailed analysis and discussion of each exception requested, including but not limited to:

a.

A complete description of the deviation, including the proposed speed for the deficient
item, if applicable, and L & D reference.

How the three-year accident history is related to the deviation. Where accident patterns
are noted, the relationship to geometric features must be studied and discussed. (A
simple reference to driver citations is not a valid indicator.)

How the deviation is expected to affect future traffic safety. (Exceptions will not be
approved if the exception results in degrading the relative safety of the roadway.)

What the economic, environmental, and right-of-way impacts would be on adjacent
property to meet the controlling design criteria. (A simple statement that the required
design is not economically feasible is unacceptable.)

Proposed mitigation for the deviation.

Additional information pertinent to the proposed design exception (e.g., local standards
and compatibility with the surrounding road network).

Support for the proposed deviation based upon sound engineering practices, cost
comparison/ analysis, impact on the environment, etc.

5. A summary of the above information that supports the need for the requested design exception.

105.5.2 Processing and Approval Authority

1. All exception requests shall be prepared or processed by the District.

Design exceptions must be prepared and sealed by a licensed professional engineer.
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100 Design Controls and Exceptions

Except for Local Public Agency (LPA) projects as noted below, all exception requests for ODOT
projects will be submitted to the Office of Roadway Engineering for review and approval.

2. Design exceptions for Local-let projects in the LPA process will be approved by the District
Planning and Engineering Administrator. Design exceptions for ODOT-let projects in the LPA
process will be approved by the Office of Roadway Engineering.

3. Approval Authority:

a. All Federal-Aid projects on the Interstate System, and all other Federal-aid projects on
the NHS subject to Federal oversight must be approved by ODOT and the Federal
Highway Administration (FHWA). Additionally, any deficient vertical clearance of a
structure on an exempt project that spans an Interstate highway must also be approved
by both ODOT and FHWA.

b. The Office of Roadway Engineering has ODOT approval authority for design exceptions
for all NHS projects exempt from federal oversight (other than those on the Interstate
system), non-NHS projects and non-Federal-aid projects.

4. The Office of Roadway Engineering will be advised in writing of the action taken by the FHWA on
Federal-aid projects on the NHS. The original of such correspondence will be retained by the
Office of Roadway Engineering and copies will be forwarded to the District. The District shall
advise all involved LPAs and the Office of Estimating.

5. A copy of all approved design exception requests will be retained by the Office of Roadway
Engineering.

105.5.3 Amendments to Design Exceptions

A previously approved design exception may be amended to accommodate additional elements (that do
not invalidate previously approved items) by submitting an addendum to the design exception. The
original may be amended to change previously approved items or remove items that no longer require an
exception by submitting a revision to the design exception. In either case, the procedure follows the
same formatting and approval process as the original design exception.

106 Resurfacing Project Accident Analysis

106.1 General

Resurfacing projects require a review of all accidents over the past three years. This process is
exclusively for non- NHS roadway. It does NOT apply to the NHS or Freeway System (defined by
function class = 1, 11, 12 and operational access control = 1). The reviews are safety based and do not
require any roadway elements to be noted unless there is a safety problem.

Where the accident rate or frequency is over the threshold value as prescribed on the Resurfacing
Accident Analysis flowchart, the District must investigate to determine if design deficiencies of the
roadway are the probable cause of the accidents. [f it is determined design deficiencies are indeed the
cause, either the design deficiencies must be improved with the resurfacing project or mitigation
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strategies must be provided. Where mitigation strategies are not sufficient an abbreviated study must be
performed.

Resurfacing Accident Analyses are limited to minor rehabilitation projects. Minor rehabilitation projects
are specifically defined as pavement rehabilitation projects limited to a profile increase not to exceed 2
inches [50mm]. Special waivers may be granted for other minor rehabilitation projects from the Office of
Roadway Engineering and FHWA.

Existing vertical clearance shall be maintained.

106.2 Format

Resurfacing Accident Analysis shall follow the flow charts in Figure 106-1. Accident rates will be
evaluated/updated yearly. Depending on the current ADT, the accident thresholds will vary and either a
Note on the Scope Document (Table 106-1) will be sufficient or an Accident Summary will need to be
submitted to the Office of Roadway Engineering. The results of this process shall NOT be printed or
referenced on the title sheet of plan packages. If an Accident Summary is required the following
information must be provided:

1. A description of the project including the project location, project limits scope of work and ADT
(in 0.5 mile increments) must be provided.

2. A tabular summary of the type of accidents in 0.5 mile [0.8 km.] increments must be provided.
For ADT’s greater than 2000, intersection and non-intersection accidents should be provided
separately. A sum of all intersection crashes in the 0.5 mile [0.8 km.] segment shall be
compared to the intersection crash frequency threshold on the flow chart Figures 106-1
(regardless of the number of intersections in the 0.5 mile [0.8 km.] segment). The accident rate
for each 0.5 mile [0.8 km.] segment that exceeds the threshold values (crash frequency or crash
rate thresholds) shall include all intersection and section crashes and shall be provided on the
Resurfacing Accident Analysis summary.

3. Collision diagrams for each 0.5 mile [0.8 km] segment that exceeds the threshold value (i.e.
every time an accident summary is required for a segment) shall be provided with the
Resurfacing Accident Analysis summary.

4. Counter measures to mitigate 0.5 mile [0.8km.] section with crash frequencies and crash rates
above the threshold values should be provided where feasible. The counter measures may refer
to a scheduled future project or be part of the proposed project. Documentation must be
provided to support all counter measure decisions (if no solution or a future study is
recommended — explanation of the roadway segment is required).

5. A summary statement that supports the scope of the project based on the accident history or the
proposed mitigation must be provided.
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Table 106-1 is an example of Note on Scope Document.

Accident Investigation

Current Year ADT (Range):

One Page Summary Required: Yes No

Submit to Central: Yes No

Planning and Engineering Administrator:

Date

106.3 Processing and Approval Authority

A Note on the Scope Document is required with both the Planning and Engineering Administrator’s
signature for all minor rehabilitation projects utilizing this Resurfacing Accident Analysis process. The
Office of Roadway Engineering has approval authority for Resurfacing Project Accident Analysis that
requires an accident summary. Resurfacing Accident Analysis must be signed and sealed by a
professional engineer.

All districts must inventory all minor rehabilitation projects utilizing the Resurfacing Project Accident
Analysis.
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DESIGN CONTROL/ DESIGN 100-1E
FEATURE RELATIONSHIP A ENGE SECTION
100.1
DESIGN CONTROLS
58| &
DESIGN FEATURES S E a 'E ‘Tg 518
(I 5 =
Lane Width (Rural) X X X X
Lane Width (Urban) X X
Shoulder Width & Type (Rural) X X
Shoulder Width & Type (Urban) X X
Guardrail Offset X X
Degree of Curvature
Grades X X X X
Bridge Clearances (Horizontal & Vertical) X
Stopping Sight Distance X
Passing & Intersection Sight Distances X
Decision Sight Distance X
Superelevation X X
Curve Widening X
Design Speed (Rural) X X X
Design Speed (Urban)
Vertical Alignment X X
Horizontal Alignment

April 2009




SPEEDS

RURAL NEW CONSTRUCTION &
RECONSTRUCTION DESIGN

104-1E

REFERENCE SECTION

104.2

RECOMMENDED DESIGN SPEED (mph) "

Design Year ADT

Functional Any
Classification Terrain <50 50-249 | 250-400 | 401-2000 | >2000 | Volume
Level 75
Rolling 70
Interstate Hilly 65
Level 70
Fregx‘:;s g | Foling 60-70
Expressways | Hilly 50-60
Level 60-70
Rolling 50-60
Arterial Roads | Hilly 40-50
Level 40 40 40 50 60
Collector Rolling 30 30 30 40 50
Roads Hilly 20 20 20 30 40
Level 30 30 40 50 50
Rolling 20 30 30 40 40
Local Roads Hilly 20 20 20 30 30

The minimum design speed shall be equal to or exceed the legal speed for the facility.
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URBAN NEW CONSTRUCTION &
RECONSTRUCTION DESIGN

104-2E

REFERENCE SECTION
SPEEDS 104.2
Recommended
Functional Typical Legal Design Speed
Classification Locale ¥ Speed (mph) (mph) @
Interstate All Areas 55-65 65-75%
Rural & Urban Areas 55-60 60-70
Other Freeways
& Expressways Urbanized Areas 45-55 50-60
Rural Areas 45-55 50-60
Urban Areas 35-45 40-50
Arterial Streets Urbanized Areas 30-35 30-40
Rural Areas 35-45 40-50
Urban Areas 25-35 30-40
Collector Streets Urbanized Areas 25 30
Local Streets © All Areas 15-25 20-30

(1) The minimum design speed shall be equal to or exceed the legal speed for the facility.

(2) A design speed of 50 mph may be used on the Interstate, but only in areas where right-of-way costs
would be prohibitive and the legal speed is 50 mph or less.

(3) Includes alleys and state park roads.

(4) References to rural areas apply to urban roadways with rural characteristics (e.g., uncurbed
roadways with open drainage).
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APPROPRIATE DESIGN CRITERIA

GUIDE

105-1E

REFERENCE SECTION
105.1 & 105.5.1

Key Highway Design 3R Values " Normal Design Criteria ®
Features Requiring
Design Exceptions Section Figure Section Figure
Lane Width 905.11 905-1 301.1.2 & 303.1 301-2 & -4, 303-1
Graded Shoulder Width 905.12 905-1 301.2.3 & 303.1 301-3 & -4, 303-1
Bridge Width 905.2 905-2 302.1 302-1, -2 & -3
Structural Capacity 905.2 905-2 302.1 see Bridge Design Manual
Horizontal Alignment 903 see below see below
Excessive Deflections 202.2 202-1
Degree of Curve 202.3 202-2
Lack of Spirals 202.5
Transition (Taper) Rates 301.1.4
Intersection Angles 401.3 401-1
Vertical Alignment 904 203 see below
Grade Breaks 203.3.2 203-2
Grades 904.1 203.2 203-1
Stopping Sight Distance 902.1 201.2 201-1, 203-3,
-4, -6&-7
Pavement Cross Slopes 905.13 301.1.5 301-6
Superelevation 903.2 903-1 & -2 202.4 see below
Maximum Rate 202.4.1 & .4.3 202-3, -7 thru -10
Transition 202.4.5 202-4,-5& -6
Position 202.4.6 202-5
Horizontal Clearance 905.2 905-2 302.1 302-1, -2, -3, 905-2
Vertical Clearance 905.2 905-2 302.1 302-1, -2, -3, 905-2

(1) 3R values may be used on specific improvements meeting the requirements outlined in Section

901.1.

(2) Normal design criteria must be used as the basis for all design exceptions.
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106-1
REFERENCE SECTION
106.2

RESURFACING ACCIDENT ANALYSIS
FLOW CHART
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Sample Design Exception 1

INFORMATION FOR EXCEPTION TO THE MINIMUM DESIGN STANDARDS FOR:
PROJECT: MOT-335-0.22
(Chamber Road)
P.1.D. 99999
FEDERAL PROJECT NUMBER:
CHAMBER ROAD FUNCTIONAL CLASSIFICATION: URBAN ARTERIAL

EXISTING FACILITY:

The MOT-335-0.22 project is located within the City of Huber Heights in Montgomery County,
approximately 1.5 miles south of Interstate 70. It involves the rehabilitation of the MOT-335-0022
structure over S.R. 4, turn signal and turn lanes at the S.R. 335/Ramp A-B intersection.

S.R. 335/Chamber Road is split into two segments inside the project limits: West of the S.R. 4/S.R. 335
interchange is Chamber Road maintained by the City of Huber Heights, between the S.R. 4/S.R. 335
ramp intersections is S.R. 335 maintained by ODOT.

Chambers Road is a two (2) lane uncurbed Urban Arterial, rural in character, with a current ADT of 7,980
vehicles per day with 5% truck traffic. The current legal speed limit is 45 mph.

Existing conditions include two (2) 12 foot wide lanes containing reinforced concrete pavement resurfaced
with asphalt pavement and aggregate shoulder that are 4 feet wide. The existing horizontal alignment is
a tangent. The existing vertical alignment is a constant grade of approximately 0.79% leading into a 250
foot vertical sag curve at P.V.l. Station 144+75. The existing cross slope of Chamber Road is 0.0156 ft/ft.

There are no ditches as the existing drainage is sheet flow. The existing right-of-way is 40 feet wide.

PROPOSED FACILITY:

The proposed project involves rehabilitation of the existing MOT-335-0022 structure over S.R. 4; a signal
and dedicated turn lanes at the S.R. 335/Ramp A-B intersection and the removal of the existing Slip
Ramp A. The design speed is 55 mph. The projected design year ADT of Chamber Road is 8,860 with
5% truck traffic.

The proposed lane width of Chamber Road is 12 feet with a 10 foot graded shoulder width. The
proposed horizontal and vertical alignments match existing. The proposed cross slope is 0.016 ft/ft.

The proposed ditch design is 3:1 foreslopes and 3:1 backslopes. The ditch bottom varies based upon
BMP calculations.

The proposed permanent right-of-way varies from 40 feet to 60 feet wide.
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CONTROLLING CRITERIA:

Lane Width _ Grades -
Graded Shoulder Width X SSD (Vertical) _
(Chamber Road)

Bridge Width - Cross Slopes -

Structural Capacity - Superelevation -
Horizontal Alignment - Horizontal -
Clearance
Vertical Alignment - Vertical Clearance
DETAILED ANALYSIS:

A)

B.)

C.)

April 2011

Description of Deviation:

The required minimum graded shoulder width for an uncurbed Urban Arterial is 14 feet as shown
in Figures 301-4 and 301-3 of the ODOT Location and Design Manual, Volume One. As
requested by the City of Huber Heights, Chamber Road is designed to match their unpublished
standard for 10 foot graded shoulder width, therefore not meeting ODOT standard design criteria.
See the attached letter from the City of Huber Heights requesting the design approach.

Accident Data:

There were only two (2) recorded accidents on Chamber Road west of the interchange in the
area of the deficiency between the years 2004 and 2006. These two accidents were rear end
collisions caused by a driver’s failure to control.

The following accident data has also been included for reference even though Chamber Road
switches to S.R. 335 just prior to the S.R. 335/Ramp A-B intersection. There were fifty-two (52)
accidents reported at the S.R. 335/S.R. 4 Ramp intersections between the years 2004 and 2006.
Eleven (11) of these accidents were results of vehicles failing to yield involving left turns at the
intersection and nineteen (19) accidents involved rear ending. Twenty (20) accidents involved a
driver’s failure to control. The other two (2) accidents involved improper overtaking of stopped
vehicles at the intersection. None of these accidents reported resulted in a fatality.

Future Traffic Safety:

The deviation to the standards should not adversely affect traffic safety in the project area. The
proposed 10 foot graded shoulder width (4 foot treated shoulder width) on Chamber Road is a
substantial improvement over the existing 4 foot aggregate berm. Dedicated left turn lanes and a
traffic signal will also be provided at the S.R. 335/Ramp A-B intersection located nearest the
design deficiency, which will greatly enhance the future safety of the motoring public.



Sample Design Exception 1

D.) Impact on Adjacent Property:

In order to meet the controlling design criteria:

e Work limits would touch the structure on Parcel 7 at approximately 141+00 right and may
result in complete taking.

e At a minimum, proximity damage caused by additional permanent right-of-way on Parcel
7 is estimated by the District to be between $100,000 and $150,000.

¢ Requires approximately 0.2 acres of additional permanent R/W on the south side and 0.2
acres on the north side of Chamber Road, for an estimated cost of $4000.

¢ Requires additional permanent right-of-way from the property (Parcel 1) with a potentially
historic barn.

E.) Proposed Mitigation:

There will be no mitigative measures for the deviation to the standards included as part of this
project. Providing a dedicated left turn lane and a traffic signal will greatly reduce the congestion
at the S.R. 335/Ramp A-B intersection.

F.) Additional Information:

The City of Huber Heights uses an unpublished standard for graded shoulder width of 10 feet (4
foot treated shoulder width). See the attached letter from the City of Huber Heights requesting
the design approach.

G.) Support for Deviation:

There were no crashes attributed to deficient graded shoulders. The proposed typical section is
an improvement to the existing condition. The limits of the proposed turn lanes are less than
1500’ (Chamber Road Sta. 134+20 to S.R. 335 Sta. 148+52.75). The Chamber Road section
represents 800 feet out of four miles of rural roadway incorporated by the City of Huber Heights.
The City has no plans to improve this four mile section of uncurbed roadway. The S.R. 335
section is bound on the east by the existing bridge. The District has no plans to replace this
structure within the next 15 years.

SUMMARY:

The proposed improvements will enhance the safety of the traveling public by reducing the amount of
congestion at the S.R. 335/Ramp A-B intersection. The graded shoulder width was reduced as directed
by the City of Huber Heights, whom will maintain this portion of the project. Analysis of accident data
found the accidents in the project were due to the poor configuration of the existing intersection. The
addition of dedicated left turn lanes and a traffic signal will greatly reduce congestion enhancing the future
traffic safety without having any negative environmental impact on the surrounding area.
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Engineers Seal:

Signed:

Date:
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PROJECT: MOT-SR84-17.88
PID NUMBER: 98765
STATE JOB NUMBER: 123456
FEDERAL PROJECT NUMBER: E099(999)
FUNCTIONAL CLASSIFICATION: URBAN PRINCIPAL ARTERIAL

EXISTING FACILITY:

The existing facility is located in Harrison Township, Montgomery County, Dayton, Ohio starting at
S.L.M. 17.88 (STA 956+50) and ending at S.L.M. 18.16 (STA 971+46.97) for a total length of 0.28
miles. Existing legal speed is 45 mph.

The current Average Daily Traffic (ADT) from Shiloh Springs Road to Poplar Street is 21,320 (2006)
with 2% trucks.

The project traverses generally level terrain through a highly commercialized area with an existing
roadway width of 40 feet f/f of curb, two through lanes in each direction. The existing road is an
asphalt pavement on a concrete or brick base, with curb and gutter on each side, which includes a 4
foot tree lawn and a 5 foot sidewalk.

Existing STATE ROUTE 84 has mainly a tangent horizontal alignment, except for the northern end
(135.39 feet) of curve # 4, identified as follows: radius = 3,819.72 feet; length = 480.00 feet; and, Dc =
7° 12’ 00” to the right, with normal crown. There is a 300 foot vertical curve (one percent and two
percent grades) that is located between STA 956+50 and STA 959+50.

There are 5 intersecting side streets, numerous commercial and residential drives.

PROPOSED FACILITY:

The proposed facility is located in Harrison Township, Montgomery County, Dayton, Ohio starting at
S.L.M. 17.88 and ending at S.L.M. 18.16 for a total length of 0.28 miles. It is a four-lane urban arterial
highway, with two through lanes in each direction, on the Federal Aid System. A fifth, center turn lane
will be located between Sta. 956+50 to 971+50. The proposed roadway will continue to have a legal
speed of 45 mph with a design speed of 50 mph. The 2026 design year traffic is 24,790 with 3%
trucks.

The proposed facility (0.28 mile in length) from Sta. 956+50.00 (S.L.M. 17.88) to the end of project
Sta. 971+46.96 (S.L.M. 18.16), just past the intersection of Poplar Street will be replaced and
widened with full depth flexible pavement. Proposed improvements will include new curb & gutter,
sidewalks, a tree lawn and driveway approaches.
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The proposed widened roadway section from Shiloh Springs Road to Poplar Street, Sta. 956+50.00
to 971+46.97 will provide the following typical section: five (5) proposed lanes consisting of two 12-
foot outside lanes, two 11-foot inside lanes, and one 10-foot center turn lane. There will be a 2-foot
curbed shoulder width. Total roadway width will be 60 feet from f/f of curb. The 4 foot tree lawn and 5
foot sidewalk will be included.

CONTROLLING CRITERIA:

Lane Width X Grades
Shoulder Width SSD
Bridge Width Cross Slopes

Structural Capacity Super Elevation
Horizontal Alignment Horizontal Alignment
(Taper Rates) (Intersection Angles)

Vertical Alignment
(Grade Breaks) Horizontal Clearance

Vertical Clearance

DETAILED ANALYSIS:

A. Description of Deviations: Lane Width

The proposed single 11-foot through lane in each direction on State Route 84 does not meet the
normal design criterion as shown in the Location and Design Manual Figure 301-4E. Figure 301-
4E indicates that for an arterial street the minimum lane width required is a 12 foot lane. From
Station 956+50.00 to the end of the project the full depth section consists of a 10 foot turn lane,
two 11 foot through lanes, and two 12 foot through lanes.

B. Crash Data:

Crash data between the years of 2000 to 2002 was obtained along the entire length of this
project. There were a total of twenty-two (22) crashes within the entire project area. Nineteen
(19) crashes took place at intersections or driveways due to rear-end, angle, sideswipe, and
backing crashes. Sixteen (16) crashes were on dry pavement which is roughly 73% of the total
crashes on the project and twenty-one (21) during daylight conditions, or 95%.
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Segment Total Length Y%
17.88 to
Segment Location 18.16 0.28 mi.
Crash Locations
Not An Intersection 3 14
Intersection 18 82
Driveway 1 4
Totals 22 100
Crash Conditions
Dry 16 73
Wet 5 23
Snow 1 4
Unknown 0 0
Totals 22 100
Type of Crashes
Motor Vehicle In
Transport 22 100
Other Crashes 0 0
Totals 22 100
Pre-Crash Actions
Straight Ahead 20 92
Backing 1 4
Changing Lanes 1 4
Turning Right 0 0
Turning Left 0 0
Other 0 0
Totals 22 100
Crash Types
Rear End 11 50
Angle 4 18
Sideswipe 4 18
Fixed Object 2 9
Backing 1 5
Totals 22 100

There are a relatively high number of side street intersections, driveways to residences and
businesses (including the Sienna Springs retirement community), and heavy traffic volume along
this short project section of State Route 84. The number of intersection-related crashes in the
project area is comparable to the statewide average for similar roadways and does not indicate a
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hazardous deficiency due to existing or proposed lane widths. The majority of crashes consisted
of vehicles traveling straight ahead (92%), such as a rear-end collision. These crashes are not
likely due to the deficient conditions associated with the design exception for lane width. Rear end
crashes are related to stopping in the through lanes and angle crashes are related to intersection
sight distance and intersection angle designs. The crashes of concern for a lane width deficiency
are “side swipe” collisions comprising four (4), or 14 % of the total crashes. One of these crashes
involved a motorist that swerved to avoid an impending rear end collision.

For the three year time period 2000-2002, there were no fatalities, and a total of nine (9) injuries
within the State Route 84 project limits (41%). The crash data does not indicate any major
problems on State Route 84 with respect to a lane width design exception.

C. Future Traffic Safety:

The deviation to the lane width design standard should not adversely affect traffic safety in the
project area. The addition of the center two-way left-turn lane should allow for the safe and
efficient movement of vehicles on and off State Route 84 in the project area. The net result of
these changes will upgrade traffic safety and increase drivability on State Route 84.

In addition, the proposed project will provide an arterial with a smooth driving surface, clearly
striped driving lanes with turn lanes, where needed, and an improved curb barrier. Driveway and
parking lot accesses will be better defined. Sidewalk, curb ramps and cross walk areas will be
improved. Existing controlling criteria will either be maintained or improved. Thus, the proposed
improvements will enhance safety to the traveling public and pedestrians within the project limits.

D. Impact on Adjacent Property:

If the lanes are widened an additional 1-foot on both sides of State Route 84 within the project
area to meet the 12-foot standard, the acquisition would adversely impact existing residences and
businesses further and necessitate the taking of entire buildings. Additional utilities (overhead
electrical and telecommunications) would also be further impacted by this same additional right of
way need. Due to the topography along the project area, increased lane width would result in
greater grading limits which would severely impact parking and access to remaining area
businesses and residences. The retaining wall in the full depth section from Station 961+00 to
Station 965+22.85 would have to be lengthened requiring Right-of-Way. The additional work
would increase the total cost of the project, estimated at $2,700,000, by $900,000.

Exhibit 1 consists of a rough set of tabulations concerning the expected impacts on adjacent
property in order to meet design criterion. These values were tabulated looking at the typical
sections within the project limits and determining how much more land would be required to meet
design criterion. Using rough calculations, additional acquisition from approximately 19 Parcels
would be necessary to meet normal design criterion. Seven driveways that intersect areas which
would need widening to meet normal design criterion would have to be graded to increase slopes.
Parking lots and private lawns would also be disturbed by any additional widening. In addition to
these estimates overhead utilities would be disturbed.
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E. Proposed Mitigation:

Raised pavement markings will be provided along the center lines to improve the ability of drivers
to stay within their lanes. This entire project is proposed to help alleviate current traffic
congestion and crash problems.

F. Support for Deviation: Lane Width

The proposed facility is being widened from Sta. 956+50.00 (S.L.M. 17.88) to the end of project at
Sta. 971+46.96 (S.L.M. 18.16). This roughly 0.3 mile section of State Route 84 currently has a 4
lane configuration and lies between two 5 lane sections. This project will close a gap and provide
a continuous 5-lane section with curb and gutter, a tree lawn, and sidewalks. In this area, one
through lane in each direction and the two-way left turn lane are proposed to be less than the

normal design criterion for lane width. Increasing the width of these three lanes to meet the
design criterion would result in greater cost (33% increase) and adverse impacts to adjacent
properties. Since the proposed lane widths correspond to the existing lane widths south of Sta.
956+50.00 (S.L.M. 17.86) and are slightly wider than the existing lane width north of Poplar
Street, meeting the normal design criterion for lane width does not seem justified.

SUMMARY:

This was also a safety and operational improvement for area residents of the Sienna Springs
Retirement Community. As stated above, the proposed single 11-foot through lane in each
direction on State Route 84 does not meet the normal design criterion as shown in the Location
and Design Manual Figure 301-4E. Figure 301-4E indicates that for an arterial street the
minimum lane width required is a 12 foot lane. From Station 956+50.00 to the end of the project
the full depth section consists of a 10 foot turn lane, two 11 foot through lanes, and two 12 foot
through lanes. Right of way and space for utility relocation are both very limited. It should be
noted that other 4 lane sections of State Route 84 that begin at the Dayton Corporation limit,
north to approximately Philadelphia Drive are being scoped to have this same typical section
design for similar reasons.

In order to meet current design standards, the entire project scope and design would have to be
altered for an additional 1-foot of widening on each side of State Route 84. This would involve
purchasing additional R/W including the possible purchasing and demolition of several business
and residential buildings. Utilities will also be further impacted from the current designed
relocation. Overall, project widening would result in a significant increase in total project costs
which may be cost prohibitive.
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Engineers Seal:

Signed:

Date:
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Resurfacing Accident Analysis Request

County: _ Licking PID: _ 25052
Route: U.S. 50 Federal No.: E050585
Section: 19.61 to 28.55 State Job No.: 455908

Functional Classification: Rural Major Collector

Accident Investigation

County-Route-Section: __Licking S.R. 50-19.61 to 28.55

Current ADT: _ 19.61 to 28.10 = 3430, 28.10 to 29.41 = 8360

One page summary to Central Office Required: Yes X No

Sections above Threshold: 19.61 10 20.11, 20.63 to 21.13, 21.65 to 22.15, 22.67 to 23.17, 25.22 to
25.72, 26.24 t0 26.74, 27.77 to 28.27

Planning and Engineering Administrator: % Date: _ 8-22-05
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Project Description

Licking County United States Route 50 from 19.61 to 28.55 is functionally classified as a rural major
collector. The ADT in this project area varies from 3430 to 8360. The project consists of resurfacing 8.94
miles of existing roadway and related work. The project terminus is U.S. 50 from S.R. 13 to the East
corporation limit of Brownsville.

Accident Data

Accident data between the years of 2002, 2003, and 2004 was logged in 0.5 mile segments within the
entire length of this resurfacing project. There were a total of sixty-four (64) accidents in the entire
section 73% (47 crashes) occurred on dry pavement, 22% (14 crashes) occurred on wet pavement, and
5% (8 crashes) occurred on snow and ice.

ADT: 2001-10000

After excluding animal crashes, five (5) locations were identified as exceeding the 1.75 crash rate
tolerance.

e Segment 19.61 to 20.11, segment crash rate of 5.3 (4 rear end, 3 angle, 1 fixed object, 1
backing, 1 not stated)

Six of the ten non-animal accidents were at the intersection of U.S. 40 and S.R. 13.

e Segments 20.63 to 21.13, segment crash rate of 2.1 (3 angle, 1 animal, 1 fixed object)
Three of the four non-animal accidents were at the intersection of U.S. 40 with Somerset
Road and Fairmont Road. All three were drivers along the township roads failing to

observe their stop sign.

e Segment 22.67 to 23.17, segment crash rate of 3.7 (1 rear end, 2 animal, 5 fixed object,
1 not stated)

Four of the seven non-animal accidents were at the intersection of U.S. 40 and Linnville
Road. Two of these accidents the vehicles failed to stop coming down a hill from
Linnville Road to U.S. 40.

e Segment 26.24 to 26.74, segment crash rate of 3.2 (1 rear end, 1 sideswipe, 1 angle, 3
fixed object)

Three of the six accidents in this half mile segment were fixed object accidents. One
driver lost control while swerving to miss a deer. Another driver fell asleep with driving.

e Segment 27.77 to 28.27, segment crash rate of 2.1 (1 rear end, 1 sideswipe, 2 angle, 1
fixed object, 1 backing)

These six accidents all occurred within the village of Brownsville. There are nine

intersections in this half mile segment. Two of the three injury accidents in this segment
were vehicles making a left turn from S.R. 668 to westbound U.S. 40.
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Licking U.S. 50

E -(Cte % 8 -8 () () © 5 B =

g 5 o8 |Bg|25|% |85 2| £ 88 8 5 2

g NI A A R T
19.61 10 20.11 | 3430 5.3 12 4 4 3 2 1 1 1
20.121020.62 | 3430 1.1 3 0 1
20.63 10 21.13 | 3430 2.1 5 3 3 1 1
21.141021.64 | 3430 0.0 3 0 3
21.651022.15 | 3430 1.6 3 0 1 2
22.161022.66 | 3430 1.1 3 0 1 1 1
22.671023.17 | 3430 3.7 9 4 1 2 5 1
23.1810 23.68 | 3430 1.1 2 1 2
23.691024.19 | 3430 1.1 3 1 1 1 1
24.20t024.70 | 3430 0.0 0 0
24.711025.21 | 3430 1.1 2 0 1 1
25.221025.72 | 3430 1.6 3 0 2 1
25.7310 26.23 | 3430 1.1 3 0 1 1 1
26.24 10 26.74 | 3430 3.2 6 0 1 1 1 2 1
26.751027.25 | 3430 0.0 1 0 1
27.261027.76 | 3430 0.0 0 0
27.771028.27 | 5106 2.1 6 0 1 1 2 1 1
28.28 10 28.55 | 8360 0.0 0 0

Total 64 13 14 2 10 | 13 18 2 |13 |2

Counter Measures (U.S. 50)

e Segment 19.61 to 20.11
A Signal Ahead symbol sign (W3-3) is to be added in the west bound direction for the
intersection of U.S. 50 and S.R. 13. Also, the supplement Advance Street Name plaque
is to be added under the Signal Ahead sign in the eastbound and westbound directions.

e Segment 20.63 t0 21.13
There is to be a 48” Stop sign (R1-1) placed where Somerset Road and where Fairmont
Road intersect with U.S. 50. Also there is to be a Stop Ahead symbol sign (W3-1a)
placed on both Somerset Road and Fairmont Road.

e Segment 22.67 to 23.17

There is to be a 48” Stop sign (R1-1) placed at the intersection of Linnville Road and U.S.
50.

e Segment 26.24 t0 26.74
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There is to be a modified Offset Crossroads sign (W2-H1a) placed eastbound prior to
Sand Hollow Road, and one placed westbound prior to the intersection of U.S. 50 and
Midland Oil Road/ Cooks Hill Road.

e Segment 27.77 to 28.27
There is to be dual 48” Stop signs (R1-1) placed at the end of S.R. 668. Also on S.R.
668 there is to be a Stop Ahead symbol sign (W3-1a).

Summary

In the five (5) locations identified above, eleven (11) of the forty-four (44) accidents were intersection
related and five (5) were animal related. Given the counter measures listed above, within the limits of this
project, we are requesting acceptance of the Resurfacing Accident Analysis Exception Process for this
project.

Engineers Seal:

Signed:

Date:
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Collision Diagram
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Collision Diagram
Lic - US 50 - 19.61 To 28.55
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200 Horizontal and Vertical Design

200.1 Introduction

This section provides a brief discussion together with several figures of design criteria needed to properly
design horizontal and vertical alignments. More detailed information can be found in the 2004 edition of
A Policy on Geometric Design of Highways and Streets (AASHTO Green Book) and the 2001 edition
of Guidelines for Geometric Design of Very Low-Volume Local Roads (ADT < 400).

201 Sight Distance
201.1 General

A primary feature in highway design is the arrangement of the geometric elements so that sufficient sight
distance is provided for safe and efficient operation. The most important sight distance considerations
are: distance required for stopping, distance required for operation at intersections, distance required for
passing vehicles and distance needed for making decisions at complex locations.

Stopping Sight Distance (SSD) is the cumulative distance traversed by a vehicle from the instant a
motorist sights an unexpected object in the roadway, applies the brakes, and is able to bring the vehicle
to a stop.

Intersection Sight Distance (ISD) is the distance a motorist should be able to see other traffic operating on
the intersecting roadway in order to enter or cross the roadway safely and to avoid or stop short of any
unexpected conflicts in the intersection area.

Passing Sight Distance (PSD) is the distance a motorist should be able to observe oncoming traffic on a
two-lane, two-way road in order to pass a vehicle safely.

Decision Sight Distance (DSD) is the distance needed for a motorist to detect, recognize, select, initiate
and complete an appropriate course of action for an unexpected or otherwise difficult-to-perceive
condition in the roadway.

When evaluating sight distance, the two most critical features to be considered are the height of eye and
the height of the object. The driver’s height of eye remains constant at 3.5 ft. [1.08 m] for each of the sight
distance categories. The height of the object, on the other hand, varies between 2 ft. [0.6 m] and 3.5 ft.
[1.08 m]. The 2 ft. [0.6 m] object height, used for the decision and stopping sight distances, represents
the taillight of the typical passenger vehicle. Research has shown that object heights below 2 ft. [0.6 m]
would result in longer crest vertical curves without providing documented safety benefits. The 3.5 ft. [1.08
m] height, used for the intersection and passing sight distances, represents the portion of the vehicle that
needs to be visible for another driver to recognize that vehicle.

201.2 Stopping Sight Distance

Stopping sight distance is 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 two are referred to
as brake reaction distance and braking distance, respectively. The recommended brake reaction time to
compute the brake reaction distance is 2.5 seconds. The recommended deceleration rate to compute the
braking distance is 11.2 feet per second squared [3.4 meters per second squared].

Figure 201-1 lists the recommended sight distance values for the given design speeds along with the
corresponding equation.
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201.2.1 Horizontal Sight Distance

The sight distance on horizontal curves may be restricted by obstructions on the inside of a curve, such
as bridge piers, buildings, median barriers, guardrail, cut slopes, etc. Figure 201-2 shows the

relation of sight distance, horizontal curvature, line of sight, and obstruction offset. In using this figure, the
designer should enter the required stopping sight distance from Figure 201-1 and the degree of curvature
or radius [curve radius]. Where these two lines intersect, the offset of the obstruction needed to satisfy
the sight distance requirements may be read from the curved lines.

Where the horizontal sight distance is restricted by a cut slope in the inside of the curve, the offset shall
be measured to a point on the cut slope that is at the same elevation as the roadway. This would allow a
line of sight which is 3.5 ft. [1.07 m] above the roadway to pass over a cut slope with 2.75 ft. [0.84 m] of
vegetative growth and view a 2.0 ft. [0.6 m] high object on the far side.

When a combination of spirals, tangents and/or curves is present, the horizontal sight distance should be
determined graphically.

201.2.2 Vertical Stopping Sight Distance

The sight distance on crest vertical curves is based on a driver's ability to see a 2.0 ft. [0.6 m] high object
in the roadway without being blocked out by the pavement surface. The height of eye for the driver used
in the calculation is 3.5 ft. [1.07 m]. See Figures 203-4 & 203-7.

The sight distance on sag curves is dependent on the driver’s ability to see the pavement surface as
illuminated by headlights at night. The height of headlight is assumed to be 2.0 ft. [0.6 m], the height of
object 0" and the upward divergence angle of the headlight beam is assumed to be 1°00'. See Figure
203-6 & 203-7.

201.3 Intersection Sight Distance (ISD)

Intersections generally have a higher potential for vehicular conflict than a continuous section of roadway
due to the occurrence of numerous traffic movements. Providing adequate sight distance at the
intersection can greatly reduce the likelihood of these conflicts.

The driver of a vehicle approaching an intersection should have an unobstructed view of the entire
intersection and sufficient lengths along the intersecting highway to permit the driver to anticipate and
avoid potential collisions. When entering or crossing a highway, motorists should be able to observe the
traffic at a distance that will allow them to safely make the desired movement.

The methods for determining sight distance needed by drivers approaching an intersection are based on
the same principles as stopping sight distance, but incorporate modified assumptions based on observed
driver behavior at intersections.

To enhance traffic operations, intersection sight distance should be provided at all intersections. If
intersections sight distance cannot be provided due to environmental or right-of-way constraints, then as
a minimum, the stopping sight distance for vehicles on the major road should be provided. By providing
only stopping sight distance, this will require the major-road vehicle to stop or slow down to accommodate
the maneuver of the minor-road vehicle. If the intersection sight distance cannot be attained, additional
safety measures should be provided. These may include, but are not limited to, advance warning signs
and flashers and/or reduced speed limit zones in the vicinity of the intersection.
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201.3.1 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 unobstructed areas
are known as sight triangles (see Figure 201-4). The waiting vehicle is assumed to be located at a
minimum of 14.4 ft. [4.4 m] and preferably 17.8 ft. [5.4 m] from the through road edge of pavement. The
position of the waiting vehicle is the vertex of the sight triangle on the minor road, otherwise referred to as
the decision point. It represents the typical position of the minor-road driver’'s eye when a vehicle is
stopped relatively close to the major road. The left edge of the moving vehicle on the through road is
assumed to be a 2 lane width for vehicles approaching from the left, or 1'% lane widths for vehicles
approaching from the right. The design speed of the through road is used to select the appropriate ISD
length (see Figure 201-5). The dimension “b” in Figure 201-4 is the I1SD length.

The provision of sight triangles allows the driver on the major road to see any vehicles stopped on the
minor road approach and to be prepared to slow or stop, if necessary.

201.3.1.1 Identification of Sight Obstructions with Sight Triangles

The profiles of the intersecting roadways should be designed to provide the recommended sight
distances for drivers on the intersection approaches. Within a 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. Particular attention should be given to the evaluation of sight triangles at
interchange ramps or crossroad intersections where features such as bridge railings, piers, and
abutments are potential sight obstructions.

The determination of whether an object constitutes a sight obstruction should consider both the horizontal
and the 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. [1.08 m] above the
roadway surface and the object to be seen is 3.5 ft. [1.08 m] above the surface of the roadway. When the
object height and the driver’s eye are equivalent, the intersection sight distances become reciprocal (i.e.,
if one driver can see another vehicle, then the driver of that vehicle can also see the first vehicle).

201.3.2 Intersection Control

The recommended dimensions of the sight triangles vary with the type of traffic control used at an
intersection, because different types of control impose different legal constraints on drivers and, therefore,
result in different driver behavior.

At signalized intersections and all-way stop control, the first vehicle stopped on one approach should be
visible to the driver of the first vehicle stopped on each of the other approaches. Left turning vehicles
should have sufficient sight distance to select gaps in oncoming traffic and complete left turns. Generally,
sight distances are not needed for signalized intersections.

The most critical intersection control is the stop control on the minor roadway. Sight triangles for
intersections with stop control on the minor road should be considered for three situations:

1. Left turns from the minor road
2. Right turns from the minor road

3. Crossing the major road from the minor road approach.
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|
201.3.2.1 Left Turn from the Minor Road

The intersection sight distance along the major road is determined by the following formula:
English Units: ISD = 1.47X Viajor X 1g
[Metric Units: ISD = 0.278 X Vimajor X 141

ISD = intersection sight distance (length of
the leg of sight triangle along the major
road) (ft) [m]

Vmajor = design speed of major road (mph) [km/h]
ty = time gap for minor road vehicle to enter the major road (sec.)
The design values for intersection sight distance for passenger cars are shown in Figure 201-5.

The values for ty can vary (see Figure 201-5) due to deviations of the intersection approach grade, truck
usage, and the numbers of lanes of the facility. The values provide sufficient time for the minor-road
vehicle to accelerate from a stop and complete a left turn without unduly interfering with major-road traffic
operations. Where substantial volumes of heavy vehicles enter the major road (such as a ramp terminal),
the t4 value for the single-unit or combination truck values should be considered.

Sight distances for left turns at divided highway intersections have special considerations. If the design
vehicle can be stored in the median with adequate clearance to the through lanes, a sight triangle to the
right for left turns should be provided for that design vehicle turning left from the median roadway. Where
the median is not wide enough to store the design vehicle, a sight triangle should be provided for that
design vehicle to turn left from the minor-road approach.

Also, the median width should be considered in determining the number of lanes to be crossed. The
median width should be converted to equivalent lanes.

201.3.2.2 Right Turn from the Minor Road

The intersection sight distance for right turns is determined using the same methodology as that used for
left turns, except that the time gaps differ. The time gap for right turns is decreased by 1.0 second. Also,
the sight triangle for traffic approaching from the left should be used for right turns onto a major road. The
design values for intersection sight distance for passenger cars are shown in Figure 201-5.

201.3.2.3 Crossing Maneuver from the Minor Road

In most cases, the sight distance provided by the sight triangles (for right or left turns) are adequate for a
minor road vehicle to cross a major roadway. However, if the following situations exist, the sight distance
for a crossing maneuver should, in of itself, be checked:

1. Where left and or right turns are not permitted from a particular approach and the crossing maneuver
is the only legal maneuver

2. Where the crossing vehicle would cross the equivalent of more than six lanes
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3. Where substantial volumes of heavy vehicles cross the highway and steep grades that might slow the
vehicle while its back portion is still in the intersection are present on the departure roadway on the
far side of the intersection

The formula for the sight distance at a crossing maneuver is the same as that for right turns. The time
gap adjustments listed in Figure 201-5 must be used to modify the formula for a crossing maneuver.

201.3.3 Vertical ISD

Also shown on Figure 201-5 are "K" curvature rates for crest vertical curves based on ISD. The K rates
are derived using the height of eye as 3.50 ft. [1.07 m] and height of object as 3.50 ft. [1.07 m].
Appropriate equations are shown on Figure 201-5.

If a road or drive intersection occurs on or near a crest vertical curve, the length of curve should be at
least as long as that calculated from the K rate for ISD or the K rate for stopping sight distance, whichever
is greater.

In some areas, the sight distance will be limited due to projections above the pavement surface, such as
raised medians, curb and sidewalks. An illustration of this type of obstruction is shown in Figure 201-4,
Diagram B, where the left sight distance is limited by a portion of the bridge abutment. Locations such as
this should be checked graphically and corrected by lengthening the vertical curve, eliminating the
obstruction or moving the intersection.

201.4 Passing Sight Distance

Figure 201-3 lists the distance required for passing an overtaken vehicle at various design speeds.
These distances are applicable to two-lane roads only. It is important to provide adequate passing sight
distance for as much of the project length as possible to compensate for missed opportunities due to
oncoming traffic in the passing zone.

Figure 201-3 also contains "K" curvature rates for crest vertical curves based on passing sight distance.
The K rates are derived using a 3.50 ft. [1.07 m] height of eye and a 3.50 ft. [1.07 m] height of object.
Appropriate equations are included on Figure 201-3.

201.4.1 Available Passing Sight Distance

On 2-lane highways with design hourly volume (DHV) exceeding 400, the designer should investigate the
effect of available passing sight distance on highway capacity using the procedures contained in the
current edition of TRB Highway Capacity Manual. The designer should select the level of service to be
used for design in accordance with Figure 301-1.

If the available passing sight distance restricts the capacity from meeting the design level of service,
adjustments should be made to the profile to increase the available passing sight distance. If, after
making all feasible adjustments to the profile, capacity is still restricted below the design level of service
due to the lack of sufficient passing sight distance, consideration should be given to providing passing
lane sections or constructing a divided multi-lane facility.

201.5 Decision Sight Distance (DSD)

Although stopping sight distance is usually sufficient to allow reasonably competent and alert drivers to
come to a hurried stop under ordinary circumstances, it may not provide sufficient visibility distances for
drivers when information is difficult to perceive, or when unexpected maneuvers are required. In these
circumstances, decision sight distance provides the greater length needed by drivers to reduce the
likelihood for error in either information reception, decision making, or control actions.

October 2010 2-5



200 Horizontal and Vertical Design

The following are examples of locations where decision sight distance should be provided: entrance
ramps and exit ramps at interchanges; diverging roadway terminals; changes in cross section such as toll
plazas and lane drops; and areas of concentrated demand where there is apt to be "visual noise" (i.e.,
where sources of information compete, as those from roadway elements, traffic, traffic control devices,
and advertising signs).

The decision sight distances in Figure 201-6: (1) provide values for sight distances that are appropriate at
critical locations and (2) serve as criteria in evaluating the suitability of the available sight distances at
these critical locations. It is recommended that decision sight distances be provided at critical locations or
that critical decision points be moved to locations where sufficient decision sight distance is available. If it
is not practical to provide decision sight distance because of horizontal or vertical curvature constraints or
if relocation of decision points is not practical, special attention should be given to the use of suitable
traffic control devices for providing advance warning of the conditions that are likely to be encountered.

The decision sight distances listed in Figure 201-6 vary depending on whether the location is on a rural
or urban road and on the type of avoidance maneuver required to negotiate the location properly. For
example, the recommended decision sight distance for a rural entrance ramp would be found in the
avoidance maneuver C column opposite the appropriate design speed for the ramp location in question.

202 Horizontal Alignment

202.1 General

A horizontal change in direction should, as far as economically feasible, be accomplished in a safe and
comfortable manner. In addition to sight distance requirements, the most important design features to
horizontal alignment design are degree of curve [curve radius], superelevation and spirals

202.2 Maximum Centerline Deflection without Horizontal Curve

Figure 202-1 lists the maximum deflection angle which may be permitted without the use of a horizontal
curve. The angle varies with the design speed of the facility.

202.3 Degree of Curve (Curve Radius)

The maximum degree of curve [minimum curve radius] is a limiting value of curvature for a given design
speed and a maximum rate of superelevation. Figure 202-2 shows this relationship.

202.4 Superelevation
202.4.1 Superelevation Rate

Superelevation rates for horizontal curves vary with location (urban/rural), degree of curvature [curve
radius], and design speed.

Recommended superelevation rates for horizontal curves are shown in Figures 202-7, 202-8, 202-9,
202-9a and 202-10. The rates in Figure 202-7 apply to all rural highways and are based on a maximum
superelevation rate of 0.08. Figure 202-8 contains the rates for high-speed urban highways (design
speeds of 50 mph [80 km/h] or greater). These are based on a maximum rate of 0.06. Figure 202-10 is
an extension of Figure 202-8 in that it provides superelevation rates for curves with design speeds of 25-
45 mph [40-70 km/h] based on the maximum rate of 0.06. This table is to be used only for ramps or other
interchange connector roadways in urban areas where horizontal alignment constraints preclude a higher
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design speed. The rates for low speed urban highways (45 mph [70 km/h] or less) are contained in
Figures 202-9 and 202-9a and are based on a maximum rate of 0.04

The table rates are derived by first calculating the maximum degree of curvature [minimum curve radius]
for the design speed and assigning the maximum rate of superelevation to this curve. The maximum
rates for flatter curves with the same design speed are then derived using AASHTO Method 5 (Figures
202-7, 202-8 and 202-10) or AASHTO Method 2 (Figures 202-9 and 202-9a) as described in the
AASHTO Green Book under "Horizontal Alignment".

In attempting to apply the recommended superelevation rates for low-speed urban streets (Figures 202-9
& 202-9a) in built-up areas, various factors may combine to make these rates impractical to obtain.
These factors would include wide pavements, adjacent development, drainage conditions, and frequent
access points. In such cases, curves may be designed with reduced or no superelevation, although
crown removal is a recommended minimum.

A design exception for superelevation rate is required whenever the superelevation rate required by
Figures 202-7 through 202-10 is not provided. A design exception for superelevation rate will not be
required if a higher superelevation rate than what is required by Figures 202-7 through 202-10 is
provided as long as the respective maximum superelevation rate (0.08, 0.06 or 0.04) is not exceeded.
Prior to the current update of this Manual, the maximum superelevation rate for rural highways was 0.083.
A design exception for superelevation rate will not be required for existing rural highways that provide a
superelevation rate greater than 0.08 but less than or equal to 0.083.

202.4.2 Effect of Grades on Superelevation

On long and fairly steep grades, drivers tend to travel somewhat slower in the upgrade direction and
somewhat faster in the downgrade direction than on level roadways. In the case of divided highways,
where each pavement can be superelevated independently, or on one-way roadways, such as ramps,
this tendency should be recognized to see whether some adjustment in the superelevation rate would be
desirable and/or feasible. On grades of 4 percent or greater with a length of 1000 ft. [300 m] or more and
a superelevation rate of 0.06 or more, the designer may adjust the superelevation rate by assuming a
design speed which is 5 mph [10 km/h] less in the upgrade direction and 5 mph [10 km/h] higher in the
downgrade direction, providing that the assumed design speed is not less than the legal speed. On two-
lane, two-way roadways and on other multi-lane undivided roadways, such adjustments are less feasible,
and should be disregarded.

202.4.3 Maximum Curvature Without Superelevation (Minimum Curve
Radius Without Superelevation)

Figure 202-3 gives the maximum degree of curvature [minimum curve radius] which does not require
superelevation based on the design speed and the rural/urban condition. This figure should be used in
conjunction with Figures 202-7, 8, and 9 to determine at what point in the "eq” columns that
superelevation becomes a design consideration. The corresponding data for Figure 202-10 is contained
on the figure.

202.4.4 Superelevation Methods

Figure 202-5 shows four methods by which superelevation is developed leading into and coming out of
horizontal curves. Method 1 involves revolving the pavement about the centerline and is the most
commonly used method. This method could be applied to multi-lane divided roadway sections where the
divided segments are not crowned in a normal section. In this case, the median pavement edge acts as
the "centerline".
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Method 2 shows the pavement being revolved about the inner edge of pavement and Method 3 uses the
outer pavement edge as a rotation point. Both of these methods are used on a multi-lane divided
roadway where the divided segments are crowned in a normal section. Since the control point for
revolving the pavement is the median pavement edge, Method 2 would apply to the outer lanes and
Method 3 would apply to the inner lanes. Method 2 is also used on undivided roadways where drainage
problems preclude the use of Method 1. Method 4 revolves the pavement having a straight cross slope
about the outside edge of pavement. Method 4 would apply to single-lane or multi-lane ramps or
roadways that are not crowned.

In reference to the above discussion on the superelevation of divided roadways, it is always preferable to
use the median pavement edge as the rotation point. This greatly reduces the amount of distortion in
grading the median area.

202.4.5 Superelevation Transition

The length of highway needed to change from a normal crown pavement section to a fully superelevated
pavement section is referred to as the superelevation transition. The superelevation transition is divided
into two parts - the tangent runout and the superelevation runoff.

The tangent runout (’Ly”) is the length required to remove the adverse pavement cross slope. As is
shown on Method 1 of Figure 202-5, this is the length needed to raise the "outside" edge of pavement
from a normal slope to a half-flat section (cross section A to cross section B of Figure 202-5, Method 1).

The superelevation runoff ("L;") is the length required to raise the "outside" edge of pavement from a "half
flat" section to a fully superelevated section (cross section B to cross section E of Figure 202-5, Method
1). The length of transition required to remove the pavement crown is the distance between cross section

A and cross section C Figure 202-5 and is generally equal to twice the "L” distance.

The minimum superelevation transition length is determined by multiplying the edge of pavement
correction by the equivalent slope rate ("G") shown on Figure 202-4. The rate of change of
superelevation should be constant throughout the transition. The values for "L;" given in Figures 202-7, 8
and 9 are based on two 12-foot [3.6 m] lanes revolved about the centerline. "L," in Figure 202-10 is
based on one 16-foot [4.8 m] lane revolved about the pavement edge. Use the equations provided on
Figure 202-4 to determine “L;” for cases involving other lane widths or where more than one lane is being
revolved about the centerline or baseline.

Figures 202-5a through 202-5d have been provided to show the designer how to develop the
superelevation transitions for a two-lane undivided highway (Figure 202-5a), a four-lane divided highway
(Figure 202-5b) and a six-lane divided highway (Figures 202-5¢ & d). Figure 202-5c¢ could also be used
for a four-lane divided highway with future median lanes and Figure 202-5d could also be used for a four-
lane divided highway with future outside lanes.

A design exception for superelevation transition will be required if the above requirements for
superelevation transition rate or length are not provided.

202.4.6 Superelevation Position

Figures 202-5a through 202-5d show the recommended positioning of the proposed superelevation
transition in relationship to the horizontal curve.

For those curves with spirals, the transition from adverse crown removal to full superelevation shall occur
within the limits of the spiral. In other words, the spiral length shall equal the "L," value.
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For simple curves without spirals, the "L," transition shall be placed so that 50 percent to 70 percent of the
maximum superelevation rate is outside the curve limits (P.C., P.T.). It is recommended that, whenever
possible, 2/3 of the full superelevation rate be present at the P.C. and P.T. In addition, whenever
possible, full superelevation should be maintained for at least 1/3 the length of the curve.

A design exception for superelevation position will be required if the above requirements for
superelevation position is not provided.

202.4.7 Profiles and Elevations

Breakpoints at the beginning and end of the superelevation transition should be rounded to obtain a
smooth profile. One suggestion is to use a "vertical curve" on the edge of pavement profile with a length
in feet equal to the design speed in mph (i.e., 45 ft. for 45 mph) [One suggestion is to use a "vertical
curve" on the edge of pavement profile with a length in meters equal to 20 percent of the design speed in
km/h (i.e., 14 m for 70 km/h)].

The final construction plans should have superelevation tables or pavement details showing the proposed
elevations at the centerline, pavement edges, and if applicable, lane lines or other breaks in the cross
slope. Pavement or lane widths should be included where these widths are in transition.

Pavement edge profiles should be plotted to an exaggerated scale within the limits of the superelevation
transition to check calculations and to determine the location of drainage basins. Adjustments should be
made to obtain smooth profiles. These profiles should be submitted as part of the Stage 1 submission in
order to facilitate review of the proposed data. Special care should be used in determining edge
elevations in a transition area when the profile grade is on a vertical curve.

202.4.8 Superelevation Between Reverse Horizontal Curves

Figure 202-6 illustrates schematically two methods for positioning the superelevation transition between
two reverse horizontal curves. In both diagrams each curve has its own "L;" value (L1, Ly2) depending on
the degree of curvature, and the superelevation is revolved about the centerline.

The first (top) diagram involves two simple curves. In the case of new or relocated alignment, the P.T. of
the first curve and P.C. of the second curve should be separated by enough distance to allow a smooth
continuous transition between the curves at a rate not exceeding the "G" value in the table on Figure
202-4 for the design speed. This requires that the distance be not less than 50 percent nor greater than
70 percent of Ly + Lyp. Two-thirds is the recommended portion. When adapting this procedure to
existing curves where no alignment revision is proposed, the transition should conform as closely as
possible to the above criteria. These designs will be reviewed on a case by case basis.

The second (or lower) diagram involves two spiral curves. Where spiral transitions are used, the S.T. of
the first curve and the T.S. of the second curve may be at, or nearly at, the same point, without causing
superelevation problems. In these cases, the crown should not be re-established as shown in Figure
202-5, but instead, both pavement edges should be in continual transition between the curves, as shown
in Figure 202-6.

202.5 Spirals

The combination of high speed and sharp curvature leads to longer transition paths, which can result in
shifts in lateral position and sometimes actual encroachment on adjoining lanes. Spirals make it easier
for the driver to keep the vehicle within its own lane. Spirals are to be used on projects involving new
alignment or substantial modifications to the existing alignment based on the maximum degree of curve
as shown in Figure 202-11. The length of the spiral should be equal or to greater than the superelevation
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runoff length "L," for the curve, as determined in Section 202.4.5. This section also discussed the role of
the spiral in attaining proper superelevation for the curve.

The above criterion for using spirals is not intended to discourage their use in other design situations. In
fact, spirals are recommended for use as a good mitigation feature in achieving full superelevation
regardless of design speed or degree of curvature [curve radius]. See Figure 1303-2 of the Location
and Design Manual, Volume 3, for more details on spiral curve elements and layout.

203 Vertical Alignment

203.1 General

In addition to sight distance requirements, design features most important to vertical alignment design are
grades and vertical curves.

203.2 Grades
203.2.1 Maximum Grades

Maximum percent grades based on functional classification, terrain and design speed are shown in
Figure 203-1. The maximum design grade should be used infrequently, rather than a value to be used in
most cases.

203.2.2 Minimum Grades

Flat and level grades on uncurbed pavements are virtually without objection when the pavement is
adequately crowned to drain the surface laterally. With curbed pavements, sufficient longitudinal grades
should be provided to facilitate surface drainage. The preferred minimum grade for curbed pavements is
0.5 percent, but a grade of 0.3 percent may be used where there is a high-type pavement accurately
crowned and supported on firm subgrade.

203.2.3 Critical Lengths of Grades

Freedom and safety of operation on 2-lane highways are adversely affected by heavily loaded vehicles
operating on grades of insufficient lengths to result in speeds that could impede following vehicles.

The term “critical length of grade” is used to describe the maximum length of a designated upgrade on
which a loaded truck can operate without an unreasonable reduction in speed.

The length of any given grade that will cause the speed of a typical heavy truck (200 Ib/hp [120kg/kW]) to
be reduced by various amounts below the average running speed of all traffic is shown graphically in
Figure 203-1a. The curve showing a 10-mph [15-km/h] speed reduction is used as the general design
guide for determining the “critical lengths of grade”.

If after investigation of the project grade line, it is found that critical length of grade must be exceeded, an
analysis of the effect of long grades on the level of service should be made. Where speeds resulting from
trucks climbing up long grades are calculated to fall within the range of service level D, or lower,
consideration should be given to constructing added uphill lanes on critical lengths of grade. When uphill
lanes are added for truck traffic, the lane should extend a sufficient distance past the crest of the hill to
allow truck traffic to obtain a reasonable speed before being required to merge into the through lanes.
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Where the length of added lanes needed to preserve the recommended level of service on sections with
long grades exceeds 10 percent of the total distance between major termini, consideration should be
given to the ultimate construction of a divided multi-lane facility.

203.3 Vertical Curves
203.3.1 General

A vertical curve is used to provide a smooth transition between vertical tangents of different slope rates.
It is a parabolic curve and is usually centered on the intersection point of the vertical tangents.

One of the basic principles of parabolic curves is that the rate of change of grade at successive points on
the curve is a constant amount for equal increments of horizontal distance. The total length (L) of a
vertical curve divided by the algebraic difference in its tangent grades (A) reflects the distance along the
curve at any point to effect a 1 percent change in gradient and is, therefore, a measure of curvature. The
rate L/A, termed "K", is useful in determining minimum lengths of vertical curves for the various required
sight distances.

203.3.2 Grade Breaks

The maximum break in grade permitted without using a vertical curve is shown in Figure 203-2. The
maximum grade change is based on comfort control and varies with the design speed.

203.3.3 Crest Vertical Curves

The major control for safe operation on crest vertical curves is the provision for ample sight distances for
the design speed.

Figure 203-3 includes "K" values for crest vertical curves along with other appropriate equations.

Figures 203-4 and 203-5 show the relationship between the length of crest vertical curves to the
stopping sight distance and passing sight distance, respectively.

In addition to being designed for safe stopping sight distance, crest vertical curves should be designed for
comfortable operation and a pleasing appearance. Accordingly, the length of a crest vertical curve in feet
should be, as a minimum, 3 times the design speed in mph. [Accordingly, the length of a crest vertical
curve in meters, should be, as a minimum, 60 percent of the design speed in km/h].

203.3.4 Sag Vertical Curves

For sag vertical curves the primary design criteria is headlight sight distance. When a vehicle traverses an
unlighted sag vertical curve at night, the portion of highway lighted ahead is dependent on the position of
the headlights and the direction of the light beam. For overall safety on highways, the required headlight
sight distance is assumed to be equal to stopping sight distance. Based on a headlight height of 2 ft. [0.6
m], and a 1 degree upward divergence of the light beam, equations showing the relationship of curve
length, algebraic grade difference, and stopping sight distance are included on Figure 203-6. Figure
203-7 shows this same relationship in graphic form.

It should be noted that, for sag curves, when the algebraic difference of grades is 1.75 percent or less,

stopping sight distance is not restricted by the curve. In these cases the formula on Figure 203-6 will not
provide meaningful answers.
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Minimum lengths of sag vertical curves are necessary to provide a pleasing general appearance to the
highway. Accordingly, the length of sag vertical curves in feet in should be, as a minimum, 3 times the
design speed. [Accordingly, the length of sag vertical curves in meters should be, as a minimum, 60
percent of the design speed in km/h].

203.3.5 Tangent Offsets for Vertical Curves

For the designer's convenience, Figure 203-8, showing tangent offsets, is included.

204 Horizontal and Vertical Alignment Considerations
204.1 General

There are many controls to consider when designing horizontal and vertical alignments. These controls
are separated into horizontal, vertical and horizontal/vertical coordination. It would be virtually impossible
to meet each of these. Some even tend to conflict, and compromises will have to be made. The
considerations listed in each category are guidelines and suggestions to assist the designer in obtaining a
more optimal design.

204.2 Horizontal Considerations

e Alignment should be as directional as possible while still being consistent with topography and
the preservation of developed properties and community values.

e Use of maximum degree of curvature [minimum curve radius] should be avoided wherever
possible.

e Consistent alignment should be sought.

e Curves should be long enough to avoid the appearance of a sudden or abrupt change in
direction.

e Tangents and/or flat curves should be provided on high, long fills.
e Compound curves should only be used with caution.

204.3 Vertical Considerations

e A smooth grade with gradual changes consistent with the type of facility and character of terrain
should be strived for.
The "roller-coaster" or the "hidden-dip" type of profile should be avoided.
Undulating gradelines involving substantial lengths of steeper grades should be appraised for
their effect on traffic operation since they may encourage excessive truck speeds.

e Broken-back gradelines (two crest or sag vertical curves separated by short tangent grade)
generally should be avoided.

e Special attention should be given on curbed sections to drainage where vertical curves having a
K value in excess of 167 [50] are used.

e |tis preferable to avoid long sustained grades by breaking them into shorter intervals with steeper
grades at the bottom.

204.4 Coordination of Horizontal and Vertical Alignments

Curvature and grades should be properly balanced. Normally horizontal curves will be longer than
vertical curves.
e \Vertical curvature superimposed on horizontal curvature is generally more pleasing. P.l's of
both vertical and horizontal curves should nearly coincide.
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Sharp horizontal curvature should not be introduced at or near the top of a pronounced crest
vertical curve or at or near the low point of a pronounced sag vertical curve.

On two-lane roads, long tangent sections are desirable to provide adequate passing sections.
Horizontal and vertical curves should be as flat as possible at intersections.

On divided highways the use of variable median widths and separate horizontal and vertical
alignments should be considered

In urban areas, horizontal and vertical alignments should be designed to minimize nuisance
factors. These might include directional adjustment to increase buffer zones and depressed
roadways to decrease noise.

And vertical alignments may often be adjusted to enhance views of scenic areas.
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List of English Figures

Figure

201-1E*
201-2E
201-3E
201-4E
201-5E*
201-6E
202-1E
202-2E
202-3E
202-4E
202-5E
202-5aE
202-5bE
202-5cE

202-5dE

202-6E
202-7E*
202-8E*

202-9E*

202-9aE*
202-10E

202-11E
203-1E
203-1aE
203-2E
203-3E*
203-4E
203-5E
203-6E
203-7E
203-8E

Date

January 06
January 06
January 06
January 06
January 06
January 06
January 06
January 06
January 06
January 06
January 06
January 06
January 06
January 06

January 06

January 06
January 06
January 06

October 09

January 06
January 06

April 06
October 09
January 06
October 09
January 06
January 06
January 06
October 10
January 06
January 06

Title

Stopping Sight Distance

Horizontal Sight Distance

Minimum Passing Sight Distance

Intersection Sight Triangles

Intersection Sight Distance

Decision Sight Distance

Maximum Centerline Deflection without Horizontal Curve

Maximum Degree of Curve

Maximum Degree of Curve without Superelevation

Superelevation Transitions

Methods of Superelevation Rotation

Superelevation Development Two-Lane Undivided

Superelevation Development Four-Lane Divided

Superelevation Development Six-Lane or More Divided (or Four-Lane Divided
with Future Median Lanes)

Superelevation Development Six-Lane or More Divided (or Four-Lane Divided
with Future Outside Lanes)

Superelevation Transition between Reverse Horizontal Curves
Superelevation and Runoff Lengths for Horizontal Curves on Rural Highways
Superelevation and Runoff Lengths for Horizontal Curves on High-Speed
Urban Highways

Superelevation and Runoff Lengths for Horizontal Curves on Low-Speed
Urban Streets

Superelevation Rates for Horizontal Curves on Low-Speed Urban Streets
Superelevation and Runoff Lengths for Horizontal Curves on Low-Speed
Urban Ramps and Other Interchange Roadways

Maximum Curve Without a Spiral

Maximum Grades

Critical Lengths of Grade

Maximum Change in Vertical Alignment without Vertical Curve

Vertical Sight Distance: Crest Vertical Curves

Vertical Sight Distance: SSD Design Controls Crest Vertical Curves
Vertical Sight Distance: PSD Design Controls Crest Vertical Curves
Vertical Sight Distance: Sag Vertical Curves

Vertical Sight Distance: SSD Design Controls Sag Vertical Curves
Tangent Offsets for Vertical Curves

* Note: For design criteria pertaining to Collectors and Local Roads with ADT's less than 400, please refer to the
AASHTO Publication - Guidelines for Geometric Design of Very Low-Volume Local Roads (ADT < 400).
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JANUARY 2006

201-1E
STOPPING SIGHT DISTANCE [rererence section

201.2 & 201.2.1

HEIGHT OF EYE 3.50° HEIGHT OF OBJECT 2.00°

_ 2 . SSD = stopping sight distance, ft;
SSD = 147Vt + 1.OT5V® + a = brake reog’rio?\ time, 2.5s;

design speed,mfh;
deceleration rate, I.2ft/s2

DESIGN SPEED DESIGN SSD DESIGN SPEED DESIGN SSD
(mph) (feet) (mph) (feet)

20 115 45 360
21 120 46 375
22 130 47 385
23 140 48 400
24 145 49 415
25 155 S0 425
26 165 ol 440
27 170 92 455
28 180 93 465
29 190 %4 480
30 200 95 495
3l 210 o6 510
32 220 of 5925
33 230 o8 540
34 240 °9 955
35 250 60 570
36 260 6l 285
37 270 62 600
38 280 63 615
39 290 64 630
40 305 65 645
4] 315 66 665
42 325 67 680
43 340 68 695
44 350 69 715
45 360 70 730




JANUARY 2006

201-2E
HORIZONTAL SIGHT DISTANCE |rrerencesection

201.2.1
M1 -
WL
[ .
L oo
.‘ L e 300
i :
| | e .
| | | L] 0 —350°

s = Sight Distance along curve, ft
D.= Degree of curvature at centerline / / / /
of inside lane.

m = Offset fo sight obstfruction, o —400

measured from centerline of / /
inside lane, ft.
R = Radius to centerline inside lane, ft / //// / /

Formula applies only when s is equal
to or less than the length of curve.
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When a combination of spirals, tfangents and/or curves are present,

the horizontal sight distance should be determined graphically.



JANUARY 2006

MINIMUM PASSING 201-3E
SIGHT DISTANCE REFERENCE SECTION

201.4
HEIGHT OF EYE 3.50° - HEIGHT OF OBJECT 3.50°

DSEPSEIS[')\' SIGHT [I;)IASSTSA“I\\II(?E (PSD)

(mph) Minimum K-CREST

PSD (f+.) VERT.CURV
20 710 180
25 900 289
30 1090 424
35 1280 585
40 1470 772
45 625 943
50 1835 203
55 1985 1407
60 2135 628
65 2285 1865
70 2480 2197

S = Minimum Passing Sight Distance

L = Length of Crest Vertical Curve

A = Algebraic Difference in Grades (%), Absolute Value
K = Rate of Vertical Curvature

Using:

- For a given design speed and an “A” value, the calculated
length “L” = K x A

- To determine “S” with a given “L” and “A”, use the following:
For S<L: S = 52.92/K , where K = L/A
For S>L: S = 1400/A + L/2



JANUARY 2006

INTERSECTION
SIGHT TRIANGLES

201-4E

REFERENCE SECTION
201.3.1 & 201.3.3

ﬂinor Road

| b N
'=
I
I
I : Major Road Major Road
1
I
L
I : [
: |
~z27 7 R —
Clear Sight ifj N Edge of
Triangle # _ Traveled Way -

Decision
Point

Sight Triangle for Viewing
Traffic Approaching from the Left

tMnor Road

\

éCleor Sight

Triangle

Decision
Point

Sight Triangle for Viewing
Traffic Approaching from the Right

DIAGRAM A - SIGHT TRIANGLES

a = The distance, along the minor road, from the decision point to I/2
the lane width of the approaching vehicle on the major road.

0, = The distance, along the minor road, from the decision point to | 1/2
the lane width of the approaching vehicle on the major road.

b = Intersection Sight Distance

d = The distance from the edge of the traveled way of the major
road to the decision point. The distance should be a minimum

of 14.4’ and 17.8’ preferred.

Height of object = 3.50°

—_

Height of eye = 3.50’

—

—_—

—

ISD

1

ISD

PORTION OF ABUTMENT AS OBSTRUCTION

WITH PAVEMENT AS OBSTRUCTION.

DIAGRAM B - VERTICAL COMPONENTS (Sec. 201.3.3)



JANUARY 2006

INTERSECTION SIGHT DISTANCE

201-5E

REFERENCE SECTION
201.3, 201.3.1,
201.3.2 & 201.3.3

(See Following Page for Additional Figures & Notes)

HEIGHT OF EYE 3.50°

HEIGHT OF OBJECT 3.50°

Passenger Cars
Passenger Cars Completing a Right
Completing a Left Turn from a Stop or
Turn from a Stop Crossing Maneuuver
DESIGN lassuming a f4 of 7.5 sec.) (ossuming @ tqof 6.5 sec.)
SPEED K-CREST K-CREST
(mph) I1SD VERT. ISD VERT.
(F1.) CURVE (ft.) CURVE
15 170 10 145 8
20 225 18 195 14
25 280 28 240 21
30 335 40 290 30
35 390 24 335 40
40 445 Tl 385 53
45 500 89 430 66
50 555 10 480 82
55 610 133 530 100
60 665 158 575 118
65 720 185 625 140
70 775 214 670 160

[f ISD cannot be provided due to environmental or R/W constraints, then as a minimum,

the SSD for vehicles on the major road should be

ISD = .47 x V x t
major 9

ISD

intersection sight
distance (ft.)

design speed of major

major  road (mph)

t

time gap for minor road
vehicle to enter the
major road (sec.)

Using:

S
L
A
K

provided.

= Intersection Sight Distance

= Length of Crest Vertical Curve

= Algebraic Difference in Grades (%), Absolute Value
= Rate of Vertical Curvature

- For a given design speed and an “A” value, the calculated
length “L” = K x A

- To determine “S” with a given “L” and “A”“, use the following:

For S<L: S = 52.92JK , where K = L/A
For S>L: S = 1400/A + L/2



JANUARY 2006

INTERSECTION SIGHT DISTANCE

201-5E

REFERENCE SECTION
201.3, 201.3.1,
201.3.2 & 201.3.3

(A)

(B)

A. Note:

(Continued Figures & Notes)

Time Gaps
Time gapl(s) at
Design Vehicle design speed
of major road (tg)
Passenger car 7.5 sec.
Left Turn - -
from a Stop Single-unit truck 9.5 sec.
Combination truck IL5 sec.
RightTurn Passenger car 6.5 sec.
from a S.fOP Single-unit fruck 8.5 sec.
or Crossing
Manuever Combination truck 10.5 sec.

The ISD & time gaps shown in the above tables are for a stopped vehicle

to turn left onto o two-lane highway with no median ond grades of 3 % or less.

For other conditions, the time gop must be aodjusted as follows:

For multilone highways:

For left turns onto two-way highways with more than two lanes, add 0.5

seconds for passenger cars or 0.7 seconds for trucks for each additional

lane, from the

For minor road approach grades:

B. Note:

left, in excess of one, to be crossed by the turning vehicle.

If the approach grade is an upgrade that exceeds 3 %, add 0.2 seconds for

each % grade for left turns.

The ISD & time gaps shown in the above tables are for a stopped vehicle

to turn right onto a two-lane highway with no median and grades of 3 % or less.

For other conditions, the time gap must be adjusted as follows:

For multilone highways:

For minor road approach grades:

For crossing @ major road with more than two lanes, add 0.5 seconds for
passenger cars or 0.7 seconds for frucks for each additional lane to be
crossed and for narrow medians that cannot store the design vehicle.

If the approach grade is an upgrade that exceeds 3 %, add 0.l seconds for

each % grade.
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201-6E
DECISION SIGHT DISTANCE [rererence section
201.5
HEIGHT OF EYE 3.50° HEIGHT OF OBJECT 2.00’
DECISION SIGHT DISTANCE (ft)
DESIGN
SPEED AVOIDANCE MANEUVER
(mph)
A B C D E
30 220 490 450 935 620
35 215 5390 925 625 120
40 330 690 600 715 825
45 395 800 675 800 930
50 465 910 750 890 1030
95 535 1030 865 980 1135
60 610 1150 990 1125 1280
65 695 1275 1050 1220 1365
70 780 1410 1105 1275 1445

The Avoidance Maneuvers are as follows:
A - Rural Stop
B - Urban Stop
- Rural Speed/Path/Direction Change
- Suburban Speed/Path/Direction Change
- Urban Speed/Path/Direction Change

mo O

Decision Sight Distance (DSD) is calculated or measured
using the same criteria as Stopping Sight Distance; 3.50
ft eye height and 2.00 ft object height.

Use the equations on Figures 201-2, 203-3, and 203-6 to
determine the DSD at vertical and horizontal curves.
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MAXIMUM CENTERLINE 202 -1E
DEFLECTION WITHOUT REFERENCE SECTION
HORIZONTAL CURVE 202.2
DESIGN SPEED MAX. DEFLECTION x

25 5° 30

(n)

L 30 3° 45/

& 35 2° 45"

5 40 2° 15

- 45 ° 45"
50 ° 15

(am)

L 55 ° 00

& 60 ° 00’

S 65 0° 45

- 70 0° 45’

* ROUNDED TO NEAREST 15’

Based on the following formulage:
High Speed: Tan A = 1LO/V
Low Speed: TanA = 60/V?
Where: V = Design Speed

A = Deflection Angle

Note:

The recommended minimum distances beftween
consecutive horizontal deflections is:

High Speed - 200’

Low Speed - 100’
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MAXIMUM DEGREE OF CURVE

202-2E

REFERENCE SECTION

202.3

MAX. DEGREE OF CURVE (A) MAX. DEGREE OF CURVE (A)

DESIGN DESIGN

oreep | AunaL |MOHsPEED[LOWsPEED | 0T o THioH SPEED] LOW-SPEED

(mph) 175 08 0.06 0.0 | ™h 7508 0.06 0.04
20 = = 66°30" a5 | 9°45 = 8°00°
21 - .- 58° 15" a6 | 9°15 -- .-
22 -- -- 51°15° a1 | a5 -- .-
23 - - 45°15° a8 | g5 -- -
24 - - 40°15° a3 | 800 -- .-
25 | 42°30° = 37°00° 50 | 7°30° | 6°45 =
26 | 38°00" -- 33°00° 51 75 | 6°30° .-
21 | 34°00° -- 29°30" 52 | 645 | 6°I5° -
28 | 3°15° -- 26°45 53 | 6°30° | 6°00° .-
29 | 28°30" -- 24°30" 54 | 6°5° | 5°45° -
30 | 26°45 = 22°45' 55 | 6°00° | 5°30° -
3| 24030 -- 21°00" 56 | 5°45° | 5°I5" -
32 | 22°30° .- 19°15° 57 | 5°30° | 5°00" .-
33 | 205 - 18°00" 58 | 5°5° | 4°45’ .-
34| 19°45° - 16°45" 59 | s5°00" | 4°30° .-
3B | 1875 = 5°30° 60 | 445 | 4°15 =
36 | 16°45° - 14°15° 6 | 4°30° | 4°00" .-
31| 15045 - 13°15° 62 | 4°15 | 4°00" -
38 | 14°45° - 12°30° 63 | 4°5° | 3°a5 .-
39 | 13°45° - 1°30" 64 | ac00' | 3°30° .-
20 | 12°45° - 0°45' 65 | 345 | 3°30° -
a | e - 10°15° 66 | 3°45° | 3°I5° -
a2 | iras -- 9°45° 67 | 3°30° | 3°I5" .-
a3 | oo -- 9°00" 68 | 3°30° | 3°00° -
aa | 10°30° -- g°45° 69 | 3°15° | 3°00° .-
a5 | geas’ -- 8°00" 70 | 3 | 2045 -

(A) See Superelvation Tables 202-7, 8 & 9 for corresponding radii values.
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MAXIMUM DEGREE OF CURVE| 202-3E
REFERENCE SECTION
WITHOUT SUPERELEVATION
202.4.3
DEGREE OF CURVE
DESIGN URBAN
SPEED HI'Z‘;';AALYS STREETS &
(mph) HIGHWAYS
20 -- 54°23
. 25 2°35° 29°20° | o
i 30 °53" I7°30° | S
v w
2 35 1°26" § 28 | &
40 P08 | &| Az | =
45 0°55" |o| 5°40
[
50 0°45° 3 0°47"
9 55 0°38" 0°39" | &
& Q
7 60 0°32/ 0°33 |
S S
S 65 0°28" 0°29° |3
70 0°25° 0°26
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SUPERELEVATION
TRANSITIONS

202-4E

REFERENCE SECTION
202.4.5 & 202.4.8

Maximum Relative Gradient for

Profiles Between the Edge of Adjustment Factors, b,
Traveled Way and the Centerline or

i i i Number
Reference Line (Axis of Rotation) ofULones, Divided * | Undivided

Design Maximum Relative | Equivalent Maximum Rotated Roadways Roadways
Speed Gradient (Percent) Relative Slope n, b, b,
(mph) AN "
20 0.74 135:1 ! .00 .00
25 0.70 143:1 1.5 .00 0.83
30 0.66 152:1 5 L.00 0.75
35 0.62 1611 -5
40 0.58 172:1 ' .00 0.70
45 0.54 185:1 3 .00 0.67
50 0.50 200:1 35 1.00 0.64
55 0.47 213:1
60 0.45 222:1 a"lm‘ersfcn‘es, Freeways,
65 0.43 2331 Expressways and Ramps
70 0.40 250:1

In Figures 202-7, 202-8 and 202-10, the table values for the Minimum Length
of Superelevation Runoff, L., were determined by the following equation:

(w X n|) |

A

L, =

(by) X 100 or L, = (w X n e )NG)b,)

The equation can also be used to determine Lr, when more than one lane is
rotated about the centerline or the edge or if the lane width is other
than 12 feet for Figures 202-7 and 202-8 or 16 feet for Figure 202-10.

Once L, has been determined, the Minimumum Length of Tangent Runout, L;,

should be determined by the following equation:

Ly = (eNc* ed) L,

The equation for L can be used by Figures 202-7, 202-8, 202-9 and 202-10.

Where: L, = minimum length of superelevation runoff, ft
L+ = minimum length of tangent runout, ft
/\ = maximum relative gradient, percent
n, = number of lanes rotated
w = width of one traffic lane, ft (typically 12 1)
eq4 = design superelevation rate
enc= normal cross slope rate, (0.016)
G = equivalent moximum relative slope, (the reciprocal of A\)
b,= adjustment factor for number of lanes rotated



METHODS OF 202-5E
SUPERELEVATION REFERENCE SECTION
ROTATION 202.4.4

METHOD 1 - PAVEMENT REVOLVED ABOUT THE CENTERLINE (Crowned)

Normal | Tangent Length of Runoff Full Superelevation
Crown

Outer Edge of
Traveled Way

€ Traveled Way

Inner Edc?e of
Traveled Way

¢ Traveled Way

METHOD 2 - PAVEMENT REVOLVED ABOUT THE INNER EDGE (Crowned)

Normal | Tangent Length of Runoff Full Superelevation
Crown Runout

Outer Edge of
Traveled Way

Actual €
Theoretical Profile

Inner Edcfi]e of
Traveled Way

Inner Edge of
Traveled Way

METHOD 3 - PAVEMENT REVOLVED ABOUT THE OUTER EDGE (Crowned)

Normal Length of Runoff Full Superelevation
Crown_

Theoretical Profilg
— - Outer Edge of
Traveled Way

Actual €

Inner Edge of

Trqrveled Woyf
_— e ———————— Outfer Edge o
~ Traveled Way
A B c

METHOD 4 - PAVEMENT REVOLVED ABOUT THE OUTER EDGE (Straight Cross Slope)

Normal Length of Runoff Full Superelevation
Slope |

Theoretical Profile
- Outer Edge of
Traveled Way
Actual €

Inner Edge of
Tr%veled waf
—_—— Outer Edge o
=~ TrovelediOy
A

APRIL 2012
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SUPERELEVATION 202-5aE
DEVELOPMENT REFERENCE SECTION
TWO-LANE UNDIVIDED 202.4.3 5 292.4.

Profile of Left Edge
TS or ST of Traveled Way \ SC or CS
Lt = Lr = GxeyxW

OxeexW
PC or PT
50% to 70% of Lr N

Centerli ﬁ/
ofile of Right Edge of Trovm\

C PROFILE

Point of Rotation

PC or PT

N

—
o°|°° w
O

r
077 i,

oo

N
<-|<-

SECTION D

SECTION C

SECTION B

ey X W

For Legend see * . SECTION A
Figure 202-4 *

Rotation
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SUPERELEVATION 202-5bE
DEVELOPMENT REFERENCE SECTION
FOUR-LANE DIVIDED 202.4.4 ° 202.4.6,

Profile of Left Edge
1S or ST of Left Traveled Way \ SC or CS
Lt = Lr = Gx[(egx2W) - (eyxW)]

OxeexW | -
PC or PT

50% to 70% of Lr

nesn

Centerline of Rate =
Traveled Way
o W Centerline of L

_\—Inside Edge, Profile G
and Point of Rotati = g ﬁ\
Profile of Right Edge of Right Traveled Way

PROFILE

0.5eato 0.Teq¥
7/, 0.5eato0 0.Tedl

W
W_
c
9
©
(]
=

0.5eq to
0.5eq to

IEIEI

ey X W

For Legend see
Figure 202-4 *

Rotation
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SUPERELEVATION DEVELOPMENT j
SIX-LANE OR MORE DIVIDED 202-5cE

(OR FOUR-LANE DIVIDED WITH REFERENCE SECTION

FUTURE MEDIAN LANES) 202.4.3 5 292.4.

TS or ST

SC or CS
Lt(outside): Lrtoutside) = Gxlleqx3W) - (eyex2W)] or
GxeyexW

Profile of Left Edge of Outside Traveled Way
50% to 0% of Lrloutside)  "C o PT

Qutside Lanes

\

Inside Edge, Profile Grade
and Point of Rotation

50% to 70% of Lrlinside) x
Profile of Right Edge of Inside Traveled Way
Lt(inside) = Gxexx2W Lr(inside) = Gx[leqx3W) - (eyxW)]

[I) PROFILE

,0.5ed to 0. Tedf
Qutside Lanes 0.5es to 0.Ted¥
"/ 0.5es 1o 0.7ed

Point of Ro’ra’ri'_

0% . . ,0.5eato 0.Tes¥
0% . . Inside Lanes~0.5es 1o 0.7es¥
1.6% . . 0.5es 1o 0.Ted¥

For Legend see o xW
Figure 202-4 Nci 1.6% | I.6% | I.6%
}

SECTION A
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SUPERELEVATION DEVELOPMENT _
SIX-LANE OR MORE DIVIDED 202-5dE
(OR FOUR-LANE DIVIDED WITH REFERENCE SECTION

202.4.4 - 202.4.6,
FUTURE OUTSIDE LANES) 202.4.8
TS or ST
Ltloutside) = Gxeypx2W Lr(outside) = GxLlesx3W) - (ewxW)] SC or €5
Profile of Left Edge of Outside Traveled Way
50% to 0% of Lrloutside) Pe °u/ O
Rate = “G” o |=
_// >
?chw Outside Lanes O— :‘;
3G) <
-:—4 ;@_%‘ ——————————————— -D—
—
Soch \—Inside Edge, Profile Grade Inside Lanes S '%
and Point of Rotation Rate = “G"  _@_ 3
50% to 70% of Lrlinside) x
Profile of Right Edge of Inside Traveled Way 0—-
Lt(inside)= Lr(inside) = Gx[{eqx3W) - (exx2W)]
Oxeoc | PROFILE
A B C D E
_® 0 L) 9 L)
_®I.6/.A WIN 0%\ 0.8% . 6%Y 0.5es to 0.7edt
_®I.6"/J Wi 0% 0.8% 1.6%¥|, Outside Lanes 0.5ed to 0.Teqt
_@|.6°/.. W 1.6% l.6%¥ 1.6%1) 0.5es to 0.7edt
TS or ST E’ PC or PT
T _yﬁiﬁ’r_o'f_%ﬁﬂéﬁ'_q‘f_'_' E_'_ ''''''''''''''' -
_@ ) o, 0, 0 /
_@I.G/J W 1.6% 0% l.6%¥ 0.5esto 0.Test
_@I.B% W 1.6% 1.6% 1.6%¥[ Inside Lanes 0.5esto O.7es¥ Yo
e (L2 1.6% 1.6% L.6%Y 0.5eq fo 0.Tedf For
PLAN fey
edj3w®w®w®w@ @wOwoeOwd
\{ €4 x3W
7 — &
SECTION E
OwWoOwWdOWwW®O QwOwoeOwd
e"°>+<3w enx 3W
.6% NC
: 6z, | .6%
—
SECTION D B Y
Owowdwo @woOwoewd
ex2W I e x2W
t 0.8% [16%| | 0% |Lexiey) "4
J SECTION C — T
Owowdwo @woOwoewd
ey x W | encx W e x2W
NC 0% 1.6 Nc+ 6% | 1.6% 1.6% NC
f b "
SECTION B
2 3 4 4 5 6 U
For Legend see 2WG)WOWOWO WOwOwOwO .
. - ey cX EncX e\ cX
Flgure 202-4 NC L6% 1.6% 1.6% NC+ 1.6% ’-6°/° 1.6 NC
I ! 1

SECTION A
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SUPERELEVATION TRANSITION 202-6E

BETWEEN REVERSE REFERENCE SECTION
HORIZONTAL CURVES 202.4.8

PAVEMENT REVOLVED ABOUT THE CENTERLINE

Lrl Lr2

.50L rl '|'0.70Lr| .50'.,2 to .70Lr2

—
—
—
—
—
——
—

SIMPLE CURVES

PAVEMENT REVOLVED ABOUT THE CENTERLINE

—
—
—
—
—
—
—
—
—
—
—
——
—

— e e i
ST#1 | Ts#2 Q% """"""""""""""
€a €42
SPIRAL CURVES
LEGEND:

® - Centerline Pavement

® - Outside E.P. Curve |, Inside E.P. Curve 2

© - Inside E.P. Curve |, Outside E.P. Curve 2

€q, €4 - Design Superelevation Rates - Curves | & 2

La, Lr2 = Superelevation Transition Lengths - Curves | & 2
D Distance Between Curves

Total Superelevation Transition Between Spiral Curves
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SUPERELEVATION AND RUNOFF LENGTHS | 202-7E
FOR HORIZONTAL CURVES ON RURAL  [REFERENCE SECTION

202.4.1, 202.4.3,
HIGHWAYS - Based on Max. S.E. of 0.08 ft/ft % 202.4.5
DESIGN SPEED
25 30 35 40 45 50 55 60
Dc | RADIUS
€4 L, €4 L, €4 L, eq L, eq L, eq L, €4 L, €4 L,
0°15° 22918 | NC [ -- [ NC [ -- [ NC| --|[NC| --|NC| --|NC|--|NC|--]|NC| --
0°30" [ 11459 | NC | -- [ NC | -- [ NC | -- INC|[--|NC|--|NC|--|NC|--|NC| --
0°45" | 7639 [NC | -- | NC | -- INC | --INC| --|NC]| --].016]| 39 |].019] 49 |.022] 59
I°00° | 5730 | NC | -- | NC | -- | NC | -- | NC | -- |.O0I7| 38 |.02I| 51 |.025| 64 |.029| 78
1°30° [ 3820 | NC | -- | NC | -- |.OIT| 33 |.021 | 44 |.025]| 56 |.030| 72 |.035]| 90 |.04I | 10
2°00’ | 2865 | NC | -- |.0IT| 32 |.022| 43 |.027| 56 |.032| 72 |.038| 92 |.045( 16 |.051 | 136
2°30° | 2292 | NC | -- |.021 | 39 |.026| 51 |.033| 69 |.039| 87 |.046| Il |.053| 136 |.061 | 163
3°00’ 1910 |.018 | 31 |.024| 44 |.031| 60 |.038| 79 |.045| 100 |.053| 128 |.060( 154 |.068| 182
3°30° 1637 |.021| 37 |.028| 52 |.035| 68 |.043| 89 |.050]| Il |.058| 140 |.066]| 169 |.074] 198
4°00’ | 1432 |.024| 42 |.031| 57 |.039| 76 |.047| 98 |.055]| 123 |.063| 152 |.O7I | 182 |.078|208
4°30° 1273 |.026| 45 |.034| 63 |.042| 82 |.051 | 106 |.059| 131 |.068]| 164 |.075| 192 |.080| 24
5°00’ 1146 |.029| 50 |.037| 68 |.046| 89 |.055| 114 |.063| 140 |.O71 | 171 |.078|200 | A=4°45"
5°30° 1042 |.031 | 54 |.040| 73 |.049| 95 |.058] 120 |.066]| 147 |.074( 178 |.080| 205 | @=0°32’
6°00’ 955 [.033| ST |.042| 77 |.051| 99 |.06l | 126 |.070| 156 |.O7T7| 185 |.080] 205

6°30° 881 |.035| 61 |.045| 83 [.054] 105 [.063] I13I [.072] 160 |.079] 190 | A\=6°00"

7°00° 819 |.037| 64 |.047| 86 [.056| 109 |.066| I37 |.074| 165 |.080| 192 | @=0°38’
7°30° 764 |.039| 67 |.049| 90 |.058| 113 |.068| 141 |.076]| 169 |.080]| 192

8°00° | 716 |.041| 71 |.051| 94 [-060| 116 [.070] 145 [.078] 174 [ A=7°30"
8°30° | 674 |.042| 73 |.052| 95 |.062| 120 |.072| 149 |.079] 176 | @=0°45" NC = Normal Crown

9°00’ 637 [.044| 76 |.054| 99 |.064| 124 |.074| 153 |.080]| 178
9°30° 603 |.046| 79 |.055]| 01 |.066] 128 |.O7S| IS5 |.080| 178 | A\

Max. Dc for the Design Speed

10°00° | 573 [.047| 81 |.057| 104 |.067| 130 |.O77| 159 | A=9°45" @
10°30° | 546 |.048| 83 |.058| 106 |.069]| 134 |.078]| 161 | @=0°55’

Max. Dc Without Superelevation

11°00’ 521 |.049| 85 |.059| 108 |.070| 136 |.O79| 164 DESIGN SPEED
11°30° | 498 |.050| 86 |.061| 12 |.071| 138 |.079] 164 o5 o
12°00° | 477 |.051| 88 [.062] 114 |.073[ 142 [.080] 166 Dc |RADIUS

12°30° | 458 |.052| 90 |.063| 15 |.074]| 143 |.080] 166 eg | Lr] eq| Lr
13°00° | 441 [.053| 91 [.064| u7 |.075[ 145 | A=12°45° 0°15* | 22918 | NC | -- [ NC | --
13°30" | 424 ].054| 93 |.066] 121 |.076| 147 | @= 1°08" 0°30° | 1459 |.017| 48 [.019| 57
14°00° | 409 [.055| 95 [.067] 123 |.077[ 149 0°45' | 7639 |.025| 70 |.028| 84
14°30" | 395 |.056| 97 |.068]| 125 |.077] 149 1°00° | 5730 [.032] 90 [.036] 108
15°00° | 382 [.057] 98 [.069] 126 |.078] 151 I°15° | 4584 |.039| 110 |.044] 132
16°30° | 347 |.059]| 102 |.071| 130 |.079] 153 1°30° | 3820 [.046] 129 [.05I | 153
18°00° | 318 |.062] 107 [.074] 135 |.080] 155 1°45" | 3274 |.052] 146 |.058]| I74
20°00° | 286 |.064| 110 |.076| 139 [ A=18°15° 2°00' | 2865 |.058| 163 |.065 | 195
22°00° | 260 |.067| 15 [.078| 143 | @= I°26 2°15° | 2546 |.063| 177 |.071| 213
23°00° | 249 |.068| 17 |.079| 145 2°30" | 2292 |.068[ 191 [.075] 225
25°00° | 229 [.071| 122 |.080] 146 2°45' | 2083 |.072|202|.078|234
26°30° | 216 |.072]| 124 |.080| 146 3°00° | 1910 |.075] 210 |.080] 240
28°00' | 205 [.074| 127 | A=26°45' 3°15’ 1763 |.078| 219 | A=3°15"
3°00° | 185 |.076| 131 | @= 1°53 3°30° | 1637 [.079|221 | @-=0°25"
34°00°| 169 [.078] 134 3°45' | 1528 |.080] 224

36°00° | 159 [.079] 136 A=3°45

38°00° | 151 |.079] 136
40°00° | 143 |.080| 138 | A&=42°30"
42°00° | 136 |.080]| 138 |@®= 2°35

eq-= Design Superelevation Rate ®=0728
Lr= Min. Runoff Length, 2-Lane Highway Rotated
About the Centerline, Lane Width of 12 feet
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SUPERELEVATION AND RUNOFF| 202-8E

LENGTHS FOR HORIZONTAL REFERENCE SECTION

CURVES ON HIGH-SPEED™ | & 202.45

URBAN HIGHWAYS
- Based on a Maximum Superelevation of 0.06 f1/ft -

* 50 mph or greater

DESIGN SPEED
50 55 60 65 70
RADIUS | ey €4 eq eq| L | eq| L,
22,918 | NC NC NC NC | -- | NC | --
1,459 | NC NC NC .016| 45 |.018 | 54
7,639 | NC .018 | 47 |.021| 56 |.024| 68 |.026| 78
5,730 [.020| 48 [.023]| 59 [.027| 72 [.030[ 84 [.033] 99
3,820 |.028| 68 |.032| 82 |.037| 99 [.041| 15 |.046| 138
2.865 |.035] 84 [.040[ 103 |.045( 120 [.050] 140 |.055] 165
2,292 |.040| 96 |.045| 16 |.051 | 136 |.056| 157 |.059] 177
1,910 [.045] 108 |.050] 128 |.055] 147 [.059] 165 [ A=2°45"
1,637 |.048| 116 |.054] 139 |.058] 155 |060] 168 | @=0°26
1,432 |.052]| 125 |.057]| 146 |.060] 160 | A=3°30"
1,273 |.054] 130 [.059| 151 [A=2°15" @®=0°29
1146 [.056( 135 [.060[ 154 | @=0°33"
1,042 |.058] 140 |-060] 154 ®-0733
955 [.059] 142 | A=5°30"
881 |.060| 144 | @=0°39"
D\=6°45" NC = Normal Crown
@®=0°47"

A = Max. Dc for the Design Speed
@ = Mox. Dc Without Superelevation

eq-= Design Superelevation Rate
Lr= Min. Runoff Length, 2-Lane Highway Rotated
About the Centerline, Lane Width of 12 feet

See Figure 202-4 for the calculation of Lr and
adjustments to Lr when more than one lane is
rotated about the centerline or the lane width is
other than 12 feet.
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SUPERELEVATION AND RUNOFF LENGTHS 202_9E
FOR HORIZONTAL CURVES ON LOW-SPEEDREFERENCE SECTION

URBAN STREETS:- Based on Max. S.E. of 0.04 ft/ft| 202.4.1. 202.4.3,
& 202.4.5

DESIGN SPEED

25 30 35 40 45
Dc |RADIUS
€4 €4 €4 €4 €4

5°00° 146 NC NC NC NC NC
5°30’ 1042 NC NC NC NC NC
6°00° 955 NC NC NC NC RC | 36
7°00’ 819 NC NC NC NC RC | 36
7°30° 764 NC NC NC NC .027| 61
8°00’ 716 NC NC NC RC | 34 |.039| 87
9°00’ 637 NC NC NC RC | 34 | A=8°00'
9°30’ 603 NC NC NC 017 | 37 | @=5°40’
10°00' | 573 NC NC NC .027| 56
10°30 546 NC NC NC .036| 75
11°00° | 521 NC NC NC B=10°45’
11°30° 498 NC NC RC | 31 @=7°42’
12°00° 477 NC NC RC | 31
13°00’ 441 NC NC RC | 31
14°00' | 409 NC NC .020| 40
15°00’ 382 NC NC .035| 67
15°30° 370 NC NC .040| 78
17°00" | 337 NC NC B=15°30"
17°30’ 327 NC NC @=11°28’
18°00’ 318 NC RC
20°00'| 286 NC RC
20°30°| 279 NC RC
21°00’ 273 NC .021
22°00°| 260 NC .031 * 45 mph or less
22°45' | 252 NC .039
25°00' | 229 NC BD=22°45"
29°00° 198 NC @=17°30’
29°30’ 194 RC | 28
30°00’ 191 RC | 28
33°00’ 174 RC | 28
33°45° 170 .016 | 28
35°00’ 164 .025| 44
36°00’ 159 .033| 57
37°00’ 155 .040| 69 NC Normal Crown

40°00’ 143 A=37000: RC Remove Crown

1 ] . - L] .

ggogg II(I)% ®=29°19 eg4= Design Superelevation Rate

56°00°' | 102 Lr= Minimum Runoff Length, 12-foot Wide
58°00’ 99 Lane Rotated About the Centerline

61°00° | 94 A = Moximum Degree of Curve for the Design Speed
61°15° 93 |. @ = Maximum Degree of Curve for Normal Crown

62°00" 92 . See Figure 202-4 for the calculation of L. and
65°00"] 9 > adjustments to L when more than one lane is
64°00" 30 ). rotated about the centerline or the lane width is
65°00" 88 |. other than 12 feef.

66°00'| 87 |. A=66°30"

66°30° 86 . @=54°23"
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SUPERELEVATION RATES FOR 202_9aE
HORIZONTAL CURVES ON LOW-SPEED REFERENCE SECTION

URBAN STREETS 202.4.1, 202.4.3,
& 202.4.5
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DESIGN SPEED, V mph

The Figure provides a range of curves and superelevation rates which apply
to a selected design speed for low-speed urban streets. AASHTO Method 2
was used to distribute superelevation and side-friction.

For curves that fall within the shaded areaq, it is desirable to remove the
crown and superelevate the roadway at a uniform slope of +I.6%.

Dc = 5729.58 / R
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SUPERELEVATION AND RUNOFF LENGTHS 202-10E

FOR HORIZONTAL CURVES ON IREFERENCE SECTION

* 202.4.1, 202.4.3,
LOW-SPEED URBAN RAMPS AND OTHER & 202.4.5

INTERCHANGE ROADWAYS - Bosed on Max. S.E. of 0.06 ft/ft -

DESIGN SPEED * = 45 m.p.h. or less

30 45
Dc |RADIUS
€4 €4 €4

0°I15" | 22918 NC NC NC
0°30° | 11459 NC NC NC
0°45' | 7639 NC NC NC
1°00’ 5730 NC NC 017 | 5I
1°30’ 3820 NC 016 | 42 |. .024| 72
2°00" | 2865 016 | 39 [.021| 54 |. .030| 89
2°30" | 2292 .020] 49 |.025] 65 |. .035( 104
3°00 1 1910 |[. .023| 56 |.028| 73 |. .039]| li6
3°30° 1637 |. .026| 64 |.032] 83 |. .043 | 128
4°00’ 1432 |. .028 | 69 |.034| 88 |. .046 | 137
4°30’ 1273 |. .031'| 76 |.037] 96 |. .049( 146
5°00’ 1146 |. .033( 81 |.039] 101 |. .051 | 151
5°30’ 1042 |. .035( 86 |.041 | 106 |. .053 | 157
6°00’ 955 |. .036| 88 |.042]| 109 |. .055| 163
6°30’ 881 |. .038( 93 |.044| 114 |. .057( 169
7°00° 819 |. .039( 95 |.045]| 16 |. .058| 172
7°30° 64 |. .040| 98 |.047]| 122 |. .059( 175
8°00’ 716 |. .041 | 100 |.048 | 124 |. .060| 178
8°30’ 674 |. .042] 103 |.050] 129 |. .060| 178
9°00’ 637 |. .043| 105 |.051 | 132 |. .060| 178
9°30’ 603 |. .045] 110 |.052] 135 |. B=9°00’
10°00’ 573 |. .046( 112 |.053 | 137 |. @=0°5T"
10°30’ 546 |. .046| 112 ].054] 140 |.
11°00’ 521 |. .047| 115 |.055| 142 |.
11°30° 498 |. .048] 1IT |.056] 145 |.
12°00’ 477 | .049| 120 |.057| 147
12°30’ 458 |. .050]| 122 |.057| 147
13°00° 44 |. .051 | 125 |.058 | 150
13°30° 424 |. .052 | 127 |.058 | 150
14°00’ 409 |. .052 | 127 |.059| 152
14°30’ 395 |. .053| 129 |.059 | 152
15°00° 382 |. .054| 132 |.060( 155
16°30° 347 |. .055] 134 |.060[ 155
18°00° 318 |. .057| 139 | A-=16°45°
20°00°| 286 |. .058| 142 | @=1°29’
22°00" | 260 |. .059| 144 eq- Design Superelevation Rate

23°00" [ 249 |. .060] 146 Lr= Minimum Runoff Length, 16-foot Wide
25°00" | 229 |. By=24°45° Lane Rotated About the Edge

28°00°| 205 |. @=1°58' A =
31°00’ 185 |. @ -
34°00’ 169
36°00’ 159 |. See Figure 202-4 for the calculation of Lr and
38°00° 151 . A\=39°45" adjustments to Lr when more than one lane is
39°30’ 145 |. @=2°42 rotated about the edge or the lane width is
other than 16 feet.

NC = Normal Crown

Maximum Degree of Curve for the Design Speed
Maximum Degree of Curve Without Superelevation
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202-11E

MAXIMUM CURVE WITHOUT A SPIRAL [rererence secTion

202.5
DESIGN SPEED MAX. DEGREE MIN. RADIUS
(mph) OF CURVE (feet)
50 4°30" 1273
55 3045 1528
60 3°00' 1910
65 2°30" 2292
70 2°15" 2546




MAXIMUM GRADES 203-1E

(PERCENT ) REFERENCE SECTION

203.2.3

DESIGN SPEED (mph)
FUNCTIONAL
cLassirication | TERRAING o5 130135 | 40| 45 | 50| 55|60 |65 |70
INTERSTATE, (A)| LEVEL ap 4y s 3
OTHER FREEWAYS | ROLLING 5| 5 | 4 4
& EXPRESSWAYS HILLY 61 6 6 5
LEVEL B 51 6| 5] 5
ARTERIAL ROLLING st s s T 1 1 &1%
5[ STREET HILLY 1 10 10 9 9 8 8
% (B) LEVEL 9 9 9 9 8 T 7 6
COLLECTOR ROLLING 2 | n w009 g | 7
STREETS HILLY sl el n]lolo]o
LOCAL LEVEL 10 9 9 9 9 8 8 T
STREETS ROLLING 13 12 12 1 1 10 10 8
HILLY 15 15 15 14 14 12 12 10
INTERSTATE, (A LEVEL a 143|533
OTHER FREEWAYS | ROLLING s | 5| a4 4
& EXPRESSWAYS HILLY 6 | 6|6 | 5|5
LEVEL 5 |5 144333
ARTERIALS ROLLING 6 6 5 5 4 4 4
= HILLY s |7 76 |8 |55
= ®)| LEVEL T 7 1717 7 6 6 5
COLLECTORS ROLLING | 10 s | s | 7|7 |s
HILLY 1 10 10 10 10 9 9 8
LEVEL 7 7 7 7 7 6 6 5
;gigé ROLLING |1 [0 |10 [0 | |8 |7 ]|s
HILLY 15 14 13 13 12 10 10

A. Grades 1% steeper may be used for extreme cases where development in
urban areas precludes the use of flatfer grades. Grades 1% steeper

may also be used for one-way down-grades except in hilly terrain.
B. Grades 1% sfeeper may be used for short lengths (less than 500 ft.).

and on one-way down-grades. For rural highways with current ADT less
than 400, grades may be 2% steeper.

October 2009
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CRITICAL LENGTHS
OF GRADE

203-1aE

REFERENCE SECTION
203.2.3

Graph based on Typical Heavy Truck of 200 Ib/hp,

Entering Speed = 70 mph

— Speed Reduction

R RD

(mph)——

IR

NERVANE NN

Percent Upgrade (%)
D
"
/
7
Q
4 /
/ |

O 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 °00 1000 1500

2000

Length of Grade (fft)

2500 3000

The above figure can also be used to compute the crifical length of
grade for grade combinations. For example, find the critical length of
grade for a 4% upgrade preceded by 2000 feet of 2% upgrade and a
tolerable speed reduction of I5 mph. From the figure, 2000 feet of 2%
upgrade resulfs in a speed reduction of 7 mph. Subtracting 7 mph from
the folerable speed reduction of 15 mph gives the remaining tolerable
speed reduction of 8 mph. The figure shows that the remaining folerable
speed reduction of 8 mph would occur on I000 feet of the 4 % upgrade.

The critical length of grade is the length of tangent grade. When a
vertical curve is part of the critical length of grade, an approximate
equivalent tangent grade should be used. Where A <= 3%, then the
vertical tangent lengths can be used (VPI to VPI). Where A > 3%,

then about one-quarter of the vertical curve length should be used

as part of the tangent grade.
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MAXIMUM CHANGE IN 203-2E
VERTICAL ALIGNMENT AEFERERCE SECTTON
WITHOUT VERTICAL CURVE 203.3.2

DESIGN SPEED| MAX. GRADE
(mph) CHANGE &

25 1.85% AROUNDED TO NEAREST 0.05%
30 1.30%
35 0.95%
40 0.75%

45 0.55% A = Maximum Grade Change (%)

50 0.45% L = Length of Vertical Curve
55 0.40% (assume 25')

60 0.30% V = Design Speed (mph)
65 0.30%
70 0.25%

Based on the following formula:
A=465L/V =11625/V
Where:

RELATIONSHIP BETWEEN VERTICAL CURVES AND GRADE BREAKS

L* L* Vertical Curve Length L*

oo —
——

o
|

T

PVI - No Curve
PVI - No Curve y
PVI - No Curve

* The recommended minimum distance between consecutive deflections is:
100" where design speed is 50 mph or greater
50' where design speed is less than 50 mph

** Allowable grade break location.
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CREST VERTICAL CURVES

203-3E

REFERENCE SECTION
203.3.3

HEIGHT OF EYE 3.50" - HEIGHT OF OBJECT 2.00’

DESIGN DESIGN DESICGN DESIGN DESIGN DESIGN
SPEED SSD K SPEED SSD K

20 115 7 45 360 6l

21 120 7 46 375 66
22 130 8 41 385 69
23 140 10 48 400 75
24 145 10 49 415 80
25 155 12 50 425 84
26 165 13 51 440 90
217 170 14 52 455 96
28 180 15 53 465 101
29 190 17 54 480 107
30 200 19 55 495 114
31 210 21 56 510 121

32 220 23 57 525 128
33 230 25 58 540 136
34 240 217 59 555 143
35 250 29 60 570 151

36 260 32 6l 585 159
37 210 34 62 600 167
38 280 37 63 615 176
39 290 39 64 630 184
40 305 44 65 645 193
4] 315 46 66 665 205
42 325 49 67 680 215
43 340 54 68 695 224
44 350 57 69 715 237
45 360 6l 70 730 247

Using: S = Stopping Sight Distance, ft.

L = Length of Crest Vertical Curve, ft.
Algebraic Difference in Grades (%),
Rate of Vertical Curvature

A
K

For a given design speed and an “A” value, the

calculated length “L”

=K x A

Absolute Value

To determine “S” with a given “L” and “A”, use the following:

S =46.45 JK , where K = L/A
S = 1079/A + L/2

For S<L:
For S>L:
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203-4E

REFERENCE SECTION
201.2.2 & 203.3.3

)

o,
(<]

DESIGN CONTROLS
STOPPING SIGHT DISTANCE
CREST VERTICAL CURVES

ALGEBRAIC DIFFERENCE IN GRADE, A (
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SAG VERTICAL CURVES

203-6E

REFERENCE SECTION
201.2.2 & 203.3.4

HEIGHT OF HEADLIGHT = 2.00’

UPWARD LIGHT BEAM DIVERGENCE = 1° 00’

DESIGN DESIGN DESIGN DESIGN DESIGN DESIGN
SPEED SSD K SPEED SSD K
20 115 17 415 360 79
21 120 18 46 375 83
22 130 20 47 385 85
23 140 22 48 400 89
24 145 24 49 415 93
25 155 26 50 425 96
26 165 28 51 440 100
21 170 29 52 455 104
28 180 32 53 465 107
29 190 34 54 480 m
30 200 37 55 495 115
3 210 39 56 510 119
32 220 42 57 525 123
33 230 44 58 540 128
34 240 47 59 555 132
35 250 49 60 570 136
36 260 52 61 585 140
37 270 55 62 600 144
38 280 57 63 615 148
39 290 60 64 630 153
40 305 64 65 645 157
41 315 66 66 665 162
42 325 69 67 680 167
43 340 73 68 695 171
44 350 76 69 75 176
45 360 19 70 730 181
Using: S = Stopping Sight Distance

L = Length of Sag Vertical Curve

A = Algebraic Difference in Grades (%), Absolute Value

K = Rate of Vertical Curvature

- For a given design speed and an “A” value, the

calculated length “L” = K x A

- To determine “S* with a given "L” and “A”, use the following:

OCTOBER 2010

For S<L:

For SOL:

S =

3.5L + N 12.25° + 1600AL

2A

S = (AL + 400)/(2A - 3.5)
Note: When the algebraic difference, A, is 1.75% or less,

SSD is not restricted by the vertical curve.
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203-7E
REFERENCE SECTION
201.2.2 & 203.3.4

SSD DISTANCE

DESIGN CONTROLS
SAG VERTICAL CURVES
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203-8E

REFERENCE SECTION
203.3.5
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TANGENT OFFSETS FOR

VERTICAL CURVES
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301 Roadway Criteria

301.1 Pavement

301.1.1 General

This section will assist the designer in determining lane width and pavement cross slope. The number of
lanes required is determined through the use of a capacity analysis. This process is explained in detail in
the current Highway Capacity Manual, published by the Transportation Research Board. Figure 301-1
should be used as a guide for selection of design levels of service.

Pavement type is determined by the volume and composition of traffic, soil characteristics, performance
of pavements in the area, availability of materials, initial cost, annual maintenance cost and service life
cost. The determination of pavement type and structural design is included in the Pavement Design &
Rehabilitation Manual published by the Office of Pavement Engineering.

301.1.1.1 Disposition of Pavement Required Due to Maintenance of Traffic

ODOT Policy 516-003(P), Traffic Management in Work Zones on Interstates and Other Freeways,
establishes criteria intended to eliminate or reduce traffic delays caused by work zones. Application of
this policy to major rehabilitation projects typically results in the need for additional pavement to satisfy
the policy. In some situations, this has caused debate on whether the additional pavement should be
permanent, full depth design that would be opened to traffic upon completion of the project or a
temporary, thinner design that would be removed after construction. The following is intended to provide
guidance in making these decisions. This guidance should be considered during the earliest steps of the
Project Development Process, and should not supersede any planning or PDP requirements.

The Districts should first request 20 year design traffic for the project and run capacity analyses to
determine the need for future permanent lanes. According to Figure 301-1, the goal is to achieve level-
of-service C or better depending on the terrain and locale. Typically, level-of-service C is considered
satisfactory for all roadways due to budgetary constraints. However, this guideline has been slightly
modified in urbanized areas to permit level-of-service D, if approved by the MPO. If the analyses indicate
additional lanes will be needed within the next 20 years, the District should proceed with the
environmental documentation required, including a Major Investment Study (MIS) in Metropolitan
Planning Organization (MPO) areas. This may result in changing the original project classification from a
minor project (major rehabilitation with no additional lanes) to a major project. If stream coordination,
noise impacts, air quality and planning requirements can be addressed satisfactorily, FHWA will support
further development of a project which includes additional permanent, full-depth pavement. Gap closure
will not be accepted as the principal Purpose and Need for adding permanent lanes in the future if the
capacity analysis does not indicate a need. Median treatments must also be analyzed to determine
barrier requirements.

Projects which are approved for additional pavement that will be opened to traffic upon completion must
be submitted to TRAC for their concurrence even if Major New funds are not being requested.

Due to the 1 mile signing requirements on freeways to warn motorists of a lane drop ahead, the additional
lane/s which were permanently added should not be opened to traffic unless their total length is 5 miles or
greater if the adjoining pavement sections at either end of the project have not been widened to match.
Where the need for additional lanes has been determined, the Districts should also look at the need for
modifying any existing interchanges which are in the project boundaries of the additional through lanes.
Since approval for Interchange Justification Studies are based on not degrading the level-of-service of the
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Interstate or freeways from the no-build alternative to the build alternative, adding additional capacity to
the roadway almost always permits existing interchanges to be expanded to handle additional traffic.
Even if funding is not readily available for modifying interchanges at the time the additional through lanes
are being added to the freeway, the District should still check the capacity need for modifying the existing
interchanges. Many times auxiliary lanes are needed on the freeway from one interchange to another,
and these lanes, along with bridge widening to accommodate these lanes could be performed at the
same time the additional lanes are constructed.

If Districts determine additional capacity will not be needed within the next 20 years, the additional
widening required to maintain traffic should be a temporary buildup sufficient for the duration of the
construction project and then be removed upon completion of the project. It is not cost effective to
construct full-depth pavement and open it to traffic at the conclusion of the project if the capacity is not
required within a 20-year planning horizon.

301.1.2 Lane Width

Lane width in rural areas is dependent upon functional classification, traffic volumes and design speed
and is shown in Figure 301-2. Figure 301-4 shows lane widths in urban areas based on functional
classification and locale.

301.1.3 Pavement Widening on Highway Curves

Additional widening may be necessary on curves depending on the design speed, curvature and
pavement width. The Pavement Widening values in Figures 301-5b and Figure 301-5¢ are based on
WB-50 [WB-15] and WB-62 [WB-19] vehicles, respectively, and are applicable to either one-way or two-
way, two-lane pavements, and other similar type facilities. A WB-62 [WB-19] design vehicle is to be used
on interstates, freeways, expressways, and arterials while a WB-50 [WB-15] design vehicle applies to
collectors and local roads. Note that widening less than 2.0 ft. [0.6 m] is not required.

Curve widening should be placed on the inside edge of the curve. Where spirals are used, the widening
should begin at the TS and reach maximum width at the SC. On alignments without spirals, the widening
should be developed over the same distance as the superelevation transition. See Section 202.4 and
Figure 301-5a. The transition ends should be rounded to avoid an angular break at the pavement edge
and intermediate points should be widened proportionately. The longitudinal center joint and the
centerline pavement marking should be placed equidistant from the pavement edges.

301.1.4 Pavement Transition/ Taper Rates

Where traveled way widths decrease, the length of transition should be calculated using the following:

Design Speed of 50 mph [80 km/h] or more:
L=WS [L=0.6WS]

Design Speed of less than 50 mph [80 km/h]:
L=WS?/60 [L=WS?/156]

Where: L = Taper length in feet [meters]

W = Offset width in feet [meters]
S = Design speed
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The transition length for increases in traveled way width (diverging tapers) may be more abrupt, i.e. 5:1
ratio.

301.1.5 Pavement Cross Slope

Normal crowned pavements in Ohio are sloped at the rate of 0.016. There are occasions when, because
of drainage or pavement type, this rate may be increased to 0.02. An increase in the 0.016 slope rate
normally takes place on facilities maintained by local governmental agencies and usually at design
speeds less than 50 mph [80 km/h].

Cross slope arrangements for normal crowned sections vary based on features such as the number of
lanes, whether or not the highway is divided or undivided, the type and width of the median, and
drainage. Figure 301-6 shows examples normally used in Ohio. Generally the following are applicable
on normal crowned pavements:

1. Crowns are to be located between lanes.
2. For three or four lane roadways, no more than two lanes should slope in the same direction.

3. When 3 or more lanes are sloped in the same direction on a high speed roadway (50 mph [80
km/h] or greater), the first two lanes from the crown point should have the normal cross slope of
0.016 and any adjacent outside lanes may have an increased maximum cross slope of 0.02.

4. Undivided pavement sections are to be crowned at the middle when the number of lanes are
even and at the edge of the center lane when there is an odd number of lanes. When possible,
the majority of the pavement should slope to the side which will best accommodate the drainage.

5. Narrow raised median sections are crowned such that the majority of the pavement will drain
toward the outside.

6. Pavement sections on either side of wide, depressed medians are to be treated similar to
undivided pavement sections (See ltem 3 above), with the majority of the pavement sloped to the
outside.

Special conditions on individual projects may result in deviations from the above and from those
examples shown in Figure 301-6.

301.2 Shoulders

301.2.1 General

Shoulders are used to provide an area adjacent to the pavement to accommodate stopped vehicles, for
emergency use, for use while maintaining traffic through construction work zones, for the lateral support
of the pavement and to generally improve the safety of a highway. They are also available for the use of
pedestrians and bicyclists. When discussing shoulders in this manual, the following meanings are
applicable. (See Figure 301-7.)

Traveled Way - The portion of roadway used for the movement of vehicles, exclusive of shoulders.

Graded Shoulder Width - The width measured from the edge of the traveled way to the intersection of the
shoulder slope and foreslope.
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Treated Shoulder Width - The width of that portion of the graded shoulder improved with stabilized
aggregate or better.

301.2.2 Shoulder Type

Four basic types of shoulders are used. These include paved, bituminous surface treated, stabilized
aggregate, and turf. Structural design of shoulders and shoulder typical sections are covered in the
Pavement Design & Rehabilitation Manual published by the Office of Pavement Engineering. Figures
301-3 and 301-4 show the type shoulder to use based on functional classification and traffic or locale.

301.2.3 Shoulder Width

Graded and treated shoulder widths vary depending on functional classification and traffic or locale. The
criteria for graded and treated shoulder widths are shown in Figures 301-3 and 301-4. Consideration
should be given to providing paved shoulders of sufficient width and strength to accommodate temporary
traffic on Interstates, other freeways and expressways.

301.2.3.1 Right Turn Lane Shoulder Width

Under normal roadway conditions, it is desirable to maintain the required mainline shoulder width
throughout the length of the right turn lane. But for rare instances, where the roadway has constrained
R/W limits and a low volume truck traffic, the width of the shoulder adjacent to the turn lane may be
reduced, but to no less than 4 ft. [1.2 m] paved and 6 ft. [1.8 m] graded. The normal mainline shoulder
width should still be maintained in advance of the diverging taper for the turn lane. The transition between
the mainline shoulder width and the reduced shoulder width should take place during the span of the right
turn taper. The reduced shoulder width may then be carried out throughout the length of the right turn
lane. It should be noted that any shoulders or auxiliary lanes (i.e., right turn lanes) are considered part of
the mainline clear zone.

301.2.3.2 Shoulder Taper Rate

A 25:1 taper should be used to transition to a reduced shoulder width. The transition length for increases
in shoulder width (diverging tapers) may be more abrupt, i.e. 5:1 ratio.

301.2.4 Shoulder Cross Slope

Figures 301-8, 301-9 and 301-10 show cross slopes to be used depending on the shoulder type and
pavement cross slope.

301.2.5 Lateral Clearance

In general, roadside objects and barriers should be placed as far away from the traveled way as
conditions permit. Proper lateral placement enhances a driver=s comfort level of the roadway, allows for
a greater chance of recovery for errant vehicles, and provides for improved sight distance.

The distance from the edge of the traveled way, beyond which a roadside object will not be perceived as
an obstacle and result in a motorist reducing speed or changing vehicle position on the roadway is called
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the shy line offset. As a minimum, the designer should provide a shy line offset of at least 4 ft. [1.2 m].
When an obstacle is placed too closely to the traveled way, it may interfere with the sight distance of the
roadway.

Typically, if a design exception is warranted for horizontal clearance, it will normally not be approved if the
shy line distance is below the minimum 4 ft. [1.2 m] offset.

302 Bridge Criteria

302.1 General

This section provides overall physical bridge dimensions such as width, lateral clearance at underpasses
and vertical clearance over roadways. This information is given for New and Reconstructed Bridges in
Figure 302-1 and for Existing Interstate and Other Freeway Bridges to Remain in Figure 302-2. Similar
information for existing non-freeway bridges that are to be left in place and not reconstructed is shown in
Figure 302-3. For additional design information, including Minimum Design Loading, refer to the Bridge
Design Manual, published by the Office of Structural Engineering.

303 Interchange Elements

303.1 General

An interchange is a system of interconnecting roadways, with one or more grade separations, used to
efficiently manage traffic between different types and levels of highways. Interchanges are composed of
various elements such as Acceleration-Deceleration Lanes, One and Two-lane Directional Roadways,
and Ramps. Figure 303-1 shows information relating to the design of interchange elements including
pavement and shoulder dimensions, as well as medians between adjacent ramps.

304 Medians

304.1 General

A median is the portion of the highway separating opposing directions of the traveled way. Medians are
highly desirable elements on all streets or roads with four or more lanes. This is especially true on rural
arterials. All rural arterials, on new locations requiring four or more lanes, should be designed with a
median.

The principal functions of a median are to prevent interference of opposing traffic, to provide a recovery
area for out-of-control vehicles, to provide areas for emergency stopping and left turn lanes, to minimize
headlight glare and to provide width for future lanes. A median should be highly visible both day and
night and in definite contrast to the roadway.
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304.2 Width

The width of a median is the distance between the inside edges of the traveled way. See Figure 304-1.
Width depends upon the type of facility, cost, topography and right-of-way.

304.2.1 Rural

In flat or rolling terrain, the desirable median width for rural freeways is 60 to 84 ft. [18 to 25 m]. The 84
foot [25 m] wide median allows for a future 12 foot [3.6 m] wide lane in each direction of travel, and the 60
ft. median. The minimum median width is normally 40 ft. [12 m]. However, in rugged terrain, narrower
medians ranging from 10 to 30 ft. [3.0 to 9.0 m] may be used. A constant width median is not necessary
and independent profiles may be used for the two roadways. For narrower medians, see Section 601.2
for Median Barrier warrants.

304.2.2 Urban

Barrier medians are normally used in urban areas. The median width is dependent upon the width of the
barrier and the shoulder width required in Figure 301-4. The minimum median width for a four-lane
urban freeway should be 10 ft. [3.0 m] which provides for two 4 ft [1.2 m] shoulders and a 2 ft [0.6 m]
median barrier. For freeways with six or more lanes, the minimum width should be 22 ft. [6.6 m]. The
minimum median widths noted above do not take into account the extra width required if median piers are
encountered. Where median piers are encountered either widen the median throughout or apply for a
design exception. Preferably, use a 26 ft. [7.8 m] wide median when the DDHYV for truck traffic exceeds
250 vehicles per hour to provide a wider median shoulder to accommodate a truck.

304.3 Types

Medians are divided into types depending upon width and treatment of the median area and drainage
arrangement. In general, raised or barrier medians are applicable to urban areas, while wide, depressed
medians apply to rural areas. See Figure 304-1.

304.3.1 Rural

Medians in rural areas are normally depressed to a swale in the center and constructed without curbs.

304.3.2 Urban

There are various types of medians applicable to urban areas. The type selected depends upon the
traffic volume, speed, degree of access and available right-of-way.

On major streets with numerous business drives, a median consisting of an additional lane, striped as a
continuous two-way left turn lane is desirable.

The solid 6-inch [150-mm] high concrete median, at a minimum width of 4ft. (See Standard
Construction Drawing RM-3.1) may be used where the design speed is less than 50 mph [80 km/h]
and where an all-paved section is appropriate and a wider median cannot be justified. Barrier medians,
described in Section 601.2, are normally recommended for urban facilities where the design speed is 50
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mph [80 km/h] or greater. However, care must be exercised when barrier medians are used on
expressways with unsignalized at-grade intersections because of sight distance limitations.

304.4 U-turn Median Openings

304.4.1 Purpose

U-turn median openings may be provided on expressways, freeways or interstate highways with non-
barrier medians where space permits as outlined below and when needed for proper operation of police
and emergency vehicles, as well as equipment engaged in physical maintenance, traffic service, and
snow and ice control.

304.4.2 Location

U-turn crossings should not be constructed in barrier-type medians.

When U-turn median openings are required, they should be spaced as close to 3-mile [5-km] intervals as
possible.

Crossings should be located at points approximately 1,000 ft. [300 m] beyond the end of each
interchange speed change lane. Additional crossings may be constructed at maintenance borders,
District borders, State lines and other desired locations in accordance with the 3-mile [5-km] spacing
interval requirement. Examples of the allowable number of crossings between interchanges, in addition
to crossings provided at interchange speed change lanes, are shown below:

Interchange Spacing Number of Crossings
3 miles [5 km] or less None
3 to 6 miles [5to 10 km] One
6 to 9 miles [10 to 15 km] Two
9 to 12 miles [15 to 20 km] Three

U-turn median crossings should be located to fit the median drainage pattern. Each should be placed
either immediately downstream from a catch basin or on a crest. They should be located so that visibility
is not restricted by structures, vertical curves or horizontal curves.

304.4.3 Design Details

Median crossings should be constructed as shown on Figure 304-2 which indicates geometric features
applicable to the design of crossings located in medians of widths ranging from 40 to 84 ft. [12 to 25 m].
Tapers should be 200 ft. [60 m] in length for all median widths. The profile grade line should normally be
an extension of the cross slope of the shoulder paving, rounded at the lowest point.
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305 Curbs

305.1 General

The type of curb and its location affect driver behavior patterns which, in turn, affect the safety and utility
of a road or street. Curbs, or curbs and gutters, are used mainly in low speed urban areas (See Section
305.3). Following are various reasons for justifying the use of curbs, or curbs and gutters:

1. Where required for drainage.

2. Where needed for channelization, delineation, control of access or other means of improving
traffic flow and safety.

3. To control parking where applicable.
4. To reduce right-of-way requirements.

Conventional concrete or bituminous curbs offer little visible contrast to the pavement surface, particularly
during fog or at night when the surface is wet. The visibility of the curbs can be greatly enhanced with the
use of reflectorized paints. Curb markings should be placed in accordance with OMUTCD.

305.2 Types and Uses

There are two general types of curbs; vertical curbs and sloped curbs. Vertical curbs are relatively high
(6 inches [150 mm] or more) and steep-faced. Sloped curbs are 6 inches [150 mm] or less in height and
have flatter, sloping faces so that vehicles can cross them with varying degrees of ease.

The curb sections detailed on Standard Construction Drawing BP-5.1 are approved types to be used
as stated below:

Type 1 Curb (asphalt curb) is a sloping 6 inch [150 mm] curb used mostly for temporary situations, such
as correcting special drainage problems.

Type 2, 2-A, and 2-B curbs are 6 inches [150 mm] high with a steep sloped face. They are widely used
along pavement edges in urban areas where design speeds are less than 50 mph [80 km/h]. Type 2 curb
is preferred to Type 6 curb to eliminate the joint between the curb and the gutter.

Types 3, 3-A, 3-B and Type 4, 4-A, 4-B and 4-C curbs are 4 inches [100 mm] high with a sloped face.
They are used for channelizing islands and occasionally along medians and pavement edges. Type 3 is
preferred for channelizing islands with the gutter sloped at the same rate as the adjacent pavement.
Type 6 Curb is a 6 inch [150 mm] high steep faced vertical curb. It is used in situations similar to Type 2
described above.

Type 7 Curb is a vertical type used in low speed areas (design speed of less than 50 mph [80 km/h]) for
protection at bridge approaches. It may also be used to control traffic in areas involving heavy trucks.
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305.3 Position of Curb

305.3.1 Urban Areas (Design Speed less than 50 mph [80 km/h])

Curbs are normally used at the edge of traveled way on urban streets where the design speed is less
than 50 mph [80 km/h]. Curbs at the edge of traveled way have an effect on the lateral placement of
moving vehicles. Drivers tend to shy away from them. Therefore, all curbs should be offset at least 1 foot
[0.3 m] and preferably 2 ft. [0.6 m] from the edge of the traffic lane. Where curb and gutter is used, the
standard gutter width is 2 ft. [600 mm].

305.3.2 Urban and Rural High Speed Areas

On roads where the design speed is 50 mph [80 km/h] or greater, curbs should only be used in special
cases. Special cases may include, but are not limited to, the use of curb to control surface drainage or to
reduce right-of-way requirements in restricted areas. When it is necessary to use curbs on roads where
the design speed is 50 mph [80 km/h] or greater, they should not be closer to the traffic than 4 ft. [1.2 m]
or the edge of the treated shoulder, whichever is greater and their height should not exceed 4 inches.

305.3.3 Curb/Guardrail Relationship
Refer to Section 602.1.5.

305.4 Curb Transitions

305.4.1 Curb Vertical Height Tapers

The approach and trailing ends of curb and raised medians should be tapered from the curb height to 0 in
10 ft. [3.0 m].

305.4.2 Curbed to Uncurbed Transitions

When an urban type section with curbs at the edge of pavement changes to a rural type section without
curbs, the curb should be transitioned laterally at a 4:1 (longitudinal: lateral) rate to the outside edge of
the treated shoulder or 3 ft. [1 m], whichever is greater. See Figure 401-4b, Option 2.

305.4.3 Curbed Approach to Uncurbed Mainline

When a curbed side road intersects a mainline that is not curbed, the curb should be terminated no closer
to the mainline edge of traveled way than 8 ft. [2.4 m] or the edge of the treated shoulder, whichever is
greater. See Figure 401-4a.
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306 Pedestrian Facilities

306.1 General

When pedestrians’ facilities are to be constructed or reconstructed as part of a project, the facilities shall
be designed to accommodate persons with disabilities. The pedestrian environment must be designed to
accommodate the needs of all users, some of whom have a broad range of mobility, physical and
cognitive skills.

Additional guidance in the design of pedestrian facilities may be found in The Access Board=s Accessible
Rights-of-Way - A Design Guide, and FHWA=s Designing Sidewalks and Trails for Access, Part 2, Best
Practices Design Guide and other publications.

306.2 Sidewalk Design

306.2.1 Sidewalk and Shoulder Installation

Sidewalks are the principal improvements used to accommodate pedestrians, but it is recognized that
wide shoulders and unpaved walkable space may be acceptable in some instances. Figure 306-1
provides a detailed listing of the recommended guidelines for the various roadway classifications for
sidewalks/walkways.

While Figure 306-1 recommends when and where to install sidewalks, sidewalks should be considered
on projects with curb-and-gutter installations.

While no sidewalk requirements are specifically recommended for certain rural roadways, isolated
residential areas should have a pedestrian connection to the rest of the rural community. A paved or
unpaved shoulder should be provided as a minimum where it is impractical to provide a sidewalk along a
paved rural road.

306.2.2 Sidewalk Widths

Minimum and desirable sidewalk widths are shown in Figure 306-2. The minimum recommended width
is 5 ft. [1.5 m]. Under certain limited conditions, a 4 ft. [1.2 m] sidewalk width can tolerated, although this
width does not provide adequate clearance room or mobility for pedestrians passing in opposite
directions. A 4 ft. [1.2 m] width can be provided if there are 5 ft. [1.5 m] wide passing sections at least
every 200 ft. [60 m].

306.2.3 Obstacles and Protruding Objects

The sidewalk widths shown in Figure 306-2 represent a clear or unobstructed pedestrian travel way. Still,
be aware of the three dimensional corridor which makes up an accessible route and attempt to locate
utilities, light poles, signs, fire hydrants, mail boxes, parking meters and street furniture (benches,
shelters, bike racks, etc.) out of this sidewalk corridor. If unable to avoid keeping objects out of this
space, then certain dimensional requirements must be maintained. See FHWA=s Designing Sidewalks
and Trails for Access, Part 2, Best Practices Design Guide, Section 4.1.3, for information.
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Placement of utility covers, gratings and other covers should be off of the sidewalk to the maximum extent
feasible.

306.2.4 Buffer Widths

A buffer width, also known as a tree lawn or planting strip, is the distance between the sidewalk and the
adjacent roadway. Providing a buffer can improve pedestrian safety. The buffer width in a commercial
area will be different than the buffer needs of a residential area. Buffer widths as measured from the face
of curb are shown in Figure 306-2.

On-street parking or bike lanes can also act as a sidewalk buffer. In areas where there is no on-street
parking or bike lane, the ideal width of a buffer is 6 ft. [1.8 m].

If a buffer cannot be provided, then the curb-attached sidewalk width should be at least 7 ft. [2.1 m] wide
in residential areas. In commercial areas or along busy arterial streets, the minimum curb-attached
sidewalk width should be 8 ft. [2.4 m] to provide space for light poles and other street furniture.

All roadways with curb attached sidewalks or buffers should be constructed with vertical curbing.

306.2.5 Grade and Cross Slope

Wherever possible, sidewalks and walkways should be designed with maximum grades of 5 percent.
When the topography of an area leaves no other choice than to be use a steeper grade, Table 306-1
provides a series of specific recommendations for each situation. The only exception to the
recommendations is when the adjacent road grade is steeper than 5 percent and there is no other
alternative alignment for the sidewalk.

Sidewalks should be constructed with a maximum cross slope of 2 percent. The cross slope is the slope
that is measured perpendicular to the direction of travel.

Table 306-1
SIDEWALK GRADE RECOMMENDATIONS

Public Right -of- Way
Maximum Sidewalk Grade Adjacent to Roadway No limit if it follows the grade of the street

Maximum Cross Slope 0.02
Accessible Routes Not Adjacent to Roadway
Max. Allowable Running Grade w/o Railings 0.05
Max. Ramp Grade w/ Handrails and Landings 0.083
Landing Spacing
Landing Intervals for Accessible Routes If the slope of a ramp is between 1:12 and 1:16, the

max. rise shall be 30 inches [760] and the max. run
shall be 30 ft. [9 m].

If the slope of the ramp is between 1:16 and 1:20,
the max. rise shall be 30 inches [760 mm] and the
max. run shall be 40 ft. [12 m]

Landing Dimensions 5 ft. [1.5 m] Length and Width
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306.2.6 Surface Treatments

The sidewalk surface treatment can have a significant impact on the overall accessibility and comfort
level of the facility. The requirement is that the surface be stable, firm and slip resistant. There shall be
an unobstructed reduced vibration zone within a pedestrian access route, this minimum width being 48
inches [1.2 m].

Concrete, asphalt or gravel walks may be specified according to the location and the particular need:

1. Concrete walks are the most widely used type. They should normally be 4 inches [100 mm] thick.
The exception is at driveway locations where the thickness is increased to 6 inches [150 mm], or
drive thickness, whichever is greater.

2. Asphalt and gravel walks are used mostly in parks, rest areas, or for shared-use paths. Asphalt
walks should be constructed of 2 inches [50 mm] of asphalt and 5 inches [125 mm] of aggregate
base. Gravel walks should be constructed of 4 inches [100 mm] of compacted aggregate base.
Increased thicknesses may be needed if maintenance or emergency vehicles will routinely use
paths.

Specialty surface treatments are often desired for aesthetic reasons. But a disadvantage of either bricks
or stamped concrete/brick decorative sidewalks is the problem seemingly small surface irregularities pose
for certain wheelchair users. Designers should provide a zone of reduced vibration. It is possible to
enhance sidewalk aesthetics while still providing a smooth walking surface by combining a smooth
concrete walking area with a decorative edging. See FHWA=s Designing Sidewalks and Trails for
Access, Part 2, Best Practices Design Guide for information.

306.3 Curb Ramps

306.3.1 Curb Ramp Locations

Section 729.12 of the Ohio Revised Code requires that all new or reconstructed curbs shall have curb
ramps at each pedestrian crosswalk so that the sidewalk and street blend to a common level.

All newly constructed or modified curb ramps must be ADA compliant. Curb ramps shall be provided on
all plans where curb and walks are being constructed, reconstructed or altered at intersections and other
major points of pedestrian curb crossing such as mid-block crosswalks.

If a project has curbs and pedestrians are allowed, curb ramps need to be installed wherever sidewalks
are present. In areas without sidewalks, pedestrian curb cuts as shown on Figure 306-4 are required if
no curb ramps are provided.

Curb ramps are also to be installed in resurfacing projects as outlined in ODOT Policy 519-002(P) Curb
Ramps Required in Resurfacing Plans.

It is desirable to provide a continuous path for the persons with disabilities. When a curb ramp is built on
one side of a street, a companion curb ramp is required on the opposite side of the street. Therefore,
when normal project or work limits end within an intersection, the work limits must be extended to allow
construction of companion ramps. The basic requirement is that a crosswalk must be accessible via curb
ramps from both ends, not one end only. In most cases, curb ramps will be installed in all quadrants of
an intersection.
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306.3.2 Design Considerations

Curb ramps should be designed to the least slope consistent with the curb height, available corner area
and underlying topography. A level landing is necessary for turning, maneuvering or bypassing the
sloped surface. Proper curb ramp design is important to users either continuing along a sidewalk path or
attempting to cross the street.

306.3.3 Curb Ramps Components

The basic components to the standard curb ramp design are explained here and depicted on Figure 306-
3

1. Ramps - The grade of a ramp must not exceed 0.083. The cross slope must not be greater than
0.02. The recommended minimum width of a curb ramp is 4 ft. [1.2 m].

2. Gutters - Gutters require a counter slope at the point at which the ramp meets the street for
proper drainage. This counter slope may not exceed 0.05, and the change in angle must be
flush, without a lip, raised joint or gap. Lips or gaps between the curb ramp slope and counter
slope can arrest forward motion by catching caster wheels or crutch tips. The algebraic difference
between the ramp slope and the gutter counter slope cannot exceed 11 percent, or a 24 inch [600
mm)] level strip must be provided between the two slopes. See Figure 306-3.

3. Landings - Landings provide a level area (less than 2 percent slope in any direction) for
wheelchair users to maneuver into or out of the curb ramp, or to simply bypass it. A level landing
5 ft. [1.5 m] square is preferred.

4. Flares - Curb ramp flares are graded transitions from a curb ramp to the surrounding sidewalk.
Flares are not intended to be wheelchair routes, and may be one of the cues used to identify the
presence of a curb ramp. Flares are only needed in locations where the ramp edge abuts
pavement. A curb edge is used as a visual cue where the ramp edge abuts grass or landscaping

306.3.4 Curb Ramp Types

Three types of ramps are currently used in street corner designs. In all cases curb ramps should be
located entirely within the marked crosswalks (where they exist). Drainage grates or inlets should not be
located within the crosswalk area, where wheelchair casters or canes tips may be caught. Nonetheless,
curb ramps need to be adequately drained. See Figure 306-4 for a sketch of these types, and for details
see Standard Construction Drawing BP-7.1.

Perpendicular Curb Ramps are generally perpendicular to the curb. Users will generally be traveling
perpendicular to vehicular traffic when they enter the street at the bottom of the ramp. Advantages
include providing a straight path of travel on tight radius corners at the expected crossing location for all
pedestrians. Disadvantages are that they do not provide a straight path of travel on large radius corners
and they require a level landing that takes up additional right-of-way. Perpendicular ramps are generally
the best design for pedestrians, provided that a minimum 4 foot landing is available for each approach.

Parallel Curb Ramps have two ramps leading down towards a center level landing at the bottom between
both ramps, with a level landing at the top of each ramp. They can be installed where the available space
between the curb and property line is too tight to permit the installation of both a ramp and a landing, and
are effective on steep terrain or at locations with high curbs. Unfortunately, sidewalk users have to
negotiate two ramp grades. Since the landing is depressed and level, drainage of the ramp landing at the
street must be carefully designed.
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Diagonal Curb Ramps are a single curb ramp that is located at the apex of the corner. While a visually
impaired person is aimed away from the crosswalk and into traffic, the entire lower landing area must fall
within the crosswalk that the ramp serves and cannot be located in the traveled lane of opposing traffic.
Level landings are required at the top and bottom of a ramp. Diagonal curb ramps are discouraged for
new construction and existing diagonal ramps should be retrofitted with two perpendicular ramps, when
possible.

306.3.5 Detectable Warnings

Detectable warnings are standardized surface features on walking surfaces to warn visually impaired
people of the transition between the sidewalk and the street.

Truncated domes are specified as the detectable warnings to be used and are to be included in all
connections to all street crossings to mark the street edge, where a sidewalk crosses a vehicular way.
This includes islands and medians that are cut through level with the roadway.

Detectable Warnings should be used at the following locations:
e At the edge of depressed corners,
At the border of raised crosswalks and raised intersections,
At the base of curb ramps,
At the border of median and islands,
At street crossing for shared-use paths, and
Where sidewalks cross railroad tracks.

Detectable Warnings are not needed where a sidewalk crosses an unsignalized driveway, nor where the
sidewalk crosses an alley.

Truncated dome dimensions and alignment can be found on Standard Construction Drawing BP-7.1.
Existing curb ramps can remain in place if they were originally constructed to current standards.

However, these curb ramp may need to have detectable warnings installed as shown on Standard
Construction Drawing BP-7.1.

306.4 Sidewalks for Highway Bridges/Underpasses

306.4.1 General

Provisions should always be made to include some type of walking facility as part of a vehicular bridge or
underpass, if only as an emergency exit path. If possible, sidewalk widths across bridges and through
underpasses should be the same as the clear width of the existing connecting sidewalks.

306.4.2 Walks on Bridges

Walks should be provided on bridges located in urban or suburban areas having curbed typical sections
under the following conditions:

1. Where there are existing walks on the bridge and/or bridge approaches, or
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2. Where evidence can be shown through local planning processes, or similar justification, that
walks will be required in the future (20 years). Anticipated pedestrian volumes of 50 per day
would justify a walk on one side and 100 per day would justify walks on both sides.

Walks on bridges should preferably be 6 ft. [1.8 m] in residential areas and 8 ft. [2.4 m] in commercial
areas measured from the face of curb to the face of parapet. The width should never be less than 5 ft.
[1.5 m].

In rural areas or other sites where flush shoulders approach a bridge and light pedestrian traffic is
anticipated on the shoulders, the shoulder width should be continued across the bridge using the
preferred lateral clearance from Figure 302-1, or greater if deemed appropriate. A raised walkway
should not be used in these areas. Where an existing bridge has a safety curb (used as a walkway) and
removal is not economically justified, the ends of the walkway should be shielded with a traffic barrier or
ramped into the approach shoulder at a vertical transition rate of approximately 20:1.

306.4.3 Walks under Bridges

The criteria for providing walks at underpasses are basically the same as described above for Walks on
Bridges. An exception is in areas where there are no approach walks, space will be provided for future
walks, but walks generally will not be constructed with the project unless there is concurrent approach
walk construction.

Where the approach walks at underpasses include a tree lawn, the tree lawn width may be carried
through the underpass wherever space permits.

306.5 Pedestrian Overpasses and Underpasses

306.5.1 General

Due to the high costs of constructing pedestrian- only structures, they should be considered only where
other more standard and/or less costly solutions are not acceptable. Both pedestrian overpasses and
underpasses need to meet ADA ramp criteria for maximum slopes (0.083), landings every 30 ft. [9 m] of
run, and handrails; or elevators.

Freeways should not have pedestrian crossings at-grade and may require the occasional use of separate
pedestrian structures.

Underpasses that are below grade should provide clear sight distances to and through the underpass. A
minimum width of 14-16 ft. [4.2- 4.8 m] is desirable, but longer tunnels need to be wider for security.
Likewise, vertical clearance of 8 ft. [2.4 m] is sufficient for short tunnels, but longer ones may need 10 ft.
[3.0 m]. Heights of maintenance and emergency vehicles need to be addressed. Drainage must be
carefully considered.

Both pedestrian overpasses and underpasses should be adequately illuminated.

306.5.2 Guidelines

Experience has shown that the primary location for pedestrian overpass/underpass is an urban area
outside the central business district. Such a pedestrian crossing may be considered when the following
conditions exist:

1. The community has expressed a strong desire for a pedestrian crossing.
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2. A reasonable alternate route for pedestrian is not available.

3. There is no signal, stop intersection, or pedestrian crossing available within 660 ft. [200 m] of the
proposed location.

4. Pedestrians can be prevented from crossing at grade.

5. Physical conditions permit construction.

6. The traffic volume and pedestrian volume are above those required to warrant the installation of
pedestrian signals as stated in the Ohio Manual of Uniform Traffic Control Devices for Streets and
Highways (OMUTCD). This stipulation can be waived in special cases such as when sight
distances are limited.

7. Where there are a large number of pedestrians who must regularly cross a high-speed, high
volume roadway.

307 Grading and Sideslopes

307.1 General

This section is concerned with the design of slopes, ditches, parallel channels and interchange grading. It
incorporates into the roadside design, the concepts of vehicular safety developed through dynamic
testing. Designers are urged to consider flat foreslopes and backslopes, wide gentle ditch sections and
elimination of barriers in their initial design approach.

307.2 Slopes

307.2.1 Roadside Grading

There are several combinations of slopes and ditch sections that may be used in the grading of a project.
Details and use of these combinations are discussed in subsequent paragraphs. In general, slopes
should be made as flat as possible to minimize the necessity for barrier protection and to maximize the
opportunity for a driver to recover control of a vehicle after leaving the traveled way. Regardless of the
type of grading used, projects should be examined in an effort to obtain flat slopes at low costs. For
instance, fill slopes can be flattened with material which otherwise might be wasted and backslopes can
be flattened to reduce borrow.

In order to more fully understand the discussions on the various types of grading, the designer should
become familiar with the need for barrier protection and the clear zone concept covered in Section 600.

Safety grading is the shaping of the roadside using 6:1 or flatter slopes within the clear zone area
(Section 600.2) and 3:1 or flatter foreslopes and recoverable ditches extending beyond the clear zone.
Safety grading is used on Interstate, other freeways and expressways. Figures 307-1 and 307-2 show
many of these details.

Clear zone grading is the shaping of the roadside using 4:1 or flatter foreslopes and traversable ditches
within the clear zone area. Foreslopes of 3:1 may be used, but are not measured as part of the clear
zone distance. Clear zone grading is recommended for undivided rural facilities where the design speed
is 50 mph [80 km/h] or greater, the design hourly volume is 100 or greater, and when at least one of the
following conditions exists:

1. The wider cross section is consistent with present or future planning for the facility.
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-
2. The project is new construction or major reconstruction involving significant length.

3. The wider cross section can be provided at little or no additional cost.
Figure 307-3 shows examples of clear zone grading and traversable ditches.
Common grading is the shaping of the roadside using 3:1 or flatter foreslopes and normal ditches. It is
used on undivided facilities where the conditions for the use of safety grading or clear zone grading do

not exist. The designer should ensure that all obstacles within the clear zone receive proper
consideration. Figure 307-4 shows examples of common grading and normal ditches.

Barrier grading is the shaping of the roadside when barrier is required for slope protection. Normally 2:1
foreslopes and normal ditch sections are used. Figure 307-4 gives an example of barrier grading.

307.2.2 Slope Transitions

When clear zone grading is used to eliminate the need for barrier protection of a fixed object, the length of
slope transition should be determined using the length of need concept described in Section 602.1. The
clear zone measurement should be used for the Lateral Extent of the Hazard (“Ly). Clear Zone grading
should not be utilized unless the required lane and shoulder widths are present.

As shown in these conditions, Clear Zone grading is desirable throughout a roadway corridor. It does little
to increase the safety of a roadway if Clear Zone grading is only done on spot projects such as culvert
replacements, if the rest of the corridor will be maintained with common grading.

307.2.3 Rounding of Slopes

Slopes should be rounded at the break points and at the intersection with the existing ground line to
reduce the chance of a vehicle becoming airborne and to harmonize with the existing topography.
Recommended rounding at the edge of the graded shoulder is shown in Figure 301-3. Rounding at other
locations is shown in Figures 307-1, 307-3 and 307-4.

307.2.4 Special Median Grading

Figure 307-5 shows some examples of median grading when separate roadway profiles are used.

307.2.5 Rock Slopes (See Figure 307-5)

In rock cuts, determine the cut slope angle(s) and necessary slope benches using design guidance
presented in Geotechnical Bulletin 3, “Rock Cut Slope and Catchment Design”. The designer should
examine the project to ascertain whether flatter slopes could be used to the advantage of reducing borrow
within a reasonable haul distance. Such a situation should also be discussed with the Office of
Geotechnical Engineering.

307.2.6 Curbed Streets

The slope treatment adjacent to curbed streets is shown on Figure 307-6.
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_______________________________________________________________________________________________________________________]
307.2.7 Driveways and Cross Roads

At driveways or crossroads, where the roadside ditch is within the clear zone distance and where clear
zone grading can be obtained, the ditch and pipe should be located as shown on Figure 307-7.

Requirements for pipe location should be applied to all new construction, reconstruction, widening and
resurfacing projects if regrading of the roadsides to safety or clear zone grading is included in the work.
New driveways constructed by permit should also conform to the above if other such installations on the
route conform, otherwise the new driveway pipe may be located in the existing roadside ditch.

307.3 Ditches

When the depth or velocity of the design discharge accumulating in a roadside or median ditch exceeds
the desirable maximum established for the various highway classifications, a storm sewer will be required
to intercept the flow and carry it to a satisfactory outlet. If right-of-way and earth work considerations are
favorable, a deep parallel side ditch (see Figure 307-5) may be more practical and should be considered
instead of a storm sewer.

In some cases where large areas contribute flow to a highly erodible soil cut, an intercepting ditch may be
considered near the top of the cut to intercept the flow from the outside and thereby relieve the roadside
ditch.

Constant depth ditches (usually 18 inches [0.5 m] deep) are desirable. Where used, the minimum
pavement profile grades should be 0.24% to 0.48%. Where flatter pavement grades are necessary,
separate ditch profiles are developed and the ditch flow line elevations are shown on each cross section.

307.4 Parallel Channels

Where it is desirable that a stream intercepted by the improvement be relocated parallel to the roadway,
the channel should be located beyond the limited access line in a channel easement. This does not apply
to conventional intercepting erosion control ditches located at the top of cut slopes in rolling terrain. This
arrangement locates the channel beyond the right-of-way fence. See Figure 307-5.

In areas of low fill and shallow cut, protection along a channel by a wide bench is usually provided. Fill
slopes should not exceed 6:1 when this design is used and the maximum height from shoulder edge to
bench should generally not exceed 10 ft. [3 m]. If it should become necessary to use slopes steeper than
6:1, guardrail may be necessary and fill slopes as steep as 2:1 may be used.

In cut sections 5 ft. [1.5 m] or more in depth, earth barrier protection can be provided. Where very deep
channels are constructed, this design probably affords greater protection and requires less excavation.
See Figure 307-5. Where the sections alternate between cut and fill and it is desired to use a single
design, earth barrier protection would be less costly if waste is a problem. Likewise, bench protection
would be less costly if borrow is needed.

Earth bench or earth barrier protection provided adjacent to parallel channels should not be breached for
any reason other than to provide an opening for a natural or relocated stream requiring a drainage
structure larger than 42 inches [1050 mm] in rise. Outlet pipes from median drains or side ditches shall
discharge directly into the parallel channel.

Channels and toe-of-slope ditches, used in connection with steep fill slopes, should be removed from the
normal roadside section by benches. The designer shall establish control offsets to the center of each
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channel or ditch at appropriate points which will govern their alignment so they will flow in the best and
most direct course to the outlet. Bench width shall be varied as necessary (See Figure 307-5).

307.5 Interchange Grading

Interchange interiors should be contour graded so the least amount of guardrail is required and so
maximum safety is provided with corresponding ease of maintenance. Sight distance is critical for
passenger vehicles on ramps as they approach entrance or merge areas, especially if barrier is erected
on the merging side of the vehicle. Therefore, sight distance shall be unobstructed by landscaping, earth
mounds or other barriers.

307.5.1 Crossroads

At a road crossing within an interchange area, bridge spill-through slopes should be 2:1, unless otherwise
required by structure design. They should be flattened to 3:1 or flatter in each corner cone and
maintained at 3:1 or flatter if within the interior of an interchange. Elsewhere in interchange interiors, fill
slopes should not exceed 3:1.

307.5.2 Ramps

Roadside design for ramps should be based on the mainline grading concept.

307.5.3 Gore Area (See Figure 307-8)

Gore areas of trumpets, diamonds and exteriors of loops adjacent to the exit point, should be graded to
obtain slopes (6:1 or flatter) which will not endanger a vehicle which is unable to negotiate the curvature
because of excessive speed.

307.5.4 Trumpet Interiors (See Figure 307-8)

Interior areas of trumpets should be graded to slopes not in excess of 8:1, sloping downward from each
side of the triangle to a single rounded low point. Roadside ditches should not be used. Exteriors should
be graded in accordance with the mainline or ramp standards.

307.5.5 Loop Interiors (See Figure 307-9)

In cut, the interior should be graded to form a normal ditch section adjacent to the lower part of the loop
and the backslope should be extended to intersect the opposite shoulder of the upper part of the loop,
unless the character and the amount of material or the adjacent earth work balances indicate that the cost
would be prohibitive. Roadside cleanup and landscaping should be provided in undisturbed areas of loop
interiors.

If channels are permitted to cross the loop interior, slopes should not be steeper than 4:1.
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307.5.6 Diamonds

If the location of the ramp intersection at the crossroad is relatively near to the main facility, a continuous
slope between the upper roadway shoulder and the lower roadway ditch will provide the best and most
pleasing design.

If the ramp intersection at the crossroad is located a considerable distance from the main facility, then
both ramp and mainline roadsides should have independent designs, until the slopes merge near the
gore. If the quadrant is entirely, or nearly so, in cut, it is suggested that the combination of a 3:1
backslope at the low roadway ditch and a gentle downslope from the high roadway shoulder will provide
the best design in the wide portion of the quadrant. Approaching the gore, the slopes should transition to
continuous 4:1 and 6:1 or flatter slopes.

Quadrants located entirely in fill areas should have independently designed roadways for ramp, mainline
and crossroad. Each should be provided with normal slopes not greater than 3:1, with the otherwise
ungraded areas sloped to drain without using ditches.

If the quadrant is located partially in cut and partially in fill, the best design would feature a gentle fill slope
at the upper roadway and a gentle backslope at the lower roadway joined to a bench at the existing
ground level which is sloped to drain.

The combination of a long diamond ramp having gentle alignment with a loop ramp in the same
interchange quadrant is not to be treated as a trumpet. Each ramp should be designed independently of
the other in accordance with the suggested details set forth above.

307.6 Disposal of Construction Debris and Waste Material within ODOT R/W

All projects with pavement removal, particularly non-recyclable concrete pavement, or an excess of
excavation should be evaluated for acceptable disposal areas within the state right-of-way. This material
cannot be arbitrarily dumped within the limits of state right-of-way. If improperly placed, the material may
interfere with adequate sight distance and may create an unnecessary hazard.

Acceptable disposal areas would preferably enhance highway operations and should not in any way
reduce safety. Instead of hauling the material offsite or improperly placing the material, the excess fill may
be used throughout the state right-of-way limits to improve grading and general roadside safety. For
example, all interstate and interstate look-alike systems should use safety grading. If safety grading
currently exists, consider extending it to the right-of-way limit. If clear zone grading currently exists,
consider using safety grading or extend the clear zone grading to the right-of-way limit. Each barrier
location should be evaluated to see if the application of safety grading, or at a minimum clear zone
grading, would eliminate the need for barrier. Adjustments to drainage or drainage structures may also
be required.

The determination as to whether or not to allow the disposal of waste material within the right-of-way of a
project should be made as soon as possible in the project development process. Possible waste areas
within the project right-of-way limits should be identified during the field review prior to final scope
preparation. Areas deemed acceptable should be identified accordingly in the construction plans. If none
of the areas are considered acceptable, this should also be clearly noted in the construction plans in the
form of a plan note.

For the full text of the guidelines see Guidelines for Identifying Acceptable Locations for the Disposal of

Woaste Material and Construction Debris or the Excavation of Borrow Material within ODOT Right-of-Way
located in the Reference section of this manual.
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307.6.1 Exit Ramps

Fill material may be placed in the infield areas of exit ramps as long as the decision sight distance is
provided and 6:1 or flatter slopes are provided in the gore areas. Decision sight distances, Avoidance
Maneuver A or B, as per Figure 201-6 should be provided for the design speed of the ramp. Also note
that with respect to a diamond interchange, the placement of the fill material in the infields should not be
such that it interferes with the intersection sight distance at the intersection of the crossroad and the exit
ramp.

307.6.2 Entrance Ramps

Excess or disposable fill material should not be placed adjacent to an entrance ramp such that it
interferes with the available sight distance. Decision sight distance, Avoidance Maneuver C or E, as per
Figure 201-6 should be provided for the design speed of the ramp. The decision sight distance is
measured from a point on the ramp where the driver, on the ramp, has an unobstructed view of the
mainline to where the lane width becomes less than 10 ft. [3.0 m] and the driver must merge. This is the
distance that the driver merging from the ramp has to decide where he can safely merge into the mainline
traffic. This distance should also be unobstructed for the mainline driver to react to the ramp vehicle by
either a lane or speed change.

307.6.3 Loop Ramps

In general, the infields of loop ramps should not be filled unless it is to eliminate barrier or provide safety
graded slopes. Filling these areas may decrease sight distance and diminish the driver=s ability to
anticipate the sharpness and total path of the ramp. It is important to have an unobstructed view of the
ramp in order that driver may have adequate time to react to possible obstructions and delays ahead.
Loop ramps are more susceptible to run off the road accidents due to the sharp curvature and high
speeds.

If a designer chooses to fill the infield, as a minimum, the decision sight distance, Avoidance Maneuver A
or B, as per Figure 201-6, using the ramp design speed, should be provided for the exit portion of the
ramp. Likewise, Avoidance C or E, using the ramp design speed, should be provided for the entrance
portion of the ramp. The fill height should not exceed 20 ft. [6 m] in height or as determined by the Office
of Geotechnical Engineering. Slopes should not exceed 4:1 for ease of maintenance.
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GUIDE FOR SELECTION OF 301-1E
MINIMUM DESIGN LEVELS OF |—————
SERVICE 201.4.1 & 301.1.1
Locale and Terrain
Functional
L Rural Urban &
Classification _
Level Rolling Hilly Urbanized
Interstate, Other B B C C
Freeways and
Expressways
Arterial B B
Collector
Local D D

LEVELS OF SERVICE

A -
B -
C-
D -
E-
F -

Free flow, with low volumes and high speeds.

Stable flow, speeds beginning to be restricted by traffic conditions.

In stable flow zone, but most drivers are restricted in freedom to select own speed.

Approaching unstable flow; drivers have little freedom to maneuver.
Unstable flow, may be short stoppages.
Forced or breakdown flow.

November 2002




301-2E

RURAL LANE WIDTHS

REFERENCE SECTIONS

301.1.2
Traffic Minimum Lane Widths (ft.) ®
Functional . Design Speed (mph)
Classification | Design Year 20
ADT 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65 | °
Interstate, Other
Freeways and ALL -- -- - - -- - |12 112 [ 12 | 12 | 12
Expressways
> 2000 - - - - 121212 |12 |12 | 12| 12
. 1501102000 | - | - | -~ | - | 11 |11 [ 12|12 |12 |12 | 12
Arterial
400t01500 | - | - | - | - |11 [ 11|11 [ 11|12 ] 12| 12
<400 - - - - 11 12 ] 12 ] 12
> 2000 12|12 (1212|1212 |12 |12]|12]| - | -
1501102000 | 11 | 11 [ 11 | 11 | 11 | 11 [ 11 [ 12|12 | - | --
Collector
400t0 1500 | 10 | 10 [ 10 | 11 [ 11 | 11 | 11 [ 11 | 11
<400 10|10 (10|10 |10 10|10 |11 |11 ]| - | -
>2000 | 129129 [129] 129 12© [ 129 129 [ 129 | 129 - | -
1501102000 | 11 [ 11 [ 11 | 11 | 11 [ 11 | 11 [129]129| - |
Local
400t01500 | 10 [ 10 | 10 | 10 | 10 [ 11 [ 11 | 11 | 11 | - | -
<400 9 9|9 |99 l10of|10]11 |11 ]| |-
NOTES:

(A) There may be some rural locations that are urban in character. An example would be a village where
adjacent development and other conditions resemble an urban area. In such cases, urban design
criteria (Figure 301-4) may be used.

(B) The number of lanes should be determined by a capacity analysis.

(C) An 11 ft. lane width may be retained on reconstructed highways if the alignment and safety records
are satisfactory.

Note: For the design criteria pertaining to Collectors and Local Roads with ADT’s of 400 or less, refer to
the AASHTO Publication - Guidelines for Geometric Design of Very Low-Volume Local Roads ADT <400).

October 2009



RURAL SHOULDER CRITERIA Y

301-3E

REFERENCE SECTIONS
301.2.2, 301.2.3,
307.2.3 & 602.1.1

c Traffic Graded Width Rounding 83
59 - (K) 22
cCw® . - (o B
o o With . o< Os=
S E . Barrier or W|t_hout. 82 Tylpe Design Speed TFS
ca Design | c= lone | Barrier 6:1 =2 M L
s Year ADT Steepe': or Flatter § o
© thane:1 | Foreslope 550 | <50 | &%
Interstate,
Other Al 17'Rt. 12°Rt. | 12'Rt. (C) 10 . L) (G
Freeways & 9'Med. (B) | 4 Med. (D) | 4 Med.(D) | P2V L@
Expressways
> 2000 12 g g PVD (0) g 4 10' (G)
1501 to
10' 6 6' PVD (O) 8 4 8 (G
Arterial 2000 (@)
(N) 400 to
: ’ : PVD : : :
1500 10 6 6 O) 4 4 8'(G)
< 400 g 4 4 PVD (O) 4 4 6' (G)
' ' ) BIT. SRF. , ) '
> 2000 10 8 4 TRT. () 8 4 8 (M)
1501 to . ) ) ' ' '
Collector 2000 8 6' (E) 4 STBL. AGG. 8 4 6' (M)
(N)
400to . ) ) ' ' '
1500 6 5 4 STBL.AGG.| 4 4 4
<400 6' (F) (F) STBL. AGG. 4' 4' 4'
' ' ) BIT. SRF. , ) '
> 2000 10 8 (H) 4 TRT. () 8 4 8 (M)
1501 to
g' 6' (E) 4' STBL. AGG. g' 4' 6' (M)
Local 2000
400to . ) ) ' ' '
1500 6 5 4 STBL.AGG.| 4 4 4
<400 6' (F) (F) STBL. AGG. 4' 4' 4'

See following sheet for corresponding notes.

Note: For the design criteria pertaining to Collectors and Local Roads with ADT’s of 400 or less, refer to
the AASHTO Publication - Guidelines for Geometric Design of Very Low-Volume Local Roads ADT#400).
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Notes to Figure 301-3: Rural Shoulder Criteria

There may be rural locations that are urban in character. An example would be a village where
adjacent development and other conditions resemble an urban area. In such cases, urban design
criteria (Figure 301-4) may be used.

If 6 or more lanes, use 17 ft. If the truck traffic is less than 250 DDHV use 15 ft.

Use 10 ft. if truck traffic is less than 250 DDHV. If 10 ft. treated width is used, graded width may
be reduced by 2 ft.

If 6 or more lanes, use 12 ft. If truck traffic is less than 250 DDHV, 10 ft. treated width may be
used.

A 6 ft. turf shoulder may be used with a 4:1 or flatter foreslope.

See AASHTO’S Guidelines for Geometric Design for Very Low-Volume Local Roads for values.
Concrete barrier may be placed at the edge of treated shoulder when used in lieu of guardrail.
An 8 ft. graded shoulder may be used with a 4:1 or flatter foreslope.

Turf shoulders may be used on non-state maintained roads at option of local government if
current year ADT includes less than 250 B and C trucks. Turf shoulders are not to be used on
State maintained roads.

Stabilized aggregate may be used on State maintained roads if the design year ADT includes less
than 250 B and C truck units. Paved shoulders are recommended if the design year ADT
includes over 1000 B and C truck units.

Rounding should be 4 ft. where the foreslope begins beyond the clear zone or where guardrail is
installed and foreslope is steeper than 6:1. No rounding is required when the foreslope is 6:1 or
flatter.

Guardrail offset is treated width plus 2 ft.

Whenever a design exception is approved for graded shoulder width, the guardrail offset may be
reduced but shall not be less than 4 ft.

The median and right shoulder width criteria for Interstates, other freeways and expressways shall
apply to the shoulders of divided arterials and divided collectors.

A fully paved shoulder is preferred, but may not be economically feasible. Therefore, a minimum
2 ft. of the treated shoulder should be paved. The remainder of the treated shoulder may be
either stabilized aggregate or bituminous surface treated material according to the criteria
stipulated in Note (J).
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301-4E
URBAN ROADWAY CRITERIA

LANE & SHOULDER WIDTHS ¥ REFERENCE SECTIONS

301.1.2, 301.2.2,
301.2.3 & 304.2.2

Lane Width (ft.) Minimum Curbed (Sghoulder Width (ft.)
Functional (G)

Classification Locale with Parking Lane
Min. Pref’d | w/o Parking Lane

(F)
Interstate, Other
Freeways and All 12 12 41|\2/| Rdt' Eaveg (B
Expressways ed. Paved (D)
10 Each Side
50 mph or more 12 12
Arterial P Paved (E) (H)
Streets Less than
50 mph 11 (B) 12 1-2 Paved 10-12 Paved

Commercial /
Collector Industrial 11 12 1-2 Paved 8 - 11 Paved

Streets (J)

Residential 11 12 1-2 Paved 7 - 8 Paved
Commercial /
Local Industrial 11 12 1-2 Paved 8 Paved
Streets (J) ) )
Residential 10 (C) 11 1-2 Paved 7 Paved

NOTES:

(A) Use rural criteria (Figures 301-2 or 301-3) for uncurbed shoulders. Rural functional classification
should be determined after checking the urban route extension into a rural area.

(B) On all Federal Aid Primary (FAP) roadways at least one 12 ft. lane in each direction is required. FAP
listings may be obtained from Office of Technical Services’ Roadway Inventory reports.

(C) Lane width may be 9 ft. where right-of-way is limited and current ADT is less than 250.

(D) Use 10 ft. median shoulder on facilities with 6 or more lanes. Use 12 ft. median shoulder on facilities
with 6 or more lanes and when truck traffic exceeds 250 DDHV

(E) May be reduced to 8 ft. if DHV is less than 250.

(F) Use minimum lane width if, in the foreseeable future, the parking lane will be used for through traffic
during peak hours or continuously.

(G) See Sections 305.3.2 and 305.3.3 for use of curbs and notes on curb/guardrail relationships.

(H) The median and right shoulder width for divided arterials shall follow the median criteria for
Interstates, other Freeways and Expressways.

() May be reduced to 10 ft. if the truck traffic is less than 250 DDHV.
(J) The AASHTO Publication — Guidelines for Geomatric Design of Very Low-Volume Local Roads

(ADT< 400) may be used for the design criteria of Collector and Local Streets with ADT’s of 400 or
less.
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PAVEMENT WIDENING 301-5aE

AT CURVES REFERENCE SECTIONS

301.1.3

LOCATION OF PAVEMENT TRANSITION IN RELATIONSHIP
TO THE SUPERELEVATION TRANSITION

Pavement Widening for a Simple Curve:

Centerline
Construction

The Centerline Pavement Marking is
to be placed at the actualcenter
of the pavement width.

Pavement Widening for a SpiralCurve:

Centerline
Construction —

The Centerline Pavement Marking is
to be placed at the actualcenter
of the pavement width.
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PAVEMENT WIDENING ON 301-5bE
HIGHWAY CURVES FOR WB-50

DESIGN VEHICLES REFERENCE SECTIONS
301.1.3
PAVEMENT WIDTH ON TANGENT (ft.)
24 ft. 22 ft. 20 ft.
Dc RADIUS Design Speed (mph) Design Speed (mph) | Design Speed (mph)
30 40 50 60 > 30 40 50 > 30 40 | 50 >
B8R [8 |7 R[N [P R |88

1°00’ 5730’ 0 0 0 0 0 1.0 1.0 1.0 1.0 1.5 (|20 | 2.0 2.0
2°00' 2865’ 0 05105 |]05(05 110 |15 15 |15 120 |25 ] 25 | 25
3°00' 1910’ 05 1] 1.0 1.0 (1.0 | 1.0 15 (|20 | 20 20 | 25 | 3.0 | 3.0 3.0
4°00' 1432’ 1.0 | 1.0 1511515 120 |20 | 25 (25| 80 |30 35| 35
5°00' 1146’ 15115 )20 |25 25 130 ] 380 |30 ] 35 |35] 40 4.0
6°00' 955’ 20 | 20 | 25 | 2.5 30 | 30| 35 |35 35 |40]|45 ]| 45
7°00' 819’ 20 | 20 | 3.0 3.0 | 35 ] 4.0 40 |45 | 5.0

8°00' 716’ 251 3.0 | 3.0 35|40 | 4.0 45 | 50| 5.0

9°00’ 637’ 30| 3.0 | 35 40 | 40 | 45 50 | 50| 55
10°00’ 573’ 3.0 | 3.5 40 | 4.5 55 | 55
11°00’ 521’ 35 1] 4.0 45 | 5.0 55 | 6.0

12°00 477 4.0 | 4.0 50 | 5.0 6.0 | 6.0
13°00’ 441’ 40 | 4.0 50 | 5.0 6.0 | 6.0
14°00' 409’ 45 | 4.5 55 | 55 6.5 | 6.5
14°30' 395’ 45 | 5.0 55 | 55 6.5 | 6.5
15°00' 382’ 5.0 6.0 7.0
18°00' 318’ 55 7.0 7.5
19°00' 300’ 6.0 7.0 8.0
21°00' 265’ 6.5 7.5 8.5
22°00’ 260’ 6.5 7.5 8.5
25°00' 229' 7.5 8.5 9.5
26°00’ 223’ 7.5 8.5 9.5
26°30' 219’ 8.0 9.0 10.0

][\Iotle Values less than 1.0 ft. per lane may be disregarded. Multiply Table values by 1.5 for 3-lanes and by 2.0
or 4-lanes.
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TRAVELED WAY WIDENING ON
OPEN HIGHWAY CURVES FOR WB-62

DESIGN VEHICLES

301-5cE

REFERENCE SECTIONS

301.1.3

TRAVELED WAY WIDTH ON TANGENT (ft.)

g 24 ft. 22 ft. 20 ft.
D¢ <Er. Design Speed (mph) Design Speed (mph) Design Speed (mph)
o 30 (40 | 50 | 60 S 30 | 40 | 50 S 30 [ 40 | 50 S
BB |8|d| B BB o8k a
1°00' 5730’ 0 0 0 0 0 1.0 1.0 | 1.0 1.0 1.5 20 | 2.0 2.0
2°00' 2865’ 0 1.0 1.0 1.0 1.0 1.5 15| 15 1.5 2.5 3.0 | 3.0 3.0
3°00' 1910’ 1.0 15 ] 15 1.5 1.5 2.0 25| 25 2.5 3.0 35| 35 3.5
4°00' 1432’ 1.5 15| 2.0 2.0 2.0 2.5 25| 3.0 3.0 3.5 35| 4.0 4.0
5°00' | 1146 | 20 | 20 | 25 | 3.0 30 [35| 35| 35| 40 | 40| 45 | 45
6°00’ 955' 2.5 25 [ 3.0 3.5 4.0 40 | 45 4.5 4.5 50 | 55 5.5
7°00’' 819’ 3.0 3.0 | 4.0 4.0 45 ] 5.0 5.0 55| 6.0
8°00’ 716’ 3.5 40 | 4.0 4.5 50| 5.0 5.5 6.0 | 6.0
9°00° 637' 4.0 40 | 45 5.0 50 | 55 6.0 6.0 | 6.5
10°00’ 573' 4.0 4.5 5.0 5.5 6.5 6.5
11°00’ 521' 5.0 5.5 6.0 6.5 7.0 7.5
12°00 477 5.5 5.5 6.5 6.5 7.5 7.5
13°00’ 441’ 5.5 5.5 6.5 6.5 7.5 7.5
14°00' 409' 6.0 6.0 7.0 7.0 8.0 8.0
14°30’ 395' 6.0 6.5 7.0 7.0 8.0 8.5
15°00’ 382 6.5 7.5 9.0
18°00’ 318' 7.5 9.0 9.5
19°00’ 300’ 8.0 9.0 10.5
21°00' 265' 9.0 10.0 11.0
22°00' 260’ 9.0 10.0 11.0
25°00 229’ 10.5 11.5 12.5
26°00' | 223 10.5 11.5 12.5
26°30' | 219 11.0 12.0 13.0
NOTE:

Values are for two-lane highways, one-way or two-way. Values less than 1.0 ft. per lane may be
disregarded. Multiply table values by 1.5 for 3-lanes and by 2.0 for 4-lanes.
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NORMAL CROSS SLOPE 301-6E
ARRANGEMENTS REFERENCE SECTIONS
301.1.5
UNDIVIDED
0.016 0.0l6 _0.06 0.016
e — ——
T T — e ——
0.0\o 0.0l

- R
e i&gé_MoXu
5-LANE

DIVIDED (RAISED MEDIAN)

©
006 208
4-LANE

0.016 0.0l6 0.0l6 0.0l6
- T - T

0.016 0.0/6 6-LANE

T T

006 0.0

8-LANE

DIVIDED (DEPRESSED MEDIAN)

6
. R —— C;’::’Ql
4-LANE
_ 0.06 0.0 0.0 0.0l6
6-LANE
08 0

Zgjﬂ;:j NMAX
6-LANE

0.016 0.016 0.016 0.0/

8-LANE

Note: Allgrade breaks should not exceed 0.032.
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GRADED AND TREATED 301-7E
SHOULDER WIDTHS REFERENCE SECTIONS

301.2.1

See Figure 301-3 for recommended dimensions

Graded Shoulder Width

>
O
“gi Guardrail e (B) s
0 ® Offset (D) 27 (C)
29 -~
w5 - Treated _
= [T width }‘ \ obetocle
2 |
Barrier, when required Co¢
(see Section 60! ) ) ~ oy
B Rounding o /70,7

WITH BARRIER OR FORESLOPE STEEPER THAN é:l

Graded Shoulder

% .
- Width
=
o)
Lo}
00
)
kS, q>) Treated
uwg .
v Width (AXE)
*..
] 6:/ op
é ﬂoffer

WITHOUT BARRIER AND FORESLOPE 6:/OR FLATTER

NOTES:

(A)
B)
(C)
D)

(E)

The '"Treated Width"is that portion of The shoulder improved
with stabilized aggregate or better.

SeeFigure 603-2 for minimum barrier clearance.

3 ft.on interstate, other freeways and expressways.

Concrete barrier may be placed at the edge of treated shoulder

when used in lleu of guardrail.
Treated shoulder width may equalgraded shoulder width In some cases.
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301-8E

P S R

REFERENCE SECTIONS
301.2.4

AVED SHOULDE
CROSS SLOPES

NORMAL AND LOW SIDE OF SUPERELEVATED SECTIONS
0.08

0.016 0.04%
————
$ N
¥ or rate of super If greater

CURBED-HIGH SIDE OF SUPERELEVATED SECTIONS

0.08
0.03 max. 0.07 max. 4 54 —
" break _ /————\
5" Rounding 0 _.0_9_?,
Greo’rw 0.03 _9.04 AT\

Pavement slope
8" or 107

0.08

4’ Rounding
<—————————‘P|
T

Greater 7

than 0.03

4

UNCURBED-HIGH SIDE OF SUPERELEVATED SECTIONS

Varies 0.04
0.06 max. To 0.01_ _0.08
Z,,,TAL T~
0.07 max.break —. 5/ Rounding :
06 — - 0.0l ]
reoter than © | e
L 8’ or |0’ o
Pavement slope v
daries 0.04
Varies 0.04 06 max to 0.0l
+0 0 ol 4—0—';-———’—‘ : T
R 0.06 max. E’,’%Q
| —
\ ? 0.07 max. break 4’ Rounding
0.07 max. break «é—»
Plov”r., . GreOern 0.06 @i
slope reat
l% drer *han 0.06 ]
Pavement ) , /
[4——“ slope }«f‘—io—e—z—{
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"0 STABILIZED AGGREGATED  Irpmres
SHOULDER CROSS SLOPES REFEREI‘;(;:E.Z.S“ECTIONS

NORMAL AND LOW SIDE OF SUPERELEVATED SECTIONS

0.0l6*

———— OnOG*

{ —_— 0.08

e

¥ or rate of super if greater

HIGH SIDE OF SUPERELEVATED SECTIONS

0.0lor less 0.06
-

L 4 80" :t\\

0.07 max. break

-
2’”6"

(‘—‘“’1 0.06 0.0
ore than 0.0! —55

8/__O||

l<

Pavement Slope

0.0lor less
0.06 0.08
3 / e
0.07 max. break
2" to ©f
Pavement
mor?\ 2/_01! O~O6 more S{ODe
‘\”hO 0,08 —\"(‘\Om O‘,O8

0 ’O\ T

Pavement
4’ to 6’ Slope
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HOULDER 301-10E

CROSSs SLOPES REFERENCE SECTIONS

301.2.4

NORMAL AND LOW_SIDE (INNER SIDE)
SUPERELEVATED SECTIONS

0.0l6*

—_— 0.08

* or rate of super

RISING SIDE (OUTER SIDE) OF SUPERELEVATED
SECTIONS IN TRANSITION

From

0.016 0.07 max. break
to 0.0l
—_— 0.08
z T

HIGH SIDE OF SUPERELEVATED SECTIONS

2/‘6"

crom > 0.0 - r%-——aw
o
083 max. 0.0

OuM \
Pavement slope

The break at the edge of the
+raveled way shallnot exceed 0.07.
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DESIGN CRITERIA 302-1E

NEW AND RECONSTRUCTED

REFERENCE SECTIONS

BRIDGES 302.1
c Traffic Lateral Clearance
T .2 . Vertical Clearance
c© On Bridge (A)
o
g 2 . Under Bridge (H) | ©ver Roadway (J)
= Design Rural Urban
Z g Year ADT
Min. Pref. Min. Min. Pref. Min. Pref.
Interstates 12’ Rt. ,
’ 14’ Rt.(E
Other (B)(E) ®) E , ,
Al < S 16.5 (K)] 17.0
Freeways & su@mlewwe| s |3
Expressways : : S 5
O = (¢p]
> 2000 8’ (B) 10’ 50 |
c)-i—'
i ®© @
1501 —2000 | 6’ (B) 8’ g8 oo -
Arterial ge |03 S 16.5 (K)] 17.0°
400-1500 | 6 (B) 8 vwo |29 ©
£8 |33 =
<400 4 6’ T2 |2 2
o3 3 g o
> 2000 4 (C) 8 25 1%8 3
2¢ |29 £
1501 —2000 | 4’ (C) 6 sg |88 X<
Collector $ 3 () > 145 | 150
400-1500 | 4 (C) & .5 |32 =
25 i N
q) S~
< 400 (D) 4 s |58 5
23 |g8 o
> 2000 4’ (C) 8’ o5 |5
85 | &
1501-2000 3 6 =Rl I
Local o o (h 14.5’ 15.0°
400 - 1500 3 4 S 3
3
< 400 (D) 4 ©

SEE THE FOLLOWING SHEET FOR CORRESPONDING NOTES.

For structure design criteria not contained in this table such as minimum design loading, refer to the
Bridge Design Manual from the Office of Structural Engineering.

WHERE THE APPROACH ROADWAY WIDTH (TRAVELED WAY PLUS SHOULDERS) IS
SURFACED, AT A MINIMUM, THAT SURFACE WIDTH SHOULD BE CARRIED ACROSS THE
STRUCTURE.
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Notes to Figure 302-1: Design Criteria - New & Reconstructed Bridges

A. Lateral Clearance is the distance measured from the edge of the traveled lane to the face of curb
(or railing if no curb is present).

B. If bridge is considered to be a major structure having a length of 200 ft. or more, the width may be
reduced, subject to economic studies, but not less than a lateral clearance of 4 ft.

C. May be 3 ft. wide if bridge length exceeds 100 ft.

D. See AASHTO’s Guidelines for Geometric Design for Very Low-Volume Local Roads (ADT < 400)
for values.

E. Where the truck DDHV is 250 or less, may be reduced 2 ft.

F. If 6 or more lanes, provide 12 ft. width except where truck DDHV is 250 or less, the left lateral
clearance may be reduced 2 ft.

G. If 6 or more lanes, provide 14 ft. width except where truck DDHV is 250 or less, the left width may
be reduced 2 ft.

H. Distance measured from the edge of the traveled lane to the face of walls of abutments and piers.

I.  May be reduced to a clearance of 2 ft. plus barrier clearance (Figure 603-2) on urban streets with
restricted right-of-way and a design speed less than 50 mph.

J.  The minimum vertical clearance includes an allowance for future resurfacing equal to 0.5 ft. Sign
supports and pedestrian structures shall have a 1 ft. additional clearance. Clearances shown
shall be over paved shoulder as well as traveled way width.

K. A 15.5 ft. minimum clearance may be used in highly developed urban areas if attainment of 16.5

ft. clearance would be unreasonably costly and if there is an alternate freeway route or bypass
which provides a minimum 16.5 ft. vertical clearance.
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CRITERIA FOR EXISTING 302-2E
INTERSTATE AND OTHER FREEWAY

REFERENCE SECTIONS
BRIDGES TO REMAIN 302.1
Functional Design Minimum Lateral Minimum
Classification Year Clearance Vertical
ADT Clearance
On Bridge (A) | Under Bridge (E)
(C)
Urban All 10" Rt. (B) Curbed or 14.5' (F)
Interstate 3.5' Lt. Treated
Shoulder
Rural All 10" Rt. (B) Width Plus 16.0'
Interstate 3.5' Lt. Barrier
Other Al 10'Rt. gy | Clearance (D) 145"
Freeways 3.5'Lt.

This table is applicable to all bridges except those classified as new or reconstructed. (See Figure 302-1.)

For structural criteria not contained in this table, including Minimum Design Loading, see Structural
Engineering’s Bridge Design Manual.

NOTES:

(A) Distance measured to curb or railing, whichever is less, in no case shall the minimum width be less
than the approach roadway (traveled way plus shoulders).

(B) On mainline bridges that are 200 ft. long or longer, the minimum may be reduced to 3.5 ft. for
Interstate and 3 ft. for other freeways.

(C) Distance measured to face of walls, abutments or piers.
(D) See Figure 603-2 for minimum barrier clearance.
(E) Includes height over shoulders

(F) Minimum vertical clearance is 16 ft. if there is no alternative Interstate routing with the minimum 16 ft.
vertical clearance.
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CRITERIA FOR EXISTING NON- 302-3E
FREEWAY BRIDGES TO REMAIN REFERENCE SECTIONS
] Minimum Lateral o
Functional Design Clearance (A) Minimum
Classification Year - . Vertical
ADT On Bridge | Under Bridge | Clearance
(B) (E)
Expressways > 4000 6 ft. (C)
and c 14 ft.
Arterials <4000 3 ft. XS
> 4000 6 ft. (C) i
2001-4000 3 ft. 2c
Collector 1001-2000 2 ft. c% o 14 ft.
C
400-1000 2 t. 5
O ©
< 400 0 T O
© O
> 4000 6 ft. (C) - 5
2001-4000 3ft. St
Local 1001-2000 2 . 8% 14 ft.
400-1000 2 ft. (D) a3z
< 400 0 (D)

This table is applicable to all non-freeway bridges except those classified as new or reconstructed.

For structural criteria not contained in this table, including Minimum Design Loading, see Structural
Engineering’s Bridge Design Manual.

NOTES:

(A) Divided facilities shall have a minimum of 3 ft. lateral clearance on the median side.

(B) Distance measured to curb or railing, whichever is less. In no case shall the minimum width be less
than the approach roadway (traveled way plus shoulders).

On mainline bridges having a length of 100 ft. or more, the minimum may be reduced to 3 ft.

One lane bridges have a total minimum width of 18 ft.

Distance measured to face of walls, abutments or piers.

See Figure 603-2 for minimum barrier clearance.

B
C
D

~ — —

E
F

—_~ e~~~
~

Note: For the design criteria pertaining to Collectors and Local Roads with ADT’s of 400 or less, refer to
the AASHTO Publication - Guidelines for Geometric Design of Very Low-Volume Local Roads ADT<400).
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AND MEDIANS 303.1
2 = Graded Shoulder Width o
z A .
W = o | Guardrail
& — Left Right Paved | £ offset
o Z Shoulder | © (From
w = With With Width 2 Troveled
2 = | Barrier w/0 Barrier w/0 x Way) (G
b a or Barrier or Barrier ]
& < |Foreslope | slopes |Foresiope| slopes £
L ~ | steeper i1 or | steeper 6:1 or T | rT | 2 T |RT
z © | than 6:1 | flafter | ‘thon gt | flofter L
Romp 16" (A) 9" (C) 6’ 1 (C) 8’ 3 1% 10’ 6 8’
_1-Lane
D'ﬁgg;;"o“)?' e W 9 © 6 " (© 8 a | e o fe e
oi 2-L19.ne |
rectiona
'Rood:noy var. 1 9 © 1 6’ (H) 15/(D) 10" (D) 4 10’ 10 6 | 12
or Multilane | ©’ (H) (H | (D)
Romps
Accel/Decel y 3 y o
Lane or ar. NA NA NA , ) .
cone. o, OXF) | (DXF) gm0 1N ey
NOTES: TWO-WAY RAMP MEDIAN
(M) Use 18 fT. when inside pavement - 40’ or variable -
edge radius is less than 200 ft. 6 0r7’ 6orT’

(B) For 2-lane directional roadways
and 2-lane multilane ramps, The

3]

e

]6//
min.

|

pavement width shall be 24 ft. &3

(C) May be reduced 1 Tt. if the
face of The mainline barrier
is 2 Tt. from The outside
edge of the graded shoulder.

(D) Or match mainline dimension

if lesser.

(E) Rounding is 4 Tt. when barrier
is used. No rounding is required
when foreslope is 6:1 or flatTter.

(F) Match Multilane Ramp dimensions
when used with Multilane Ramps.

(G) Concretfe barrier may be
at the edge of the

when used’in lieu of quardrail.

placed

(H) For 3 or more lanes, use right

side widths or dimensions.

paved shoulder

S

Rounding

.

S

8’ Rounding Rounding
MINIMUM TWO-WAY RAMP - CONCRETE MEDIAN
- 10/ T
3 :::4;:= 3
* * * %
< —F >

MINIMUM TWO-WAY RAMP - CONCRETE BARRIER MEDIAN

10.81"
* % * %
< 5

* Check horizontal stTopping

sight distance

** See Figure 301-8 for shoulder
cross slope
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304-1E

TYPICAL MEDIAN DESIGNS REFERENGE SECTIONS

304.3

BARRIER MEDIAN

Barrier WidJrh:

(—__._
houlder; Shoulde
Width T Width
e 4 E—

DEPRESSED MEDIANS

84’

1
3

Rounding

60’

8/
Rounding

50’

Rounding
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GUIDELINES FOR NEW SIDEWALK

306-1E

/WALKWAY INSTALLATIONS REFERE';(():BE231ECTIONS
ROADWAY FUTURE
CLASSIFICATION & LAND SIDEWALK/WALKWAY
USE PHASING

Rural Highways
(<2,000 ADT)

See AASHTO’s A Policy on
Geometric Design of Highway

and Streets for combined traveled

way and shoulder widths for local
roads, collectors and arterials

Rural/suburban highways - Secure/preserve
(ADT>2,000 and less than 1 Minimum 8 ft. shoulders ROW for future
. . recommended .
dwelling unit per acre) sidewalks
Suburban Highway (1 to 4 Sidewalks on both sides
dwelling units per acre) recommended
Local Urban Street Sidewalks on both sides Secure/preserve
(Residential - 1 to 4 dwelling preferred, min. of 8 ft. ROW for future
units per acre) shoulders recommended sidewalks

Local Urban Street
(Residential - 1 to 4 dwelling
units per acre)

Sidewalks on both sides
recommended

Local Urban Street
(Residential - more than 4
dwelling units per acre)

Sidewalks on both sides
recommended

Urban Collector and Minor
Arterial (residential)

Sidewalks on both sides
recommended

Major Urban Arterial
(residential)

Sidewalks on both sides
recommended

All Commercial/Urban
Streets

Sidewalks on both sides
recommended

All Industrial Streets

Sidewalks on both sides
preferred, sidewalk on one side
and min. of 5 ft. shoulder
recommended
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306-2E

WALK DESIGNS

REFERENCE SECTION
3060202’ 30602'4

20 f+.Desirable

5 f+t. Min.
2 1. Minimum Residential
6 f+.Residentidal 6 1. Min. Z‘H. R/W
8 f+. Commercial ‘ Commerclal Min,
Variable 0.04 to 0.08 0.02 1
[ |
a Buffer l Walk H '
WALK WITH BUFFER
7 ft. Min.
Residential
8 ft.Min. 2 TT. R/W
Commercial ‘ Min. ;
0.02 | |
Walk B ‘
WALK-NO BUFFEJR
. R/W or
[0 f+. Minimum BUilding

0.02

Walk

WALK-CENTRAL BUSINESS DISTRICT

Residential: 8 f+.Min. 14 f+. Desirable
Commercial: 10 ft+. Min. 16 f+. Desirable

1
i

R/W

0.04

BORDER-NO WALK

November 2002




- 306-3E
CURB RAMP COMPONENTS It
' 306.3.3
\¢§§3
Approach Approach
Sidewalk Sidewalk
Ramp
Flare Flare
| |

Curb & Gutter

CURB RAMP TERMS

Change in angle must
be flush without a lip,
raised jointT or gap.

Street

Algebraic difference greater
+han 7 is not permitted

Street

e
0.05 max

Provide 24 inch levelstrip if
algebraic difference exceeds W%

COUNTER SLOPE

November 2002




CURB RAMP TYPES 306-4E
AND PEDESTRIAN CURB CUTS REFERENCE SECTION

306.3.4
Curb Ramps
Crosswalk Curb Ramps
\\\\\\\i‘ Crosswalk
Sidewalk

| Sidewalk

PERPENDICULAR PARALLEL

Curb Ramp ‘
Sidewalk
Crosswalk
DIAGONAL PEDESTRIAN CURB CUT

October 2010



306-5E
TRUNCATED DOMES

REFERENCE SECTION
306.3.5

50% to 65% of
| a

base diameter

1.4" max.

T E
0.9° min. @@ @ ﬁr@
HEIGHT AND DIAMETER @2 40.. @
D:reghon
SQUARE PATTERN, of Romp )
PARALLEL ALIGNMENT RA ML A“GNMENT

DOME HEIGHT AND SPACING
£ ThEngh o x

“min

Sidewalk /_WG”< |C|nd]ng
Ramp
BER
T T\ 24 o B E o
000000000 q-) :: G.) .'q_)
Flared <. curb ramp with + + o)
Side truncated domes v v =
Perpendicular 24" | T J2ar 24| N Al2a v
AT-grade Ramped

pedestrian refuge pedestrian refuge

Slope down | Level Isjope down with 247 strip of fruncated domes

Sidewalk pEEtzsiid 1247 Medians
] Curb Passage af sfreet
Truncated domes level with 24" deep
Parallel fruncated domes
4 : Splinter
Flared Side £1ond

Curb ramp with
fruncated domes

Sidewalk

Street

Q
ooooo
00 0o

24//

. Truncated

///Domes
Islands

AT CURB RAMPS AT MEDIANS AND ISLANDS

October 2010
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307-1E
SAFETY GRADING SECTIONS

REFERENCE SECTIONS
307.2.1,- 307.2.3

CUT SECTION

RURAL INTERSTATE ==

I
Y R n
T kol 2~
QO +| <
S 4 oA v :D (ll
" Ditch (D) If backslope is
greater than 3, L/A
Radius 20 use 40’ radius as |
CUT SECTION shown above. |
URBAN INTERSTATE, v;r;rv_*ﬂl
OTHER FREEWAYS P iy
AND EXPRESSWAYS =1
8:l (A) I E +
<262 piten o ¥ '
1épproxlrmccj;reJr%uide
or cu epth.
SHALLOW CUT OR LOW FILL L

20’ Radius A

Ditch (D)

Slope transition between low Tfilldesign and medium
filldesign should be such that the flowline of the
roadside ditch does not turn towards the roadway.

Clear Zone

8:1(B) (€ 20’ Radius
MEDIUM FILL

va
Ditch (D)  gato 38

Application of these sections may vary to avoid frequent
slope changes and to maintain reasonably straight ditches.

o:l slope may be used
(A) G:lslope may be used with , .
horizontal distance remaining (€C) 4" Rounding
the same to increase the (D) See Fig.307-2 for ditch sections
ditch depth. to be used with safety grading

January 2005



307-2E

REFERENCE SECTIONS
307.2.1

Bockslope

Fs‘l’cl;:e- 40 RADWS 63l 43 3u 2il sl

o c b g | b d b d b d b d |
84 2'-6" | 5'-0" | 5'-10"| W'-6"|7’-5"|147-8"| 9’-0[ 17°-7"| W”'-1I" [22°-10"| 19°-0" |33*-3"
6 3-4"| 6'-1"| 6'-7"|13"-2"|8"-3"|16"-3"|9'-10"|19"-3"| 12'-9"[24"-6" | 19’-1I" [34’-10"

Backslope

Fores | 20 mads w |

o c [>] d >] g >] g
8 I’-3" | 2-6"] 2’-II"| 5’-9"| 3'-8"| 7'-4"| 4’-6" | 8'-I0"
6 I'-8" | 3'-3"] 3'-4"|6’-7" | 4'-1" | 8'-2"| 4'-lI" | 9'-7
4 2'-6"|4-10" | 4'-1* | 8’-2" | 4'-l" | 9'-8"
3 3-3"16'-4" |4~ | 9'-7

January 2005



CLEAR ZONE 307-3E
GRADING SECTIONS REFERENCE SECTIONS
307.2.1, 307.2.3
CUT SECTION see Note
o Clear Zone (See Note A) . S B
|‘ >
tﬁ"' 4:/,77
CJ)(°
Preferred Ditch
(See Figures 307-10 & 1)
FILL SECTIONS (B)
_ Clear Zone (See Note A) .
[ Tl R/W
4:/,,70& See Note
Preferred Ditch
(See Figures 307-10 & 1)
- Clear Zone (See Note A) _
R/W

Normal Ditch

(See Figure 307-4)

NOTES:
(A) See Figure 600-l for Clear Zone widths.

(B) For fill heights over 16 ft.,use barrier grading (See Figure 307-4)

(C) 4 f+.Rounding

November 2002



COMMON AND BARRIER 307-4E

GRADING SECTIONS
307.2.1, 307.2.3

COMMON GRADING

Curt FILL

3/ m
Osi
¢ 4”deéﬁmum See Note

e
i
% orN (A)
+ —
Normal Ditch T Normal Ditch
(see below) 4:| desirable, (see below)

3zl maximum

5 or less

Over 5%

BARRIER GRADING

Slope all benches to drain
. (37 to 57 recommended).

Slope may be flatter than 2:l

if excess materialand right-of- (A) See Note
way are available at little cost. ~ o __ __ _ W
L—>Bemh N I Ditch
, ormal Ditc
Usually 10 (see below)
NORMAL DITCH SECTIONS
Cut FILL
See Note
4'R di .
J ounding (A) 4’ Rounding E
/P N i S
efef‘,- 7 - (A) =
S o
’77(7)(' 3.‘\ t- \ TTTT T
<
2! L o) 2 Qb *
olg LJ *
n|o o
>
o

NOTES: (A) 4’ Rounding

January 2007



307-5E

SPECIAL DESIGNS REFERENCE SECTIONS

307.2.4, 307.2.5,
307.3, 307.4

DESIGNS FOR ROCK CUTS WITH SAFETY GRADING
REFERENCE SECTION 307.2.5

Clear Zone *

— -

See Fig. 307-1
for radius (R)

*IT safety graded cross sections
according to section 307.2.1 can

kTop of_/ not be obtained insTall quardrail

or Type D concrefe barrier

DESIGNS FOR DEEP PARALLEL SIDE DITCHES
REFERENCE SECTIONS 307.3 & 307.4

40" min. for 20’ R ditch, I_/|A Channel easement - —
EARTH BARRIER [<50" min. Tor 40° R diTch 5, =~ — 10 min >
PROTECTION = =~ .
- A A .
Lol-= By 2./
——E i CUT SECTION
: , L/A
MEDIUM FILL - 42" min. | Channel easement =
M:r\xw*\&_ ‘
: y, min. oo
LOW FILL — — — — —— —— — s 2\
50.1 </ 2
BENCH PROTECTION :
*6:1 Slope may be used FILL SECTION

ALTERNATE MEDIAN DESIGNS-SEPARATE PROFILES
REFERENCE SECTION 307.2.4

- Y5 Normal median width

Normal median

Clear Zone

HES ‘
Normal medign
4’ reatmen
Rounding + R

Va
Rounding

* 6:1 Slope may be used

Slo .
Normal median

realimen

&R

April 2011




SLOPE TREATMENT ADJACENT 307-6E

TO CURBED STREETS

Edge of Type 2 Curb & Gutter
Traveled I’ min.

Way
. e
Variable 0,04 to 0.08 yariabte s\oP
- 0.02 YM
L = - = | PP R AR | \Y\Y\ky\kz

Sidewalk

Type 2 Curb & Gutter

The 47 to 87 slopes in the top detdilwere extended to the
R/W line to prevent runoff from the right-of-way entering
private property. This slope may be broken if the highway
runoff can be maintained within the highway right-of-way.

January 2007



307-TE
307.2.7

REFERENCE SECTIONS

S0UDLS|P 9UO7 JDS[) oui Ulytim pelDoo
S| eUIMOlE UOLIp opiSpDod 8yt sJsym

sioofoud Bulppdb Uo7 JDS|) UO pesn 8q O]

Jepinoys +0 96p3

ADM D®O|eADU] 1O 8bpd ——

20" min
—<
<]
—<

///ll.mrzzoiw
ado|syong
10 0]

A

o_0W JO HdN 06 peeds ubiseq .

November 2002



307-8E

REFERENCE SECTIONS

307.5.3 & 307.5.4

/- Jepinoys peppJg 40 ebp3

L_\/\“

November 2002



CUT REFERENCE SECTIONS
307.5.5

ADING OF 307-9E
RS IN

Edge of
Graded
Shoulder —

Edge of

' Graded
Edge of

Graded ~// ////—.Shouwer
Shoulder

November 2002



CTIONS 307-10E
BR

FOR DITCHE UPT
SLOPE CHANGES REFEREr;gg'Z'SfCTIONS

Less than ESJCK'

4'-Q" pe

SEIE F A S
0.5 BRIEEEEEN E— 2
~ 0.4
; V. R
N :
a 0.3 S o
! VI
E 0.2 PN . 5
8 ’ / / —~6:
Y PREFERRED s
X o[£ DITCH e
< O [/CROSS SECTION / < Iof
NG00
0. 0.2

0 0.3 0.4 0.5

FORESLOPE = b /a,

This chart is applicable to vee ditches, rounded ditfches
with bottom widths less than 8-0", and trapezoiddl
ditches with bottom widths less than 4'-0"

Ditch sections fthat fallwithin the shaded areas of the
figure above are considered fraversable and are preferred
for use within the Clear Zone. Ditch sectfions that falloutside
the shaded areas are considered non-traversable and should
generally be located outside the Clear Zone.

November 2002



S 307-11E
L

REFERENCE SECTIONS

600.2.1
Equal to
Equal fo
OE“EZ%gfgr Back- or greater gfokw
slope than 4/-0v Slope

Fore-
slope |

Ap: b
OGS N S B 1 | 1ww2§[
0.4 7;7j?i>\x
o~ = /
\?N / - 3zl N
o 0.3 P ' “
H //// ’ —— 2] éﬂ
Ll
& 02pTTVTTITT 2
—1 PREFERRED DITCH °
‘Q CROSS SECTION -8zl
o O T -=|0sl
<
e
O

0 0l 02 03 04 0.5
FORESLOPE = b,/a,

This chart is applicable to rounded ditches with bottom
widths of 8-0"or more, and to Trapezoldatditches with
bottom widths equalto or greater than 4-0°

Dltch sections that fallwithin the shaded aredgs of the
figure above are considered fraversable and are preferred
for use within the Clear Zone. Ditch sections that falloutsids
+he shaded areas are considered non-traversable and should
generaly be located outside the (Clear Zone,

November 2002
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400 intersection Design

401 Intersections At-Grade

401.1 Intersection Locations

Care should be taken in locating new at-grade intersections. The alignment and grade on the mainline
roadway should, as a minimum, provide stopping sight distance as discussed in Section 201.2. The
criteria for intersection sight distance (see Section 201.3) should also be met wherever possible.

It is best to avoid locating an intersection on a curve. Since this is often impossible, it is recommended that
intersection sites be selected where the curve superelevation is 0.04 or less. It is also recommended that
intersections be located where the grade on the mainline roadway is 6 percent or less, with 3 percent being
the desirable maximum.

401.2 Intersection Traffic Control

The type of traffic control at intersections directly affects the geometric design. An early determination
must be made as to whether stop signs will be used or signals are warranted. Whenever there is doubt as
to the adequacy of stop control during the design life of the project, the warrants for traffic signals, as
outlined in the Ohio Manual of Uniform Traffic Control Devices (OMUTCD) should be investigated.

401.3 Crossroad Alignment

Intersection angles of 70 degrees to 90 degrees are to be provided on all new or relocated highways. An
angle of 60 degrees may be satisfactory if: (1) the intersection is signalized; or (2) the intersection is
skewed such that a driver stopped on the side road has the acute angle (at center of intersection) on his left
side (vision not blocked by his own vehicle).

Relocation of the crossroad is often required to meet the desired intersection location, to avoid steep
crossroad profile grades and to adjust intersection angles. Horizontal curves on crossroads should be
designed to meet the design speed of the crossroad. The crossroad alignment should be as straight as
possible. Figure 401-1 shows an example of a crossroad relocation. Both curve 1 and curve 3 may be
reduced per the figure. Design exceptions for horizontal alignment and superelevation will be required for
curves which do not meet the design speed of the crossroad.

401.4 Crossroad Profile

401.4.1 Intersection Area

The portion of the intersection located within 60 ft. [20 m] of the edge of the mainline pavement, measured
along the crossroad centerline, is considered to be the "intersection area". The pavement surface within
this "intersection area" should be visible to drivers within the limits of the minimum stopping sight distance
shown on Figure 201-1. By being able to see the pavement surface (height of object of 0), drivers (height
of eye of 3.5 ft.) [1.07 m] will be able to observe the radius returns, pavement markings, and recognize that
they are approaching an intersection. Figure 401-2 shows the "intersection area".

Combinations of pavement cross slopes and profile grades may produce unacceptable edge of pavement
profiles in the "intersection area". For this reason, edge of pavement profiles should be plotted and
graphically graded to provide a smooth profile.
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400 intersection Design

401.4.2 Drainage

Within the intersection area, the profile of the crossroad should be sloped wherever possible so the
drainage from the crossroad will not flow across the through road pavement. For a stop condition, the 10
ft. [3.0 m] of crossroad profile adjacent to the through pavement is normally sloped away from the through
pavement, using at least a 1.6 percent grade, as shown on Figure 401-2.

401.4.3 Profile at Stop Intersections

Profile grades within the "intersection area" for stop conditions are shown in Figures 401-2 and 401-3.
The grade outside the "intersection area" is controlled by the design speed of the crossroad. Normal
design practices can be used outside the "intersection area" with the only restriction on the profile being the
sight distance required in Section 401.4.1.

Grade breaks are permitted at the edge of the mainline pavement for a stop condition as discussed in Note
3 of Figure 401-2. If these grade breaks are exceeded, they should be treated according to Note 3 on
Figure 401-3. Several examples are shown on Figure 401-3 of the use of grade breaks or short vertical
curves adjacent to the edge of through pavement.

401.4.4 Profile at Signalized Intersections

Signalized intersections require a more sophisticated crossroad profile. Whenever possible, profiles
through the intersection area of a signalized intersection should be designed to meet the design speed of
the crossroad. Figure 401-4 shows three examples of crossroad profiles at intersections. On Examples
A and B (Figure 401-4), the mainline cross slopes will need to be adjusted to match the crossroad profile
within the intersection area. Grade breaks shown on Examples A and C should be in accordance with
Section 203.3.2. Since the grade break across a normal crowned pavement is 3.2 percent , it should be
noted that the crown must be flattened (See Example C). This will allow vehicles on the crossroad to pass
through the intersection on a green signal safely without significantly adjusting their speed. The sight
distance requirements of Section 401.4.1 within the "intersection area" are also applicable for signalized
intersections.

401.5 Approach Radii
401.5.1 Rural

Approach radii in rural areas shall normally be 50 ft. [15 m], except that radii less than 50 ft. (minimum 35 ft.)
[15 m (minimum 10.5 m)] may be used at minor intersecting roads if judged appropriate for the volume and
character of turning vehicles.

Radii larger than 50 ft. [15 m], a radius with a taper, or a three center curve, should be used at any
intersection where the design must routinely accommodate semi-trailer truck turning movements. Truck
turning templates should be used to determine proper radii and stop bar location. When truck turning
templates are used, a 2 foot [0.6 m] clearance should be provided between the edge of pavement and the
closest tire path.

Normally the approach width at the ends of the radius returns should be 24 ft. [7.2 m]. The pavement width
shall be tapered back to the normal pavement width at a rate of 10:1 if the taper is adjacent to the radius
returns.
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401.5.2 Urban

Corner radii at street intersections should consider the right of way available, the intersection angle,
pedestrian traffic, approach width and number of lanes. The following should be used as a guide:

15 to 25 ft. [4.5 to 7.5 m] radii are adequate for passenger vehicles and may be provided at minor cross
streets where there are few trucks or at major intersections where there are parking lanes.

25 ft. [7.5 m] or more radii should be provided at minor intersections on new or reconstruction projects
where space permits.

30 ft. [9 m] radii or more should be used where feasible at major cross street intersections.

Radii of 40 ft. [12 m] or more, three-centered compound curves or simple curves with tapers to fit truck
paths should be provided at intersections used frequently by buses or large trucks.

401.5.3 Curbed to Uncurbed Transitions

Figures 401-4a and 401-4b show acceptable methods to transition from curbed to uncurbed roadways at
intersections. Figure 401-4a shows two options to transition from an uncurbed mainline roadway to a
curbed approach roadway. Figure 401-4b shows the transition from a curbed mainline roadway to an
uncurbed approach roadway. See Section 305.4 for additional information.

401.6 Approach Lanes

401.6.1 Left Turn Lanes

Probably the single item having the most influence on intersection operation is the treatment of left turn
vehicles. Left turn lanes are generally desirable at most intersections. However, cost and space
requirements do not permit their inclusion in all situations. Intersection capacity analysis procedures of the
current edition of the Highway Capacity Manual should be used to determine the number and use of left turn
lanes. For design software and guidance see Appendix C. For unsignalized intersections, left turn lanes
may also be needed if they meet warrants as provided in Figures 401-5a, b, and c. The warrants apply
only to the free-flow approach of the unsignalized intersecton.

Left turn lanes should be placed opposite each other on opposing approaches to enhance sight distance.
They are developed in several ways depending on the available width. The first example on Figure 401-7
shows the development required when additional width must be generated. The additional width is
normally accomplished by widening on both sides. However, it could be done all on one side or the other.
In the second example on Figure 401-7, the median width is sufficient to permit the development of the left
turn lane. Figure 401-8 shows the condition where an offset left turn lane is required to obtain adequate
sight distance in wide medians.

In developing turn lanes, several types of tapers may be involved as shown in Figure 401-7.

1. Approach Taper - An approach taper directs through traffic to the right. Approach taper lengths are
calculated using the following:

Design Speed of 50 mph [80 km/h] or more: L=WS [L=0.6WS]
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Design speed less than 50 mph [80 km/h]: L=WS2/60 [L=WS"2/156]

Where: L= Approach taper length in feet [m]
W = Offset width in feet [m]
S = Design Speed [km/h]

2.. Departure Taper - The departure taper directs through traffic to the left. Its length should not be less
than that calculated using the approach taper equations. Normally, however, the departure taper
begins opposite the beginning of the full width turn lane and continues to a point opposite the
beginning of the approach taper.

3. Diverging Taper - The diverging taper is the taper used at the beginning of the turn lane. The
recommended length of a diverging taper is 50 ft. [15 m].

Figures 401-9 and 401-10 have been included to aid in determining the required lengths of left turn lanes at
intersections. An example problem that illustrates the use of these figures is included along with the
figures.

After determining the length of a left turn lane, the designer should also check the length of storage
available in the adjacent through lane(s) to assure that access to the turn lane is not blocked by a backup in
the through lane(s). To do this, Figure 401-10 may be entered using the average number of through
vehicles per cycle, and the required length read directly from the table. If two or more lanes are provided
for the through movement, the length obtained should be divided by the number of through lanes to
determine the required storage length.

It is recommended that left turn lanes be at least 100 ft. [30 m] long, and the maximum storage length be no
more than 600 ft. [180 m].

The width of a left turn lane should desirably be the same as the normal lane widths for the facility. A
minimum width of 11 ft. [3.3 m] may be used in moderate and high speed areas, while 10 ft. [3.0 m] may be
provided in low speed areas. Additional width should be provided whenever the lane is adjacent to a
curbed median as discussed in Section 305.3.

401.6.2 Double Left Turn Lanes

Double left turn lanes should be considered at any signalized intersection with left turn demands of 300
vehicles per hour or more. The actual need shall be determined by performing a signalized intersection
capacity analysis. For design software and guidance see Appendix C. Fully protected signal phasing is
required for double left turns.

When the signal phasing permits simultaneous left turns from opposing approaches, it may be necessary to
laterally offset the double left turn lanes on one approach from the left turn lane(s) on the opposing
approach to avoid conflicts in turning paths. All turning paths of double left turn lanes should be checked
with truck turning templates allowing 2 ft. [0.6 m] between the tire path and edge of each lane. Expanded
throat widths are necessary for double left turn lanes. For details on double left turn lanes, see Figures
401-11 and 401-12.
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401.6.3 Right Turn Lanes

Exclusive right turn lanes are less critical in terms of safety than left turn lanes. Right turn lanes can
significantly improve the level of service of signalized intersections. They also provide a means of safe
deceleration for right turning traffic on high-speed facilities and separate right-turning traffic at stop-
controlled intersections.

To determine the need for right turn lanes, intersection capacity analysis procedures of the current edition of
the Highway Capacity Manual should be used. For design software and guidance see Appendix C. For
unsignalized intersections, right turn lanes may also be needed if they meet warrants as provided in
Figures 401-6a, b, ¢ and d. The warrants apply only to the free-flow approach of the unsignalized
intersecton.

Figure 401-7 shows the design of right turn lanes. Figure 401-10 may be used in preliminary design to
estimate the storage required at signalized intersections. The recommended maximum length of right turn
lanes at signalized intersections is 800 ft. [240 m], with 100 ft [30 m] being the minimum length.

The blockage of the right turn lane by the through vehicles should also be checked using Figure 401-10.
With right-turn-on-red operation, it is imperative that access to the right turn lane be provided to achieve full
utilization of the benefits of this type of operation.

The width of right turn lanes should desirably be equal to the normal through lane width for the facility. In
low speed areas, a minimum width of 10 ft. [3.0 m] may be provided. Additional lane width should be
provided when the right turn lane is adjacent to a curb.

401.6.4 Double Right Turn Lanes

Double right turn lanes are rarely used. When they are justified, it is generally at an intersection involving
either an off-ramp or a one-way street. Double right turn lanes require a larger intersection radius (usually
75 ft. [22.5 m] or more) and a throat width comparable to a double left turn (See Section 401.6.2 and Figure
401-11).

401.6.5 Additional Through Lanes

Normally the number of through lanes at an intersection is consistent with the number of lanes on the basic
facility. Occasionally, through lanes are added on the approach to enhance signal design. As a general
suggestion, enough main roadway lanes should be provided so that the total through plus turn volumes
does not exceed 450 vehicles per hour per lane.

401.6.6 Recovery Area at Curbed Intersections
When a through lane becomes a right turn lane at a curbed intersection, an opposite-side tapered recovery
area should be considered. The taper should be long enough to allow a trapped vehicle to escape, but not

so long as to appear like a merging lane. Taper lengths may vary from 200 ft to 250 ft [60 m to 75 m]
depending on design speed.
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401.7 Islands

401.7.1 Characteristics

An island is a defined area between traffic lanes used for control of vehicle movement. Islands also
provide an area for pedestrian refuge and traffic control devices. Islands serve three primary functions: (1)
to control and direct traffic movement, usually turning; (2) to divide opposing or same direction traffic
streams usually through movements; and (3) to provide refuge for pedestrians. Most islands combine
functions.

Although certain situations require the use of islands, they should be used sparingly and avoided wherever
possible.

401.7.2 Channelizing Islands

Channelizing islands control and direct traffic into the proper paths for the intended use and are an
important part of intersection design. They may be of many shapes and sizes, depending on the
conditions and dimensions of the intersection. A common form is the corner triangular shape that
separates right turning traffic from through traffic. Figures 401-13a, b, ¢ and d detail Channelizing Island
designs for various vehicle combinations.

Channelizing Islands are used at intersections for the following reasons:

Separation of conflicts.

Control of angle of conflict.

Reduction in excessive pavement areas.

Indication of proper use of intersection

Favor a predominant turning movement.

Pedestrian protection.

Protection and storage of vehicles.

Location of traffic control devices.

These islands should be placed so that the proper course of travel is immediately obvious and easy for the
driver to follow. Care should be given to the design when the island is on or beyond a crest of a vertical
curve, or where there is a substantial horizontal curvature on the approach to or through the channelized

area.

Properly placed islands are advantageous where through and turning movements are heavy.
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401.7.3 Island Treatments
401.7.3.1 Curbed Islands

Curbed islands are most often used in urban areas where traffic is moving at relatively low speeds (less
than 50 mph [80 km/h]. The smallest curbed island that should normally be considered is 50 sq. ft. [5
square m]in an urban area and 75 sq. ft. [7.5 square m]if usedin arural area. A 100 sq. ft. [10 square m]
island is preferred in either case. Curb Islands are sometimes difficult to see at night, so the intersection
should have fixed source lighting.

401.7.3.2 Painted Islands

Islands delineated by pavement markings are often preferred in rural or lightly developed areas, when
approach speeds are relatively high, where there is little pedestrian traffic, where fixed-source lighting is not
provided, or where traffic control devices are not located within the island.

401.7.3.3 Nonpaved Islands

Nonpaved islands are normally used in rural areas. They are generally turf and are depressed for
drainage purposes.

401.8 Designing Roadways to Accommodate Pedestrians

Designing a roadway that successfully meets the needs of both vehicular traffic and pedestrians can be a
challenging task. Basic roadway design parameters such as roadway widths, corner turning radii and sight
distances affect the ability of that roadway to accommodate pedestrians.

For example, the wider the roadway, the more difficult it is for pedestrians to cross, and the greater the
barrier effect of this roadway on the communities through which it passes. Undivided six-lane arterials,
with or without parking, are not usually pedestrian friendly, while eight and ten-lane arterials create an even
more formidable barrier.

The size of a corner radius can also have a significant effect on the overall operation and safety of an
intersection. Large corner turning radii promote higher turning speeds, as well as increasing the
pedestrian crossing distance and exposure time. Large curb radii also reduce the space for pedestrians
waiting to cross, move pedestrians out of the turning motorists’ line of sight, and make it harder for the
pedestrian to see turning cars. However, in some cases, corners with small turning radii can impact the
overall operating efficiency of an arterial intersection, as well as cause the curb to be hit by a turning vehicle.

The designer must keep in mind that, as important as it is for the motorist to see everything adjacent to the
roadway, it is of equal importance for the pedestrian, particularly children and wheelchair users, to be able
to view and react to potential conflicts. At no area is this issue more critical than at crosswalk locations.
Vehicles parked near crosswalks can create a sight distance problem.
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401.8.1 Curb Radii

The radius used at urban and suburban locations at both signalized and unsignalized intersections, where
there may be pedestrian conflicts, must consider the safety and convenience aspects of both the motorist
and pedestrian. The radius should be the smallest possible for the circumstances rather than design for
the largest possible design vehicle, which often accounts for less than 2 percent of the total users. A large
radius can increase the speed of turning motorists and the crossing distance for pedestrians, creating
increased exposure risks.

Two distinct radii need to be considered when designing street corners. The first is the radius of the street
corner itself, and the second is the effective turning radius of the selected design vehicle. The effective
turning radius is the radius needed for a turning vehicle to clear any adjacent parking lanes and/or to align
itself with its new travel lane. Using an effective turning radius allows a smaller curb radius than would be
required for the motorist to turn from curb lane to curb lane.

401.8.2 Crossing Distance Considerations

Short crosswalks help pedestrians cross streets. Excessive crossing distances increase the pedestrian
exposure time, increase the potential of vehicle-pedestrian conflict, and add to vehicle delay.

Curb extensions reduce the crossing distance and improve the sight distances for both the vehicle and the
pedestrian. In general, curb extensions should extend the width of the parking lane, approximately 6 ft.
[1.8 m] from the curb.

401.8.3 Crossing Islands and Medians

Where a wide intersection cannot be designed or timed to accommodate all the pedestrian crossing needs
across one leg of the intersection at one time, a median or crossing island (often referred to as a refuge
island) should be considered. Medians are raised or painted longitudinal spaces. Triangular
channelization islands adjacent to right turning lanes can also act as crossing islands.

Desirably, crossing islands should be at least 5 ft. [1.5 m] wide. A width of 8 ft. [2.4 m] is needed to
accommodate bicycles, wheelchairs, scooters and groups of pedestrians. Crossing island width should be
a minimum of 8 ft. [2.4 m] on roadways with speeds of 50 mph or greater [80 km/hr].

401.8.4 Turning Movements

At both signalized and unsignalized intersections, steps should be taken to ensure that turning speeds are
kept low and that sight distance is not compromised for either the motorist or pedestrian.
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402 Two Way Left Turn Lanes (TWLTL)

402.1 General

Midblock left turns are often a serious problem in urban and suburban areas. They can be a safety
problem due to angle accidents with opposing traffic as well as rear end accidents with traffic in the same
direction. Midblock left turns also restrict capacity. Two way left turn lanes (TWLTL) have proven to be a
safe and cost-effective solution to this problem.

402.2 TWLTL Justification

TWLTL should be considered whenever actual or potential midblock conflicts occur. This is particularly
true when accident data indicates a history of midblock left turn related accidents. Closely spaced
driveways, strip commercial development or multiple-unit residential land use along the corridor are other
indicators of the possible need for a TWLTL.

Some guidelines which may be used to justify the use of TWLTL are listed below:

1. 10,000 to 20,000 vehicles per day for four lane highways.

2. 5,000 to 12,000 vehicles per day for two lane highways.

3. 70 midblock turns per 1000 ft. [300 m] during peak hour.

4. Left turn peak hour volume 20 percent or more of total volume.
5. Minimum reasonable length of 1000 ft. [300 m] or two blocks.

402.3 TWLTL Design

Widths for TWLTL are preferably the same as through lane widths (See Section 301.1.2). A 10 ft. [3.0 m]
lane may be used in restricted areas. Care should be taken not to make a TWLTL wider than 14 ft. [4.2 m]
since this may encourage shared side-by-side use of the lane. TWLTL markings shall be in accordance with
the OMUTCD. See Section 301.1.5 for location of the crown point.

402.4 Reversible Lanes

A reversible lane is a lane on which the direction of traffic flow can be changed to utilize maximum roadway
capacity during peak demand periods. 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 are adequate for the lighter flow period when there is continuity in the route and width of the street,
where there is no median and where left turn and parking can be restricted. Reverse flow operations
require special signing and additional control devices. Refer to the federal MUTCD for further guidance.
Reverse flow on a divided facility is termed “contra-flow operation.” While the principle of reverse-flow
operation is applicable to divided arterials, the arrangement is more difficult than on an undivided roadway.
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403 Roundabouts

403.1 General

Roundabouts are circular intersections with specific design and traffic control features. These features
include yield control of all entering traffic, channelized approaches, and appropriate geometric curvature.
The term “modern roundabout” is used in the United States to differentiate modern roundabouts from the
nonconforming traffic circles or rotaries that have been in use for many years. Modern roundabouts are
defined by two basic operational and design principles:

Yield-at-Entry: Yield-at-entry requires that vehicles on the circulatory roadway of the roundabout have the
right-of-way and all entering vehicles on the approaches have to wait for a gap in the circulating flow.
To maintain free flow and high capacity, yield signs are used as the entry control. As opposed to
nonconforming traffic circles, modern roundabouts are not designed for weaving maneuvers, thus
permitting smaller diameters.

Deflection of Entering traffic: Entrance roadways that intersect the roundabout along a tangent to the
circulatory roadway are not permitted. Instead, entering traffic is deflected to the right by the central
island of the roundabout and by channelization at the entrance into an appropriate curved path along
the circulating roadway. Thus, no traffic is permitted to follow a straight path through the roundabout.

Modern Roundabouts range in size from mini-roundabouts with inscribed circle diameters as small as 45 ft
[18 m], to double lane roundabout with inscribed circle diameters around 180 ft. [55 m]. Roundabout
design involves trade-offs among safety, operation, and accommodation of large vehicles.

For additional information, see FHWA'’s Roundabouts: An Informational Guide.
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List of English Figures

Figure Date Title
401-1E October 04 Typical Crossroad Relocation
July 06 Explanation of Figure 401-1
401-2E October 04 Crossroad Profile - Stop Condition - Through Road Normal Crown
401-3E July 06 Crossroad Profile - Stop Condition - Through Road Superelevated
401-4E October 04 Crossroad Profile - Signalized Intersection
401-4aE July 06 Radius Returns for Uncurbed Mainline Curbed Approach
401-4bE July 06 Radius Returns for Curbed Mainline Uncurbed Approach
401-5aE October 04 2-Lane Highway Left Turn Lane Warrant (Low Speed)
401-5bE October 04 2-Lane Highway Left Turn Lane Warrant (High Speed)
401-5cE October 04 4-Lane Highway Left Turn Lane Warrant
401-6aE October 04 2-Lane Highway Right Turn Lane Warrant (Low Speed)
401-6bE October 04 2-Lane Highway Right Turn Lane Warrant (High Speed)
401-6¢E October 04 4-Lane Highway Right Turn Lane Warrant (Low Speed)
401-6dE October 04 4-Lane Highway Right Turn Lane Warrant (High Speed)
401-7E October 04 Turning Lane Design
401-8E October 04 Offset Left Turn Lane
401-9E October 04 Basis for Computing Length of Turn Lanes
401-10E October 04 Length of Storage at Intersections, and Turn Lane Design Example
401-11E October 04 Double Left Turn Lanes, and Notes
401-12E October 04 Development of Dual Left Turn Lanes
401-13akE October 04 Channelizing Island - Single Unit Truck and Passenger Car Designs
401-13bE October 04 Channelizing Island - Single Unit and Minimum WB-50 Designs
401-13cE October 04 Channelizing Island - WB-50 Truck Designs
401-13dE October 04 Channelizing Island - Typical Islands with Permitted Left Turns

* Note: For the design criteria pertaining to Collectors and Local Roads with ADT’s of 400 or less, refer to
the AASHTO Publication - Guidelines for Geometric Design of Very Low-Volume Local Roads ADT <400).
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TYPICAL CROSSROAD | 401-1E
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Explanation of Figure 401-1 Typical Crossroad Relocation

Curve - This portion of the crossroad can occur by itself at “T” type or three-legged intersections.
If possible, the radius of this curve should be commensurate with the design speed of the
crossroad. Often, the length of the required profile controls the work length. The horizontal
curvature is then chosen so it can be accomplished within this work length. Regardless of the
length of the profile adjustment, it is desirable to provide at least a 230 foot radius for this curve.
When a 230 foot radius incurs high costs, it is permissible to reduce this radius to a minimum of
150 ft.

Tangent and Approach Radii - The crossroad in this area should have a tangent alignment. For
the condition shown, the alignment between the radius returns is tangent from one side of the
road to the other. However, at some intersections with a minor through movement (for example,
crossroad intersections of standard diamond ramps) it may be desirable to provide different
intersection angles on each side of the through road. For approach radii, see discussion in
Section 401.5.

Curve - The statements in (1) above also apply to this curve. With the reverse curve condition
shown, the radius will often not exceed 250 ft. because flatter curves make the relocation
extraordinarily long.

Tangent - This tangent should be approximately 150 ft. in length for 30 or 40 mph design speeds
on the existing road, and approximately 250 ft. for 50 or 60 mph design speeds. These lengths
are generous enough to allow reasonable superelevation transitions between the reverse curves.
In general, it is usually not desirable to make this tangent any longer than required. If a longer
tangent can be used, the curvature or intersection angle can be improved and these two design
items are more important.

Curve - This curve should be much flatter than the other two curves. It should be capable of
being driven at the normal design speed of the existing crossroad.
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REFERENCE SECTIONS

401.4.1 - 401.4.4

See Figures 203-l, 203-2 and 203-6
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CROSSROAD PROFILE 401-3E

'STOP CONDITION- REFERENCE SECTION

THROUGH ROAD SUPERELEVATED 4011 ¢ 401.4.3

60’ Intersection Area
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v

+1.6% or sfeeper

Note 2

NOTES:

1. 5% grades are shown for illustration
but grades of 3% or less are preferred.

2. Grade To be 1.6% or steeper to provide drainage.
3. Crest breaks exceeding 5% shall be rounded using
vertical curves havinga K of 1 or greater.
Sag breaks exceeding 3% shall be rounded using
veftical curves having a K of 1.5 or greater

4. For grade treatment of this area, see Figure 401-2.
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CROSSROAD PROFILE | 401-4E

SIGNALIZED INTERSECTION
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Normal Crown on the Mainline Road
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RADIUS RETURNS FOR
UNCURBED MAINLINE
CURBED APPROACH

401-4aE

REFERENCE SECTION
401.5.3 & 305.4
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RADIUS RETURNS FOR 401-4bE
CURBED MAINLINE REFERENCE SECTION

UNCURBED APPROACH 4015.3 & 305.4
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401-7E

TURNING LANE DESIGN REFERENCE SECTIONS
Departure Taper -
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* See Figures 401-9 and 40I-I0 to copmpute length.
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se* Diverging taper
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BASIS FOR COMPUTING [ 401-9E |

LENGTH OF TURN LANES

DESIGN SPEED (mph)
TYPE OF
TRAFFIC 30 - 35 40 - 45 50 - 60
CONTROL TURN DEMAND VOLUME
HIGH LOWs HIGH LOWe HIGH LOWs
[ 1 ] .. L 23 e
SIGNALIZED ® @ °" © @er(© f‘© °"©
UNSIGNALIZED
STOPPED ® ® ® ® ® ®
CROSSROAD
UNSIGNALIZED @ @ © ;;©
THROUGH ROAD

* LOW [Is considered 10% or less of approach traffic volume.
*+ Whichever is greater

CONDITION (@ STORAGE ONLY

Length = 50’ (diverging taper)+ Storage Length (Figure 40I-10)

CONDITION (® HIGH SPEED DECELERATION ONLY

Design Speed Length (Including 50’ Diverging Taper)
40 25
a5 175
50 225
55 285
60 345
CONDITION © MODERATE SPEED DECELERATION AND STORAGE
Design Speed Length (Including 50’ Diverging Taper)
40 I+ Storage Length (Figure 40I-10)
45 125 '
50 43 '
55 o4 '
60 18l '

For Explanation, See Turn Lane Design Example
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STORAGE LENGTH | 401-10E |

AT INTERSECTIONS

TREE | | [T Ao [ oo

VEHICLES/CYCLE LENGTH VEHICLES/CYCLE LENGTH
| 50 ft 17 600 ft
2 100 f+ 18 625 f+
3 50 f+ 19 650 f+
4 175 f+ 20 675 ft
5 200 ft 21 795 £+
® 250 ft 22 750 ft
7 275 f+ 23 775 f+
8 325 f+ 24 800 ft
9 350 ft 25 825 f+
10 375 ft 30 975 f+
f 400 ft 35 25 1+
12 450 ft 40 1250 F+
I3 475 + 45 1400 f+
14 500 f+ 50 1550 f+
15 525 1 55 1700 £+
6 550 f+ 60 1850 ft

DHV (TURNING LANE)
CYCLES/HOUR

* Average Vshicles per Cycle =

IT Cyclels are unknown, assume:
UNSIGNALIZED OR 2 PHASE - 60 CYCLES/HR
3 PHASE - 40 CYCLES/HR
4 PHASE - 30 CYCLES/HR

October 2004




Example - Turn Lane Design Using Figures 401-9 and 401-10

Problem

Calculate the length of an exclusive left-turn lane on a signalized intersection approach of a rural arterial
highway (Design Speed - 55 mph). The intersection approach has three comprised on an exclusive left
turn lane and two through lanes with 200 left turning vehicles and 680 through vehicles, respectively. The
traffic signal has a 90 second cycle length.,

Determine Lane Length

Refer to the matrix in Figure 401-9. First, using the given design speed of 55 mph, enter the column with
the design speed “50-60". Next, determine if the left turn demand volume is “high” or “low”. “L.ow” is
considered 10% or less of the approach traffic flow. The demand is 200/(680 + 200) = 22.7%. Therefore,
the left turn demand is considered *high”. Based on a “signalized” intersection, the matrix indicates that
Method B or C (whichever is greater) should be used to calculate the length of the left turn lane.

Method B, for the 55 mph design speed, requires a left turn lane length of 285 ft.

Method C is calculated by adding the 164 ft. (for the 55 mph design speed) to the storage length
determined from Figure 401-10. To determine the storage length, first, calculate the number of
cycles/hour (3,600 seconds/hour x 1 cycle/90 seconds = 40 cycles/hour). Next, divide the hourly left turn
approach volume by the number of cycles/hour (200 left turning vehicles divided by 40 cycles/hour = 5).
Using Figure 401-10, the required storage length is 200 ft. Adding the 200 ft. storage length to the 164 ft.
(moderate speed deceleration length) noted above equals 364 ft. A comparison of the values from
Method B and Method C yields 285 ft. and 364 ft., respectively. Therefore, use the greater value of 364 ft.

Check Length for Backup

Next, check to determine if backups from the through movements will block left turning vehicles from
entering the left turn lane. Figure 401-10is also used for this purpose. Using the value of 40 cycles/hour
{determined above), calculate the average number of through vehicles per cycle (680/40 = 17). Based on
Figure 401-10, this will result in backups of 600 ft. in a single lane. However, since the through traffic
volume is in two through lanes, the backup of through vehicles is only one-half the 600 ft., or 300 ft.

Therefore, the through vehicle backup of 300 ft. per lane will not block left turning vehicles desiring to
enter the left turn lane which extends back 364 fi.
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DOUBLE LEFT TURN LANES m

Location of
a:b taper

Radius

REFERENCE SECTIONS
401.6.2, 401.6.4

October 2004

INSIDE EXPANDED THROAT WIDTH -W-
RADIUS DESIGN TRAFFIC CONDITION ¥
-R- A _ B C
50 f+t. 3+, 36 f+. 45 1,
5 1. 29 f+. | 33 f+. 38 f+.
100 f+t. 28 ft. 3l ft. 35 f+.
150 f+. 26 1. | 29 f+. 32 ft.
200 f+t. 26 ft. [ 28 ft. 30 f+.
¥ A= mostly 'P* vehicles, some
"SU" trucks
B= sufficient "SU'ftrucks to
govern design, soms
semitrailers
C= sufficlent bus and combi-

nation types to govern
deslign

Generally, A is when T < 5%

B is when T = 5-I0%
C is when T > 0%
T= percentage of

type B and C trucks
In Design ADT



Notes for Figure 401-11 Double Left Turn Lanes

Notice that the single left turn lane at the top of the page has been laterally offset from the through
lanes in order to prevent conflicts between opposing turning paths.

Opposing turning paths should always be checked to ve'rify that there is no conflict (see dimension
HGI'!)-

The double right turn lane design follows the same criteria as the double left turn lane for
expanded throat width.

The pavement width of the receiving lanes for a double left turn at an intersection needs to be
checked to see if design vehicles can complete their turns within the pavement area. This is
especially important where the radius returns are curbed. The use of radius templates is one
method that can be used to check wheel tracking to see if additional pavement area adjacent to
the far return area is needed. If the turning lanes are 12 ft. in width, the following formula is
recommended to estimate a need for widening the pavement at the receiving throat:

F = (W-24)/2

where W is the maximum expanded throat width from the table on Figure 401-11. If the turn
fanes are not 12 ft., use truck turning templates.

The use the following guidelines:
If F < 2.0, no widening is required.
If F = 2.0 through 3.9, use a 40:4 taper.
If F = 4.0 through 5.9, use a 45:6 taper.
If F = 6.0 through 9.0, use a 50:8 taper.
See Figure 503-5 for examples of how these tapers are used at radius returns.

Stop bar locations may need to be adjusted to the inside radius return of the left turn movements.
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501 Interchange Design

501.1 General

An interchange is defined as a system of interconnecting roadways in conjunction with one or more grade
separations that provides for the movement of traffic between two or more roadways or highways on
different levels. Interchanges are utilized on freeways and expressways where access control is
important. They are used on other types of facilities only where crossing and turning traffic cannot be
accommodated by a normal at-grade intersection. An Interchange Justification Study may be necessary.

501.2 Interchange Type
501.2.1 General

The most commonly used types of interchanges are the diamond, cloverleaf and directional.

The diamond interchange is the most common type where a major facility intersects a minor highway. The
design allows free-flow operation on the major highway but creates at-grade intersections on the minor
highway with the ramps. The capacity is limited by the at-grade intersections on the minor highway.
Variations of the diamond interchange include the Tight Urban Diamond Interchange (TUDI) and the
Single Point Urban Interchange (SPUI). The characteristics of the TUDI include closely spaced ramp
intersections, typically within 250 ft [76 m] to 400 ft. [122 m] of each other, with side-by-side left turn lanes
on the minor highway that extend beyond the first ramp intersection. Special signal phasing allows
queuing of vehicles outside the ramp intersections and minimizes queuing of vehicles between the ramp
intersections. The SPUI aligns the left turn movements of the exit ramps opposite one another to form a
single intersection at the center of the grade separation structure. Both SPUIs and TUDIs are more
compact than a standard diamond, but are significantly more costly to construct.

Cloverleaf or partial cloverleaf designs may be used in lieu of a diamond when development or other
physical conditions prohibit construction in a quadrant, or where heavy left turns are involved. A
continuous flow design is required where two major facilities intersect. In this case, a full cloverleaf
interchange is the minimum design that can be used. The designer should consider collector-distributor
roads in conjunction with cloverleaf interchanges to minimize weaving.

However, full cloverleafs have deficiencies which need to be addressed before being chosen as the
interchange type. Principle disadvantages are:

¢ The inherent weaving maneuver generated and the short weaving length available.

e Large trucks may not be able to operate efficiently on the smaller curve radii on the associated
loop ramps.

e Loop ramps are limited in capacity.

When Collector-Distributor roads are not used, a further disadvantage includes weaving on the main line,
the double exit on the main line and problems associated with signing for the second exit.

The full cloverleaf weaving maneuver is not objectionable when the left-turning movements are relatively
light, but when the sum of traffic volumes on two adjoining loops approaches about 1,000 vehicles per
hour, interference occurs, which results in a reduction in the speed of the mainline traffic. On low-volume
full cloverleaf interchanges, the weaving length shown in Figure 503-1a should be provided. When the
weaving volume in a particular weaving section exceeds 1,000 vehicles per hour, the quality of service on
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the main facility deteriorates, generating a need to transfer the weaving section from the through lanes to
a C-D road. For these reasons, full cloverleafs are discouraged.

Directional interchanges are the highest type and most expensive. They permit vehicles to move from
one major freeway to another major freeway at relatively fast and safe speeds.

502 Interchange Design Considerations

502.1 Determination of Interchange Configuration

Interchange configurations are covered in two categories, “system interchanges” and “service
interchanges.” The term “system interchange” is used to identify interchanges that connect two or more
freeways, whereas the term “service interchange” applies to interchanges that connect a freeway to
lesser facilities. Generally, interchanges in rural areas are widely spaced and can be designed on an
individual basis without any appreciable effect from other interchanges within the system. However, the
final configuration of an interchange may be determined by the need for route continuity, uniformity of exit
patterns, single exits in advance of the separation structure, and elimination of weaving on the main
facility, signing potential, and availability of right-of-way. Selecting an appropriate interchange
configuration in an urban environment involves considerable analysis of prevailing conditions so that the
most practical interchange configuration alternatives can be developed. Generally, in urban areas,
interchanges are so closely spaced that each interchange may be influenced directly by the preceding or
following interchange to the extent that additional traffic lanes may be needed to satisfy capacity, weaving
and lane balance. Interchanges should provide for all movements, even when an anticipated turning
movement volume is low.

Once several alternates have been prepared for the system design, they can be compared on the
following principles: (1) capacity, (2) route continuity, (3) uniformity of exit patterns, (4) single exits in
advance of the separation structure, (5) with or without weaving, (6) potential for signing, (7) cost, (8)
availability of right-of-way, (9) constructability, and (10) compatibility with the environment.

502.2 Approaches to the Structure
502.2.1 Alignment, Profile and Cross Section

Traffic passing through an interchange should be afforded the same degree of utility and safety as that
given on the approaching roadways. The design speed, alignment, profile and cross section in the
interchange area should be consistent with those on the approaching highways. Four-lane roadways
should be divided at interchanges with a non-traversable median to ensure that drivers use the proper
ramps for left-turning maneuvers. At-grade left turns preferably should be accommodated within a suitably
wide median.

502.2.2 Sight Distance

Sight distance on the roadways through an interchange should be at a minimum the required stopping
sight distance and preferably should be Decision Sight Distance (Figure 201-6), particularly along
entrances and exits.

The horizontal sight distance limitations of piers and abutments at curves usually present a more difficult
problem than that of vertical limitations. With the minimum radius for a given design speed, the normal
lateral clearances at piers and abutments of underpasses does not provide the minimum stopping sight
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distance. Similarly, on overpasses with the sharpest curvature for the design speed, sight distance
deficiencies result from the usual offset to the bridge railing. Above minimum radii should be used for
curvature on roadways through interchanges. If sufficiently flat curvature cannot be used, the clearances
to abutments, piers or bridge railing should be increased to obtain the proper sight distance, even though
this involves increasing structure spans or widths.

502.3 Interchange Spacing

Interchanges should be located close enough together to properly discharge and receive traffic from other
highways or streets, and far enough apart to permit the free flow and safety of traffic on the main facility.
In general, more frequent interchange spacing is permitted in urbanized areas. Minimum spacing is
determined by weaving requirements, ability to sign, lengths of speed change lanes, and capacity of the
main facility.

Interchanges within urban areas should not be spaced closer than an average of 2 miles [3.2 km], in
suburban sections an average of not closer than 4 miles [6.5 km], and in rural sections an average of not
closer than 8 miles [13 km]. In consideration of the varying nature of the highway, street or road systems
with which the freeway or expressway must connect, the spacing between individual adjacent
interchanges must vary considerably. In urban areas, the minimum distance between adjacent
interchanges should not be less than 1 mile [1.6 km], and in rural areas not less than 3 miles [4.8 km].
Spacing less than this have a detrimental effect on freeway operations.

502.4 Uniformity of Interchange Patterns

Since interchange uniformity and route continuity are interrelated concepts, interchanges along a freeway
should be reasonably uniform in geometric layout and general appearance to provide the appropriate
level of service and maximum safety in conjunction with freeway operations. Except in highly special
cases, all entrance and exit ramps should be on the right.

502.5 Route Continuity

Route continuity is an extension of the principle of operational uniformity coupled with the application of
proper lane balance and the principle of maintaining a basic number of lanes. The principle of route
continuity simplifies the driving task in that it reduces lane changes, simplifies signing, delineates the
through route and reduces the driver’s search for directional signing. Desirably, the through driver should
be provided a continuous through route on which changing lanes is not necessary to continue on the
through route. In maintaining route continuity, interchange configuration may not always favor the heavy
traffic movement, but rather the through route. In this situation, heavy movements can be designed on flat
curves with reasonably direct connections and auxiliary lanes.

502.6 Signing and Marking

The safety, efficiency and clarity of paths to be followed at interchanges depend largely on their relative
spacing, geometric layout and effective signing and marking. The location of and minimum spacing
between ramp terminals depends to a large degree on whether or not effective signing can be provided.
Signing and marking should conform to the OMUTCD.

502.7 Basic Number of Lanes

The basic number of lanes is defined as a minimum number of lanes designated and maintained over a
significant length of a route, irrespective of changes in traffic volume and lane balance needs. (The basic
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number of lanes is a constant number of lanes assigned to a route, exclusive of auxiliary lanes, based on
capacity needs of the section.)

502.8 Coordination of Lane Balance and Basic Number of Lanes

Design traffic volumes and a capacity analysis determine the basic number of lanes to be used on the
freeway and the minimum number of lanes on the ramps. The basic number of lanes should be
established for a substantial length of freeway and should not be changed through pairs of interchanges,
simply because there are substantial volumes of traffic entering or leaving the freeway. There should be
continuity in the basic number of lanes. Auxiliary lanes should be provided for variations in traffic demand.

After the basic number of lanes is determined for each roadway, the balance in the number of lanes
should be checked on the basis of the following principles:

1. At entrances, the number of lanes beyond the merging of two traffic streams should not be less
than the sum of all traffic lanes on the merging roadways minus one, but may be equal to the sum
of all traffic lanes on the merging roadways.

2. At exits, the number of approach lanes on the roadway should be equal to the number of lanes on
the roadway beyond the exit, plus the number of lanes on the exit, minus one. Exceptions to this
principle occur at cloverleaf loop ramp exits that follow a loop ramp entrance and at exits between
closely spaced interchanges. In these cases, the auxiliary lane may be dropped in a single-lane
exit with the number of lanes on the approach roadway being equal to the number of through
lanes beyond the exit plus the lane on the exit.

3. The traveled way of the highway should be reduced by not more than one traffic lane at a time.
502.9 Auxiliary Lanes

An aucxiliary lane is the portion of the roadway adjoining the traveled way for speed change, turning,
storage for turning, weaving and other purposes supplementary to through-traffic movement. An auxiliary
lane may be provided to comply with the concept of lane balance, to comply with capacity needs or to
accommodate speed changes, weaving and maneuvering of entering or exiting traffic.

502.10 Lane Reductions

The basic number of mainline lanes should not be reduced through a “service interchange”. If a reduction
in the basic number of lanes is warranted by a substantial decrease in traffic volume over a significant
length of freeway, then it should be reduced between interchanges. The reduction should occur 2,000 to
3,000 ft. [600 to 900 m] from the end of the acceleration taper of the previous interchange to allow for
adequate signing. The end of the lane reduction should be tapered at a rate of 70:1. The lane reduction
should occur on a tangent section of freeway, preferably within a sag vertical curve, and provide Decision
Sight Distance, Figure 201-6, where possible. The lane reduction should also be on the right side of the
freeway.

502.11 Weaving Sections

Weaving sections are highway segments where the pattern of traffic entering and exiting at contiguous
points of access results in vehicle paths crossing each other. Weaving sections may occur within an
interchange, between closely spaced interchanges or on segments of overlapping routes.
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Because weaving sections cause considerable turbulence which results in a reduction in capacity,
interchange designs that eliminate weaving or remove it from the mainline by the use of C-D roads are
desirable.

The capacity of weaving sections may be seriously restricted unless the weaving section has adequate

length, adequate width and lane balance. Refer to the Highway Capacity Manual for capacity analysis of
weaving sections.

503 Interchange Ramp Design

503.1 General

An interchange ramp is a roadway which connects two legs of an interchange. Ramp cross section
elements are discussed in Section 303.1. Elements contributing to horizontal and vertical alignments are
designed similar to any roadway (Section 200) once the ramp design speed has been determined.

503.2 Ramp Design Speed

In order to design horizontal and vertical alignment features, a design speed must be determined for each
ramp. Since the driver expects a speed adjustment on a ramp, the design speed may vary within the
ramp limits. Figure 503-1 includes three ranges of ramp design speeds which vary with the design speed
of the mainline roadway. The ramp design speed range is determined by engineering judgment based on
several conditions:

1. The type of roadways at each end of the ramp and their design speeds,

o

The length of the ramp,
3. The terminal conditions at each end, and
4. The type of ramp (diamond, loop or directional).

Design exceptions will be required for speed related design criteria that do not meet the following:
e For directional ramps (roadways) that do not provide the minimum design speed given in Section
503.2.3.
e Forloop ramps on high-speed roadways that do not provide a minimum design speed of 25 mph
(150-ft radius)[ 40 km/h (50 m radius)].
e For all other ramps that, at a minimum, do not provide the lower range design speed of Figure
503-1.

503.2.1 Diamond Ramp Design Speeds

Diamond ramps normally have a high speed condition at one end and an at-grade intersection with either
a stop or slow turn (15 mph, [25 km/h]) condition at the other. Upper to middle range design speeds in
Figure 503-1 are normal near the high speed facility with middle to lower range design speeds usually
used closer to the at-grade intersection.

503.2.2 Loop Ramp Design Speeds

Loop ramps may have a high speed condition at one end and, either a slow or high speed condition at the
other. Loop ramps, because of their short radius, usually have design speeds in the lower range in the
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middle and slow speed end of the ramp with middle range design speeds occasionally used nearer the
high speed terminal. For design speeds, see Figure 503-1. The minimum loop ramp radius is 150 feet
(50 m).

503.2.3 Directional Ramp Design Speeds

Directional ramps (roadways) generally have high speed conditions at both ends. They are normally
designed using a design speed falling into the upper range of Figure 503-1. The absolute minimum
should be the middle range design speeds.

503.3 Vertical Alignment

Maximum grades for vertical alignment cannot be as definitely expressed as for the highway, but should
preferably not exceed 5 percent. General values of limiting upgrades are shown in Table 503-1, but for
any one ramp the grades to be used are dependent upon a number of factors. These factors include the
following:

1. The flatter the gradient on the ramp relative to the freeway grade, the longer the ramp will be.

2. The steepest grades should occur over the center part of the ramp. Grades at the terminal ends
of the ramp should be as flat as possible.

3. Short upgrades of 7 to 8 percent permit good operation without unduly slowing down passenger
cars. Short upgrades of as much as 5 percent do not unduly affect trucks and buses.

4. Ramp grades and lengths can be significantly impacted by the angle of intersection between the
two highways when the angle is 70 degrees or less. The direction and grade on the two highways
may also have a significant impact.

5. Adequate sight distance is more important than a specific gradient control and should be favored

in design.
Table 503-1
Maximum Ramp Upgrades
Ramp Design Speed 25-30 mph 35-40 mph 45 mph and above
[40-50 km/h] [55-65 km/h] [70 km/h and above]
Desirable Grade (%) 5 4 3
Maximum Grade (%) 7 6 5

Note: Downgrades may exceed the table values by 2%, but should not exceed 8%.

503.4 Horizontal Alignment

Horizontal alignment will be largely determined by the selected design speed and type of ramp. The
horizontal alignment criteria found in Section 202 shall also apply to ramps. Check that the required
horizontal stopping sight distance is provided. Use the allowed skew at the ramp terminal at-grade
intersection to minimize curvature.

Depending on the design speed and curvature, curve widening may be required on a two-lane ramp. See

Section 301.1.3 and Figure 301-5c. The WB-62 [WB-19] design vehicle should be used for Interstate
ramps.

October 2011 5-6



500 Interchange Design

503.5 Ramp Terminals

The terminal of a ramp is that portion adjacent to the through traveled way, including speed change lanes,
tapers and islands. Ramp terminals, as opposed to diverging roadways, require speed change lanes.
Ramp terminals may be the at-grade type, as at the crossroad terminal of diamond or partial cloverleaf
interchanges, or the free-flow type where ramp traffic merges with or diverges from high-speed through
traffic at flat angles. Terminals are further classified as either single-lane or multi-lane and as either a
taper or parallel type.

503.5.1 General Considerations

While interchanges are custom designed to fit specific site conditions, it is desirable that the overall
pattern of exits along the freeway have some degree of uniformity. It is desirable that all interchanges
have one point of exit located in advance of the crossroad wherever practical.

Because considerable turbulence occurs throughout weaving sections, interchange designs that eliminate
weaving entirely or at least remove it from the mainline are desirable. Weaving sections may be
eliminated from the mainline by the incorporation of C-D roadways or grade separating the ramps
(braiding).

Interchanges that provide all exit movements before any entrance movements will also eliminate weaving
and are highly recommended.

503.5.2 Left-hand Entrances and Exits

Left-hand entrances and exits are contrary to the concept of driver expectancy when intermixed with right-
hand entrances and exits. Therefore, extreme care should be exercised to avoid left-hand entrances and
exits in the design of interchanges. Because they are contrary to driver expectancy, special attention
should be given to signing and the provision for decision sight distances to alert the driver an unusual
condition exists.

503.5.3 Distance Between Successive Ramp Terminals

In urban areas ramp terminals are often located in close succession. To provide sufficient weaving length
and adequate space for signing, a reasonable distance should be provided between successive ramp
terminals. Spacing between successive outer ramp terminals is dependent on the classification of the
interchanges involved, the function of the ramp pairs (entrance or exit), and weaving potential. Minimum
spacing for various ramp combinations are shown in Figure 503-1a.

Where an entrance ramp is followed by an exit ramp, that absolute minimum distance between the
successive noses is governed by weaving considerations. This spacing is not applicable to cloverleaf
interchanges as the distances between entrance-exit ramps noses is dependent on loop ramp radii and
other factors. When the distance between successive noses is less than 1,500 ft. [450 m] the speed
change lanes should be connected to provide an auxiliary lane to improve traffic flow over a relatively
short section of the freeway.

503.6 Single-Lane Ramp Terminals

This discussion is limited to terminals used for single-lane entrance and exit ramps only. See Section
505 for multi-lane transitions. Ohio’s standards currently permit a parallel exit terminal and tapered
entrance terminal.
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503.6.1 Terminal Classification

Ohio uses two basic ramp terminal classifications.

High-Speed Terminals (See Figures 503-2a, 503-2b and 503-2c, along with Figures 503-3a, 503-3b
and 503-3c) - High-Speed terminals are intended for use on all Interstate highways and on other limited
access freeways or expressways having similar design standards and a minimum design speed of 50
mph [80 km/h].

Low-Speed Terminals (See Figures 503-4a and 503-4b) - Low-Speed terminals (design speeds of 45

mph [70 km/h] or less) are intended for use on all other limited access expressways or other highways

which have little or no access control except through an interchange area. Many of the features of Low-
Speed terminals are applicable to a terminal of one ramp with another ramp. Low Speed terminals are
also used with Low-Speed C-D Roads.

503.6.2 Single-Lane Entrance Terminals

503.6.2.1 High-Speed

The typical single-lane entrance terminal consists of two parts, an acceleration lane and a taper. The
acceleration lane allows the entering vehicle to accelerate to the freeway speed and evaluate gaps in the
freeway traffic. The taper is provided for the entering vehicle to merge into the chosen gap in freeway
traffic. The minimum taper rate is 50:1.

The length of the acceleration lane varies depending on the design speed of the last ramp curve on the
entrance ramp and the design speed of the mainline. Figure 503-2a provides the minimum lengths of
acceleration lanes for entrance ramp terminals. When the average grade of the acceleration lane exceeds
3%, the acceleration length obtained from Figure 503-2a should be adjusted by the factor obtained from
Figure 503-2b. The acceleration lane length is measured from the last entrance ramp curve point (PT or
CS) to the point where the right edge of the ramp is 12 feet [3.6 m] from the right edge of the through lane
of the freeway. Figure 503-2c illustrates the typical design of a single-lane entrance ramp terminal.

Referring to Figure 503-2¢, when the required acceleration length (L from Figure 503-2a, adjusted to
grade, Figure 503-2b) is less than the acceleration length provided by the 200 ft. [60 m] spiral plus 650 ft
[200 m] of the 50:1 taper, then a parallel acceleration length is not required and the terminal becomes the
minimum acceptable design consisting of the 200 ft. [60 m] spiral and the 1,250 ft. [380 m] 50:1 taper.

503.6.2.2 Low-Speed

Figure 503-4a provides the Low-Speed Entrance Terminal designs for design speeds equal to or less
than 45 mph [70 km/h].

503.6.3 Single-Lane Exit Terminals
503.6.3.1 High-Speed

The typical single-lane exit terminal consists of two parts, a taper for maneuvering out of the through
traffic lane and a deceleration lane to slow to the speed of the first curve on the ramp. All deceleration
should occur on the full width deceleration lane and not on the mainline or the taper.

The length of the deceleration lane varies depending on the design speed of the mainline and the design
speed of first geometric control on the exit ramp, usually a horizontal curve but could be the stopping
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sight distance on a vertical curve or the back of an anticipated traffic queue. Figure 503-3a provides the
minimum lengths of deceleration lanes for exit ramp terminals. When the average grade of the
deceleration lane exceeds 3 percent, the deceleration length obtained from Figure 503-3a should be
adjusted by the factor obtained from Figure 503-3b. The deceleration lane length is measured from the
point where the taper reaches a width of 12 feet [3.6 m] to the first point that governs the design speed of
the exit ramp, usually the PC of the first curve. Figure 503-3c illustrates the typical design of a single-lane
exit ramp terminal.

The minimum deceleration length (Figure 503-3a) adjusted to grade (Figure 503-3b) shall be 800 ft. [245
m].

503.6.3.2 Low-Speed

Figure 503-4b provides the Low-Speed Exit Terminal design for design speeds equal to or less than 45
mph [70 km/h].

503.6.4 Superelevation at Terminals

Superelevation at ramp terminals should be developed using the following guidelines:

1. The rate of superelevation at the entrance and exit nose shall be selected on the basis of the
design speed of the ramp at the nose.

2. All transverse changes or breaks in superelevation shall be made at joint lines (See Standard
Construction Drawing BP-6.1). In the case of bituminous pavement, the superelevation breaks
should occur in the same locations as they would in concrete pavement.

3. For High-Speed terminals, the transverse breaks in superelevation cross-slope shall not exceed a
differential of 0.032 at the mainline pavement edge or 0.050 at other locations. If a double break
occurs on longitudinal joints less than 6 ft. [1.8 m] apart, it shall not exceed a total differential of
0.032, if adjacent to the mainline, or 0.050 elsewhere. On Low-Speed terminals the transverse
breaks in superelevation cross-slope shall not exceed a differential of 0.05 to 0.06.

4. For High-Speed terminals, the rate of rotation of a superelevated ramp pavement or speed
change lane pavement shall be in accordance with Section 202.4.

5. Where possible, the terminal area pavement and shoulder should slope away from the mainline
pavement so that a minimum amount of water drains across the mainline pavement.

503.6.5 Terminals on Crest Vertical Curves

Mainline crest vertical curves in the vicinity of ramp terminals should be designed using decision stopping
sight distances. Where a crest vertical curve occurs on an exit ramp at or near the nose, the crest vertical
curve should be designed using the "upper range" design speeds of Figure 503-1.

503.7 Ramp At-Grade Intersections

Ramp at-grade intersections are designed using much of the same criteria as outlined in Section 401
(the normal design vehicle for Interstate ramps is the WB-62 [WB-19]). However, one of the basic
differences is the one-way nature of ramps and the fact that most traffic at ramp intersections is turning.
Figure 503-5 shows the design of a typical uncurbed ramp intersection. Curbed returns are normally
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used in urban areas where space is more restricted. Intersection Sight Distance, Section 201.3, should
be provided at all ramp at-grade intersections.

Exit ramps may require multiple lanes at the crossroad intersection to provide additional storage and

capacity. Figure 503-5a illustrates alternate ways to transition from a single lane exit ramp to two lanes.
The additional lane is usually provided for the minor movement.

504 Collector - Distributor (C-D) Roads

504.1 Use of C-D Roads

The reason for using C-D Roads is to minimize weaving problems and reduce the number of conflict
points (merging and diverging) on the mainline. C-D Roads may be used within a single interchange,
through two adjacent interchanges, or continuously through several interchanges.

504.2 Design of C-D Roads

When a C-D Road is provided between interchanges, a minimum of two lanes should be used. Either
one or two lanes may be used on C-D Roads within a single interchange. The cross section elements for
one and two lane C-D Roads should be in accordance with the one lane and two lane directional
roadways shown in Figure 303-1. The design speed of a C-D Road should normally be the same as the
mainline design speed but may be reduced by not more than 10 mph [15 km/h].

The separation between the mainline and C-D Road pavements should be designed to prevent, or at
least discourage, indiscriminate crossovers. As a minimum, the separation should be wide enough to
provide normal shoulder widths for both the mainline and C-D Road roadways plus a suitable median.
Normally, a standard concrete barrier median is used since C-D Road separation often involves
obstructions such as bridge parapets, piers or overhead sign supports. There may be isolated cases
where a lesser type median may be used.

504.3 C-D Road Entrance and Exit Terminals

Figure 504-1 shows both Low-Speed and High-Speed C-D Road entrance terminals. Three exit terminal
lane conditions are shown on Figure 504-2. These terminal designs are to be applied to highways using
High-Speed exit terminals.

Superelevation at C-D Terminals shall be developed similar to that described in Section 503.6.4.

505 Multi-lane Ramp & Roadway Terminals and Transitions

When two roadways converge or diverge, the less significant roadway should exit or enter on the right.
Left-hand exits or entrances are contrary to driver expectancy and should be avoided wherever possible.
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505.1 Multi-lane Entrance Ramps and Converging Roadways

505.1.1 General

Figure 505-1a shows the design to be used for multi-lane entrance ramps and converging roadways.
Converging roadways are defined as separate and nearly parallel roadways or ramps which combine into
a single continuous roadway or ramp having a greater number of lanes beyond the nose than the number
of lanes on either approach roadway. (Single-Lane Entrance Terminals should be used in lieu of
Converging Roadway drawings when a speed change lane is required.)

Figure 505-1b shows the specific design to be used for two-lane High-Speed entrance ramps.

High-Speed Converging Roadways should be used when either or both of the Converging Roadways are
mainline roadways of an expressway or freeway or if the design speed of converging directional ramps is
50 mph [80 km/h] or higher. Low-Speed Converging Roadways should be used at the convergence of
directional ramps within an interchange or at the convergence of interchange ramps with non-limited
access roads or streets where design speeds are 45 mph [70 km/h] or lower.

505.1.2 Lane Balance and Continuity

In order to avoid inside merges, the number of mainline lanes plus converging lanes approaching the
nose must be equal to the resultant number of lanes leaving the nose. To make this possible, it is often
necessary to carry additional mainline lanes past the nose for an adequate distance prior to tapering back
to the desired number of lanes. These details are shown in Figure 505-1a.

505.1.3 Inside Merges

When using a taper type of multilane entrance ramp an “inside merge” is created with traffic traveling on
both sides of the merging lanes. If either vehicle involved with the merging movement abandons the
merge, traffic in the adjacent lanes could prevent the merging vehicles from escaping to the adjacent
lanes. By contrast, the parallel type multilane entrance ramp, as shown in Figure 505-1a, allows the
merging vehicle to escape to the right shoulder without any interference. For the above reasons, inside
merges are not desirable.

505.1.4 Preferential Flow

On Figure 505-1a, one roadway in each design is labeled PREFERENTIAL FLOW. This indicates the
more important of the two approaching traffic flows. In selecting the preferential flow a designer must
consider the effect of traffic volumes, number of lanes, sign route continuity and importance, vehicle
speeds and roadway alignment. Lanes carrying the preferential flow are given the higher design
treatment. When it is necessary to reduce a number of converging lanes or where an angular change in
direction must occur, the design should favor the preferential flow.

505.1.5 Horizontal Curvature

Horizontal curves of roadways approaching the terminal nose should conform to mainline roadway criteria
in the case of mainline roadways and to ramp entrance terminal criteria in the case of ramps.
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505.1.6 Crest Vertical Curves

Crest vertical curves on constant-width roadways approaching the merging nose should be designed to
provide sight distance consistent with the design speed of the roadway.

Crest vertical curves from the merging nose forward to a point where pavement convergence ceases and
to the converging portion of an approaching roadway where the number of lanes is being reduced in
advance of the nose should be designed using the decision stopping sight distance shown in Figure 201-
6. (See Figure 505-1a.)

When design speeds differ on approaching roadways, the higher of the two design speeds shall be used
in designing the crest vertical curve beyond the merging nose.

505.1.7 Superelevation and Joint Location

Reference shall be made to Section 503.6.4 for superelevation requirements.

Longitudinal joints should be located so they will coincide with and define the lane lines. Reference
should be made to Standard Construction Drawing BP-6.1 for type and location.

505.2 Multi-lane Exit Ramps and Diverging Roadways
505.2.1 General

Figure 505-2a shows the general design for multi-lane exit ramps and diverging roadways. A diverging
roadway is defined as a single roadway which branches or forks into two separate roadways without the
need of a speed change lane.

Figure 505-2b shows the specific design to be used for two-lane High-Speed exit ramps.
Figure 505-2¢ shows examples of designs for diverging roadways.

High-Speed Diverging Roadways should be used when either or both the diverging roadways are
mainline roadways of an expressway or freeway or at the divergence of high-speed directional ramps
within an interchange. Low-Speed Diverging Roadways should be used at the divergence of low-speed
directional ramps within an interchange or at the divergence of ramps with non-limited access roads or
streets.

505.2.2 Lane Balance and Continuity

In order to have lane continuity, the number of mainline lanes leaving the diverging nose must be equal to
the number of mainline lanes approaching the nose. The total number of lanes leaving the diverging
nose (mainline lanes plus diverging lanes) must be one greater than the total number of lanes
approaching the nose to obtain lane balance. The purpose for obtaining lane continuity and lane balance
is to avoid a drop lane situation. See Figures 505-2a and 505-2b.

It may be necessary to obtain this lane balance by adding additional lanes upstream from the diverging
nose. The length of each additional lane should be 2,500 ft. [750 m] and should be introduced using a 0
to 12 ft. [3.6 m] taper with a length of 100 ft. [30 m] as shown on Figure 505-2b for the approach roadway
class and design speed.
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-
There may be conditions off the mainline, such as on Collector-Distributor Roads or within interchanges,

where lane balance and continuity is less important. In such cases, the non-mainline roadway design on
Figures 505-2a and 505-2b may be used.

505.2.3 Terminal Design

The design of diverging roadway terminals is determined by the class and the design speed of the
approach roadway, and is based on the neutral gore length "L" and the nose width "N" (See Figure 505-
2a).

Table A on Figure 505-2a lists length "L" and nose width "N" for various design speeds in diverging

roadway classes. The "N" dimension should be exact, but the "L" dimensions may vary slightly from the
Table A value.

505.2.4 Horizontal Curvature

Table B on Figure 505-2a lists recommended values for the curve differential between the outer
pavement edges of diverging roadways. These values apply only when the alignment between the
diverging nose and the PC of the diverging curvature is on tangent or simple curvature.

When compounded or spiral curvature is used in the diverging area, it will be necessary to design

diverging roadway alignments individually to provide the proper "L" and "N" for the approach roadway
Class and design speed.

505.2.5 Crest Vertical Curves

When a diverging nose is located on a crest vertical curve, this vertical curve shall be designed using the
design speed of the approach highway and decision stopping sight distance from Figure 201-6.

505.2.6 Superelevation and Joint Location

The superelevation rate will be based on the design speed of the approach roadway. Reference should
be made to Section 503.6.4 for other superelevation requirements.

Longitudinal joints should be located so they will define the lane lines. Reference should be made to

Standard Construction Drawing BP-6.1 for type and location. The joints in the gore area should be
located to facilitate superelevation and pavement grading.

505.3 Four Lane Divided to Two Lane Transition

Figure 505-3 shows a reversed curve design (Types A and B) a tapered design (Type C) and a design
for a transition on a curve (Type D). The pavement transition should be located in an area where it can
easily be seen. Intersections or drives should be avoided in the transition area. Vertical or horizontal
curves should provide decision stopping sight distance.

Reverse curve transitions should normally be used for median widths of 20 ft. [6 m] or wider.

Taper lengths are calculated as shown in Section 401.6.1.
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506 Service Roads

506.1 Use of Service Roads

Service roads (frontage roads) are used to enhance capacity on the mainline, control access, serve
adjacent properties, or maintain traffic circulation. They permit development of adjacent properties while
preserving the through character of the mainline roadway. Service roads may be either one-way or two-
way, depending on where they are located and the purpose they are intended to serve.

506.2 Design of Service Roads

Although the alignment and profile of the mainline may have an influence, service roads are generally
designed to meet the specific criteria based on functional classification (usually "local"), traffic volumes,
terrain/locale and design speed. Two features, however, are unique to service roads and are further
discussed below. They are (1) the separation between the service road and mainline and (2) the design
of the crossroad connection.

The further the service road is located from the mainline, the less influence the two facilities will have on
each other. A separation width that exceeds the clear zone measurement for each roadway is desirable.
However, the separation should be at least wide enough to provide normal shoulder widths on each
facility plus accommodate surface drainage and a suitable physical traffic barrier. Glare screen is
desirable to screen headlights when the service road is two-way.

At crossroads, the distance between the mainline and service road becomes extremely critical. This
distance should be great enough to provide adequate storage on the approaches to both the mainline and
service road. The recommended minimum distance between the mainline and service road edges of
pavement is 150 ft. [45 m] in urban areas and 300 ft. [90 m] in rural areas. In addition, the designer
should check the adequacy of stopping sight distance on the crossroad as well as intersection sight
distance at the frontage road.

Since service roads are normally maintained by local governmental agencies, the pavement design
should either meet, or exceed, that required by the maintaining agency.

550 Requests for New or Revised Access - Interstate
Highways or Other Freeways

550.1 General

Control of access on the Interstate and other freeway systems is considered critical to providing the
highest quality of service in terms of safety and mobility. This section provides guidance for the
preparation and processing of access point requests in relation to new and existing interchanges on the
Interstate and other freeway systems in accordance to Federal Code 23 U.S.C. 111 and FHWA Policy —
Access to the Interstate System (Federal Register: August 27, 2009, Volume 74, Number 165). See
Appendix A for a copy of the policy.

The documentation required depends on the type of change requested - new or revised.
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New Access is the addition of a point of access where none previously existed. This includes the
construction of an entirely new interchange such that it will result in additional points of access or
additional ramps to existing interchanges. As an example, the reconstruction of an existing diamond
interchange to a full cloverleaf interchange would add four new points of access.

Revised Access is the revision of existing ramps or crossroads within the limited access area such that
the number of access points will remain the same but the operation and/or safety of the Interstate/freeway
system may be affected. The changing of a cloverleaf interchange to a fully directional interchange, the
adding of turn lanes at crossroad-ramp intersections, the adding of through lanes on the crossroad
through an interchange, or the widening of a single lane entrance ramp to two lanes are considered
examples of revised points of access.

New or revised access point requests require the preparation and processing of an Access Point Request
Document. Generally, a new access requires an Interchange Justification Study (IJS), and a revised
access requires an Interchange Modification Study (IMS).

550.2 Access Point Request Document

The degree of complexity of the Access Point Request Document will vary depending on the character of
the location (urban or rural) and/or whether the change involves a revised access point, a new access
point at an existing interchange, or an entirely new interchange location. The following is a list of items
which must be addressed in the justification study for a new or revised access on the Interstate/freeway
system:

1. Adequate documentation that the existing access points and/or local roads are unable to handle
the design year traffic demands while providing the access intended by the proposal, or be
improved to do so, if the new or revised access is not provided. If the request involves a new
access point, and particularly an interchange at a new location, a comprehensive description of
the public need for the access must be included. A justification based on enhanced property
values or access to private facilities will not be accepted.

2. Assurance that all reasonable alternatives for design options, location, and transportation system
management type improvements (such as ramp metering, mass transit, and HOV facilities) have
been assessed and provided for if currently justified, or provisions are included for
accommodating such facilities if a future need is identified.

3. Evidence that the proposed new or revised access does not have significant adverse impact on
the safety and operation of the Interstate/freeway system. The analysis must address design
year traffic with and without the new or revised access point (build vs. no-build). Design year
traffic must reflect future land use changes and associated trip generations. Traffic projections
must be prepared by, or certified by, the Office of Technical Services. If stage construction is
contemplated, certified opening day traffic must also be used in the analysis to determine what
improvements are required on opening day, and when others are needed over the life of the
project.

Requests involving new access points or revised access points must use 20 year design traffic
projected from the opening day of the interchange.

The level-of-service (LOS) of the Interstate/freeway system and the interchange components that
are built new or modified should generally provide a LOS C, except certain cases in the MPO’s
Boundary where LOS D may be acceptable (Refer to ODOT Policy No. 322-002(P), Policy for
Applying Level-of-Service and Volume-to-Capacity Ratio in the Transportation Development
Process).
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The proposed Interstate/freeway interchange or improvements cannot have a significant adverse
impact on the safety and operation of the Interstate/freeway facility based on an analysis of
design year traffic. Significant impact is defined as lowering the LOS one or more levels from the
no-build condition, unless the resulting build LOS meets new design criteria specified in the
previous paragraph. If the no-build LOS is F, or if the LOS is reduced, degradation is not
assumed to occur unless the build traffic volume is greater than 2% more than the no build traffic
volume in the peak hour of the design year using constrained traffic. If the traffic volume increase
is greater than 2 percent, the project will not be permitted unless mitigative measures are
included to either restrain vehicles from entering the freeway (i.e., ramp metering), or additional
capacity is provided on the freeway to restore the LOS. ODOT and FHWA will decide what
mitigative measures, if any, will be allowed.

The operational analysis shall, particularly in urban areas, include an analysis of sections of
Interstate/freeway to and including at least the first adjacent existing or proposed upstream and
downstream interchange. The analysis shall extend to at least where the no-build and build LOS
are equal. Crossroads and other roads and streets shall be included in the analysis to the extent
necessary to assure their ability to collect and distribute traffic to and from the interchange with
new or revised access points. New interchanges must include analysis of the local street system
to the extent that local road system improvements can be compared as an alternative to
constructing a new interchange. Maps and/or diagrams should be provided as needed to clearly
describe the location and study limits of the proposal.

For requests involving entirely new interchanges, the study should include a discussion of the
distance to, and size of, communities to be served by the new interchange. An examination of
proper interchange spacing must also be included.

4. Assurance that the new or revised access connects to a public road and is part of a configuration
that provides for all traffic movements. Less than “full interchanges” for special purpose access
for transit vehicles, for HOV’s, or into park and ride lots may be considered on a case-by-case
basis. Proposed design must meet or exceed current design standards.

5. The proposal considers and is consistent with local and regional land use and transportation
plans. Prior to final approval, all requests for new or revised access must be consistent with the
metropolitan and/or statewide transportation plan, as appropriate, the applicable provisions of 23
CFR part 450 and the transportation conformity requirements of 40 CFR parts 51 and 93.

The request should include a statement and analysis of compatibility with, and the effect on, the
local road network. Letters of support and commitment are required from the state and other
sponsoring agencies for any required street or road improvements as well as for the access point.

6. In areas where the potential exists for future multiple interchange additions, all requests for new
or revised access are supported by a comprehensive Interstate/freeway network study with
recommendations that address all proposed and desired access within the context of a long-term
plan.

7. Evidence that the request for the new or revised access generated by new or expanded
development demonstrates appropriate coordination between the development and the
necessary transportation improvements. A discussion of potential funding sources, if known,
should be included.

8. The request for new or revised access contains information relative to the planning requirements
and the status of the environmental processing of the proposal.
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The Access Point Request Document should only be performed for the preferred alternative, however a
discussion of feasible alternatives should also be included in the study. The preferred alternative will
comply to all State and FHWA design requirements, including but not limited to: interchange spacing,
interchanges to provide for all traffic movements to and from the freeway, not allowing lanes to drop into
private facilities, not allowing intersections (driveways or streets) to intersect ramps (except in special
cases such as facilities for utilities).

In some cases, a Preliminary Access Point Request Document may be beneficial if it is suspected that a
project would result in degradation to the freeway. The purpose of a Preliminary Access Point Request
Document is to limit the risk of funding a IMS or IJS only to find that degradation would result to the
Interstate/freeway and the project would not be approved. The preliminary document is simply an
operational analysis using either preliminary or certified traffic to determine the effects on the
Interstate/freeway mainline. There is no prescribed format for a preliminary study, nor is a preliminary
study “approved” by any agency. It is simply a report to provide a comfort level of what impacts would be
associated with an IJS or IMS. Preliminary Access Point Request Documents are particularly useful to
determine mainline Interstate/freeway impacts of new interchanges.

The development of an Access Point Request Document should be performed in accordance with the
ODOT Project Development Process (PDP). However, care should be taken not to apply the PDP rigidly
where Access Point Request Documents are concerned. Many projects are unique and demand flexibility
in the application of the PDP. The phases in which work is done should be established during the
project’s scope.

An IJS/IMS Report Outline and Requirement Checklist are contained in Appendix A.

550.2.1 Safety Improvements on Interstate or Other Freeways

Safety improvements eligible for this process are defined as low to medium cost solutions that address an
identified “spot” safety problem. The LOS provisions of 550.2 do not apply except that the LOS should
not be degraded over the no-build condition in the design year. All other provisions of 550.2 still apply,
including the IMS report to support the analyses. To determine degradation, the individual operational
components shall be analyzed, but evaluated for acceptance within the context of the overall affected
system. Though a single operational component could experience incremental degradation, the overall
system should improve or essentially remain the same. For a safety improvement to qualify under this
section, the following criteria must be met:

1. The project purpose and need is primarily to address “spot” safety problems. The purpose
and need may not include operational performance or economic development objectives.

2. The location has separate independent utility from all other improvements

3. Any potential longer term solution which would provide LOS C would take 5 or more years to
implement.

4. No major rehabilitation or reconstruction is planned for 5 or more years. Other work (e.g.,
routine maintenance or minor rehabilitation) may be done within the 5 year window as long as
it does not substantially replace the base pavement and/or reconfigure the facility.

5. The location is a spot location (defined as a ramp, intersection, merge/diverge point, weave,
or mainline section not to exceed one mile).

6. The location planning level cost estimate is less than $5 million total (low to medium cost
measures) for all phases of project development (i.e. preliminary engineering, detail design,
right of way and construction).
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550.3 Study Methodology
550.3.1 General

One of the primary objectives of an Access Point Request Document is to determine if additional traffic
enters the Interstate/freeway in the build versus the no-build case, and if traffic does increase, does it
degrade the operation of the Interstate/freeway. In cases of new interchanges or new access points, the
new roadway and connections will generally result in changed traffic patterns from the no-build case. In
the case of revised access projects, the build and no-build traffic volumes may be identical. In these
cases, it is important to understand the concept of constrained traffic.

550.3.2 Constrained Traffic

In many cases, the purpose of a project is to alleviate traffic congestion at an interchange, possibly due to
over saturated ramp terminal intersections or inadequate ramp capacity. In these cases, the proposed
solution generally includes capacity improvements such as turn lanes or additional through lanes
intended to remove the geometric constraint, or “bottleneck”. In order to determine the real-world effect of
the proposed improvement on the Interstate/freeway, traffic analysis tools such as the Highway Capacity
Manual (HCM) or the Highway Capacity Software (HCS) must be used to find which movements entering
the Interstate/freeway are over saturated in the no-build configuration. For over saturated movements,
the demand volume should be divided by the volume-to-capacity (V/C) ratio of that movement to
determine the actual, or constrained, flow volumes to be used in the downstream merge and mainline
LOS calculations. The difference between the no-build constrained traffic flow and the build (typically
unconstrained) traffic flow is the increase of traffic volume entering the Interstate/freeway. Refer to
Example 550-1 at the end of the section for a sample problem using the constrained traffic methodology.

550.3.3 Delay Balancing

When performing capacity analysis for intersections, approach delay should be balanced between the
worst of the north-south approaches and the east-west approaches. This provides a common basis for

comparison between the no-build and build alternatives. For design software and guidance see Appendix
C.

550.3.4 Diagrams and Plans

The Access Point Request Document should contain diagrams and plans as needed (as applicable) to
indicate: project limits, adjacent interchanges, proposed interchange configuration, travel lanes and

shoulder widths, ramps to be added, ramps to be removed, ramp radii, ramp grades, acceleration lane
lengths, deceleration lane lengths, taper lengths, auxiliary lane lengths, and collector/distributor roads.

550.4 Environmental Studies
550.4.1 Environmental Overview

Documentation of an initial overview or impact to the environment as a result of the access point is
required as part of the request package. The agency sponsoring the access request is required to
perform the overview and provide documentation in accordance with ODOT and FHWA procedures. The
overview must cover: literature searches of historic, prehistoric and architectural resources; literature
searches of aquatic/terrestrial, wetlands and endangered species; a literature/record search of
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solid/hazardous waste sites; potential involvement of 4(f) lands; air quality implications; and any other
related special social, economic or environmental impacts. Depending on the magnitude of
environmental impacts, additional studies may be required.

For new interchanges, major modifications to existing interchanges, or any interchange modification
involving significant new right-of-way, a Red Flag Summary Report should be included in the IJS or IMS.
Refer to ODOT’s Project Development Process, Appendix H, for the Red Flag Summary form.

550.4.2 Environmental Document

A project-specific environmental document is required as part of the normal project development process
after approval of the access point. There may be cases, however, where it would be desirable to initiate
the environmental studies prior to, or during preparation of, the access point request study. The
collection of field data for historic/prehistoric and biological studies is seasonally controlled. Depending
on the timing, there could be much to gain by working on the environmental document concurrently with
the access point study.

An environmental document is required for a new access request. This could be an Environmental
Impact Statement (EIS), Environmental Assessment (EA), or a Categorical Exclusion (CE). For revised
or modified access requests, a CE will usually be the appropriate level of NEPA conformity.

Since the final environmental document will normally be completed after access point approval, it is
possible that the document could identify an environmental concern which could cause the approval of
the access point to be reassessed.

For new interchanges or major modifications to existing interchanges, an Assessment of Feasible
Alternatives should be submitted to ODOT prior to initiation of the Access Point Request Document. The
report should include all known environmental impacts, right-of-way impacts, operational comparison, and
costs for each feasible alternative. The report should provide a summary table listing all the comparison
data. The report will be used in determining the preferred alternative that will be carried forward into the
Access Point Request Document (1JS or IMS).

550.5 Review Process

All requests are to be sent to the Office of Roadway Engineering (two copies for non-Interstate freeways,
three copies for Interstate freeways) with two copies to the ODOT District Office. The Office of Roadway
Engineering will be responsible for coordination with the Federal Highway Administration for studies
involving Interstates.

The Office of Roadway Engineering will review and has approval authority for Access Point Request
Documents involving non-Interstate freeways. For Interstates, the Office of Roadway Engineering will
also review and approve the Access Point Request Document, and if acceptable, will be forwarded to
FHWA with a request for their approval. If the environmental document has not been completed,
approval will be conditional on acceptance of the environmental document.
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503-1E

RAMP DESIGN SPEED GUIDE s

503.2
RAMP MAINLINE DESIGN SPEED (mph)
DESIGN
SPEED
(mph) 30| 35 | 40 | 45 | 50 | 55 | 60 | 65 | 70

UPPER RANGE | 25 30 35 40 45 48 50 55 60

MIDDLE RANGE| 20 25 30 33 35 40 45 45 50

LOWER RANGE| I5 18 20 23 25 28 30 30 35

Note: Ramp design speeds do not pertain to the ramp terminals.
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MINIMUM ACCELERATION LENGTHS 503-2aE

FOR HIGH-SPEED ENTRANCE TERMINALSesrerencesecrion

WITH FLAT GRADES OF 2/ OR LESS 503.6.2
Mainline . .
) Acceleration length, L (ft) for design
Design Speed, speed of last ramp curve, Vr (mph)
V (mph) !
Stop 15 20 25 30 35 40 45 50
50 720 660 610 550 450 350 130 - -
55 960 800 810 780 670 550 320 150 -
60 1200 1140 1100 1020 910 800 550 420 180
65 1410 1350 1310 1220 1120 1000 770 600 370
70 1620 | 1560 | 1520 | 1420 | 1350 | 1230 | 1000 820 580
Mainline Design Speed (V)
/:f |m 50:1 Taperﬁ
w ~
Last Ramp Curve 12

Design Speed (Vr)
Acceleration Length, L (ft) *#

## The Acceleration Length, L, Shall Be Adjusted
For Grade With Figure 503-2b.

October 2004



HIGH-SPEED ENTRANCE TERMINAL 503-2bE
ADJUSTMENT FACTORS AS A REFERENCE SECTION

FUNCTION OF GRADE 503.6.2
De.g;:tng;Ze d Ratio of length on grade to length on level for design
(mph) speed of last ramp curve (mph)¥*
20 25 30 35 40 45 50 All Speeds
3 to 4% upgrade dngoarjﬁL
50 1. 30 1. 35 1.40 1.40 .40 - - 0.65
55 1. 35 1.40 L.45 145 .45 - - 0.625
60 .40 .45 .50 1.50 1.50 .55 .60 0.60
65 .45 L.50 .55 .55 .60 .65 1. 70 0.60
70 L.50 .55 .60 .65 L 70 L75 .80 0.60
5 to 6% upgrade dgw’;r% ri}f! e
50 L.50 1.60 L70 1.80 1. 90 - - 0.55
55 1.60 L 70 180 L.90 | 2.05 - - 0.525
60 L70 .80 .90 | 205 | 220 | 235 | 250 0.50
65 .85 L95 | 205 | 220 | 240 | 260 | 2.75 0.50
70 200 | 210 | 220 | 2240 | 2.60 | 2.80 | 3.00 0.50

No adjustment required for grades less than 3X%.

* Ratio from this table multiplied by acceleration length in Figure
503-2a gives acceleration length on grade.

The “grade” in the table is the average grade measured over the distance
for which the acceleration length applies.
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REFERENCE SECTIONS
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MINIMUM DECELERATION LENGTHS | 503-3aE
FOR HIGH-SPEED EXIT TERMINALS [REFEREncE SEGTION
WITH FLAT GRADES OF 27 OR LESS| 503.6.3

DesA:;r’;nISi:ze d Decelera ff‘on length, L (ft) for design
V (mph) speed of first ramp curve, Vr (mph) *#¥%
Stop 15 20 25 30 35 40 45 50

50 435 405 385 355 315 285 225 175 -

55 480 455 440 410 380 350 285 235 -

60 530 500 480 460 430 405 350 300 240

65 570 540 520 500 470 440 390 340 280

70 615 590 570 550 520 490 440 390 340

Mainline Design Speed, (V)
;L_—L:::::::::::::::::::::
N
100° @ o
QL:)' First Ramp Curve

Design Speed, (Vr) ##*#*

Deceleration Length, L (f1) ##*

* P.C.C. Or Mid-Point of 200" Spiral

#*## The Minimum Deceleration Length, L, After Adjustment For Grade
(Figure 503-3b), Shall Be 800’

#*#* Or Other Design Speed Limiting Geometric Control Such As The Stopping
Sight Distance For A Vertical Curve Or The Back Of A Traffic Queve.
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HIGH-SPEED EXIT TERMINAL
ADJUSTMENT FACTORS AS
A FUNCTION OF GRADE

503-3bE

REFERENCE SECTION

503.6.3
Mainline .
) Ratio of length on grade to length on level for design
Design Speed speed of first ramp curve (mph)¥*
(mph) P p cu P
All Speeds All Speeds
3 to 4% upgrade 3 to 4% downgrade
All Speeds 0.90 1.20
5 to 6% upgrade 5 to 6% downgrade
All Speeds 0.80 l.35

No adjustment required for grades less than 3X%.

* Ratio from this table multiplied by deceleration length in Figure

503-3a gives deceleration length on grade.

The “grade” in the table is the average grade measured over the
distance for which the deceleration length applies.
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REFERENCE SECTIONS
503.6.3
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Notes for Low-Speed Entrance and Exit Terminals
Figures 503-4a and 503-4b

A. GENERAL
1. Low-Speed Terminals are intended for used on highways which have little or no access
control except through an interchange area. Many of the features of Low-Speed
Terminals are applicable to a terminal of one ramp with another ramp in a freeway
interchange.
B. EXIT TERMINAL
1. The curve differential between the through roadway and exit curve Ds; may vary from a
minimum of 4°to the maximum of 8°.
2. Exit Curve Ds; may be compounded or spiraled into Ramp Curve Dg,. If Dg, is greater

than 25°then provide a 150 ft. spiral between Dgy and D,.
C. ENTRANCE TERMINAL: TYPE A& TYPE B
1. Type A is preferred and shall normally be used. However, when a ramp enters as an
added lane or as a combined acceleration-deceleration lane, Type B may be used if its
use would result in a substantial savings in cost (i.e. reduced bridge width).

2. The acceleration lane of Type A shall be a uniform 35:1 taper relative to the through
pavement edge for either tangent or curving alignment.

3. The curve differential between the through roadway and entrance curve D5 of Type B
shall be 4°.

4, The design of the entrance terminal curvature shall be based on the following:

(a) Ramp Curve D5 of 8°or less
When the through roadway tangent or a curve to the right, D, shall be a 150 ft. long
simple curve of a degree such that the differential between it and the through roadway will
not exceed 4°. When the through roadway is on a curve to the left, a 150 ft. tangent shall
be substituted for Dg,.
(b) Ramp Curve D4 greater than 8°
A 150 ft. spiral may be substituted for D,.
D. RAMP WIDTH
1. Normally single lane ramps will have a width of 16 ft. The width shall be increased to 18
ft. when the ramp radius is less than 200 ft. When an 18 ft. wide ramp is used, the 35 ft.
exit and 20 ft. entrance terminal widths shall be retained and the 19 ft. and 4 ft. widths
reduced by 2 ft.
E. TREATED SHOULDER

1. The treated shoulder along the speed change lanes shall be as shown on Figure 303-1.

2. If the ramp or through roadway has a curb offset greater than 6 ft. (or 3 ft.), the greater
width shall be used at the terminal. Retain the 19 ft. width.

3. The Special Detail drawings shall apply when the through roadway is curbed..
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REFERENCE SECTIONS

UNCURBED RAMP

INTERSECTION
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504-1E

REFERENCE SECTIONS

504.3

COLLECTOR-DISTRIBUTOR

ENTRANCE TERMINALS
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REFERENCE SECTIONS
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MULTI-LANE EXIT RAMPS
AND DIVERGING ROADWAYS

505

-2aE

REFERENCE SECTIONS

505.2
See Note A—‘\ L
[ 1 -l R 2’ 12° 16°
I_ ’ 20_/"-, 7 N L
See Note B
/ ’
See Figure 505-2b for verging Cur,,
development of lanes o’”"e, 7
TYPICAL A %/le 5

TOTAL NUMBER OF LANES BEYOND
THE NOSE EQUALS APPROACH LANES
(FOR USE ON NON-MAINLINE FACILITIES ONLY)

See Note A ~‘\ L
[ | _ _
[l | R 12’ 2’ i
\ Z 2 N
See Note B
Di L
vergi
9ing Curvatyre, Table g
TYPICAL B
TOTAL NUMBER OF LANES BEYOND
THE NOSE EQUALS APPROACH LANES PLUS ONE
(FOR USE ON ALL FACILITIES)
TABLE B
TABLE A RECOMMENDED DIVERGING CURVATURE
(See Sec. 505.2.4)
. 1 N & Design DIVERGING CURVATURE
Ds:s:g: Gore Length Ift.) Nose Width (ft.) Speed of Total Lanes Beyond Diverging Nose Equals
'v": | High-Speed | Low- | High-Speed | Low- Approaching Approach Lanes Approach Lanes +I
P ["Rural T Urban |Speed | Rural | Urban |Speed Roadway High-Speed Low- High-Speed Low-
70 | 450 | 370 2 | A4 V" mph | Rural | Urban |Speed [ Rural | Urban |Speed ®
65 400 | 340 J2 24 70 1°- 00" | I°- 00’ 0°- 30° |0°- 30’
60 | 370 | 300 32 24 65 °- 5 |15 0°- 35° |0°- 35
55 350 280 32 24 60 1°- 30" | 1°- 30’ 0°- 40’ |0°- 40’
50 {320 | 260 2 L 2 55 |- 45 |- 45 0°- 45 Jo>- 45°
45 180 24 - -
- . - . Io_ . Io_ .
0 160 Y, 32 2°- 00' |12°- 00 — 00 00 —
35 10 2 =5 I 45
# N dimension includes 4’ of a 16° lane 5 - 00 2 4
30 10°- 00° 3°- 30

8 Based on a Design Speed equal to (*V* - 10 mph)

Note A - Any lane combination can be designed from Table A and Typicals A and B by adding one
or more lanes to one or both sides of Typical A or adding one or more lanes to both
sides of Typical B.

Note B - When a 16 footl lane width is used after the diverging nose, the nose width ‘N” includes
4 feet of the I6 foot lane width. For two 16 foot lanes, ‘N” includes 4 feet of each lane.
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EXAMPLES OF 505-2cE
DIVERGING ROADWAYS REFERENCE SECTIONS

505.2

16° (24°-4°-4° = 16°)

125°+
Design Speed = 50 mph 3 16
— Y

—— g

16° 6'_/ &‘ Oc = 1°00-
High-Speed (Urban) - 1 Lane Ramp to

1 Lane Left and 1 Lane Right o
* The maximum differential 16° (24°-4°-4° = 16°) ,
between diverging curvatures 3
should not exceed the values 200’ /
in Table B of Figure 505-2a. > / o 00°*
. - O Dc =
Design Speed = 50 mph /_4, Iy /f - :
== = 5
12’ 12 N\
10'—/ S f Oc = e 00- 7
2’ 6 (73
High-Speed (Urban) - 2 Lane Ramp to 6
1 Lane Left and 1 Lane Right

450°:
Mainline Design Speed = 70 mph 2

3-Lanes Left and 2-Lanes Right

20° (24°-4° = 201

250°
I—4’ Design Speed = 60 mph /

— —
—_——=—— + — —’ — — — — — — — — — — — — — — — — —’:l— — —_—————— = =
Z Q
2 / =
10° N Dc = 0° 90’

High-Speed (Urban) - 2 Lane Ramp or CD-Road to
2 Lanes Left and 1 Lane Right
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Notes for Low-Speed Entrance and Exit Terminals

Figures 503-4a and 503-4b

A. GENERAL
1. Low-Speed Terminals are intended for used on highways which have little or no access
control except through an interchange area. Many of the features of Low-Speed
Terminals are applicable to a terminal of one ramp with another ramp in a freeway
interchange.

B. EXIT TERMINAL
1. The curve differential between the through roadway and exit curve Dgy may vary from a
minimum of 4°to the maximum of 8°.
2. Exit Curve Dg1 may be compounded or spiraled into Ramp Curve Dg,. If Deo is greater
than 25° then provide a 150 ft. spiral between D¢ and Dco.

C. ENTRANCE TERMINAL: TYPE A& TYPE B

1. Type A is preferred and shall normally be used. However, when a ramp enters as an
added lane or as a combined acceleration-deceleration lane, Type B may be used if its
use would result in a substantial savings in cost (i.e. reduced bridge width).

2. The acceleration lane of Type A shall be a uniform 35:1 taper relative to the through
pavement edge for either tangent or curving alignment.

3. The curve differential between the through roadway and entrance curve Dgs of Type B
shall be 4°.

4. The design of the entrance terminal curvature shall be based on the following:

(a) Ramp Curve D¢ of 8°or less
When the through roadway tangent or a curve to the right, D¢, shall be a 150 ft. long
simple curve of a degree such that the differential between it and the through roadway
will not exceed 4°. When the through roadway is on a curve to the left, a 150 ft. tangent
shall be substituted for Dc¢g.

(b) Ramp Curve D¢; greater than 8°
A 150 ft. spiral may be substituted for Dgs.

D. RAMP WIDTH
1. Normally single lane ramps will have a width of 16 ft. The width shall be increased to 18
ft. when the ramp radius is less than 200 ft. When an 18 ft. wide ramp is used, the 35 ft. exit
and 20 ft. entrance terminal widths shall be retained and the 19 ft. and 4 ft. widths reduced by
2 ft.

E. TREATED SHOULDER
1. The treated shoulder along the speed change lanes shall be as shown on Figure 303-1.
2. If the ramp or through roadway has a curb offset greater than 6 ft. (or 3 ft.), the greater
width shall be used at the terminal. Retain the 19 ft. width.
3. The Special Detail drawings shall apply when the through roadway is curbed.
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Calculation Sheet for Determination of Constrained Traffic
Volumes

Example: Determine whether construction of an additional eastbound left turn lane from arterial to
interstate would degrade the freeway operation. There is demand for 483 eastbound left turns, 388
westbound right turns, and 4,629 northbound through trips on the freeway mainline at the merge point.
See diagram for traffic intersection layout and traffic volumes. The freeway is operating at LOS F in the
no-build condition. (Note: An improvement is deemed to degrade the freeway operation if it increases
traffic on freeway mainline by greater than 2.00% when the freeway is operating at LOS F in the No-Build
condition.)

NO BUILD CONDITION

Full demand eastbound left turn DHV onto freeway ramp = 483 vph
v/cis 1.26 (from HCS analysis), > 1.0 so constrained

Capacity Constrained volume = vph/(v/c) = 483/1.26 = 383 vph

Full demand westbound right turn DHV onto freeway ramp = 388 vph
v/c is 0.60 (from HCS analysis), < 1.0 so not constrained

Total volume entering freeway ramp = constrained EBLT +WBRT = 383 + 388 = 771 vph
BUILD CONDITION
Full demand eastbound left turn DHV onto freeway ramp = 483 vph
v/cis 1.00 (from HCS analysis), = 1.0 so at capacity
Capacity Constrained volume = vph/(v/c) = 483/1.00 = 483 vph

Full demand westbound right turn DHV onto freeway ramp = 388 vph
v/cis 0.52 (from HCS analysis), < 1.0 so not constrained

Total volume entering freeway ramp = constrained EBLT +WBRT
= 483 + 388 = 871 vph

COMPARISON
871-771 = 100 additional vehicles will enter the freeway when the improvements are constructed.

% traffic added to freeway mainline due to improvements = additional vehicles entering freeway after
improvements / (trips on mainline + No Build constrained vehicles entering from ramp)

100/(4629+771) = 1.85 % more traffic added to freeway due to improvement

1.85 % < 2.00 % Therefore, improvement does not degrade freeway operation
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Example 550-1 Constrained Traffic Volume
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Example 550-1 Constrained Traffic Volume

HCS+: Signalized Intersections Release 5.2

Analyst: Inter.: EXAMPLE

Agency: ODOCT Area Type: All other areas
Date: 10/13/2004 Jurisd: Anytown, OH
Period: PM Peak Hour Year : 20 yr design
Project ID: BUILD CONDITION

E/W St: Broadway St. N/S St: I-75 Ramps

SIGNALIZED INTERSECTION SUMMARY

| Eastbound | Westbound | Northbound | Southbound |
| L T R | L T R | L T R | L T R |
| | | | |
No. Lanes | 2 2 0 | 0 2 1 | 2 0 1 | 0 0 0 |
LGConfig | L T | T R | L R | |
Volume |483 1634 | 1879 388 415 227 | |
Lane Width (12.0 12.0 | 12.0 12.0 |12.0 12.0 | |
RTOR Vol | | 0 | 0 | |
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 (3 7 8
EB Left A | NB Left 4
Thru A P | Thru
Right | Right P
Peds | Peds
WB Left | SB Left
Thru P | Thru
Right P | Right
Peds | Peds
NB Right | EB Right
SB Right | WB Right
Green 14.0 47.5 13.5
Yellow 3.0 3.0 3.0
All Red 2.0 2.0 2.0
Cycle Length: 90.0 secs
Intersection Performance Summary
Appxr/ Lane Adj Sat Ratios Lane Group Approach
Lane Group Flow Rate
Grp Capacity (s) v/c g/C Delay LOS Delay LOCS
Eastbound
L 535 3437 1.00 0.16 77.8 E
T 2621 3547 0.69 0.74 7.1 A 23.2 cC
Westbound
T 1872 3547 1.12 0.53 81.2 F 70.1 E
R 835 1583 0.52 0.53 16.1 B
Northbound
L 516 3437 0.89 0.15 58.0 E
75.4 E
R 242 1615 1.04 0.15 107.3 F
Southbound
Intersection Delay = 51.0 (sec/veh) Intersection LOS = D

April 2009



This page is intentionally blank



600 Roadside Design

Table of Contents

L&T00 0 I 1 1 0o [ o (o o P 6-1
LS00 2 0 1= Y- T o T - PR 6-1
600.2.1 Parallel Embankment Slopes & Ditches ...........cceevvviiiiiiiiiis 6-2
600.2.2 Clear Zone on Low Speed Urban Streets..........ccccceeiiiiiiiiiiiinns 6-2

601 Warrants........cccccccccnnnnnnnnnnnnnnnnnnsnnsssssssnssssssssssssssssssssssssssssssssssssssssssssssssnsnnsnnssnnnnns 6-3
601.1 Roadside Barrier Warrants .............coooioiiiiiiii e 6-3
L0 I I B O] o = T L= SRR 6-3
B071.1.2 SIOPES ...ttt a e 6-4
601.1.3 Protection of Others ... 6-4
601.1.4 Protection on Low Speed RoadWays..........ccccuuviiieiieiiiiiiiiieeeeee e 6-4
601.1.5 Protection on Very Low-Volume Local Roads (ADT 7 400)................. 6-4
601.1.6 Preservation of Safety Grading ..........cccccoiiiiiiiie e 6-5

601.2 Median Barrier Warrants..........c..uuieieiiieeeeee e 6-5
6071.2.1 Safety STUAIES ...cccoiiieeiiee e 6-5

L0 I B N DS T O ) 1= ¢ - PR 6-5
601.4 Design Considerations for Large TrUCKS ..........coeviiiiiiiiiiiiieiee e 6-6
602 Site Considerations..........ccccccccrnnnnnnnnnnnnnnnnsnnsnssss s sssnsnssnsnnnnns 6-7
602.1 Roadside ProteCtion ... 6-7
602.1.1 LoCation/OffSet.....cooieeeee e 6-7
602.1.2 Length of Need on Tangent Alignments ... 6-7
602.1.3 Length of Need on Curved Alignments.........cccueiieeiiiiiiiiiiiiieeeeeeee 6-8
602.1.4 Grading for Barriers & End Treatments ..........ccceeeeeeiiiiiiiiiiiceeee s 6-8
602.1.5 Guardrail With CUIMS..........coiiiii s 6-9
602.1.5.1 On High Speed ROadWays ............ccceiiiiiiiiiiiiiiieie e 6-9
602.1.5.2 On Low Speed ROAAWAYS........c.cuviiiiiiiiiiiiiiieeeee e 6-9
602.1.5.3 End Treatments and Impact Attenuators in Curbed Sections ......... 6-10

602.2 Median ProteCHON.........ccoveiieeeeeeeeeeeeeeeeeee e 6-10
602.2.1 Shielding of Fixed Objects in the Median............cccccceeeeiiiniiiiiienn. 6-10
602.2.1.1 Narrow Median Barrier Installations............ccccouiieeeiiiiiiiiiiiiiieeeen, 6-10
602.2.1.2 Wide Median Barrier Installations...........cooooiiiiiiniiieee, 6-10
602.2.1.3 Greatest Offset Method to Shield Center Median Piers.................. 6-10
602.2.2 Mitigation of Cross Median Crashes (CMC) ........cccccoeeiiiniiiiiieennnenn. 6-11
602.2.2.1 Barrier SEIECHON..........uuueeieiiiiiiiiiiiiiiiiiiiieieaeeee e eeeeeeeeeeeeeeennnes 6-11
602.2.2.2 Cable Barrier Placement in the Median .............ccccceeiiiiiiiieennnn. 6-11
602.2.2.3 Cable ANCROIS........uuuiieiiiiiiiiiiiiiiiieeiiiieieeeeaeeaeeeeeeeaaaeeaeeaeaeerereeaeannnne 6-11
602.2.2.4 Cable Barrier as the Primary Barrier System...........ccccooviiiiiennnenn. 6-11

602.3 GOre Area ProteCioN .........oooi i 6-12
602.4 Protection at Drives and Side RO@ds .........cccuviieieiiiiiiiiee e 6-12
602.5 Protection at Bridges and Fixed ObjJects ... 6-12
602.5.1 Guardrail at Bridges & Large Culverts ..., 6-12

602.6 Protection at Drainage StrUCIUIES ......cooooi i 6-12
602.6.1 Transverse Drainage........ .o iiiiiiiiiiiiiiie e 6-13
602.6.3 Special End Treatments ... 6-14

602.7 Sight Distance Considerations ... 6-14
603 Roadside Safety DeVICEeS.....cccccmmrrrrriiiiiissnmmnnnsrrrssssssssnssss s s ssssmsnn s s nas 6-14
603.1 LoNgitudinal BarriersS.......ccoiii oo 6-14

603.1.1 Flexible Cable SyStemMS.......ccoooi e 6-15



600 Roadside Design

603.1.1.1 Generic Low Tension Cable ............eeeeiiiiiiiiiiiiiieeee e 6-15
603.1.1.2 Proprietary High Tension Cable Systems...........ccccccoiiiiiiiiiiiennnn. 6-15
603.1.2 Components: Rail, Posts and BloCKOULS...............uuveeiiiiiiiiiiiiiiiiiiinnnns 6-15
603.1.2.1 Type 5, 5A, & S5MR Guardrail ...........cccoviiiiiiiiiiiiie e 6-16
603.1.2.2 Type 5 Guardrail: Barrier DeSign ........ccceoeeiiiiiiiiieieeeieeeiiiieeeeee e 6-16
603.1.2.4 Type 5 Guardrail with Tubular Backup..........ccccoueeeeieiiiiiiiiiiieeeen 6-16
603.1.2.5 Long Span GUardrail ..o 6-16
603.1.4 Rigid Concrete Barrier...... ..o 6-16
603.1.4.1 Single SIOPE BaITIEr .......ccoiiiiiiiiiiieieie e 6-17
603.1.4.2 TypesS B & BT .o 6-17
B03.1.4.3 TYPE C & Gl 6-17
B03.1.4.4 TYPE D oo 6-17
603.1.4.5 NeW Jersey Shape .........cccuiiiiiiiiiiiiiiieee et 6-17
603.1.4.6 Portable Concrete Barrier..........cccuuveiiiiiiiiiiiieieeeeeeeeee 6-18
603.1.4.7 Zone of INfIUBNCE ........euiiiieiiiii e 6-18
603.2 Characteristics of Anchor Assemblies & Impact Attenuators............cccceeeeeeenn. 6-18
603.2.1 Energy ADSOIDING......cocuiiiiiiiie e 6-18
B03.2.2 GaliNG ..o oottt a e as 6-19
603.2.3 REAIr€CHON .....eeeiiiiei it 6-19
603.2.4 Proprietary ProdUCES..........ceeeiiiiiiiiiiieieeeee e 6-19
603.3 ANCHOT ASSEMDIIES ... 6-20
603.3.1 Buried-IN-BackSIOPe ..........uiiiiiiiiiiiiieieeee e 6-20
603.3.2 Type B (formerly B-98) .......ccooiiiiiiiiiieiieiee e 6-20
603.3.3 Type E (formerly E-98) .......oooiiiiiiiieii e 6-20
B0B.3.4 TYPE A e 6-21
B0B.3.5 TYPE Tt 6-21
603.4 IMPACt AHENUALOIS. .....ueiiiieiie e 6-21
603.4.1 Type 1 (formerly 1-98)......eeiiiiiiiiiiie e 6-22
603.4.2 Type 2 (formerly 2-98).......eeeeiiiiiiiiiieieee e 6-22

603.4.3 Type 3 (formerly 3-98)
603.4.4 Work Zone Impact Attenuators

603.4.5 SANA BAITEIS ......uuuueiiiiiiiiiiiiiiiiiiiiiiiteeteeeeeaeeeaaaseaeseneeeeeaaeessenesnsnnaennnnne 6-23

603.5 Bridge Terminal ASSEMDIIES .....ccceeeeeeeiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 6-23
G101 TR T I 8 o - PRSP 6-23

603.5.2 Type 1 Barrier DESIQN .......uuueueueiiiiiiieiiiieiiiiiiieiieieeeeeeeeeaeeeeeeeeeeeeannnnnee 6-23

B0B.5.3 TYPE 2. et a e e e e e e e e aaae s 6-24

ST0 L TR A Y o =Y PRSP 6-24

B0B.5.5 TYPE 4. .ttt a e e aaa s 6-24

B03.5.6 TYPE TST ..eiiiiiiiiiieee ettt e e e e e e e e e e e e e n e e aaeeas 6-24

603.6 Concrete Barrier End Treatment..........ooooviiiiiiiiiieeeeeee e, 6-24

604 Glare SCIreeN ..........cciiiiieecccecrererrrrrnnmees s s e e s s rsnnmmsssssssseeeennnnmmnssssssseesnnnnnmnnnnnnnn 6-25
604.1 Median GIare SCrEEN ..........uuuuuuuueeiiiiieeiiiieeaeaeaeareeerarerereaarerererreeaea————. 6-25

604.2 Performance CharacteriStiCS ........uuuuuuurrruuririiiiiiiiiiririieeeiieeieneneeeeennnnnnnes 6-25

604.3 Glare SCreen OPtIONS. ........uueiiiiieieiiieiee e 6-25

605 RUMDIE StHPS ... e 6-26
605.1 Shoulder RUMDIE SIS ...coiiiiiiiieiiee e 6-26
(G101 T I o o= 1o [PPSR 6-26

ST0 LT 2 Y o =Y PRSP 6-27

605.1.3 Lateral Clearances for Machinery..........cccccooiiiiiieiiinniiieeeeeeen 6-27

605.1.4 Divided HIghWays..........cuuiiiiiiiiiiiiieeeee e 6-27

605.1.5 Existing Shoulders ... 6-27

605.1.6 Bicycle ConsSiderations..............uuueueereuueeiuereeieiieeeereeeeeeaeesenenneenen.. 6-27



600 Roadside Design

605.1.7 Residential Aras ..........uuuuuuuuuuurieiiieieiiiueiuereaaaeeeeeenereneennenrnnrreennnren——.. 6-27
605.1.8 Maintenance of TraffiC............uueuiiiiiiiiiiiiiiiiiieeeeeeeees 6-28

605.2 Rumble Strips in Traveled Lanes..........coovvvvivieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 6-28
(ST 01 T2 T o o= 1[0 [PPSR 6-28

ST0 LT 2 Y o =Y PRSP 6-28

606 FENCE.......eeeeeeeeennennnnnnnnnnnnnnnnnnnnnnnsnnnsnnnnnsnssssssssssssssnsssssssssnsnnnnnsnnnnnnnnnnnnnnnnnnnnnnnnnnn 6-29
B0B6.1 PUMDOSE .....eeeeeeeie ettt e e e e e e et e e e e e e e e e e e annneeeeeaaeeas 6-29
GT0 T2 1Y/ o= TP 6-29
B06.3 FENCE ON FrEEWAYS .....eeiiiiiiiiiiiiiii ettt e e e e as 6-29
606.3.1 Urban Fre@WaysS.......ooouueiiiiiiiee et 6-29
606.3.2 RUral FrEEWAYS ..o i 6-29
606.3.3 Freeway Fence Design Conditions.........cccooviiiiiiiiiiiine e 6-29
606.3.4 Exceptions to Continuous Freeway Fencing..........cccccceevvniiiiiieennnnn. 6-30

606.4 Fence on ArterialS...........oove e 6-30
606.4.1 Urban ArErIalS ........uuuueeieeeeiiiiiiiiiiiieeetieietaeeeaenseaesaeesneesneeseneeeeennnnnnnnne 6-30
606.4.2 RUral ArterialS ..........uueuuueeieeieiiiiiieiiiieiieieiaeeeeeeseeesaeesnsesneeneeeeessnnnnnnnnnes 6-30
606.4.3 Arterial FENCE DESIGN......uuiiiiiiiiiiiiiieeee e 6-30

606.5 Fence on COllECIOrS........ccoiee e 6-31
606.6 Lateral Location of FENCE ......cooeviieiiiee e 6-31
B06.7 FENCE APPIOVAL ...t e e 6-31

606.8 Bridge Vandal ProtecCtion FENCE ... 6-31



600 Roadside Design

This page is intentionally blank



600 Roadside Design

600.1 Introduction

This chapter discusses concepts related to roadside safety features which are intended to reduce
occurrences of run-off-the-road crashes and reduce the severity of impact when such an incident does
occur. The AASHTO Roadside Design Guide contains additional information on roadside design.

Safety devices are themselves fixed objects, and while they may decrease crash severity, they may also
increase the total number of impacts. The potential for impacts can be reduced by placing the safety
device as close to the hazard being shielded and as far from the traveled lanes as permitted by the
following standards. Roadside safety devices are hazards and must result in a less severe crash than the
hazard being shielded.

600.2 Clear Zone

Clear Zone refers to the desirable unobstructed area along a roadway, outside the edge of traveled way,
available for the safe recovery of vehicles that have left the traveled way. Within this area, most motorists
will be able to safely regain control of their vehicle. Ideally, there should be no obstructions within the
clear zone; however, if an obstruction cannot be removed, then engineering judgment must be used to
determine how to treat it.

The ultimate goal on new or reconstructed highways is to eliminate all features that may warrant
shielding, such as fixed and non-traversable objects, by using good design practices. On other projects,
when a warranting feature cannot be removed, the clear zone distances given in Figure 600-1, may be
used as minimum values. These minimum values should not erroneously be interpreted as permitting or
encouraging the construction of potential hazards immediately outside the clear zone at what may be
deemed a “safe” distance from the edge of the traveled lanes.

Figure 600-1 contains recommended clear zone widths based on design speed, traffic volume, and the
combination of foreslopes and backslopes on the typical cross section for the roadway. The clear zone
width should be increased if a site investigation indicates that doing so would significantly lessen the
potential for accidents. For example, if an obstruction exists just outside the required clear zone in an
otherwise obstruction-free area, it should be considered for removal or protection.

For curves with a history of run-off-the-road crashes and a Degree of Curve of 2E00' or greater, Figure
600-1 also provides a table of adjustment factors based on design speed that should be used to extend
the clear zone. In these cases, the designer should ensure that the roadway has proper superelevation
before evaluating the curve’s effect on the clear zone.

The preferred order of corrective treatment for fixed objects and non-traversable hazards located within
the clear zone is as follows:

1. Remove the obstacle.

2. Redesign the obstacle so that it can be safely traversed.

3. Relocate the obstacle to a point where it is less likely to be struck.

4. Reduce the impact severity by using an appropriate breakaway device.

5. Shield the object with a longitudinal traffic barrier designed for redirection or use a crash cushion.
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A barrier should only be installed, however, if the impact resulting from a vehicle striking the barrier
will be less severe than an impact with the unshielded object. (See Section 601 for the preferred
order of roadside protection.)

6. Delineate the hazard if the above alternatives are not appropriate.

The overall intent of roadside design is to strive for a forgiving highway. Designing a project exclusively
to meet minimum clear zone values may result in a roadside that is not as safe as it could be. On the
other hand, the cost of clearing some roadsides may greatly exceed the associated benefits to the
traveling public. The optimum solution lies in the judicious application of engineering judgment coupled
with a sincere desire to produce safe roadways.

600.2.1 Parallel Embankment Slopes & Ditches

Embankment slopes parallel to the roadway fall into the following categories:

1. Recoverable Slopes — Slopes on which encroaching motorists can generally stop their vehicles or
slow down enough to return safely to the roadway. Slopes 4:1 or flatter are considered recoverable.

2. Non-recoverable Slopes - Slopes which may be safely negotiated but are generally too steep for most
motorists to stop their vehicles or to return easily to the roadway. Slopes steeper than 4:1 up to and
including 3:1 are considered traversable but non-recoverable if they are smooth and free of fixed-
object hazards. Since a high percentage of encroaching vehicles will reach the toe of these slopes, a
clear runout area at the toe is desirable.

3. Critical Slopes - Slopes steeper than 3:1 on which vehicles are likely to overturn.

Backslopes tend to slow an errant vehicle and are therefore not as critical as foreslopes. They may,
under certain conditions, be as steep as 1:1.

Roadside ditches are generally categorized as traversable or non-traversable. Figures 307-10 and 307-
11 present preferred designs for ditches with gradual and abrupt slope changes, respectively. Ditches
that fall within the shaded areas of these figures are considered traversable and are preferred for use
within the clear zone. Ditch sections that fall outside the shaded areas are considered non-traversable
and should generally be located outside the clear zone. There are certain conditions, however, under
which these sections may be considered for use within the clear zone. 3R projects; projects with limited
right-of-way or rugged terrain; and low volume or low speed roads (particularly if the channel bottom and
backslopes are free of any fixed objects) may utilize non-traversable ditch sections when traversable
ditches are impractical.

In determining a clear zone width, only recoverable foreslopes (4:1 or flatter), traversable ditches, and
backslopes 3:1 or flatter may be included. The recovery area includes the clear zone width plus any non-
recoverable slope (over 4:1 through 3:1). These relationships are shown in Figure 600-2.

Several examples of clear zone calculations are included after the figures.

600.2.2 Clear Zone on Low Speed Urban Streets

Recent research has found that curb has very little effect on errant vehicles at speeds above 25 mph and
thus the clear zone should be calculated as if the curb was not present (based on speed and traffic,
Figure 600-1).

Clear Zone is intended to provide an off-the-traveled-lane recovery area for errant vehicles. It may not
always be practical to provide the preferred clear zone on transportation facilities in urban areas where
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right-of-way is often constrained. Where clear zone cannot be provided, a minimum lateral offset to fixed
objects (non-breakaway signs and luminaire supports, utility poles, trees larger than 4 inches in diameter
fire hydrants, etc.) of 4 feet from face of curb for curbed roadways and 8 feet from the edge of the
traveled way for uncurbed roadways is acceptable. For higher risk locations such as along the outside of
curves, offset to fixed objects should be increased to 6 feet for curbed and 12 feet for uncurbed
roadways. Refer to Figures 600-3 and 600-4 for additional guidance. Where bike lanes and full-time
parking lanes are used, their width can be included as offset to fixed objects. Roadside lateral offset also
applies to medians.

Additionally, an operational offset of 1.5 feet should be provided from the face of curb (3 feet at
intersections) to accommodate turning trucks and improve sight distance. The operational offset to any
objects accommodates motor vehicles and is necessary to:

- Avoid adverse impacts on vehicle lane position and encroachments into opposing or adjacent lanes

- Improve driveway and horizontal sight distance

- 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.

This operational offset will typically become the controlling criteria where bike lanes or parking lanes meet
the previously described lateral clearances. As an exception to fixed object operational offset, traffic
barriers should be located in accordance with Section 602.1.5.

Additional guidance for placement of aesthetic elements (street trees, park benches, trash receptacles

etc.) for both curbed and uncurbed urban facilities are provided in the Landscaping Guidelines in the
References Section at the end of this Manual.

601 Warrants

601.1 Roadside Barrier Warrants

A roadside barrier is a longitudinal barrier used to shield motorists from natural or man-made obstacles
located on the roadside within the clear zone where impacts are expected on one side of the barrier only.
In addition to shielding the motorist from roadside obstacles, some types of roadside barrier are required
where foreslopes are excessive, and occasionally for the protection of others from vehicular traffic.

601.1.1 Obstacles

Roadside obstacles may be fixed objects or non-traversable terrain. Roadside obstacles located within
the clear zone area may or may not require barrier protection. Barriers should be considered in the
following circumstances:

1. At bridges, piers and abutments.

2. At culverts, pipes and headwalls depending on traffic volumes, and the culvert’s size, location and
end treatment. (See Section 602.6 for additional details.)

3. At non-breakaway sign and light supports.

4. At rough slopes in cut sections.
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5. At utility poles that cannot justifiably be relocated.

6. At bodies of water where the normal depth exceeds one foot depending on the location and likelihood
of encroachment.

7. At transverse ditches if the likelihood of a head-on impact is high.

8. At retaining walls if the anticipated maximum angle of impact is 15 degrees or where there may be
snagging potential. (Estimating an encroaching vehicle’s angle of impact is usually done using
engineering judgment. In general, higher angles of impact are expected on the outside of curves and
at locations where items are flared relative to the roadway.)

Barriers are required to protect mechanically stabilized earth (MSE) retaining wall within the clear
zone.

9. At unprotected Noise Walls.

Accident experience, either at the site or at a comparable site, will often be the deciding factor with
respect to the placement or omission of a barrier. In all cases, the preferred alternative is to keep the
entire clear zone free of fixed objects wherever economically feasible.

601.1.2 Slopes

Embankment height and steepness of foreslopes are the basic factors to be considered in determining
the need for barrier slope protection. Figure 601-1 should be used to determine roadside barrier
warrants for embankments.

601.1.3 Protection of Others

Barriers are sometimes required to protect others (schools, residences, businesses, pedestrians,
bicyclists, etc.) from vehicular traffic. Barrier criteria for protection of others from errant vehicles are not
as defined as in other barrier warrant cases. Such decisions are normally made using accident
experience, either at the site or at comparable locations along with engineering judgment.

601.1.4 Protection on Low Speed Roadways

Barrier protection on city streets and urban type facilities with design speeds less than 50 mph is not
normally required. All new vehicles must show crashworthiness at 35 mph into a full-width frontal impact
in NHSTA’s New Car Assessment Program. On residential streets and collectors when the speed limit is
less than 30 mph vehicles themselves may provide adequate protection and barrier installations are not
generally considered cost effective. However, on roadways where the design speed is greater than 25
and less than 50 mph, the designer should specify protection at locations where geometric conditions,
accident experience or other circumstances indicate that protection should be considered.

601.1.5 Protection on Very Low-Volume Local Roads (ADT # 400)

The guidelines presented elsewhere in this section were developed using the AASHTO Roadside Design
Guide. Guidelines contained in the AASHTO Guidelines for the Geometric Design of Very Low-Volume
Local Roads (less than or equal to 400 ADT) may be used in lieu of those presented here.

On roads with very low traffic volumes, research has found that roadside clear zones provide very little
benefit, and that traffic barriers are not generally cost-effective. With no criteria to identify appropriate
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locations where a clear zone or barrier may be warranted, the very low-volume guidelines provide great
flexibility to the designer in exercising engineering judgment to decide when it is appropriate to provide
improved roadsides. These guidelines apply to both new construction and existing roads.

A clear zone of any width should provide some contribution to safety, so when feasible to do so at little or
no additional cost, it should be considered for very low-volume local roads. Designers are encouraged to
tailor the roadside design to site-specific conditions, considering the tradeoff between cost-effectiveness
and safety.

The use of guardrail or other traffic barriers to shield or protect drivers from roadside obstructions is not
generally cost-effective for very low-volume local roads. Designers may exercise engineering judgment
concerning guardrail placement at locations where the potential consequences for departure from the
roadway are likely to be extremely severe.

601.1.6 Preservation of Safety Grading

Designers should preserve unobstructed areas on roadway designed and constructed with safety grading
(Section 307.2.1). Typically, safety grading was part of the original construction and is intended to
provide a safe recovery area outside of the required clear zone. These unobstructed areas should not be
used to locate hazards, such as camera towers, ITS or WIM equipment, or aesthetic landscaping. To
ensure driver safety and the financial investment made in safety grading the addition of hazards should
be located behind existing barriers or as far away from traveled lanes as possible.

601.2 Median Barrier Warrants

A median barrier is a longitudinal barrier used to separate opposing traffic on divided highways having
relatively flat, traversable medians. Figure 601-2 provides barrier warrants for freeways to determine the
need for median barriers, based on the width of the median and the volume of traffic on the facility. It
may also be used for expressways with full access control. The use of the terms freeway and
expressway in this instance apply to the operational characteristics of the highway, not necessarily the
functional class designation.

A median barrier may be high tensioned cable, Type 5, Type 5A, 5MR guardrail, or concrete barrier. If
the median is wide enough so that the barrier is outside the clear zone of opposing traffic, then roadside
barrier warrants may be used.

601.2.1 Safety Studies

Figure 601-2 recommends median barrier on high-speed, fully controlled-access roadways in locations
where the median is less than 60 feet with a minimum 20,000 ADT. At median widths of 60 feet and up to
70 feet it is recommended that a safety study be conducted to determine if median barrier protection
would be beneficial. ODOT’s Office of System Planning and Program Management continually monitors
such “Hot Spots” and will provide current criteria on segment ranking. One method for mitigation is the
installation of shoulder rumble strips. Improved signage or lighting may also be appropriate lower cost
options.

If barrier is chosen, see Section 602.2.2 for median barrier design considerations.

601.3 NHS Criteria

Highway safety features, including longitudinal barriers, anchor assemblies, bridge terminal assemblies
and impact attenuators installed on the National Highway System (NHS) must demonstrate satisfactory
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crash worthy performance and be accepted by the FHWA. National Cooperative Highway Research
Program (NCHRP) Report 350, Recommended Procedures for the Safety Performance Evaluation
of Highway Features had been the crash testing standard since the 1990's, but the new criteria
published in 2009 is titled MASH (Manual for the Assessment of Safety Hardware).

A given feature must be tested to one of six different test levels (TL) defined in Report 350 and MASH.
The six test levels correspond to the following crash testing matrix:

Crash Testing Matrix
Test Level Vehicle Speed
TL-1 Passenger fleet 25 mph
TL-2 Passenger fleet 40 mph
TL-3 Passenger fleet 60 mph
TL-4 Single unit delivery van truck | 50 mph (55 in MASH)
TL-5 Tractor Trailer 50
TL-6 Tanker Trailer 50

All six levels of testing determine if the barrier is structurally adequate to contain the vehicle type, while
TL-1 through TL-3, criteria looks at the vehicle occupant survivability.

In general, all permanent devices installed on the NHS in Ohio must meet TL-3 requirements. Exceptions
to this would be allowed in urban situations where a TL-3 protection is not feasible or cost prohibitive; in
those locations a TL-2 device may be appropriate.

601.4 Design Considerations for Large Trucks

Designers should consider the catastrophic nature of accidents involving tractor-tanker trucks and other
large vehicles, even though such crashes are relatively rare and occur at generally unpredictable
locations. Wherever large vehicles comprise a significant percentage of the traffic volume, crash potential
or crash histories should be carefully reviewed to determine if higher performance traffic barriers are
warranted and likely to be cost-effective.

Most large truck crashes are generally attributed to driver error. However, driver error may be aggravated
by a combination of factors such as substandard geometric design, poor advance warning signs and
driver expectancy violations. In addition, many crashes may occur at traffic conflict points such as
interchange ramps, merge lanes or weaving areas.

If geometric and traffic control deficiencies are addressed and they do not fully rectify the issue, then the
installation of NCHRP TL- 5 or TL-6 barriers should be considered. Although objective warrants for the
use of these higher performance barriers do not presently exist, subjective factors most often considered
for new construction or safety upgrading include:

1. High percentage of heavy vehicles (along major corridors, on hazardous material routes, or near
hazardous industries),
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2. Adverse geometrics (vehicle conflict points, sharp curvature, long downhill grades, poor sight
distance, or adverse pavement surfaces like shoulder wedges or reverse superelevation on
shoulders), and

3. Severe consequences associated with the penetration of a large vehicle (buildings or transit facilities

underneath a bridge or multi-level interchange, sensitive environmental areas, or at critical bridges
and tunnels).

602 Site Considerations

Standards and guidelines are presented in this section for certain general site conditions; however, the
designer should recognize that each site is unique and should be examined on a case-by-case basis. For
example, there may be locations where existing conditions preclude the acquisition and development of
additional right-of-way or easements necessary to build the fill slopes required for the most desirable
grading. In these situations, it may be advisable to select a terminal that requires less grading or extend
a run of guardrail so that the terminal can be placed on more favorable terrain. A site visit is essential to
ensure that all design considerations have been addressed.

602.1 Roadside Protection

When a roadside obstacle needs to be shielded, the designer should initially consider the most flexible
barrier system installed as far from the traveled way as possible. Subsequent systems should be
considered in order of increasing strength and decreasing distance from the roadway. In general, the
designer should consider options for roadside protection in the following order:

1. Install flared guardrail and either terminate the end outside the clear zone or bury it into a backslope.

2. Install tangential guardrail and terminate the end with a Type B flared end terminal.

3. Install tangential guardrail and terminate the end with a Type E tangential end terminal.

Install concrete barrier according to Section 603.1.5 and terminate the end according to Section 603.6.
602.1.1 Location/Offset

The normal roadside barrier location, with respect to the edge of traveled lanes, is shown in Figure 301-3.
Minimum barrier clearances, measured from the face of the barrier to the face of the obstacle, are shown
in Figure 603-2. (See Section 603.4 for minimum clearances for impact attenuators.) Although
variations from these offsets may occur as a result of reduced graded shoulder width, the face of barrier
should not be located closer than 4 feet to the edge of the traveled lane. See Section 602.1.5 for
guidelines concerning the use of curb with guardrail.

602.1.2 Length of Need on Tangent Alignments

Length of need is the total length of a longitudinal barrier that is needed to shield an area of concern
(warranting feature). The length of need point in a gating end terminal or impact attenuator determines
how much of the end treatment can be contributed to the length of need for the barrier.

If it is determined that barrier protection is required to shield a fixed object, Figure 602-1 should be used
to determine the length of need. The primary variables are the Runout Length (Lg) and the Lateral Extent
of the Hazard (Ly). The Runout Length is the theoretical distance needed for an errant vehicle leaving the
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roadway to come to a stop. The Lateral Extent of the Hazard is the distance from the edge of traveled
way to the far side of the hazard or to the edge of the clear zone if the hazard extends beyond the clear
zone. The other three variables are the Tangent Length of barrier (L;,) the Lateral Distance from edge of
traveled way (L.), and the Flare Rate (a:b).

The formula in Figure 602-1 shown for computing the barrier length of need is appropriate where tangent
roadways are involved.

Short runs of barrier should be avoided where economically feasible. Gaps of 300 feet or less between
adjacent runs of guardrail should be closed.

Sample Calculations for length of need on tangent alignments are included in the Examples.
602.1.3 Length of Need on Curved Alignments

Horizontal curvature of a roadway may have an effect in determining the barrier length of need in
roadway design. In general, the length of need for a barrier on the outside of curves with a degree of
curvature equal to 2E00' or flatter can be calculated as if the barrier was installed tangentially. However,
a vehicle leaving the roadway on the outside of a curve sharper than this will generally follow a tangential
runout path.

For those cases involving a horizontal curve sharper than the limiting values given above, rather than
using the theoretical Lg distance, the tangent line from the curve to the outside edge of the warranting
feature (or to the clear zone) should be used to determine the appropriate length of barrier needed (See
Figure 602-2)) The guardrail should not be flared in these locations, since the potential impact angles
would generally exceed acceptable design limits.

Lengths of need should not be adjusted on the inside of horizontal curves. These locations should be
treated as if they were on a tangent and Lg should be measured along the length of the curve.

Sample Calculations for length of need on curved alignments are included in the Examples.
602.1.4 Grading for Barriers & End Treatments

To function properly, anchor assemblies and impact attenuators need to be installed with proper grading.
The grading is designed to ensure that an impacting vehicle strikes the device at the appropriate height
and with all four wheels on the ground. It also helps to reduce the potential for snagging and vehicle
rollover during and after impact. Adequate earthwork and excavation should be included in the plans to
ensure that all devices have proper grading.

Ideally, the area immediately behind and downstream of all gating terminals should be reasonably
traversable and free from fixed objects to the extent practical. A 20 feet by 75 foot area with 10:1
maximum slopes is required. When this is not practical, due to possible impacts to streams, and
wetlands, the designer should consider alternatives. Also, there may be situations where existing
conditions may preclude the acquisition of additional rights-of-way or easements necessary to build fill
slopes that accommodate this grading. In these situations, it may be advisable to select a terminal that
requires less extensive grading (i.e. non-gating or re-directive, see Section 603.2.1) or extend a run of
guardrail so that the terminal may be placed on more favorable terrain, or buried in the backslope. The
designer should attempt to provide a clear area with recoverable slopes (4:1 or flatter) over the same 20
feet by 75 feet area. If a clear runout path is not attainable, this area should be similar in character to the
upstream, unshielded roadside area.

In most cases, longitudinal barriers should not be located on slopes steeper than 10:1. Therefore, where
a barrier is located outside the graded shoulder, special grading generally will be required to provide
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slopes that are 10:1 or flatter. Also, 6:1 slopes are of particular concern due to vehicle ramping effects.
Barriers installed on 6:1 slopes should be limited to cases where the barrier is located at least 12 feet or
more from the edge of the break point for the 6:1 slope to minimize the potential for an errant vehicle to
vault over the guardrail. The Buried-in-Backslope Anchor Assembly is one exception that has been
designed specifically for 6:1 or flatter slopes. (See Section 603.3.1 for additional information.)

602.1.5 Guardrail with Curbs

Curbs are generally classified as mountable or barrier curbs. Vehicles can, and do, safely traverse
mountable curbs. Barrier curbs tend to inhibit vehicles from crossing over them at low speeds, but they
are not a substitute for longitudinal barriers.

When guardrail must be used in conjunction with a curb the location of the guardrail relative to the curb
should be carefully considered to minimize unacceptable post impact vehicle trajectories. When a vehicle
strikes a curb, the resulting trajectory may cause the vehicle to impact the guardrail too high. In some
cases the vehicle could clear the guardrail altogether.

If guardrail is warranted and curbs are present then the guardrail should be located at the face of the
curb. Because of the vehicle vaulting potential, if the guardrail cannot be placed at the face of curb, then
the guardrail should be installed well behind the curb to allow the vehicle suspension to return to a normal
state as shown in the following table. This table refers to only strong post guardrail systems, like ODOT’s
Type 5. Curb is required when constructing Bridge Terminal Assembly Type 1 detailed on Standard
Construction Drawing GR 3.1.

Speed Guardrail at Curb Guardrail Behind Curb

Up to 40 mph Maximum of 6 inch sloping faced curb | No closer than 8 feet.
flush with guardrail

45 and 50 mph Maximum of 6 inch sloping faced curb | No closer than 13 feet.
flush with guardrail

Over 50 mph Maximum of 4 inch sloping faced curb | Guardrail should not be
flush with guardrail. located behind curb.

Above 55 mph, the sloping face of the
curb should be 3:1 or flatter and 4
inches or smaller.

602.1.5.1 On High Speed Roadways

All guardrail on curbed roadways with a design speed of 50 mph or greater preferably should be located
so the face of guardrail is at the face of curb. When curb and gutter is used, the gutter pan width will
need to be increased to comply with these guidelines and to maintain a minimum 4 feet guardrail offset
from the traveled way.

The curb height should be limited to 4 inches or less when used in conjunction with guardrail on high
speed roadways.

602.1.5.2 On Low Speed Roadways

Guardrail is not normally used on curbed roadways having design speeds less than 50 mph (see Section
601.1.4). Where guardrail is deemed necessary on these roadways, the same criteria used for roadways
with design speeds of 50 mph or greater is recommended. However, since the risk of vaulting is
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considerably less on low speed roadways, the designer may give more consideration to the location of
the guardrail relative to the edge of traveled way than to its location relative to the curb.

602.1.5.3 End Treatments and Impact Attenuators in Curbed Sections

None of the approved anchor assemblies or impact attenuators listed in Sections 603.3 and 603.4 have
been designed or tested for use with curbs; consequently, the designer should use the guidelines
provided for uncurbed sections in addition to engineering judgment and recommendations from the
manufacturer to select end treatments in curbed sections. The current recommendation from product
vendors is to ensure curbs are not present (if practical) along the length of the product and for a distance
of 50 feet in advance of the product. When terminating or removing curbs in the vicinity of end treatments
and impact attenuators remember to taper the curb height from 4 or 6 inches to flush with the pavement
over a distance of 10 feet.

602.2 Median Protection

Two types of shielding are necessary in medians. First, shielding of fixed objects is required if located in
the clear zone of either direction of traffic. Second, if the median width warrants or a safety study shows
a history or potential for Cross Median Crashes some type of barrier system may be needed. See
Section 602.2.2.

602.2.1 Shielding of Fixed Objects in the Median
When a median hazard requires protection, the treatment depends upon the available width of the
median. For the purposes of installing barrier, a median is considered wide when the barrier installed in

the median does not extend into the clear zone of the opposing side of traffic. Conversely, when the
guardrail run extends into the clear zone of the opposite side of traffic, the median is considered narrow.

602.2.1.1 Narrow Median Barrier Installations

Refer to SCD GR-6.1 and GR-6.2 Design A for details.

602.2.1.2 Wide Median Barrier Installations

Refer to SCD GR-6.1 and GR-6.2 Design B for details.

602.2.1.3 Greatest Offset Method to Shield Center Median Piers

Another design for pier protection (refer to SCD GR-6.2) used by some Districts, is to shield center
median piers with concrete barrier. This design uses concrete barrier to encase the pier (SCD RM-4.4),
and then taper the concrete barrier to the end section (SCD RM-4.6). Finally install two narrow Type 2
Impact Attenuators, one at each end. This eliminates the need for perhaps hundreds of feet of guardrail

as shown in SCD GR-6.2. Contact the Office of Roadway Engineering for more information and design
details. Proper grading in advance and alongside of the barrier is crucial in ensuring proper performance.
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602.2.2 Mitigation of Cross Median Crashes (CMC)

602.2.2.1 Barrier Selection

If a median barrier is determined to be necessary for shielding of CMC (Section 601.2), then the
selection of the type of barrier to be used in the median is based on several factors, including the Test
Level desired, median cross section, and barrier deflection.

Test Level - A safety study should determine the causes of CMC to determine the type of vehicle
involved, and barrier selection should be based on the study. Guardrail is rated for TL-3 protection, High
Tension Cable products are either rated to TL-3 or TL-4 (single unit truck) depending on the product.
Single Slope Concrete Barrier is considered a TL-5 system capable of handling a tractor trailer. See
Section 601.4 for further discussion on Large Trucks.

Cross Section Type - Barrier selection also depends on the median configuration, whether or not there is
a mounded median, depressed median of 4:1, 6:1, or 10:1 or flatter slopes, the width of the paved
shoulder and graded shoulder. Other factors include but are not limited to bifurcation and differential
superelevation between the traveled lanes.

Barrier Deflection - The designer also has to be aware of the allowable deflection to appropriately select a
median barrier product. On one hand, rigid concrete barriers do not deflect, but may require closed
drainage and thus are expensive. High tension cable barrier has large deflections. Designers should
provide a factor of safety of 1.5 to the deflection of cable barrier.

602.2.2.2 Cable Barrier Placement in the Median

On 6:1 or flatter depressed median slopes, cable should be placed 8 feet up the slope from the bottom of
the ditch to avoid drainage hydraulics, poor soil quality, and vehicle under-ride possibilities. If the median
slopes are consistent, placement of cable on the slope outside of this zone is allowed. Another
acceptable location for cable placement is at the top slope on one side of the median if the paved
shoulder is wide enough to accommodate the cable deflection after the 1.5 factor of safety is applied. This
location places the cable at the best grading on the near traffic side and at the farthest point away from
opposing traffic. The minimum offset to traveled lane is 12 feet. This location may result in an increase in
nuisance hits. Designers need to understand how cable reacts during crashes before the median
locations are selected. For more information contact the Standard Engineer in the Office of Roadway
Engineering. The maximum post spacing allowed is 15 feet. (Refer to Figure 602-3 & 602-4.)

602.2.2.3 Cable Anchors

If installed in the clear zone, cable systems need to be terminated with crashworthy anchors. Most
crashworthy designs have breakaway anchors. Breakaway anchors will release the tension in the entire
run of cable rendering it ineffective until repaired. If a vehicle is tangled in the cable, tension can be
easily dropped out of the system if each run of cable has one set of breakaway anchors.

602.2.2.4 Cable Barrier as the Primary Barrier System

When designing a project utilizing cable barrier, designers should continue to use guardrail or concrete

barrier to protect existing fixed objects. Cable barrier should not be used as the primary means of
shielding fixed objects in highway medians.
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602.3 Gore Area Protection

Diverging gores are locations where one or more lanes of a road carrying traffic in the same direction
diverge away from each other. (Unidirectional traffic exists on both sides of a gore.) Impact attenuators
are typically used to terminate the ends of longitudinal barriers located in diverging gores. (See Section
603.4 for additional information on impact attenuators.)

602.4 Protection at Drives and Side Roads

When normal mainline guardrail is interrupted by a side road or drive, the opening should be designed as
shown in Figure 603-3.

The introduction of barriers at drives and side roads may have an adverse effect on both horizontal and

intersection sight distances. These sight distances should be investigated when barriers are used at
these locations. (See Sections 602.6.2 and 602.7 for additional information.)

602.5 Protection at Bridges and Fixed Objects

Concrete barrier end protection, utilizing Type 5 Guardrail with bridge terminal assemblies, shall be used
at the approach end of bridge parapets, and other similar fixed objects, on all facilities where the design
speed is 50 mph or greater. (See SCD GR-6.1)

Pier protection in narrow medians and along the roadside is often accomplished using concrete barrier.
602.5.1 Guardrail at Bridges & Large Culverts

Figures 602-1 and 602-2 should be used to calculate the barrier length of need at all bridges and
culverts.

Flared guardrail should be provided at overpasses and on safety and clear zone grading projects
according to SCD GR-6.1.

Flared guardrail should be provided at underpasses or other fixed objects on safety and clear zone
grading projects according to SCD GR-6.2.

Tangent guardrail should be provided on common grading projects.

There are occasionally areas where the calculated lengths of need are impractical. An example would be
where a drive or intersection is located too close to a bridge and cannot be relocated. In such cases, the

approach guardrail length may be reduced as necessary. In no case shall the minimum treatment be less
than shown in Figure 603-4.

On divided highways, guardrail is not required at either of the bridge parapet trailing ends unless it is

warranted because of the lack of clear zone distance, the presence of openings between bridges, or
where it is required in conjunction with a bridge railing.

602.6 Protection at Drainage Structures

Adequate drainage is one of the most critical elements in roadway design. A comprehensive drainage
design requires consideration of roadside safety as well as hydraulic efficiency.
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In general, no part of an unshielded drainage feature within a clear zone graded roadway, excluding
curbs, should extend more than 4 inches above the surrounding terrain. (Drainage features that do not
comply with this criterion are herein referred to as “protruding.”)

(See the Location and Design Manual, Volume Two for specific drainage requirements.)

602.6.1 Transverse Drainage

For pipes with diameters or spans greater than 36 inches:

1. Extend the exposed pipe ends outside the clear zone when practical.

2. When the above option is impractical, shield the ends of the exposed pipe per Section 602.5.1.

For pipes with diameters or spans less than or equal to 36 inches located in areas where clear zone or
safety grading is not provided:

Provide standard half-height headwalls (SCD HW 2.1 or HW 2.2) at exposed pipe ends.

For pipes with diameters or spans less than or equal to 36 inches located in areas where clear zone or
safety grading is provided:

Extend the exposed pipe ends outside the clear zone when practical and provide standard half-height
headwalls.

When the above option is impractical, use slope tapered end treatments.
602.6.2 Intersecting Embankments & Parallel Drainage

Intersecting embankments are slopes that are transverse to the roadway. They are usually created by
median crossovers, intersecting roadways and driveways. These slopes are typically struck head-on by
vehicles that have left the traveled way.

Median crossovers on Interstates/Freeways shall use a 12:1 slope.

Embankment slopes for side roads should be as flat as practical, and drainage pipes underneath side
roads should be located outside of the mainline clear zone where practical. This can typically be
accomplished with minor adjustments to the ditch profiles.

For driveways on projects with clear zone or safety grading, the intersecting embankment slopes should
be as flat as practical and:

1. All protruding drainage appurtenances should be placed outside the mainline clear zone, when
practical. Standard half-height headwalls should be provided on all pipe ends located outside the
clear zone.

2. If a protruding drainage appurtenance cannot be located outside the clear zone then it should be
placed as far from the roadway as practical and treated similarly to drive pipes on projects without
clear zone or safety grading.

3. An enclosed drainage system (storm sewer) may also be considered.

For driveways on projects without clear zone or safety grading, the intersecting embankment slopes
should be as flat as practical and:
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1. Exposed ends of pipes with diameters or spans less than or equal to 24 inches should be miter cut to
conform to the prevailing slope.

2. Exposed ends of pipes with diameters or spans over 24 inches should be designed with standard
half-height headwalls.

3. An enclosed drainage system may also be considered.
602.6.3 Special End Treatments

End treatments that utilize bars or grates designed as safety treatments for exposed pipe ends are
commercially available. However, these end treatments reduce hydraulic efficiency and exhibit a high
potential for clogging. This type of end treatment should only be used when all other reasonable options
have been exhausted.

602.7 Sight Distance Considerations

The introduction of longitudinal barriers may have an adverse effect on both horizontal and intersection
sight distances. The effect on both distances should be investigated at all locations where barriers are
used. (See Sections 201.2.2 and 201.3.2 for additional guidance.)

603 Roadside Safety Devices

The goal of any highway roadside safety device is simply to assist in providing a forgiving roadside for an
errant motorist. The goal is met when the feature does one of the following without causing serious
injuries to the occupants of the vehicle or to other motorists, pedestrians or work zone personnel:

1. contains or redirects the vehicle away from the hazard,

2. decelerates the vehicle to a stop over a relatively short distance,

3. readily breaks away, fractures or yields,

4. allows a controlled penetration, or

5. allows the vehicle to safely traverse the feature.

National Cooperative Highway Research Program (NCHRP) Report 350, Recommended
Procedures for the Safety Performance Evaluation of Highway Features and MASH, Manual of

Assessment of Safety Hardware are currently the safety criteria used to evaluate many of these
features. (See Section 601.3 for additional information.)

603.1 Longitudinal Barriers

Longitudinal barriers function by containing and redirecting impacting vehicles. They are typically
classified into three types based on relative strength characteristics: flexible, semi-rigid and rigid.

Flexible barriers, such as cable guardrail and weak post w-beam guardrail, resist impact through the

development of tension in the cable or rail element. Semi-rigid barriers, like Type 5 guardrail, resist
impact primarily through beam action between the rail, posts, and ground. Rigid barriers resist impacts by
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transferring the loads directly into the ground and are not designed to yield during impact. This makes
them ideal for use in areas with minimal or no space available to accommodate barrier deflections.

Deflection characteristics of a longitudinal barrier system determine the minimum clearances between the
face of the barrier and the face of the object it shields. Minimum barrier clearances are listed in Figure
603-2 along with typical applications for the standard types of barrier described in the following sub-
sections.

603.1.1 Flexible Cable Systems

Cable longitudinal barrier systems have been in use throughout the United States for many decades as
either a roadside or median barrier. The system presents designers with a relatively inexpensive method
to mitigate cross median crashes. Cable systems are considered flexible systems in that they tend to
exhibit large deflections when impacted. Although large deflections can be problematic they produce a
relatively soft impact allowing for a gradual deceleration of the vehicle.

603.1.1.1 Generic Low Tension Cable
Generic low tension cable systems are no longer allowed to be constructed on ODOT’s system
603.1.1.2 Proprietary High Tension Cable Systems

High Tension systems were originally developed and proven in Europe and started appearing on US
highways in the early 2000's and are considered an improvement over the generic system. Although
proprietary in nature, high-tensioned systems consists of the same standard cable mounted under
substantial tension between anchors, but each system has its own light weight steel post. Ohio does use
high tensioned systems in medians of divided highways as a method of preventing cross median crashes.

Currently, five systems are available: Brifen, Gibraltar, NUCOR, Trinity and Safence.
603.1.2 Components: Rail, Posts and Blockouts

The three major components of a strong post barrier are the rail, posts, and blockouts. The most common
rail component are 12' 6" long 12 gauge w-beam metal spliced together with 8 splice bolts and connect to
posts at periodic intervals. This ribbon of rail acts to capture impacting vehicles and to dissipate energy
up and down the rail length. The tension on the rail from an impact can be transferred a considerable
distance. Proper anchoring of the rail at both ends is critical in achieving proper performance

Guardrail posts are designed to support the rail at the appropriate height and provide lateral support
during an impact. For most impacts, the posts are designed to rotate through the soil, rather than bend at
or near the ground surface. This rotation helps to contribute considerably to the energy absorbed in the
collision and helps to prevent contact between the vehicle and the posts. For this reason, paving around
posts is not advisable if the thickness of the pavement would prevent this rotation from occurring. Three
inches of asphalt pavement is the maximum allowable thickness for paving under guardrail. See Sample
Plan Note R116 for additional information on paving under guardrail.

For guardrail installations to perform properly during an impact, adequate soil support must be provided
for the posts in the guardrail run. To ensure this support is provided, 9.0 feet long posts should be
specified at locations where the distance from the face of the barrier to the slope break point is less than
2.0 feet. These locations should be specifically identified in the plans.

Blockouts minimize the potential for a vehicle’s wheels to snag on the posts and reduce the likelihood of a
vehicle vaulting over the barrier. This is accomplished by maintaining the height of the rail as the barrier
deflects and rotates downward during an impact.
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603.1.2.1 Type 5, 5A, & 5MR Guardrail

In Ohio the strong post barrier is known as Type 5 guardrail and is used primarily for roadside protection
on any roadway where a minimum barrier clearance of 5.5 feet can be provided. This distance is
measured from the front face of guardrail to the warranting object, thus the distance accounts for the
width of the barrier. It consists of 12.5 foot long steel w-beam rail elements with either wood or metal
posts and wood or recycled plastic blockouts. Posts shall be spaced at 6.25 feet. Type 5 Barrier Design
is a median and roadside application where slopes on both sides of the rail have are 10:1 or flatter.

Type 5A guardrail is used primarily for roadside protection on any roadway where a minimum barrier
clearance of 3.5 feet can be provided. It consists of the same design for Type 5, except the posts shall
be spaced at 3.125 feet.

Type 5MR is a special design of the Type 5 Barrier Design guardrail, but is installed on one side of a
depressed median. A rub rail on the median ditch side allows installation on median slopes of up to 6:1.

See SCD GR-2.1 for additional details.
603.1.2.2 Type 5 Guardrail: Barrier Design

Type 5 barrier design guardrail is identical to standard Type 5 guardrail with the addition of blockouts and
rail on the opposite side of the posts. It is used primarily in bi-directional median applications on any
roadway where a minimum barrier clearance of 5.5 feet can be provided. See SCD GR-2.1 for additional
details.

603.1.2.4 Type 5 Guardrail with Tubular Backup

Type 5 guardrail with Tubular Backup now meets TL-3 criteria and is designed to be specified over new
prefabricated structures roadways where lateral deflections of the rail cannot be tolerated. It consists of
steel w-beam rail elements, with sections of tubular steel replacing the blockouts, installed on steel posts.
The tubular backup shall extend to the first post off the approach and trailing ends of the structure (or past
the component of the structure that is being protected). A Type 4 Bridge Terminal Assembily is required
at each end of the tubular backup (see Section 603.5.5). See SCD GR-2.2 for additional details.

603.1.2.5 Long Span Guardrail

A TL-3 long span guardrail design for spanning 25 feet across culverts is shown on SCD GR-2.3. This
nested guardrail system with breakaway posts and double blockouts has a deflection of 5.0 feet.

SCD GR-2.4 shows a design for spanning culverts with either a 12.5 feet or 18.75 feet span. ltis a
design for spanning across culverts and other structures with depths of cover less than 2.5 feet. It can be
used on any non-NHS roadway where a minimum barrier clearance of 3.5 feet can be provided. It
consists of Type 5 guardrail with two w-beam rail elements that are nested. A maximum of two posts can
be eliminated to create the clear span. The double rail elements must extend across a minimum of two
posts on both sides of the structure.

603.1.4 Rigid Concrete Barrier

Concrete barriers are used in locations where barrier deflections cannot be tolerated. Because of its
rigidity and shape, it is very effective for small angle impacts and is preferred for use where the chance of
impacting it at an angle of 15 degrees or greater is minimal. It also requires less maintenance than steel
beam guardrails. Overall impact severities for these barriers are usually greater than the other types of
systems.
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At locations where a standard barrier cannot be installed, the face of fixed objects within the
clear zone should be designed with the concrete barrier shape. Typical locations are along
retaining walls and walls that connect pier columns. On upgrading projects where the face of
these fixed objects does not have existing protection, the concrete barrier shape should be
provided to shield these objects.

603.1.4.1 Single Slope Barrier

ODOT has changed its standard concrete barrier shape to that of a single slope, from the New Jersey
shape. Single slope barriers have advantages of better crash test performance for TL-3 vehicles, and the
capability of being a TL-5 barrier. It is also capable of having multiple pavement overlays placed next to it
without having to reset the barrier.

The single slope standard does not require a concrete base outside the end sections, as was required
with the previous NJ safety shape. The single slope barrier, however, does need a solid base material
(asphalt or aggregate) to support its own weight, and an overlay of material at the toe of the barrier.
Single slope barrier does not require horizontal steel except in the end sections and end anchorages. lItis
used on any roadway in areas where signs, lighting or other unyielding objects are to be mounted on top
of the barrier. Concrete barriers are to be terminated with reinforced foundations. Use an End Anchor as
shown on SCD RM-4.3, unless the barrier end connects to an impact attenuator or guardrail, in which
case an End Section as shown on SCD RM-4.6 should be used in lieu of the End Anchor.

603.1.4.2 Types B & B1

Single Slope Concrete Barrier, Type B, is 28 inches wide at the base and 42 inches tall. Single Slope
Concrete Barrier, Type B1, is 33.75 inches wide at the base and 57 inches tall. The additional height of
the barrier in excess of the Type B serves as the glare screen. Refer to Section 604 for additional
information on glare screens.

603.1.4.3 Type C & C1

Single Slope Concrete Barrier, Types C and C1, are used on any roadway in narrow medians where the
difference in elevation on either side of the barrier is less than or equal to 24 inches. The barrier varies in
width at the base depending on the height. For Type C, with the height on one side fixed at 42 inches,
the other side can vary in height from 42 inches to 66 inches. Type C1 varies from 57 inches to 81 inches
on one side while the other side is fixed at a height of 57 inches. Barriers with elevation differences
greater than 24 inches are to be individually designed.

603.1.4.4 Type D

Single Slope Concrete Barrier, Type D, is 20 inches wide at the base and 42 inches tall. It has the single
slope profile on only one side of the barrier; therefore, it can be used on any roadway where impacts are
expected on only one side of the barrier. It is often used for the protection of piers and other fixed
obstacles. See SCD RM-4.5 for barrier and end anchors details and for use at obstructions. See SCD
RM-4.6 for Type D end sections.

603.1.4.5 New Jersey Shape
ODOQT’s previous standard was the NJ safety shape barrier. This barrier type has a 3 inches vertical

portion at the base which plays no significant role in the performance of the barrier, but provides an
allowance for one future pavement overlay. The NJ shape continues to meet at least TL-3 requirements
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and can be utilized on very short lengths where existing NJ barrier is present. Plan insert sheets of this
design are available on the Office of Roadway Engineering’s web page.

603.1.4.6 Portable Concrete Barrier

Refer to Standard Construction Drawing RM 4.1 and RM 4.2. All portable concrete barrier used on
ODOT’s system must be constructed using these drawings. For other approved Temporary Traffic
Barriers refer to the Office of Roadway Engineering’s website for the approved products list.

603.1.4.7 Zone of Influence

Designers are encouraged to minimize objects on top of and behind concrete barriers because of truck
box yaw into the barrier in an impact. Discrete objects such as lighting standards or sign supports could
be snagged by a box truck, or continuous objects like sound wall mounted on top of barrier could be
damaged by a truck’s cargo box rotation. For single slope and NJ shape barriers, a reasonable area to
keep as free of objects as reasonable would be 32 inches behind the top face of the barrier to 80 inches
above it. Generally, objects placed in this area would not compromise the crashworthiness of the barrier,
but incidental damage to the impacting truck’s cargo box or the object itself may occur.

603.2 Characteristics of Anchor Assemblies & Impact Attenuators

Originally end terminals were designed simply to anchor the ends of guardrail runs. However, over the
years safety at the ends has become a major concern. As a result, guardrail end terminals (anchor
assemblies) have taken on additional functions. An anchor assembly can function by:

1. Decelerating a vehicle to a safe stop within a relatively short distance permitting controlled
penetration of the vehicle behind the device;

2. Containing and redirecting the vehicle;

3. A combination of the above.

Anchor assemblies must also be capable of developing the full tensile strength of the rail elements.
Impact attenuators (crash cushions) are designed primarily to safely stop a vehicle within a relatively short
distance. Some common uses of impact attenuators are at exit gores, on or under bridges where piers

require shielding, and at the ends of roadside and median barriers.

Crashworthy anchor assemblies and impact attenuators can be classified as either (1) energy absorbing
or not, (2) gating or non-gating and (3) redirective or non-redirective.

603.2.1 Energy Absorbing

When a vehicle impacts an energy absorbing end terminal, energy from the impact is dissipated in a
variety of ways through the deformation of the vehicle’s crush zone and also from the barrier itself. An
energy absorbing system is designed to expend crash energy by crumbling steel or other material so that
most of the energy will be dissipated internally within the barrier system. The advantage of an energy
absorbing system is that a vehicle and its occupants can be decelerated to a stop within 30 to 50 feet
under designed impact.
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603.2.2 Gating

A non-gating system will bring an impacting vehicle to a controlled stop or redirect it while a gating system
will allow a vehicle impacting the system at an angle to pass through the system along the same general
path. Gating guardrail end terminals, will remove very little of the impacting energy, thus vehicles will
pass through the system at close to the impacting speed. See Section 602.1.4 for proper grading
recommendations with regards to gating end terminals, especially the 20 feet by 75 feet run out area
behind and beyond the start of the gating terminal.

The length of need (LON) point in a non-gating system is located at the nose of the system. When using
a gating system, the LON point needs to be identified to determine what portion of the system can be
used as part of the barrier's LON. See Sections 602.1.2 and 602.1.3 for additional information on length
of need.

603.2.3 Redirection
A redirective system will redirect an impacting vehicle away from a fixed object when the system is struck

at an angle on the side. A non-redirective system will allow a vehicle to continue in approximately the
same direction until it comes to a stop.

A non-redirective system is designed to contain and capture a vehicle impacting downstream from the
nose of the unit. It provides protection in an end-on collision by absorbing the impacting vehicle’s kinetic
energy; however, it does not control an angle impact and it may allow pocketing or penetration.
(Pocketing is said to have occurred if, upon impact, relatively large lateral displacements happen over a
relatively short longitudinal distance.) All non-redirective devices are also gating. LON is established at
the rear of the device. Sand barrel arrays are typical non-redirective devices.

A redirective, gating system has redirective capabilities over a portion of its length. The LON point varies
from system to system. These devices are almost always anchor assemblies.

A redirective, non-gating system is designed to contain and redirect a vehicle impacting downstream from
the nose of the unit. Redirection is provided over the entire length of the device; therefore, the LON is
established at the nose of the device.

603.2.4 Proprietary Products

Many of the following devices are proprietary products, which are subject to change at the manufacturer’s
discretion. The information provided in this manual is accurate and up-to-date at the time of publication
and represents the currently approved versions of these products. New products may be introduced and
modifications to existing products may occur, which may or may not be approved by ODOT. Shop
drawings of all approved proprietary devices are provided with the standard construction drawings. For
additional guidance link to Office of Roadway Engineering’s web page on Proprietary Roadside Safety
Devices at www.dot.state.oh.us/Divisions/ProdMgt/Roadway/roadwaystandards/Pages/default.aspx or
contact the Roadway Standards Engineer.

Each proprietary end terminal and impact attenuator must be installed according to the manufacturer's
recommendations.
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603.3 Anchor Assemblies

603.3.1 Buried-In-Backslope

The buried-in-backslope anchor assembly is a flared, redirective, non-gating, non-proprietary, end
terminal. The length of this terminal varies depending upon field conditions. lts construction is similar to
Type 5 guardrail except the buried-in- backslope terminal uses 8.0 feet long posts and a rubrail. Itis
installed with 6:1 or flatter foreslopes and backslopes as steep as 1:1. A vehicle impacting this terminal
close to the buried end may be able to climb 2:1 or flatter backslopes and encroach behind the guardrail.
Consequently, where backslopes are 2:1 or flatter a 75 feet minimum length of guardrail must be provided
upstream between the warranting feature and the intersection of the guardrail with the ditch flowline.
Where backslopes are steeper than 2:1 this provision is not applicable.

This anchor assembly may be used as an approach end treatment for guardrail on any roadway. Table
603-1 gives additional information on where to use this anchor assembly. See SCD GR-4.5 for additional
details.

There is a version of the Buried-in-Backslope that Report 350 approved for 4:1 foreslopes. Contact the
Office of Roadway Engineering for more information on this design.

603.3.2 Type B (formerly B-98)

The Type B anchor assembly is a flared, redirective, gating end terminal. The length of both systems
should be considered 37.5 feet inclusive of three 12.5 feet rail elements. For the Type B, 25.0 feet may
be deducted from the guardrail length of need. The SRT-350 is installed with a curved flare while the
FLEAT-350 uses a tangent flare, both with an offset of four feet.

The Type B may be used as an approach end treatment for guardrail on any roadway. The Type B
cannot be used when the back side of the device is in the clear zone of bidirectional traffic. The Type B
products require a recovery area immediately behind the terminal detailed on SCD GR-5.2. Designers
should check that this grading is present on existing cross-slopes or otherwise revise the cross-slopes to
conform. Table 603-1 provides guidance on where to use this anchor assembly. See Roadway Sample
Plan Note R112in Appendix B for additional information. All products listed in this section are gating as
described in Section 602.1.4. These end treatments should connect to Type 5 guardrail, but it

is acceptable to connect to Standard Bridge Terminal Assemblies.

An earlier version of the Type B known as the ELT or MELT depicted on Standard Drawings until 1994 is
still found throughout the state highway system. This generic flared end terminal has not meet Report
350 criteria, and should be systematically replaced with the newer version.

603.3.3 Type E (formerly E-98)

The Type E anchor assembly is a tangent, redirective, gating end terminal. These systems are 50 feet in
length, with 37.5 feet may be deducted from the guardrail length of need.

The Type E may be used as an approach end treatment for guardrail on any roadway. The Type E
cannot be used when the back side of the device is in the clear zone of bidirectional traffic. The Type E
products require a recovery area immediately behind the terminal detailed on SCD GR-5.3. All products
listed in this section are gating as described in Section 602.1.4. These end treatments connect to Type 5
guardrail, but it is acceptable to connect to Standard Bridge Terminal Assembilies.

The terminal should be offset to minimize the potential for impacts caused by vehicles clipping the portion

of the impact head that protrudes in front of the face of the guardrail. The preferred offset method is
detailed on SCD GR-5.3. The Type E may also be installed with a 50:1 flare over the full length of the
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terminal or with a 25:1 flare over the first 25 feet of the device. Table 603-1 gives guidance on where to
use this anchor assembly. See Roadway Sample Plan Note R113 in Appendix B for additional
information.

Table 603-1
Foreslope New Construction / Major 3R, HSP and Bridge Replacement
Reconstruction
6:1 or flatter Buried-in- Backslope or Type B Buried-in- Backslope or Type B
Steeper than 6:1 upto 4:1 | Type B Type E
Steeper than 4:1 Type E Type E
603.3.4 Type A

The Type A anchor assembly (twisted turned-down end) is a non-proprietary, non-redirective end
terminal. Itis 25.0 feet long and may be used as an approach or trailing guardrail end treatment in any of
the following situations:

1. On non-NHS arterials, collectors and local roads with a design year ADT of 4000 vpd or less.

2. On non-NHS roadway outside the clear zone.

3. On non-NHS roadway with a design speed of less than 50 mph.

Since the LON point is at the rear of this device, no portion of the Type A can be included within the
guardrail length of need. See SCD GR-4.1 for additional details.

603.3.5 Type T

The Type T anchor assembly is a non-proprietary, non-redirective end terminal that may be used on any
roadway in any of the following situations:

1. On trailing ends of guardrail runs on multi-lane roadways, where located outside the clear zone of
opposing traffic. Since the LON point is at the rear of this device, no portion of the Type T can be
included within the guardrail length of need.

2. In guardrail runs where directional changes are made using a radius of less than 25 feet (see Figures
603-3 and 603-4).

3. On the ends of guardrail runs on drive approaches (see Figure 603-3).

The Type T is 12.5 feet long.
See SCD GR-4.2 for additional details.

603.4 Impact Attenuators

Impact Attenuators, also known as crash cushions, are generally used to shield motorists from rigid
structures like bridge piers and end of concrete barriers. Since impact attenuators can be installed in two
sided situations, they are idea for median or gore applications. Refer to
http://www.dot.state.oh.us/Divisions/ProdMgt/Roadway/roadwaystandards/Pages/default.aspx

for links and shop drawings of approved proprietary products.
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603.4.1 Type 1 (formerly 1-98)

Type 1 impact attenuators are re-directive, gating, proprietary median guardrail terminal and crash
cushion. Type 1’s can be installed on any roadway in unidirectional and bidirectional configurations, but
they must have at least 10 feet of clearance on both sides of the device. A maximum flare of 20:1 is
permissible. Generally Type 1 Impact Attenuators are used in wider medians to safely end barrier design
guardrail runs. See Roadway Sample Plan Note R123 in Appendix B for approved products,
specifications, and manufacturer’s drawings.

Type 1 impact attenuators are gating systems before the LON of the system, but are re-directive after that
point. All systems are sacrificial, meaning they absorb impact kinetic energy by deforming the steel rail
elements and/or breaking wood posts. Most of these systems are not reusable after an impact and most
be replaced with new parts.

603.4.2 Type 2 (formerly 2-98)

Type 2 impact attenuators are reusable, re-directive, non-gating proprietary systems that can be installed
on any roadway in unidirectional and bidirectional configurations. Some of the major components of
these crash cushions can be reused after an impact. It is important to note that if any of the components
are damaged new parts will need to be installed during the repair in order to make the entire unit
crashworthy.

Since the footprint for each product varies the designer should be specific about the available footprint,
design speeds, and width of hazard. In some cases when there is a limited footprint available the
designer should specify only the appropriate products. If cross slopes are steeper than 8 percent (12:1)
or vary by more than 2 percent over the length of the unit, a leveling pad may be used.

Type 2 attenuators are ideal to protect the ends of rigid objects like concrete barrier ends. Some other
uses could be for connection to guardrail runs in diverging gores or narrow medians, as well as temporary
work zone locations. See Roadway Sample Plan Note R124 for approved products, specifications, and
manufacturer’'s drawings. Plan notes are in Appendix B.

603.4.3 Type 3 (formerly 3-98)

Type 3 impact attenuators are low-maintenance/self-restoring crash cushions typically considered for use
at locations where a high frequencies of impacts is expected. Maintenance is required with these units
after impacts to restore full capacity for design impact conditions. These units could be cost-beneficial at
locations with high frequency of impacts despite the high initial costs because of the lower repair costs
over the life of the product. These units are typically restored with minimal labor and replacement parts
after a design impact. Often these products are preferred in high speed, high traffic volume ramps or
medians in order to reduce the exposure of maintenance workers to the traffic.

Type 3 impact attenuators should be specified in lieu of Type 2 impact attenuators when a higher than
normal impact frequency would be expected. They are cost-effective when considering the benefits of
faster and easier repair. Additionally, the safety benefits for maintenance personnel’s exposure while

repairing frequently damaged units cannot be discounted.

See Roadway Sample Plan Note R125 in Appendix B for approved products, specifications, and
manufacturer’s drawings.
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603.4.4 Work Zone Impact Attenuators

All Type 2 and Type 3 impact attenuators are considered acceptable for use in temporary work zones.
Additional products specifically listed in this category are approved only for temporary work zones to
protect hazards 24” and smaller, and are beneficial in locations where foundations and anchors are not
required. Typically considered to be sacrificial units, they are crashworthy roadside safety devices
designed for a single impact, usually protecting the end of temporary barriers. Most of the systems are
gating, non-redirective, and absorb impact energy through crushing the product elements. These
systems’ major components are destroyed in an impact and must be replaced. Refer to the Traffic
Engineering Manual sections 642-30 and 642-31 for additional design requirements.

603.4.5 Sand Barrels

Sand barrel arrays are proprietary sand-filled modules of varying sizes arranged in a pattern designed to
protect wide hazards. Sand barrel arrays are appropriate in limited situations for the protection of wide
hazards when no other product is acceptable. Because each product is different a specific design layout
is required for each location based on the design speed and width of the hazard being shielded. All
arrays installed on the NHS must meet NCHRP Report 350 Test Level 3 criteria.

603.5 Bridge Terminal Assemblies

When a less rigid barrier is to be connected to a more rigid barrier, a stiffening transition is needed to
make the connection. A transition from a more rigid barrier to a less rigid barrier doesn’t require any
stiffening unless the barrier can be struck from the opposite direction. Even when the difference in
strength is not an issue, a transition is frequently required simply to connect two barrier systems that have
different hardware components. Transitions in Ohio are called Bridge Terminal Assemblies because they
are typically required where guardrail is warranted in conjunction with bridge parapets/railings. They are
also used to connect guardrail to concrete barrier and other similar fixed objects.

603.5.1 Type 1

The Bridge Terminal Assembly, Type 1 is commonly used to connect Type 5 guardrail to a concrete
barrier or a concrete bridge parapet on an undivided bi-directional highway. It uses blocked-out, nested,
thrie-beam, guardrail panels attached to a vertical concrete surface to transition to the Type 5 guardrail.
The addition of a curb and a stiffer thrie-beam transition panel enables the assembly to meet into TL-3.
It is generally installed at the following locations:

1. At the approach end of a rigid object.

2. Atthe trailing end of a rigid object if it is located within the clear zone of opposing traffic.

See SCD GR-3.1 for additional details.

603.5.2 Type 1 Barrier Design

The Bridge Terminal Assembly, Type 1: Barrier Design is commonly used to connect Type 5 Barrier
Design guardrail or a Type 1 Impact Attenuator to a concrete median barrier. It uses blocked-out, nested,
thrie-beam, guardrail panels attached to a vertical face on both sides of the barrier to transition to the
guardrail or attenuator. As with the Type 1, the curb and stiffer thrie beam transition panels enables the
assembly to meet into TL-3.

See SCD GR-3.5 for additional details.
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603.5.3 Type 2

The Bridge Terminal Assembly, Type 2 is commonly used to connect Type 5 guardrail to the trailing end
of a concrete barrier or bridge parapet located outside the clear zone of opposing traffic. It uses standard
w-beam guardrail panels attached to a vertical face on the concrete barrier to transition to the guardrail.
When used as a trailing end assembily, it can be used on the NHS. See SCD GR-3.2 for additional
details.

603.5.4 Type 3

The Bridge Terminal Assembly, Type 3 is commonly used to connect Type 5 guardrail to a thrie-beam
bridge railing on an undivided bi-directional highway. It uses blocked-out, nested, thrie-beam, guardrail
panels to transition to the Type 5 guardrail.

It is generally installed at the following locations:

1. At the approach end of a rigid object.

2. Atthe trailing end of a rigid object if it is located within the clear zone of opposing traffic.

See SCD GR-3.3 for additional details.

603.5.5 Type 4

The Type 4 Bridge Terminal Assembly is used to connect Type 5 guardrail to the approach and trailing
ends of bridges having tubular backup bridge railing. It is also used to transition between Type 5
guardrail and Type 5 guardrail with Tubular Backup.

See SCD GR-3.4 for additional details.

603.5.6 Type TST

Type TST is a TL-3 Bridge Terminal Assembly used to connect Type 5 guardrail to the approach and
trailing ends of bridges having twin steel tube bridge railing. Details are found on SCD GR-3.6.

603.6 Concrete Barrier End Treatment

The end of a concrete barrier may be a hazard if not treated properly. Since a rigid barrier generally
does not require end anchorage to develop its strength, the simplest means of providing impact protection
for the barrier end may be to terminate the barrier beyond the clear zone. When this approach is used,
the flare rate used to offset the barrier should not exceed the flare rates recommended in Figure 602-1.
However, when the end of a concrete barrier is located within the clear zone, a terminal is necessary to
protect a vehicle’s occupants in an end-on impact.

Acceptable end treatments include the following:

1. Transition to Type 5 guardrail using a bridge terminal assembly and terminate the end of the guardrail
run with an anchor assembly.

2. Use an impact attenuator as discussed in Section 603.4.

3. Terminate the concrete barrier directly into a cut backslope.

July 2011 6-24



600 Roadside Design

4. Use atapered end section only: (1) when the barrier is terminated outside the clear zone (See
Figure 603-5.), or (2) when the barrier is on a non-NHS road with a design speed less than or equal
to 40 mph (NCHRP Report 350 TL-2) and space is limited by right-of-way constraints or presence of
other roadside features that preclude the use of an approved end treatment.

604 Glare Screen

Glare screen is used primarily for the shielding of motorists from headlight glare of opposing traffic. Itis
normally used in the median of divided highways but may be used in other areas where a specific
problem exists or is anticipated.

There are locations, other than in the median, where glare screen may be justified. An example would be
between a parallel facility and the mainline where geometrics or unusual sources of light cause a glare
problem.

604.1 Median Glare Screen

Glare screen is justified based on traffic volumes and median widths in unlighted sections, and on traffic
volumes and the number of lanes in lighted sections. Figure 604-1 shows this relationship. Median glare
screen may also be justified when glare problems are experienced on isolated sharp curves. Median
glare screen installation should be as continuous as practical. Gaps of approximately 1 mile or less in
length should be avoided.

604.2 Performance Characteristics

Expected performance characteristics of glare screens include the following:

1. Does not penetrate the passenger compartment or present an undue hazard to other traffic when hit.
2. Exhibits predictable impact performance.

3. Effectively reduces glare.

4. s resistant to damage during impacts.

5. s easy and economical to repair.

604.3 Glare Screen Options

Glare screening may be accomplished in a number of ways. These include, but are not limited to, the
following options (shown in order of preference):

1. Use ataller standard barrier. For example use Type B1 in lieu of Type B concrete barrier.

2. On a NJ shape barrier, install a concrete cap to extend the height of existing 32 inch concrete barrier
where barrier thickness is adequate.

3. Attach a paddle or intermittent type of glare screen to the top of a 42 inch Single Slope or 32 inch tall
NJ shape concrete barrier, or on top of steel beam guardrail. These devices shall be designed using
a 20-degree cut-off angle measured relative to the centerline of the barrier. They shall be securely
fastened to the barrier using the hardware and procedures specified by the manufacturer. Contact
the Office of Materials Management for a list of approved manufacturers.
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4. Install special glare screen fencing fabric used at normal fence locations.

Options 1-3 may only be used in locations where barrier is required. Option 4 should be limited to
locations outside the clear zone wherever possible.

605 Rumble Strips

605.1 Shoulder Rumble Strips

A shoulder rumble strip is a pattern of grooves or depressions made in paved highway shoulders to
produce an audible and/or vibratory warning to drivers whose vehicles have drifted off the traveled way.

SCD BP-9.1 contains design details and options for the placement of rumble strips on shoulders.
Shoulder rumble strips have proven to be effective in reducing run-off-the-road accidents due to driver
inattention, monotony and fatigue. They also may serve as an audible form of roadway edge delineation
in adverse weather conditions. Rumble strips are most appropriate for use on higher speed facilities
where access is controlled through interchanges or widely-spaced intersections (several miles apart) and
are also appropriate for other roadways with a history of run-off-the-road accidents due to driver
inattention.

605.1.1 Locations
Shoulder rumble strips will be installed at the following locations:

1. On new, reconstructed, and resurfaced shoulders of all rural fully access-controlled highways
(Interstates and freeways).

2. On sections of any highway with a history of run-off-the-road accidents due to driver inattention,
fatigue, or sleep. For this purpose, a threshold rate of 0.25 run-off-the-road accidents per million
vehicle miles will be used.

Shoulder rumble strips should be considered at the following locations:

1. On new, reconstructed, or resurfaced shoulders of urban fully access-controlled highways and rural
partially access-controlled multilane highways.

2. At certain critical locations, such as: in gore areas, ahead of impact attenuators and next to concrete
median barriers.

Shoulder rumble strips may be installed at the following locations:

1. At other locations, where deemed to be a safety enhancement, at the discretion of the District
Deputy Director. This decision should be based on a review and recommendation by the District
Safety Review Team.

2. Onlocal roads and streets in Federal-aid projects that are not on the NHS, at the discretion of the

responsible local agency. (See SCD BP-9.1 for additional details on the location of shoulder rumble
strips.)
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605.1.2 Types

Shoulder rumble strips are appropriate for use on either asphalt or concrete shoulders. They can be
milled into existing or new shoulders of either asphalt or concrete pavement (Type 2), or formed into new
concrete shoulders (Type 3). (See SCD BP-9.1 for additional details.)

Type 2 is the most effective of the three types because it produces a noticeable vibratory and audible
warning to drivers. Itis the preferred treatment for use on most rural roadways. Types 3 produce little
vibratory effect and a less audible warning than the Type 2 pattern and are therefore the recommended
treatments for use in most urban areas and in all residential areas to minimize noise levels.

605.1.3 Lateral Clearances for Machinery

The machinery used in the milling process to construct Type 2 rumble strips requires a lateral clearance
of at least 34 inches from the outside edge of the pattern to any obstruction (guardrail, a barrier, curbs,
etc.).

605.1.4 Divided Highways

Rumble strips should be installed on both shoulders (right and left) of divided roadways, but individual
circumstances may dictate use on only one shoulder.

605.1.5 Existing Shoulders

Rumble strips should only be installed on existing paved shoulders that are in good condition and have
the following minimum widths of 2.5 feet. Where existing shoulders are to be resurfaced either
permanently or for maintenance of traffic conditions, the existing rumble strip pattern shall be restored on
the new shoulder in accordance with this manual.

605.1.6 Bicycle Considerations

Rumble strips generally should not be used on the shoulders of roadways designated as bicycle routes or
having substantial volumes of bicycle traffic, unless the shoulder is wide enough to accommodate the
rumble strips and still provide a minimum clear path of 4 feet from the rumble strip to the outside edge of
the paved shoulder or 5 feet to adjacent guardrail, curb or other obstacle.

The rumble strip pattern should not be continuous but should consist of an alternating pattern of gaps and
strips, each 10 feet in length. Also, gaps should be provided in the rumble strip pattern ahead of
intersections, crosswalks, driveway openings, and at other locations where bicyclists are likely to cross
the shoulder.

605.1.7 Residential Areas

In residential areas, noise generated by rumble strips could be objectionable. Rumble strips installed in
these areas may be placed further from the edge of the traveled lane than shown on SCD BP-9.1
toreduce the frequency of contact while still providing some degree of warning to drifting drivers.

The distance from the edge of the traveled lane to the rumble strip pattern should not exceed 2.0 feet on

the outside shoulder. Also, the use of either Type 1 or Type 3 is preferable to the use of Type 2 in these
areas. (See Section 605.1.2.)
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I
605.1.8 Maintenance of Traffic

Where shoulders are to be used for maintenance of traffic purposes, rumble strips should be positioned to
adapt to phased construction sequencing. See SCD BP-9.1.

605.2 Rumble Strips in Traveled Lanes

Rumble strips in traveled lanes are used to alert drivers of unusual or unexpected traffic conditions or
geometrics and to bring the driver’s attention to other warning devices. They are not intended for traffic
calming and they should only be installed after all other appropriate standard traffic control devices have
been utilized and have failed to resolve the problem satisfactorily.

Rumble strips are most effective when they surprise motorists enough to catch their attention. For this
reason, they should be used sparingly. (See Section 605.2.1 for typical locations.)

605.2.1 Locations

Typical locations for the installation of rumble strips in a traveled lane are at the following:
1. Rural stop approaches with high accident rates.

2. Signalized intersections with high accident rates.

3. Short exit ramp deceleration lanes or hidden intersections.

Other possible locations include:

1. Locations with abrupt changes in horizontal alignment.

2. Intersections with inadequate stopping sight distance caused by vertical or horizontal alignment.
3. Railroad crossings with sight distance restrictions and a history of accidents.

4. Approaches to toll booths and narrow bridges.

5. At the approach to work zones and at other locations within the work zone.

605.2.2 Types

See Section 605.1.2for information on acceptable rumble strip types.
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606 Fence

606.1 Purpose

Highway fences are a part of the highway facility and are placed within the right-of-way limits of highways
having controlled or limited access right-of-way. They act as physical barriers to enforce observance of
the acquired access rights. The State or other agency responsible for the maintenance of the facility shall
assume the responsibility for the maintenance of these fences.

606.2 Types

Itis ODOT'’s policy to construct only the standard types of fence described below in accordance with the
current Standard Construction Drawings and Construction and Material Specifications.

TYPE 47 - Woven wire fence with a 47-inch fabric, steel line posts, and one strand of barbed wire on the
top. (See SCD F-2.1.)

TYPE 47RA - Woven wire fence with 47-inch fabric, wood line posts, and no barbed wire. (See SCD F-
21)

TYPE CLT - Chain link fence with 60-inch fabric but with a tension wire in lieu of the top rail. (See SCD F-
1.1)

606.3 Fence on Freeways

606.3.1 Urban Freeways

Urban freeways shall be continuously fenced. Innerbelts and radials shall use Type CLT. Outerbelts
shall use Types CLT or 47 depending upon the adjacent land use.

606.3.2 Rural Freeways

Rural freeways shall be continuously fenced, usually with Type 47 fence; however, Type CLT may be
used in areas where there are schools, subdivisions or other developments.

606.3.3 Freeway Fence Design Conditions

1. Where chain link fence is located within the design clear zone, such as along the edge of a roadway
shoulder, in a median, or between a frontage road and the mainline, a fence with tension wire, Type
CLT, shall be used.

2. Type 47RA fence shall be used to fence rest areas where the highway fence is Type 47. It may also
be used in other locations where the aesthetics of the area make this type more desirable.

3. Fence installed across a stream or ditch shall be designed using fence terminals or crossings as
shown in SCD F-3.3 and F-3.4, respectively.

4. Where a drainage channel is located parallel to the freeway in a channel easement, the fence shall
be located on a bench between the main facility and the channel. Maintenance openings shall be
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provided at 700 feet maximum intervals where the length of fence between a deep channel and the
freeway exceeds 1800 feet, unless access can be provided by another means.

5. Fence shall be provided in the median to connect the abutments of all twin bridges on divided
highways.

6. All types of fence shall be grounded where a power line passes over them. Fence shall also be
grounded where a parallel power line easement is within 50 feet of the fence. For grounding details
see SCD HL-50.11, published by the Office of Traffic Engineering.

7. Inthe vicinity of some airports, fencing should be non-metallic since it sometimes interferes with
airport traffic control radar. The Federal Aviation Administration should be contacted to ascertain if
metallic fencing will be a problem.

8. Fence should normally be continued behind a noise wall. Sufficient distance should be provided
between the fence and the noise wall to permit normal maintenance operations. If there is no critical
maintenance responsibility between the noise wall and the right-of-way or limited access line
(generally in "cut" sections) the fence may be terminated at each end of the noise wall.

606.3.4 Exceptions to Continuous Freeway Fencing

1. Fence shall be terminated with an end post assembly at an existing 2:1 or steeper slope, measured
along the fence centerline. However, if the ground approaching the '2:1 slope is too steep to allow proper
fence installation, a Type E fence terminal shall be installed at the edge of the slope. (See Figure 606-1
(a) and (b) for details.)

2.Fence shall be terminated in a cut section that exceeds 30 feetin vertical height with a backslope of V2:1
or steeper. An End Post Assembly and a Type E fence terminal shall be located as shown in Figure 606-

1(c).
3. Where the fence intersects a crossroad right-of-way line at interchanges, it shall be constructed along

the crossroad to the limits of the limited access right-of-way.

606.4 Fence on Arterials

606.4.1 Urban Arterials

Fence shall be Type CLT or Type 47 depending upon the adjacent land use. Type CLT should be used
where there is any doubt that Type 47 would be adequate to prohibit undesired intrusions.

606.4.2 Rural Arterials

Fence should normally be Type 47.

606.4.3 Arterial Fence Design

Fence shall be provided along the limited access right-of-way line on arterials but shall terminate at the
end of limited access right-of-way at crossroads or railroads, and at stream banks and driveways. Fence
shall be omitted where the highway right-of-way adjoins lateral features which would prevent vehicular
access, such as: railroads, streams, deep ditches, swamps, strip mines or other steep slopes. Type CLT
and 47RA shall be used on arterials in the same locations as described for freeways in Section 606.3.3
(1) and (3).
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|
606.5 Fence on Collectors

Fencing of limited access right-of-way on urban or rural Collectors (or lower classifications) with partial
access control will be determined on an individual project basis using arterial requirements as a guide.

606.6 Lateral Location of Fence

Section 607.06 of the Construction and Material Specifications gives line post and fence location as
related to the right-of-way line. Normally, woven wire fence should be placed 2.0 feet inside the right-of-
way line and chain link 1.0 feet

When viewed at a flat angle, chain link fencing restricts sight distance. This should be considered when
placing fence in interchange areas and intersections.

606.7 Fence Approval

Determination of the type and extent of fencing will be made during the development of the contract plans
and will be completed in time for the Stage 3 review.

606.8 Bridge Vandal Protection Fence

For policy and details of vandal protection fence, see the Bridge Design Manual and SCD VFP-1-90,
both published by the Office of Structural Engineering.
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List of English Figures

Figure Date
600-1 April ‘99
600-2 January ‘04
600-3 April '10
600-4 October 10
601-1 April ‘99
601-2 October 10
602-1 April ‘12
602-2 January ‘04
602-3 April 11
602-4 April 11
603-1 January ‘07
603-2 January ‘07
603-3 January ‘04
603-4 January ‘07
603-5 January ‘04
604-1 April ‘99
606-1 April ‘99

Title

Clear Zone Widths

Clear Zone Measurements

Urban Lateral Offsets at Horizontal Curves and Merge Points
Urban Lateral Offsets at Driveways and Sidewalk Buffer Strips
Barrier Warrants for Embankments

Median Barrier Warrants

Barrier Length of Need (Tangent Alignment)

Barrier Length of Need (Curved Alignment)

Tensioned Cable Median Placement

Tensioned Cable Overlapping Other Barrier

Barrier Types

Typical Barrier Uses & Minimum Clearances

Drive and Side Road Guardrail Openings

Minimum Bridge Protection Involving Drives or Side Roads
Concrete Barrier Median Transition

Median Glare Screen Use Guide

Exceptions to Continuous Freeway Fencing

Sample Calculations

Ex.
Ex.
Ex.
Ex.
Ex.
Ex.
Ex.

600-1
600-2
600-3
602-1
602-2
602-3
602-4

April ‘12
April ‘12
April ‘12
April ‘12
April ‘12
April ‘12
April ‘12

Clear Zone Measurement Using Slope Averaging (Traversable Ditch)
Clear Zone Measurement For A Non-Traversable Ditch

Clear Zone Measurement For A Cut Slope

Tangent Barrier Design for a 2-Lane Road

Length of Need at a Large Culvert

Tangent and Flared Barrier Design for a Divided Highway

Barrier on the Outside of a Curve
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CLEAR ZONE WIDTHS REFERENCE SECTIONS
600.2
Foreslope Backslope
Design Speed | Design ADT 6:1 or Steeper 6:10or | Steeper Steeper
y than 6:1 to y than 6:1
Flatter Flatter ) than 4:1
4:1 to 4:1
<750 8 ft 8 ft 8 ft 8 ft 8 ft
750-1500 1 13 1 1 11
40 mph or less 1501-6000 13 15 13 13 13
>6000 15 17 15 15 15
<750 11 13 11 9 9
750-1500 13 18 15 13 1
45-50 mph 1501-6000 17 23 17 15 13
>6000 19 26 21 19 15
<750 13 16 1 1 9
55 mph 750-1500 17 22 17 15 11
mp 1501-6000 21 27 21 17 15
>6000 23 29 23 21 17
<750 17 22 15 13 1
60 mph 750-1500 22 29 21 17 13
mp 1501-6000 28 36 25 21 16
>6000 31 40 27 25 21
<750 19 23 15 15 1
750-1500 25 32¢ 21 19 14
65-70 mph 1501-6000 30 38* 27 23 18
>6000 32* 42+ 28 28 23

* Use a maximum clear zone of 30 feet unless a site specific investigation or accident history indicates a high
potential of continuing accidents. When the potential for continuing accidents is high, the widths in the above
chart should be multiplied by the following curve correction factors to extend the clear zone on the outside of

curves having a Degree of Curvature of 2 degrees or sharper.

April 1999

HORIZONTAL CURVE CORRECTION FACTORS
333‘,’:&:’: Design Speed (mph)

40 45 50 55 60 65 70
2.0 11 1.1 1.1 12 12 1.2 1.3
25 1.1 1.1 12 1.2 12 1.3 1.3
3.0 11 12 12 12 13 1.3 14
35 11 12 12 13 1.3 1.4
4.0 1.2 12 12 13 14 14
4.5 1.2 12 13 1.3 14 15
5.0 1.2 12 13 14 15 *
6.0 12 13 14 14 15
7.0 1.3 13 .
8.0 1.3 14
9.0 1.3 1.4
10.0 1.4 1.5
15.0 15 0




600-2E
CLEAR ZONE MEASUREMENTS REFERENCE SECTIONS

600.2.1
Edge of Warranting
Traveled Way Clear Zone M Feature
et -
@@CO
s %
/Off e
ST %OO
Traversable
Trapezoidal or
Radius Ditch
Edge of
Traveled Way Warranting
Recovery Areaq ~ Feature
Clear one

A
\
\

Traversable
Trapezoidal or
Radius Ditch

* For acceptable foreslope and backslope combinations
that produce traversable frapezoidaland radius difches,
see Figures 307-3and 307-2, respectively.

For clear zone widths, see Figure 600-I.
For 3R projects, see Section 906.l.

January 2004




600-3

REFERENCE SECTION
600.2.2

~

w

Required Sight Distance along

Driver’s Line of Sight

For sight distance requirements,

see Section 201.2.1 & Figures 201-1 & 201-2

¥ 3
(It ///f /1111717
T 1T

/T

AN
S i
SRS

UL ¥

i . 10 L
Q T (8‘3 @\ Offset extended to

Intersect where feasible

LATERAL OFFSET CONFIGURATION APPLIES TO LANE MERGES,
ACCELERATION LANES, AND BUS BAY RETURNS

Std. Recommended \§ Lateral Offset Lateral Offset
N at Taper Point

at Inside of Curve

Lateral Offset

April 2010




600-4

REFERENCE SECTION
600.2.2

~

)
L T

Drivers’ Line Drivers’ Line f
of Sight — \ ——— \ of Sight — \ /@

Curb Face /

VLT TP /i //f LT

@ (83 *10'7‘015' {23

For intersection sight distance {B
gegu:remenfs, see Section 201.3 10° to I5° Offset of For

igures 201-4 & 201-5 Side of Driveway
ROADSIDE LATERAL OFFSETS AT DRIVEWAYS

Buffer Strip - ___?/q df ;"gr) S4frip
I 4
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Curb width <4 . .
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'/ Side of Sidewalk

Frangible Objects
® I Near Cén ter /
of Buffer Strip

Curb Face

Leri it
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B
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v

fops
EI DI S G I T T LI IS LTS 1

FHTI DI L R LT LT

Adjacent
o0
A

Lane
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[
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Face

I

LANDSCAPE AND RIGID OBJECT PLACEMENT FOR BUFFER STRIPS

et

Lateral Offset Std. Recommended IS o
due tfo Driveway Lateral Offset Sl Sidewalk

October 2010
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BARRIER WARRANTS 601-1E

FOR EMBANKMENTS

601.1.2

REFERENCE SECTIONS

Traveled

3

Way

&S -

- 7

FILL SECTION SLOPE (b/a)

(= [ / Fill Section Embankment
§§§§§§\Y§§§§§§§§§§§§§L\uinxN§§§§Ntwn&\je%h+

BARRIER

0.5 WARRANTED :
\V///4

0.4 N /’/ 2'/22|
a -

0.3

0.2 % ---5:|
BARRIER NOT -——6:|

0 WARRANTED

0.0

0O 10 20 30 40 50 60
FILL SECTION HEIGHT IN FEET

On or below the curve barrier is not warranted
for embankment. However, check barrier need for
other roadside hazards within the clear zone.

April 1999

FILL SECTION SLOPE (a/b)




MEDIAN BARRIER WARRANTS

601-2E

REFERENCE SECTIONS
601.2

80
%
o 60
L
L
<
mA
—_ W
5
> c40
1 O
= 0
<< o
O o
=
O -
= 20
(ne
Ll
=
K
O

O 10 20 30 40 50 59 70 80 90

MEDIAN WIDTH (FEET)

Warrants for median barriers on freeways

* Based on a 5-year projection

October 2010

OPTIONAL

BARRIER RECOMMENDED

NOT REQUIRED



BARRIER LENGTH OF NEED
(TANGENT ALIGNMENT)

602-1E

REFERENCE SECTIONS
602.1.2, 602.5.1, 603.6

ADJACE

1

Warranting
Feature —

o
—

NT TRAFFIC :
_____________________ Clear Zone Line  —

—

b=

Edge 0T Through Traveled Way— >__f

End of
Barrier

Need

- Use
/_ Crashworthy

Terminal

<3 Traffic

Clear Zone Line
For Opposing Traffic

\ - LR _ -
B End of L X ~ Warranting
Barrier L, Feature
Need = I
Use _
© Crashwor thy Wg\."
- Terminal —— SRR
e b -
| R PPN -
ol —Edge of Through Traveled Way
>—
_,N
' Y <1 Adjacent Traffic vy
C—> Opposing Traffic
Flore Rate (a:b) Runout Length, Lg (f1) Formulas
Desian € Per Design Year ADT
1 [0] —_— _
Spegd <5 5 e P N X = Length of Need
(mph) 5% 2% [55°(|339|883|883 | Lk = Runout Length
53 88 (355|252 |23€ (525 | Lo = Required Clear Zone
© we B A= > > | Ly = Lateral Offset to Back
70 2021 151 360 | 330 | 290 | 250 of Warranting Feafure
L, = Lateral Offset to Face of
65 19:1 14:1 330 290 250 225 Barrier (see Figure 301-3)
. . L, = Varies (Typically measured
60 18:1 1431 300 250 210 200 to the end of a full panel
55 1621 12:1 265 220 185 175 of quardrail)
50 14:1 1121 230 190 160 150 If LydLet X = Ly+(b/all, -Lp
45 1221 1011 195 | 160 | 135 | 130 (bsa) + Lu/Lg
40 1021 811 160 130 110 100 Y F Ly Xlby/Lg)
35 9:1 8:1 135 110 95 85 If LydLc: Substitute Lc in the
above formulas.
30 8t 721 110 90 80 70

April 2012




BARRIER LENGTH OF NEED 602-2E

(CURVED ALIGNMENT) REFERENCE SECTIONS

602.1.3, 602.5.1, 603.6

Warranting ST T T — - o
Feature ~ Heg,

End of
Barrier
Need

Use Crashworthy
Terminal. See
Section 603

Edge of
Traveled Way

\R\\——Cemfernme

Formulas

X = Length of Need

Lc = Required Clear Zone

Ly, = Lateral Offset to Back of Warranting Feature

L, = Lateral Offset to Face of Barrier (See Figure 301-3.)

fly<le: X=(R+L,) (6, -6,) radians  where 6, = cos” (R/(R + L)) and 6, = cos™ (R/(R +
L))

R =5729.58/D; where D¢ = decimal degree of curvature
1 degree = 11/180 radians

If Ly, > L¢: Substitute L in the above formulas.

January 2004




TENSIONED CABLE 602-3E
MEDIAN PLACEMENT REFERENCE SECTIONS

602.2.2, 603.1.1

¢ Construction
12 Min, 8 Min. 1

Edge of Traveled Way : ETW

Tensioned Cable

Post & Foundation 4’ Wide Paved No-Mow Strip

TENSIONED CABLE TYPICAL CROSS-SECTION PLACEMENT

*: Continuing Cable on opposite side: Preferred
Continuing Cable on same side: Acceptable

<«— Direction of Traffic 40" min. ETw

. preferred *

Tensioned Cable
Anchor Assembly

2/50' Min.

Direction of Traffic —» ETW

TENSIONED CABLE AT MEDIAN CROSS-OVER

<— Direction of Traffic ETW

Ex. W-Beam GR
Tensioned Cable “"""""_"lw\ ¢ Construction

Direction of Traffic —» Bypass Ex. Pier GR unless 12 offset cannot be met, ETW

then treat as flared GR as shown in 602-4E.
TENSIONED CABLE AT BRIDGE PIERS

April 2011




TENSIONED CABLE 602-4E

OVERLAPPING OTHER BARRIER REFERENCE SECTIONS

602.2.2, 603.1.1

Edge of Traveled Way : ETW <— Direction of Traffic

¢ Construction

< 50:1 Taper
1 1
& &
ETW B 100 _ Direction of Traffic —»
Anchor Assembly
+ 50’ Overlaop

TENSIONED CABLE ANCHOR ASSEMBLY OVERLAP

ETW <— Direction of Traffic

Tensioned Cable &
AKAnchor Assembly

- Ex. W-Beam GR
&

ETW 500 Direction of Traffic —»
Overlap

ENDING TENSIONED CABLE AT EX. FLARED GUARDRAIL

ETW <— Direction of Traffic

Ex. W-Beam GR & 50’ Tensioned Cable &

Type-E Anchor W Anchor Assembly € Construction
: { 30:1 Taper

..... b (If Required) &l

6’ Min

ETW Direction of Traffic —»

BEGIN/END TENSIONED CABLE AT EX. TYPE-E ANCHOR ASSEMBLY

April 2011




BARRIER TYPES
603.1

| A8 E

AN 2% W
. TYPE 5
TYPE 5 & 5SA TYPE 5:Barrier w/ Tubular

STEEL BEAM GUARDRAIL Backup

|2II

-

VZSN

\
”//}//,,/
42"

Q
2
57

N NIDZL SRR
TYPE B TYPE BI
2"
- =
O O 12"
S 995 - =
N 5% ¥ 1
Y N @)
SR 5|- E \ 2
P >3 @ |-
NyeE
TYPE C & CI TYPE D

SINGLE SLOPE BARRIER

January 2007



MINIMUM CLEARANCES REFERENCE SECTIONS
602.1.1, 603.1
Barrier Standard Minimum
Type Drawing Barrier Typical Use
Clearance*
Roadside protection.
Type 5 GR-2.1 56" 6' 3" Post Spacing /12' 6" Rails
—
< Roadside protection adjacent to fixed objects.
g Type 5A GR-2.1 36" 3' 1-1/2" Post Spacing /12' 6" Rails
o
5‘: Type 5: GR-2.1 Narrow medians where deflections can be
O] Barrier GR-6.1 5'6" tolerated.
S GR-6.2
<
Hd Type 5 Width of Barrier | Prefabricated structures where other guardrail
—, | with Tubular GR-2.2 Approx. 24" system minimum barrier clearances cannot be
T} Backup provided.
L
c|7) Long Span GR-2.3 50" Used primarily to span across precast
Across structures that have limited depths of cover.
Culvert GR-2.4 g 7
50" PCB RM-4.1 6'3" These clearances represents unanchored
PCB lateral offset to fixed objects. Can be
32" PCB RM-4.2 56" installed with recommended 2-foot offset to
MOT traffic lanes.
Type B RM-4.3 Width of Barrier | Narrow medians where raceways or median
E 28" lighting is used.
E Type B1 RM-4.3 Width of Barrier | Narrow medians where additional height is
< 33-3/4" required and raceways are needed.
m
L Type C RM-4.3 Width of Barrier
E Varies up to
o 32-3/8" Narrow medians where the difference in
©)] - - shoulder elevation is 24 inches or less.
pd Type C1 RM-4.3 Width of Barrier
8 Varies up to
38-1/4"
Roadside protection adjacent to fixed
Type D RM-4.5 Width of Barrier | obstacles. Areas where impact angles over 15
20" degrees are unlikely or where maintenance
may be difficult/dangerous.

* Measured from the face of the barrier to the obstacle.
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DRIVE AND SIDE ROAD
GUARDRAIL OPENINGS

603-3E

REFERENCE SECTIONS
602.4, 603.3.5

4’ to 8’offse+=:

Type T
Anchor
Assembly

(o] Q (o] O O

Normaloffset

Drive
Approach

Standard W-Beam Flared
(or rounded) End Section

Type T Anchor
Assembly

o] Q (o] e} (o]

Edge of Traveled Way

DRIVE GUARDRAIL OPENING

Normaloffset

GUARDRAIL RADIUS
<25’ (5’ min.)

Type T Anchor
Assembly

P
o o a Q. Side ROOd
Normaloffset Approach

&

Type B-98 or E-98 on NHS,
Type A Anchor Assembly
on non-NHS

GUARDRAIL RADIUS
25" OR OVER

‘y/Edge of Traveled Way

SIDE ROAD GUARDRAIL OPENING

Normaloffset

N

GUARDRAIL RADIUS

<25" (5 min.) N,

Type T
Anchor
Assembly

o T (o] Q

Normaloffset

/ 7
Side Road
Approach o o o o o o

Edge of Traveled Way

Type B-98 or E-98 on NHS,

Type A Anchor Assembly
on non-NHS

GUARDRAIL RADIUS
25’ OR OVER

SIDE ROAD GUARDRAIL OPENING WHERE
GUARDRAIL EXTENDS ALONG SIDE ROAD

January 2004




REFERENCE SECTIONS
602.5.1- 603.3.5

See Figure 603-3 for
treatment beyond approach.

\

Bridge
Limits

c
o
O£
Drive or °lE
Side Road Q|- Edge of
Approach < [Troveled Way

[ Type T Anchor Assembly

Bridge Terminal Assembly

PREFERRED MINIMUM APPROACH TREATMENT

See Figure 603-3 for freatment beyond approach.

Type 5 Type T Anchor Assembly (brace

Guardrail rod shallbe between last post on
radius and first post on tangent)

Bridge

e LIMITS

Drive or : Fdge of
Side Road Traveled Way
Approach

\\ Bridge Terminal Assembly

ABSOLUTE MINIMUM APPROACH TREATMENT

* Minimum Guardrail radius is 5'.

-
O
O |
°|E
Q|
(&)
<t

**+ |8'-9" for Types I, 3 and TST Bridge Terminal Assemblies,
I2°-6" for Type 2 and Type 4 Bridge Terminal Assemblies.

January 2007




CONCRETE BARRIER

603-5E

MEDIAN TRANSITION

603.6

REFERENCE SECTIONS

©
ol O
C Clo
S QI
o) .
g L O
Ol
. Concrete O L
5 Barrier <32
t )
M| O
g <:) b—
TrQ‘F‘F\C
\ A

__ ,_T
™

0O

*

—

Tapered End Terminal

* See Figure 602-1 for barrier flare rates.

January 2004

Edge of Traveled Way
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——
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MEDIAN GLARE SCREEN
USE GUIDE

604-1E

REFERENCE SECTIONS
604.1

ADT in Thousands

UNLIGHTED HIGHWAYS

90
ol GLARE SCREEN [
JUSTIFIED A
70
| 4\><
60 gép
7S NN
50 —
GLARE SCREEN
" NOT JUSTIFIED .
30
20
0]
0 8 20 26 30 40

MEDIAN WIDTH IN FEET

LIGHTED HIGHWAYS

GLARE SCREEN JUSTIFIED
TOTAL MAINLINE |\ eN " ADT (DESIGN OR EXIST)
LANES EXCEEDS
4 50,000
6 75,000
8 100,000
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EXCEPTION TO CONTINUOUS 606-1E

FREEWAY FENCING REFERENCE SECTIONS

606.3.4

a7 ..
-
oy
L= A

assernbly.

T

April 1999
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Ex. 600-1 Clear Zone Measurement Using Slope Averaging

SAMPLE CALCULATIONS

(Traversable Ditch)

Problem 1:

Solution 1:

Compute the safe distance from the edge of traveled way to locate a tower
for lighting. The project has a design speed of 55 mph, a design year traffic
volume of 3,400 ADT and the following cross section in the area where the
tower is to be located:

Edge of Through

Traveled Wa B
. y R (Recovery Area) -l

Clear Zone i

8/ 6/ ]0/ 4/ //OI//

12:] T
%

2/

Fey

60 U

Traversable
Ditch

Step 1 - Check the foreslope from the edge of traveled way to the

backslope to determine if all intermediate foreslopes are either recoverable
or non-recoverable. (See Figure 600-2.)

Since the foreslope has intermediate slopes that are recoverable (12:1 &
4:1) and non-recoverable (3:1), the clear zone may extend into the
backslope if necessary.

Step 2 - Determine the weighted average of the foreslope. For sections
flatter than or equal to 10:1, use a 10:1 slope. (The 12:1 shoulder slope is
typically ignored; however, for this example it is included for illustrative
purposes.) Decimal results of 0.5 or greater should be rounded up to the
next whole numbered slope while decimal results less than 0.5 should be
rounded down to the next whole numbered slope.

First, multiply the width of each slope by the rate of the slope to obtain the
weighted average rise for the foreslope. Include half of the ditch bottom in
the foreslope.

8' (1/10) + 6' (1/4) + (0*) + 4'/2 (1/10) = 2.5'

* Since the 3:1 foreslope is non-recoverable, it is not included.

April 2012



Ex. 600-1 Clear Zone Measurement Using Slope Averaging

SAMPLE CALCULATIONS

(Traversable Ditch)

(continued)

Next, add the width of each foreslope used above.
8' +6' +4'/2 = 16'

Then, divide the total recoverable width by the weighted average rise to
obtain the weighted average of the foreslopes.

16'/2.5' = 6.4 (Rounded to 6:1 slope)
Now, enter Figure 600-1 (for 6:1 or flatter foreslopes, 55 mph Design
Speed and 1,501 < ADT < 6,000) to determine that the required clear zone
distance is 21 feet.

Since the required clear zone is 21 feet and only 16 feet of recoverable clear
zone exists, additional width must be considered from the backslope.

Step 3 - Determine if the ditch section is traversable.

Using Figure 307-11, a ditch with a 3:1 foreslope and 6:1 backslope is
traversable.

If a non-traversable ditch section had been provided then the designer

would have to consider other site conditions to determine whether or not the

ditch should be used within the clear zone or if guardrail should be installed.

Step 4 - Determine the clear zone using the backslope.

Determine how much of the backslope should be included in the clear zone.
21'-8'-6'-4'=3

Therefore, the clear zone must extend 3 feet into the backslope.

The “Recovery Area” includes the clear zone width plus any intermediate
widths where the slopes are traversable, but not recoverable.

Recovery Area: 8' +6' + 10' + 4' + 3' = 31'
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Ex. 600-2 Clear Zone Measurement Using Slope Averaging

SAMPLE CALCULATIONS

(Traversable Ditch)

Problem 2:

Solution 2:

a) Determine the required clear zone distance for the following location on a
project with a tangent alignment, a design speed of 55 mph and a design
year traffic volume of 1,700 ADT.

b) Assuming this cross section occurs on the outside of a 2-Degree curve,
how would this change the above results?

c) Determine the clear zone distance for a Degree of Curve of 3 degrees.

Edge of Through
Traveled Way

a) - The required clear zone distance (for foreslopes steeper than 6:1 up to
4:1, 55 mph design speed, and 1,501<ADT<6,000) is 27 feet. 19 feet of
clear distance is available up to the center of the ditch. A trapezoidal ditch
with a 4:1 foreslope, 2:1 backslope and a width equal to or greater than 4
feet is a non-traversable design (see Figure 307-11) and generally should
not be located within the clear zone. However, if the probability of
encroachment is low no additional improvement may be needed.

b) - Since this location is on the outside of a curve where the probability of
encroachment is high, the designer should consider reshaping the ditch or
installing guardrail.

c) - The required clear zone distance determined above for a tangent
alignment needs to be increased by a factor or 1.2 for locations on the
outside of curves with a curvature of 3 degrees and a design speed of 55
mph. (See Figure 600-1.) The adjusted clear zone distance is

27 (1.23) = 33.2". Since the adjusted value is greater than 30', use 30'.

Since 19 feet or only 63% of the required clear zone distance exists on the

outside of this curve, the designer should consider reshaping the ditch or
installing guardrail.
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SAMPLE CALCULATIONS
Ex. 600-3 Clear Zone Measurement For a Cut Slope

Problem 3: Determine the required clear zone distance for the following location on a
project with a design speed of 45 mph and a design year traffic volume of
1,300 ADT.

Edge of Through
Traveled Way

Solution 3: The required clear zone distance (for backslopes steeper than 6:1 up to 4:1,
45 mph design speed and 750<ADT<1,500) is 13 feet. (See Figure 600-1.)
The required clear zone is 13 feet but only 12 feet exist. If this section of
roadway has a history of accidents with the cut face then guardrail should
be installed.
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Ex_ 602-1 Tangent Barrier Design For a 2-lane Road

SAMPLE CALCULATIONS

Problem 1:

Solution 1:

Design barrier if needed to shield the fixed object located on the two-lane

non-NHS rural collector shown below. The project has a design speed of

60 mph, a design year traffic volume of 2,200 ADT and a 6:1 foreslope.

Assume that the object cannot be removed, relocated or made traversable.
50

1 Fixed Object

L

~

(.(5

o 11,57
NN

S 4 Graded Shoulder
N = /djgcent Traffic
Ny = Opposing Traffic
S Graded Shoulder

T

Step 1 - Determine whether or not the fixed object is in the clear zone for

adjacent traffic. Refer to Figure 600-1 (for 6:1 or flatter foreslope, 60 mph
design speed and 1501<ADT<6000) to determine that the required clear
zone distance is 28 feet.

The available clear area for adjacent trafficis 10" + 4' = 14 ft.

Since the object cannot be removed, relocated or made traversable and it is
inside the required clear zone, a barrier should be installed to shield it.
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SAMPLE CALCULATIONS

Ex_ 602-1 Tangent Barrier Design For a 2-lane Road

(continued)

L8

Step 2 - Select the type of barrier to be installed. Using Figure 301-3, the
normal (minimum) barrier offset for a rural collector (Design Year ADT
greater than 2000) is 8 feet from the edge of traveled way. The available
barrier clearance at this location is (10' - 8') + 4' = 6 ft; therefore, use Type 5
Guardrail which has a minimum barrier clearance of 5.5 feet. (See Figure
603-2.)

Edge of Through
Traveled Way

107 4’ .5

Py i ™
I 2

Step 3 - Calculate the length of need for adjacent traffic. Assume the area
along the front of the fixed object cannot be graded to provide 10:1
foreslopes; therefore, the guardrail cannot be installed with a flare.

Anchor

/" Assembly

Edge of

Through
P Trave%éd
Way
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SAMPLE CALCULATIONS

Ex_ 602-1 Tangent Barrier Design For a 2-lane Road

(continued)

From Figure 602-1, Lg = 210 ft. (for design speed = 60 mph and
1000<ADT<5000). Since the lateral offset to the back of the object (Lu) is
less than the required clear zone distance (Lc), use Ly in the LON formula.

X = LH + L1b/a- L2
b/a + LH/LR

Start measuring the length of guardrail needed at the edge of the fixed
object. Since the guardrail will not be flared, b/a = 0.

X (adjacent) = 255+0-8 = 14412 ft.
0 +25.5/210

Step 4 - Determine whether or not the fixed object is in the clear zone for
opposing traffic. The required clear zone is still 28 feet. The available
clear areais 12' (ane width) + 14' = 26 ft. Since the object is in the clear zone,
calculate the offset to the back of the object, L.

Lh=12"+ 14"+ 11.5' = 37.5 ft.

Clear Zone Line

B Lp=210" . For Opposing Traffic
: X(opposing) /F/xed Object
Y et I @—j—-ﬂ% ——————— A S
Edge of ! i / y
Through gri e /// | o
Traveled — 022 RS
: — &l = i
PR Pl e, i LB T

= Opposing Traffic

Since Ly>Lc, protection only needs to be provided up to the clear zone.

X (opposing) = LC + L1b/a - L2 = 28'+ 0 - 20' =60.00 ft.
b/a + Lc/Lr 0 + 28/210
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Ex_ 602-1 Tangent Barrier Design For a 2-lane Road

SAMPLE CALCULATIONS

(continued)

The total length of guardrail required is:

X(adjacent) + Width of object + X(opposing) = 144.12+ 5" + 60.00' = 209.12ft.
The length provided should be a multiple of even 12'-6" panel lengths.
x=209.12'/12.5'=16.73 Use 17 panels or 17(12.5") = 212.5 ft.

Note - If the designer had chosen to shield the entire object from opposing
traffic instead of providing protection up to the clear zone, then

X(opposing) = LH-Lp = 37.5-20 = 98 ft. L/LR

37.5/210

The total length of guardrail needed would have been:
144.12' + 5' + 98' = 247.12 ft. (or 20 panels)

Three additional panels (37.5 feet) of guardrail would be installed. In some
cases, the designer may choose to shield the entire object even though a
portion of it is outside the clear zone; however, in some cases it may be
uneconomical to do so.

Step 5 - Select Anchor Assemblies. Since this is a non-NHS collector with
a design year ADT<4000, a Type A Anchor Assembly may be installed on
the approach and trailing ends of the guardrail run.
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Ex. 602-2 Length of Need at a Large Culvert

SAMPLE CALCULATIONS

Problem 2:

Solution 2

Design barrier if needed to shield the culvert headwalls located on the
two-lane non-NHS rural collector shown below. This bridge replacement
project has a design speed of 55 mph, a design year traffic volume of 4,100
ADT and 4:1 foreslopes.

3 267
k‘Q /4/
o o4
0 ) l 5
© | | rade oulder N
of 11 Graded Shoulder &
| | N
N
O TS0 SR .
1 |
| | *‘ N
: : Graded Shoulder &
| |

et
v-\|
S

Step 1 - Determine whether or not the headwall is in the clear zone for

adjacent traffic. Refer to Figure 600-1 (for foreslopes steeper than 6:1 up
to 4:1, 55 mph design speed and 1501<ADT<6000) to determine that the
required clear zone distance is 27 feet measured from the edge of traveled
way.

The available clear area for adjacent traffic is 26' - 12' - 1'-6" = 12'-6".

It is impractical to almost double the length of the culvert to get the
headwalls outside the clear zone; therefore, barrier should be provided.

Step 2 - Select the type of barrier to be installed. Using Figure 301-3, the
normal barrier offset for a rural collector (Design Year ADT greater than
2000) is 10' from the edge of traveled way. The available barrier clearance
at this location is (12' - 10') + (2' - 1.5") = 2.5 ft.
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SAMPLE CALCULATIONS
Ex. 602-2 Length of Need at a Large Culvert

(continued)

Edge of Through
Traveled Way

/L

|

| 26" -

: / 127 E2’ i

| 10’ | |26
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I l__l> // § 6 ”
. A 4!

Since there is not enough clearance available for Type 5 Guardrail, which
has a minimum barrier clearance of 5'-6", use Type 5 Guardrail with Tubular
Backup, which has a minimum barrier clearance of 24.” (See Figure
603-2.)

Step 3 - Calculate the length of need for adjacent traffic. Since the
foreslope along the face of the fixed object cannot be regraded to 10:1, do
not flare the guardrail. (The geometrics of the roadway and the offset to
the headwall are the same on both sides of the road; therefore, the lengths
calculated for adjacent and opposing traffic for the eastbound lane will be
the same as those calculated for adjacent and opposing traffic for the
westbound lane.)

L 1,=185"
Culvert ~ =
! /3’ Xtadj.)
B
N rl—l_u.'_l_‘_l_-hl_l-__c
e f' ‘-0.(7]‘(9/[/}7
i i Edge of Through

Traveled Way
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Ex. 602-2 Length of Need at a Large Culvert

SAMPLE CALCULATIONS

(continued)

From Figure 602-1, Lg = 185 ft. (for design speed = 55 mph and
1000<ADT<5000). Since the lateral offset to the back of the headwall (Ln)
is less than the required clear zone distance (Lc), use Ly in the LON
formula.

X = LH + L1b/a- L2
b/a + LH/LR

Start measuring the length of guardrail needed at the edge of the headwall.
Since the guardrail will not be flared, b/a = 0.

X (adjacent) = 14'+ 0 - 10' =52.85 ft
0+ 14'/185'

Step 4 - Determine whether or not the headwall is in the clear zone for
opposing traffic. The required clear zone distance is still 27 feet. The
available clear area is 26' - 1'-6" = 24'-6".

Lp=185" GL
i : e Culvert
i((Opp.g* 13" "
Tt | F @
\ U(@'_‘Ln_l_n_a.rn_n_n_q — X
170 | o T Bl &
Edge of Through coll- | NI
Traveled Way | | '\("\ S| =i
|
B e e e e e e o _l___ll R |
!
|

- Opposing Traffic

Since LH<L0, X = LH + L1b/a - L2
b/a + LH/LR

Start measuring the length of guardrail needed at the edge of the headwall.
Since the guardrail will not be flared, b/a = 0.

X (opposing) = 26' + 0 -22' = 28.46 ft.
0 + 26'/185'
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Ex. 602-2 Length of Need at a Large Culvert

SAMPLE CALCULATIONS

(continued)

The total length of guardrail required is:
X(adjacem) + W|dth Of headWa" + X(opposing) =52.85"+ 26' + 28.46' = 107.32 ft

The length provided should be a multiple of even 12'-6" guardrail panel
lengths.

x=107.32/12.5=8.59 Use 9 panels or 9(12.5") = 112.5 ft.

Step 5 - Detail the final installation, including the anchor assemblies. The
Type 5 Guardrail with Tubular Backup should extend to the first post off the
approach and trailing ends of the structure. In this case, the headwall (not
the culvert itself) is the structure that is being protected. This headwall is
slightly longer than 2 panels of guardrail so use 3 panels (37'-6"). A Type 4
Bridge Terminal Assembly is required at each end of the Type 5 Guardrail
with Tubular Backup. This 25’ long transition is paid for as a unit and its
length can be included as part of the total of Type 5 Guardrail being
installed.

Type A Anchor Assemblies are not permitted because the design year ADT
is over 4000. See Section 603.3.4. Refer to Table 603-1 in Section
603.3.3 for a Bridge Replacement Project with foreslopes steeper than 6:1
up to 4:1 to determine that a Type E Anchor Assembly should be used on
the approach and trailing ends. (It is required on the trailing end because it
is within the clear zone for opposing traffic.)

Since up to 37'-6" of the 50' long Type E can be deducted from the guardrail
length of need, decrease the amount of rail specified for the approach end
by this amount. In this case, the 25’ of the BTA + the 37.5’ of the Type E +
5.75’ Tubular Backup = 68.25’, which exceeds the 52.85’ LON.

On the trailing end the amount of barrier included in the Bridge Terminal
Assembly and the Type E also exceeds the 28.46° LON. (See the following
final detail.)

: Many large culverts are located in deep channels with steep side slopes.

This may necessitate that the designer use Ly = L¢c when calculating the
required length of need.
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Ex. 602-2

SAMPLE CALCULATIONS

Length of Need at a Large Culvert

(continued)

187.5” Total Length Provided

108 Total Req’d LON

28.467 Gl 52.95"
Req’d LON Culvert Req’d LON
Trailing | . Approach

B - |
5.757 267 5.75"

50" Type £ = 25’ 376" 25 50" Type £
Anchor Tyge 4 Type 5 Tyéje 4 Anchor
Assembly TA Guardrail TA Assembly

(up to 37-6" w/ Tubular (up fo 37-6"
may be included Backup may be included
in LON) in LON)
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Ex. 602-3 Tangent and Flared Barrier Design For a Divided Highway

SAMPLE CALCULATIONS

Problem 3:

Solution 3:

Design barrier if needed to shield the 3' diameter footing located on the
4-lane, divided, NHS, urban, interstate reconstruction project shown below.
The project has a design speed of 70 mph, a design year traffic volume of
12,000 ADT and 10:1 foreslopes. If barrier is needed calculate how much
should be provided if it is installed a) at the normal (minimum) barrier offset
on a tangent, b) at the normal (minimum) barrier offset on a flare, ¢) as
close to the footing as permissible on a tangent and d) as close to the
footing as permissible on a flare.

Edge of Through
raveled Way

6’ 12’ 2 157 12’ 3’

. N ane T: Lane | Shoulder T: ™1 T
10:]

Step 1 - Determine whether or not the footing is in the clear zone for

adjacent traffic. Refer to Figure 600-1 (for foreslopes 6:1 or flatter, 70 mph
design speed and ADT>6000) to determine that the required clear zone
distance is 32 feet measured from the edge of traveled way. However,
since this is not a high accident area a maximum clear zone distance of 30'
should be used.

The available clear area for adjacent trafficis 15" + 12' = 27"

Assuming the footing cannot be relocated outside the clear zone, barrier
should be provided.

Step 2 - Select the type of barrier to be installed. Using Figures 301-4 &
301-3, the normal (minimum) barrier offset for an urban interstate route is
12' from the right edge of traveled way. The available barrier clearance at
this location is 3' + 12' = 15"; therefore, use Type 5 Guardrail, which has a
minimum barrier clearance of 5.5'. (See Figure 603-2.)
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Ex. 602-3 Tangent and Flared Barrier Design For a Divided Highway

SAMPLE CALCULATIONS

(continued)

Edge of Through
Traveled Way

15" Shoulder 12’

12 5

b
u

Step 3 - Calculate the length of need for adjacent traffic. (A calculation for
opposing traffic is unnecessary because the concrete median barrier
prevents encroachments by opposing vehicles.)

From Figure 602-1, Ly = 360 ft. (for Design Speed = 70 mph and ADT over
10000).

a) For tangent guardrail at the normal (minimum) barrier offset, Ly=Lc=30',
L,=12', and b/a = 0.

X=Ly+Lba-l, = 30+0-12' = 216" Use 18 panels.
b/a + Lu/Lg 0 + 30'/360°

b) For flared guardrail at the normal (minimum) barrier offset, b/a = 1/15.
(See Figure 602-1.) Let L1=12"-6" (one panel length). In this case, this is
an arbitrary selection. Site conditions typically control the amount of
tangent barrier that should be provided past the warranting feature before a
flare is introduced. For instance, where a flared section of Type 5
Guardrail is attached to a tangent section of Type 5A, it is advisable to
extend the Type 5A past the warranting feature such that L, is at least equal
to one panel length. Since Type 5 and 5A have different deflection
characteristics, this ensures adequate protection at the edge of the
warranting feature.

x=30"+12.5'(1/15) - 12'=30'+ 0.83'- 12' =125.55" Use 10 panels.
1/15 + 30'/360' 0.1%'
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SAMPLE CALCULATIONS
Ex. 602_3 Tangent and Flared Barrier Design For a Divided Highway

(continued)

¢) Guardrail can be installed on slopes that are 10:1 or flatter. Since
Type 5 Guardrail has a minimum barrier clearance of 5.5' the guardrail can
be placed at this distance in front of the footing.

L,=15"+12"-5.5"=21.5". For tangent guardrail, b/a =0. Ly is still equal
to 30'".

x=30"+0-21.5 =102 Use 9 panels.
0 + 30'/360°

Edge of Through
Traveled Way

157 Shoulder 127

d) For flared guardrail offset at 21.5":

x=30"+12.5'(1/15)-21.5" = 30'+0.83'-21.5' =62.22" Useb5 panels.
1/15 + 30'/360' 0.1%'

All of these solutions are correct; however, d) is the best solution because it
provides the most recovery area with the least amount of barrier.

Step 4 - Select Anchor Assemblies. Refer to Table 603-1 for a major
reconstruction project with 6:1 or flatter foreslopes to determine that the
approach terminal should be either a Buried in Backslope or Type B Anchor
Assembly. There is no backslope so select the Type B. Use a Type T
Anchor Assembly on the trailing end since it cannot be impacted by
opposing traffic.
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SAMPLE CALCULATIONS
Ex. 602-4 Barrier on the Outside of a Curve

Problem 4: Calculate the barrier length of need to shield the 200-yr old 5-ft. diameter
tree located on the outside of a 3-degree curve as shown below. The HSP
project is on a rural arterial and has a design speed of 55 mph, a design
year traffic volume of 3800 ADT and 5:1 foreslopes. Assume that the HSP
project is needed to address run-off-the-road impacts with the tree and also
assume that the tree cannot be removed.

5" Caliper Tree

Solution 4: Step 1 - Determine whether or not the tree is in the clear zone for adjacent
traffic. From Figure 600-1 (for foreslopes steeper than 6:1 up to 4:1,
55 mph design speed and 1501<ADT<6000) the required clear zone
distance is 27 feet measured from the edge of traveled way. Since the tree
is on the outside of a 3-degree curve, the clear zone should be widened by
using the curve correction factor for 55 mph design speed (1.2) from the
chart at the bottom of Figure 600-1.

Required Clear Zone = 1.23 (27') = 33.21 ft.
Do not reduce this value to 30 ft. since this is a high accident location.

The offset to the face of the tree is 12' + 10' =22 ft. Thisis less than L¢ =
33.21 ft.; therefore, install barrier.
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Ex. 602-4 Barrier on the Outside of a Curve

SAMPLE CALCULATIONS

(continued)

Step 2 - Select the type of barrier to be installed. Using Figure 301-3, the
normal (minimum) barrier offset for a rural arterial (Design year ADT greater
than 2000) is 10 feet from the right edge of traveled way. The available
barrier clearance at this location is 12 feet; therefore, use Type 5 Guardrail,
which has a minimum barrier clearance of 5.5 feet. (See Figure 603-2.)

Step 3 - Calculate the length of need for adjacent traffic. The radius for the
3-degree curve is Reenterine = 5729.58/D¢ = 5729.58/3.0 = 1909.86'.

The radius at the edge of traveled way is 1909.86' + 12' =1921.86'.

The lateral offset to the back of the tree is, Ly = 22' + 5' =27".

01 = cos™" (Ragj/ (Ragj + Ln)) = cos™ (1921.86 / (1921.86 + 27)) = 9.5484°
9.5484°(n/180) = 0.1666 radians

02 = cos" (Ragj / (Rag + L)) = cos™ (1921.86 / (1921.86 + 10)) = 5.8323°
5.8323°(n/180) = 0.1018 radians

X = (Rag + L2) (01 - 02) rad. = (1921.86 +10) (0.1666 - 0.1018) = 125.18'

Approach
A/;/c)hor
Assembly

=27

]

Ly

byiy
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Ex. 602-4 Barrier on the Outside of a Curve

SAMPLE CALCULATIONS

(continued)

Step 4 - Determine whether or not the tree is within the clear zone for
opposing traffic. The offset to the face of the tree is 12' + 12' + 10" = 34".
Since this is outside the clear zone, guardrail is not needed past the left side
of the tree to shield it from opposing traffic.

The total length of guardrail needed is 125.18' + 5' = 130.18'
Use 11 panels (137.5").

Refer to Table 603-1 in Section 603.3.3 to determine the recommended
anchor assembly for an HSP project with foreslopes steeper than 6:1 up to
4:1. On the approach end install a Type E Anchor Assembly. Since
37'-6" of the 50' long Type E can be deducted from the guardrail length of
need, decrease the amount of rail specified above at the approach end by
this amount. (Use 100'.) On the trailing end install a Type T Anchor
Assembly because it is outside the clear zone for opposing traffic.

Notes - If a point of curvature exists in the vicinity of the runout path, the
curve may need to be extended past the PC or PT (into the tangent portion
of the roadway) in order to construct the tangent control line. If this is the
case, then the standard runout lengths for tangent roadways should be
used to calculate length of need.

Lp (See Figure 602-1)

Runout Path for a vehicle
leaving a curved section
of roadway.

\Runouf path for a vehicle

/ec\//ng7 a Tangent (relatively

straight) section of roadwdy.

April 2012



This page is intentionally blank



700 Multi-Modal Considerations

Table of Contents
TOTRaroads . ... ..ottt i i i e e e 7-1
7011 Background .. ... ... 7-1
7012 Crossing At-Grade . ... ... ... ... 7-1
70120 General ... ... 7-1
701.2.2 Railroad Parallel to Highway . ........ ... ... ... ... . . . . . . . . ... ... . 7-1
7013 Lateral Clearances . ......... ... i 7-1
701.3.1 New Construction . .......... .. ... . . . ... . 7-1
701.3.2 Reconstruction . ... ... 7-1
7014 VerticalClearance . . ... ... o o 7-1
70141 New Construction .. ... ... ... 7-1
701.4.2 Reconstruction ... ... 7-1
701.4.3 Construction Clearances . .................. . 7-2

April 1999



This page is intentionally blank



700 multi-Modal Considerations

701 Railroads

701.1 Background

Ohio is interlaced with a network of railroad
systems controlled by a multiplicity of local and
state laws and regulations. The complexity of
railroad operations and regulations requires that
special consideration be given to the location of
highways with respect to railroad tracks, whether
it be the intersection of a highway with a railroad,
or the location of a highway adjacent to a railroad
facility.

701.2 Crossing At-Grade

701.2.1 General

Highways that cross railroad tracks on a common
grade should be located to provide for a minimum
of interference to highway traffic and the least
amount of adjustment of railroad facilities.

Crossings at-grade will not be permitted on
freeways. The creation of new grade crossings
where none now exist should be avoided and will
require railroad and Court of Common Pleas
approval. (Sec. 957.29 et. seq. ORC).

701.2.2 Railroad Parallel to Highway

When locating a highway parallel to a railroad
track, consideration shall be given to the need for
space adjacent to railroad ftracks for future
industrial development. Itis desirable to locate the
highway a sufficient distance from the raifroad to
permit rail service to industrial areas without
crossing the highway.

Sufficient distance from a railroad to a parallel
highway should be provided along crossroads on
which fraffic must stop before entering the
highway, to permit vehicles to stop clear of the
railroad track.

April 1999

701.3 Lateral Clearances

The standard gage of railroad tracks is 4 feet 8%
inches [1.435 meters]. Where two or more tracks
are parallel, the normal centerline spacing is 14
feet [4.27 meters]).

701.3.1 New Construction

Although minimum lateral clearances vary with
railroad ownership, clearance from the centerline
of the outside track should normally be at least 18
feet [5.5 meters]. An additional 8 feet [2.5 meters)
of lateral clearance should be provided when a
railroad off-track equipment road is located parallel
to the tracks.

701.3.2 Reconstruction

The above clearances should be provided when
replacing an existing structure when such
additional work can be accomplished at a
reasonable cost. A horizontal clearance less than
the existing clearance will not be permitted.

701.4 Vertical Clearance

701.4.1 New Construction

A minimum of 23 feet [7.0 meters] between the top
of rail and the bottom of an overpassing structure
should be provided. This vertical clearance should
extend 6 feet [1.8 meters] on each side of the
centerline of the outside tracks. Actual clearance
requirements will be determined after the location
plan has been submitted.

701.4.2 Reconstruction

Every attempt shouid be made to increase the
minimum vertical clearance to 23 feet [7.0 meters]
when such additional work can be accomplished at
a reasonable cost. A vertical clearance less than
the existing clearance will not be permitted.
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700 Multi-Modal Considerations

701.4.3 Construction Clearances’

Construction clearances should also be
considered in the design stages since they could
be a factor in the location of certain items such as
catch basins, headwalls, etc. A minimum of 9 feet
2.75 meters] of lateral clearance should be
maintained at all times from the centerline of the
track during construction unless this is not possible
because of existing conditions.
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801 Access Control

801.1 Access Control Directives

Access policies for highway right-of-way are as set forth in the following directives:

Directive PH-P-409 and Standard Operating Procedure PH-P-403 establishes procedures for processing
permit applications and defines permissible uses of right of way for various highway classifications.

Directive H-P-406 establishes guidelines for access provisions adjacent to major commercial and
industrial developments.

It is intended that Section 800 of this manual supplement the above directives with respect to access
policies and R/W use permits as well as provide the designer with the criteria necessary to design most
types of drives.

801.2 Access Control Policies

The policy of permitting access on highways is summarized below:

801.2.1 Interstate Limited Access

Direct access to an Interstate Highway will not be permitted. All crossroads and railroad grades shall be
separated.

801.2.2 Limited Access

If a highway is now, or is designated to be an ultimate fully limited access freeway and access rights have
been acquired:

1. If the highway has no existing private access points, direct private access to such highway will not
be permitted.

2. If the highway has existing private access points and the ultimate freeway design has been
determined, temporary access improvements may be permitted. However, at the time the
improvement is permitted, the method for deleting the temporary access points must be
determined and necessary agreements made with the property owner to facilitate their deletion in
the future.

3. If the highway has existing private access points and the ultimate freeway design has not been
established, modifications of existing access will not be permitted until the ultimate freeway
design has been determined.

4. Provision generally shall be made for future separation of crossroads and railroad grades by
purchase of right-of-way as a part of the initial project.

801.2.3 Controlled Access Highways

Modifications of existing points of access or changes from one location to another within the limits of the
applicant's property may be permitted, if such modification or change would be beneficial to both the
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highway operation and property development. However, new additional points of access will not be
permitted. Crossroads and railroads need not be separated unless very high volumes dictate its
consideration.

801.2.4 Non-Limited Access Highways

Access to a non-limited access highway is permissible at any and all points along the highway. However,
such access is subject to the conditions prescribed by the Director of Transportation under authority
granted by Section 5515.01 of the Ohio Revised Code.

801.2.5 Interchange Controls

No access shall normally be allowed on intersecting highways adjacent to highway interchanges for a
minimum of 600 feet [180 m] at diamond-type interchanges and 1,000 feet [300 m] at other types of
interchanges. This distance applies to each direction along the intersecting highway, measured from the
outer-most ramp terminal intersections with the highway. See Figures 801-1 and 801-2 for additional
details.

802 Highway Use Permits

802.1 General R/W Use Criteria

802.1.1 Approvals and Agreements

Permission to use highway R/W is required for fencing, storm sewers, sanitary sewers, public utilities,
points of access, or other similar types of work. When a request is made to alter, modify or otherwise use
highway R/W, Federal and/or State approvals must be obtained and the necessary agreements or
permits between the State and applicant must be completed before any work can be initiated.

802.1.2 Authority

Permits for the use or occupancy of State Highway right-of-way may be granted, upon formal application,
by the Director of Transportation. Such permits, when granted, shall be subject to the policies and
regulations set forth herein under authority granted by Section 5515.01 of the Revised Code of Ohio.

802.1.3 Application Procedures

The procedure for applying for permits is included in Directive H-P-409 and Standard Operating
Procedure PH-P-403.

802.1.4 Right-of-Way Use Prohibitions

No parking, servicing of vehicles, erection of lights, signs or other advertising devices will be permitted on
highway right-of- way. Similarly, no device or structure will be permitted to overhang highway right-of-
way. Provisions should be made in the design of driveways or approaches on rural highways so that a
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vehicle will not be required to back onto the right-of-way or highway pavement to gain access to the
highway.

802.1.5 Future Highway Improvement Controls

When granting permits, consideration should be given to the extent of future highway improvements. The
location and design of driveways or public road approaches should then be governed by the general
access criteria (Section 802.2) of the future highway facility.

802.1.6 Drainage Considerations

When any owner or developer of land adjacent to highway R/W proposes to route site drainage into the
highway drainage system, the following shall apply and be the responsibility of the owner/developer:

1. There shall be no diversion of flow to the highway.

2. Flow peaks from areas contributing to the highway drainage system shall not be increased,
unless the highway drainage system and the drainage system downstream from the highway are
of adequate capacity to convey the augmented flow. If downstream capacity is inadequate, flow
detention or increased capacity of the downstream system shall be provided.

3. When the owner/developer collects and concentrates surface water, or increases flow, peaks or
volumes contributing to the highway drainage system, adequate measures to prevent erosion
and/or structural damage shall be provided.

4. Adequate erosion control measures shall be provided during construction to minimize
downstream sedimentation.

5. Drainage plans and calculations shall be submitted for review by the Department of
Transportation prior to the start of construction.

802.2 General Access Criteria
802.2.1 Highway Access Considerations

The basic considerations that govern the location and design of highway access shall be to facilitate:

1. The safe and expeditious movement of vehicles on the street or highway.

2. The provision of the best service possible to the private or public facility being served by the drive
access.

3. The safe movement of pedestrian traffic.

802.2.2 Median Openings

Median openings are normally not permitted on divided highways. Exceptions may be for public roads or
streets or traffic generators such as large shopping centers or industrial plants, if satisfactorily justified
and in the public interest.

If a median opening exists prior to the construction of a drive, the opening may be further modified,
including relocation, to accommodate the turning movements of the expected traffic. The design
modifications shall, however, be consistent with the overall design of the highway.
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802.2.3 Added Highway Lanes

The construction of an additional lane adjacent to the existing highway lanes to serve as an acceleration,
deceleration, turning or passing lane may be permitted if benefit to the operation of the through highway
will result. The design of any added lane must be consistent with the overall design of the highway.

802.2.4 Number of Drives Permitted

When adequate frontage is available on a non-limited access highway, two driveways to a property used
for a single purpose may be permitted. When a single property is used for two or more purposes and two
driveways cannot provide adequate access, then more than two drives may be permitted. Each request

for more than two drives must be accompanied by sufficient information to justify the request.

802.2.5 Joint Drives

A jointly owned drive may be permitted upon joint application by both property owners.

802.2.6 Location of Drive in Relation to Side Property Line

Figure 802-1 shows the controls for locating drives in relation to side property lines.

1. Controls
a. 9092 Control Line - a line at right angles to the centerline of the highway which extends

through the intersection of the side property line with the highway right-of-way line.
b. 4-foot Control [1.2 m] - maximum width of driveway approach flare as measured along
the 902 control line from the highway pavement edge.

2. Curbed Highways - the approach radius may begin at the intersection of the 90° control line with
the highway pavement edge but may not cross the 90° control.

3. Uncurbed Highways - the approach radius, but not the approach edge extension, may cross the
909 control line within the limits of the 4-foot [1.2 m] control.

A permit may be issued for the construction of a driveway which encroaches on the abutting property
frontage in excess of the controls set forth above only when written permission from the affected property
owner is presented and made a part of the State's record of the permit, and only when such
encroachment does not interfere with an existing driveway. It shall be the responsibility of the permit
applicant to make all necessary arrangements and agreements with the affected property owners when
the relocation of existing driveways is necessary. The expense involved shall be borne by the applicant.

802.2.7 Location of Drive in Relation to an Intersection

The proximity of a new drive to a highway intersection shall conform to the corner island details shown in
Figure 802-2 and to the following

1. When the intersection radius is:
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a. 40 FEET, OR LESS [less than or equal to 12 m], the beginning of the approach radius
shall be at least 20 feet [6 m] from the angular bisector as measured along the face of
curb or pavement edge, EXCEPT:

i. Where a sidewalk exists, the beginning of the approach radius shall not begin nearer
the roadway intersection than the back edge of the sidewalk.

b. GREATER THAN 40 FEET [greater than 12 m], the beginning of the approach radius
shall not begin closer to the roadway intersection than a distance equal to one-half the
effective intersection radius as measured from the angular bisector along the face of curb
or pavement edge, EXCEPT

i.  When the highway intersection is 1202, or greater, the beginning of the approach
radius may begin 20 feet [6 m] from the angular bisector, as measured along the face
of curb or pavement edge.

ii. When the highway intersection radius is greater than 80 feet [24 m] the beginning of
the approach radius may begin 40 feet [12 m] from the angular bisector.

2. AT CHANNELIZED INTERSECTIONS the above conditions shall apply, unless their use would

encourage "wrong-way" operation along a directional portion of the intersection. In such case,
special drive designs will be required.

802.2.8 Drive Sight Distance

Wherever possible, drives should be located in accordance with the intersection sight distance criteria in
Section 201.3.

802.2.9 Location of High Volume Drives

Special consideration should be given to the location of drive access to high volume traffic generators
such as shopping centers, industrial plants and parks, as well as other types of development having
similar traffic characteristics.

A new driveway should not be located where it will create an offset intersection opposite an existing
street, highway, or major commercial driveway.

A driveway serving all directions of traffic should be located a minimum of 600 feet [180 m] from the
nearest major highway or street intersection.

803 Drive Geometric Design

803.1 Mailbox Facilities
803.1.1 Mailbox Supports

Mailbox installations located within the clear zone shall be installed as shown in Figure 803-1 using
"breakaway" type supports. Satisfactory supports are as follows:
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1. Maximum 4 inches by 4 inches [100 mm x 100 mm] square or 42 inch diameter [115 mm] round
timber.

2. Maximum 2 inch diameter (2-3/8" O.D.) [Maximum 60.3 mm O.D.] Schedule 40 standard strength
steel pipe.

3. Any material with breakaway cross section characteristics equivalent to 1 or 2 above.

Group mailbox supports should be placed on three foot centers and the turnout lengthened to
accommodate the grouping. No more than two mailboxes shall be placed on each post.

Where guardrail exists, mailboxes and their supports should be located behind the guardrail. Supports
must still meet the breakaway requirements listed above.

803.1.2 Mailbox Turnouts

Where the existing or proposed highway shoulder paving is less than 6 feet [1.8 m] wide, mailbox
turnouts should be provided as shown in Figure 803-1 and SCD BP-4.1. Mailbox turnouts should be
constructed of the same material used in the drive approach and combined with the drive approach where
possible.

803.2 Rural Residential and Field Drives

Rural residential drives and field drives should normally conform to the Type 1 design shown in SCD BP-
41.

803.2.1 Drive Intersection Angle

New drives should intersect the highway at an angle between 70° and 90°. However, in some cases, it
may be necessary to retain existing drive angles that vary from these desirable angles.

803.2.2 Drive Widths

If the project involves existing drives, the existing width is normally retained unless it is less than 12 feet
[38.6 m]. In which case, it should be widened to provide a 12 foot [3.6 m] throat width. In the case of new
drives, the width should normally be 12 feet [3.6 m]. If the new driveway is a combined drive between two
properties, the width should normally not exceed 24 feet [7.2 m]. Also, a wider field drive may be used if
it will keep the farm equipment operator from encroaching on the opposing traffic lane when entering or
exiting the highway.

803.2.3 Drive Radii

The radii of the Type 1 driveway should normally be 25 feet [7.5 m]. The radii may be increased on field
drives if it is deemed that the larger values will improve driveway operation and reduce the hazard to the
motorists and farm equipment operator.
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803.2.4 Curbed Drives

Driveways abutting uncurbed highways may be curbed. However, the curb shall not extend closer to the
through pavement edge than 8 feet [2.4 m] or the treated shoulder width, whichever is greater, to avoid
curb obstruction for vehicles, snowplows, etc., using the shoulder.

803.3 Urban Residential Drives

Either Type 1 or 2 drives, shown in SCD BP-4.1, may be used in urban areas. If used in urban areas, the
radii and flare dimensions may be reduced so that the apron does not extend past the back of the
sidewalk, or past the right-of- way line if there are no sidewalks. The desirable minimum radii for Type 1
drives, when the through highway is curbed, is 15 feet [5 m].

Shown on Figure 803-2 are three methods for designing driveways between the curb line and sidewalk to
provide for turning vehicles. Other designs, may be used if they are approved for use by the local
governmental agencies responsible for maintenance of the project. Additional details are shown in
Figure 803-3 when the tree lawn is less than 6 feet [2 m]. Residential drives on curbed streets should
use a dropped curb as shown in Section B-B on Figure 803-2.

803.4 Service Station Drives

--Section Deleted--

803.5 Commercial Drives

The access requirements of most commercial developments can be served by driveways having standard
design characteristics. The exceptions are driveways having high traffic volumes, those being used by
large vehicles, or those serving businesses which have traffic patterns unique to the business being
conducted.

803.5.1 Standard Commercial Drives (See Figure 803-8)
1. Radii:
a 15 foot [5 m] minimum, when the through highway is curbed.

b. 25 foot [8 m] minimum, when the through highway is uncurbed.
2. Width - 35 foot [10.5 m] maximum

3. A dropped curb should be used on curbed streets as shown in Section B-B on Figure 803-2.

803.5.2 Exceptions to Standard Commercial Drives

Where access requirements are such that a non-standard driveway is necessary, the design may
approximate the design of shopping center driveways as discussed in Section 803.6 or public road
intersections, Section 401.
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Specially designed radii and a width greater than 35 feet [10.5 m] may be permitted, as necessary, to
accommodate the type vehicle using the driveway. (Example: A truck stop may require two one-way
driveways or a single drive with width greater than 35 feet [10.5 m] and radii as great as 75 feet [23 m] to
facilitate turning movements).

803.6 Shopping Center and Industrial Drives (See Figure 803-9)

This section is intended as a guide for the design of driveways to high volume traffic generators such as
shopping centers, industrial plants, industrial parks, and other types of developments having similar traffic
characteristics. Many of the design features discussed in Section 401, Intersections At-Grade, will be
applicable. Geometric considerations are listed below:

1. Driveways should intersect the highway at an angle between 70%nd 90°.

2. Each driveway traffic lane should have a minimum width of 10 feet [3.0 m], with 12 feet [3.6 m]
preferred.

3. Major driveways in shopping centers should be constructed to prevent cross movement of
internal traffic within 100 feet [30 m] of the entrance approach. This may be accomplished by use
of a raised divider, 6 inches [150 mm] high, 6 feet [2 m] wide (min.) and 100 feet [30 m] long,
and/or by use of curbing, sidewalk or other barrier along the drive edges for a length of 100 feet
[30 m] (See Figure 803-9).

4. Driveways designed for traffic signal operation should have curbed radii and should provide a
minimum of two lanes for vehicles entering the highway.

804 Drive Profile Design

804.1 Drive Profiles (Uncurbed Roadways)

Drive profiles on uncurbed roadways shall slope down and away from the pavement edge at the same
slope as the graded shoulder. Any vertical curve should be developed outside the normal graded
shoulder width. Vertical curve lengths should be 10 feet [3.0 m] to 20 feet [6.0 m], depending on the
grade differential. Under normal circumstances, rural drive grades should not exceed 10 percent with 8
percent considered to be the preferred maximum.

804.2 Drive Profiles (Curbed Roadways)

The design vehicle used to develop the profile criteria of this section is shown on Figure 803-2. The
profile criteria shown provides clearance for this vehicle when its springs are completely compressed. If
conditions of a particular driveway do not meet the cross-section criteria listed below, a template of the
design vehicle can be used to design the driveway profile.

For tree lawns 6 feet [2 m] or wider, the ramp grade from the gutter to the edge [the ramp cross-slope rate
from the gutter to] of the sidewalk will be 1 inch per foot [0.08] or less for normal cross-section design.
Figure 803-2 shows this condition for the following cross-section conditions:

1. Sidewalk and tree lawn slope of 1/4 inch per foot [0.02], and
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2. 6inch [150 mm] height of curb with pavement slope of 3/16 inch per foot [0.016] or 1/4 inch per
foot [0.02], or

3. Type 2 curb and gutter with pavement slope of 3/16 inch per foot [0.016].

If the cross-section design does not meet the above conditions (has sharper grade breaks), the profile
should be designed using a template of the design vehicle.

For tree lawns less than 6 feet [2 m] wide, Figure 803-3 shows the profile treatment. Clearance for the
design vehicle is achieved by depressing the sidewalk 1 inch [25 mm] at the driveway. The sidewalk
cross-slope of 1/4 inch per foot [0.02] is retained. The design may be used directly with curbed highways
having cross-section criteria as listed above and the profile conditions of Figure 803-2. For other cross-
sections, a template of the design vehicle may be used to design the profile.

Figure 8083-3 shows an isometric view and profile for a driveway where only a 3-foot [1.0 m] tree lawn is
available. This design is shown, not because it is desirable, but because right-of-way width and property
development may require this type of design. Whenever feasible, the tree lawn should be 8 feet [2.5 m]
or wider, as discussed in Sections 306.2.4 and 306.2.5.

Where the total width of tree lawn and sidewalk is less than 6 feet [2.0 m], the minimum 3-foot [1.0 m]
apron designs are inappropriate, and cannot be used, as they extend curb or sharp flares into the
sidewalk area. For this condition, the sidewalk and curb are transitioned to meet the drive profile as
shown on the lower portion of Figure 803-3. The profile of the drive meets the 1 inch [25 mm] depressed
grade of the sidewalk as shown in the drive profile of Figure 803-3.

The tree lawn and walk design shown in Figures 803-2 and 803-3 will keep storm water, flowing at the
curb design height or less, from flowing over the sidewalk. If it is necessary to lower the curb and
sidewalk more than 1 inch [25 mm], the drainage condition should be checked thoroughly.

804.3 Commercial Drive Profiles (Curbed Roadways)

Commercial drive profiles usually use a dropped curb across the approach. However, some commercial
drives serving large traffic generators may be designed as at-grade intersections, without dropped curbs,
because of their high traffic volumes.

Shown on Figure 804-1 are the grade controls for commercial driveways. The grade should be as flat as
possible and still meet drainage requirements. The 20-foot [6 m] length between grade breaks is required
by the low clearance and the long axle spacing of the commercial design vehicle (Figure 804-2). Tree
lawn profile design should be in accordance with Figures 803-2 and 803- 3. The grade break at the face
of the curb is critical for some commercial vehicles and the cross-section requirements for residential
drives on curbed streets should be used.

805 Drive Pavement Design

805.1 Field Drives

Field driveways should be paved with 6 inches [150 mm)] of 411 or 304 aggregate. They shall be paved
from the edge of the pavement or treated shoulders, to a point where the grade of the new driveway
intersects the grade of the existing driveway, or on relocated driveways to where the grade of the new
driveway intersects the existing ground.
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805.2 Residential Drives

Residential driveways shall be paved from the edge of new pavement to the point where the grade of the
new driveway intersects the grade of the existing driveway, or on relocated driveways to the point where
the geometric limits of the new driveway meet the existing driveway.

Residence driveways having an existing hard surface or an existing aggregate surface shall be replaced
with a pavement of a similar type, insofar as practicable, using one of the following designs for the portion
beyond the flared apron:

1. 6 inches [150 mm] 452 Non-Reinforced Concrete Pavement

2. 2inches [50 mm] 448 AC Surface Course, Type 1, PG64-22
408 Prime Coat
6 inches [150 mm] 304 Aggregate Base
(or 411 Stabilized Crushed Aggregate)

3. 1.25inches [32 mm] 448 AC Surface Course, Type 1, PG64-22
407 Tack Coat
3.5inches [90 mm] 301 Asphalt Concrete Base, PG64-22

4. 8inches [200 mm] 304 Aggregate Base

(or 411 Stabilized Crushed Aggregate)
Apply Item 408 Prime Coat at 0.4 gallon per square yard [1.8 I/m*2].
Apply ltem 407 Tack Coat at 0.04 gallon per square yard [0.18 I/m*2].
The Item 448 Asphalt Concrete may be changed to match the asphalt
concrete material specified on the adjacent pavement.

In uncurbed areas, the apron pavement design depends on the treated shoulder material as follows:

1. The flared portion of residence driveways adjacent to paved shoulders shall be constructed of the
same material and composition as used in the treated shoulder paving.

2. The flared portion of residence driveways adjacent to surface treated aggregate shoulders shall
be constructed of the same material as used in the treated shoulder, except it shall be surfaced
with 2 inches [50 mm] of 448 Asphalt Concrete, Type 1, PG64-22.

3. The flared portion of residence driveways on projects for which earth shoulders are specified shall
be paved with either 6 inches [150 mm] 452 Non-Reinforced Concrete Pavement, or with 2
inches 2 inches [50 mm] of 448 Asphalt Concrete, Type 1, PG64-22 on 6 inches [150 mm] of 411
or 304 aggregate.

805.3 Commercial Drives

Commercial driveways shall be paved from the edge of the new pavement to the point where the grade of
the new driveway intersects the grade of the existing driveway, or on relocated driveways to the point
where the geometric limits of the new driveway meet the existing driveway.

Commercial driveways having an existing hard surface or aggregate surface shall be replaced with a

pavement of a similar type insofar as practical, using one of the following designs for the portion beyond
the return or apron:
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1. 8inches [200 mm] 452 Non-Reinforced Concrete Pavement

2. 1.25inches [32 mm] 448 AC Surface Course, Type 1, PG64-22
407 Tack Coat, for Intermediate Course
1.75 inches [45 mm] 448 AC Intermediate Course, Type 2, PG64-22
408 Prime Coat
8 inches [200 mm] 304 Aggregate Base

3 1.25inches [32 mm] 448 AC Surface Course, Type 1, PG64-22
407 Tack Coat
5 inches [125 mm] 301 Asphalt Concrete Base, PG64-22

4. 10 inches [255] 304 Aggregate Base

(or 411 Stabilized Crushed Aggregate)
Apply Item 408 Prime Coat at 0.4 gallon per square yard [1.8 I/m*2].
Apply Item 407 Tack Coat at 0.04 gallon per square yard [0.18 I/m"2].
The ltem 448 Asphalt Concrete may be changed to match the
asphalt concrete material specified on the adjacent pavement.

Additional thicknesses may be provided for the above courses where unusual weights or types of vehicles
are expected to use the commercial driveway.

Commercial driveway aprons shall be constructed as previously outlined for residential driveway aprons,
except that additional thicknesses should be provided to meet nominal pavement design for commercial
driveways.

805.4 Pavement Treatment of Undisturbed Drives

The preceding treatment of driveways does not apply to resurfacing or widening and resurfacing projects
when the existing driveway is not disturbed beyond the edge of proposed pavement. Item 411 or 304
aggregate shall be used to adjust aggregate driveways to meet the new pavement surface for widening
and/or resurfacing projects. Asphalt concrete shall be used for adjusting bituminous or concrete
driveways to meet the new pavement surface, which adjustment shall be accomplished within a
reasonable distance from the edge of the pavement. As a general rule, this can be done within the limits
of the roadway shoulders.
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GUIDELINES FOR LIMITATION
OF ACCESS AT
DIAMOND TYPE INTERCHANGES
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RURAL INTERCHANGES

The control of developments, adjacent to diamond +ype Interchanges
on |Imlited access highways can be effectlvely controlled by county,
reglional, or clity planning commisslons, through subdivision controls and
bullding develiopments, and In addi+ion by local zoning commissions as

to zoning regulatlions.

County commissioners or township trustees may

exerclse slmliqr controls In the absence of planning and zoning commiss!ons.
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CLOVERLEAF-TYPE INTERCHANGES, 801.25

GUIDELINES FOR LIMITATION 801-2

OF ACCESS AT

REFERENCE SECTION
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Subdivislion Conirol

" =1 000" % 600 % 600§ — /1=
::'l X ete.
i ~State Limlted
ilﬁ,\\ Access R/W
i Existing
R/W
\

/ F‘ﬁ/\f
"y All Radll 50°% 7 |
/

4
1y
iy
by
ti
i
NOTE

{+# symbol Indlcates
desirable minimum)

- RURAL INTERCHANGES

The control of developments, ad]Jacent +o cloverleaf type Interchanges
on |Imited access highways can be effectlvely controlled by county,
reglonal, or city planning commlsslions, through subdlivision controls and
bulliding developments, and In addi+ion by local zoning commissions as
to zoning regulations. County commissioners or townshlp frustees may
exerclse simliar controls In the absence of planning and zoning commissions.



LOCATION OF DRIVES 807 -
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PROPERTY LINES 802.26
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803-1

MAILBOX FACILITIES

REFERENCE SECTION
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URBAN RESIDENTIAL 803-2

REFERENCE SECTION
DRIVE DETAILS 803.3 & 804.2
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URBAN RESIDENTIAL 803-3

REFERENCE SECTION

DRIVE DETAILS 803.3 & 804.2

R=Tree lawn width, 3’ minimum.

ALTERNATE:
DRIVE WITHOUT CURB

ISOMETRIC VIEW
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STANDARD COMMERCIAL 803-8
DRIVE DESIGNS REFERENCE SECTION

803.51
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SHOPPING CENTER 803-9
& lN D U s T RI A L REFERENCE SECTION
DRIVE DESIGNS 803.6
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COMMERCIAL DESIGN VEHICLE

804-7

REFERENCE SECTION
804.3
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900 Non-Freeway Resurfacing, Restorationand
Rehabilitation (3R) Improvements

901 3R
Values

901.1 3R Improvements

Improvements and

Modification of existing highway facilities requires
a different approach to design than the
construction of a new facility. The designer is
charged with the responsibility of salvaging as
much of the existing as possible while, at the same
time, updating the facility to improve safety and
operation.

A special classification of improvements for
non-freeway  resurfacing,  restoration  and
rehabilitation  projects has therefore been
established, referred to as 3R improvements. The
purpose of 3R is to preserve and extend the life of
existing highways and to enhance safety.

Figure 901-1 outlines the factors which must be
considered to determine if a project qualifies as a
non-freeway 3R improvement. Obviously, the first
factor to consider is the functional classification of

the facility. In order to be considered as a
non-freeway 3R improvement, the functional
classification must be expressway, arterial,

collector or local. Interstate or other freeways do
| not qualify for non-freeway 3R improvements.

The next thing that must be considered is the
type of improvement. In order to qualify as a
non-freeway 3R improvement, the work to be
accomplished must fall into one or more of the
following:

A. Resurfacing
B. Pavement structural and joint repair

C. Minor lane (less than a full lane) and shoulder
widening

D. Minor alterations to vertical grades and
horizontal curves

E. Bridge repair
F. Removal or protection of roadside obstacles

G. Spot safety improvements

December1992

Non-freeway functional classification projects
meeting the above criteria are considered to qualify
as non-freeway 3R improvements. Projects not
included in the types of improvements listed above}
are considered either reconstruction or new
construction. 3R improvements may be combined
on projects with reconstruction improvements.
However, the reconstruction improvement portion
of the project must meet the normal design criteria
noted in previous sections of the manual and would
not qualify for the use of 3R values discussed in
Section 901.2. if 3R and reconstruction
improvements are combined into one project, the
limits of each must be clearly defined in the review
process and in the final plans.

901.2 3R Values

Once a project qualifies as a non-freeway 3R
improvement, further investigation of accident
history is required to determine if special 3R values
may be used or if normal design criteria is required.
Normal design criteria is considered to be the
criteria for new or reconstructed facilities included
in previous sections of the manual. The 3R values
were developed using the concepts contained in
"Special Report 214, Designing Safer Roads,
Practices for Resurfacing, Restoration and
Rehabilitation", Transportation Research Board,
1987.

As shown in the flow chart on Figure 901-1, an
investigation must be made as to whether an
accident problem exists. A 3R Safety Study is
therefore required to make this determination.
Guidelines for completing this Safety Study, as well
as sample forms, threshold values and example
studies can be found in Volume 3 of the Location
and Design Manual. If significant accident
problems are identified, a more detailed study is
required to determine the type and frequency of the
accidents and whether they can be attributed to
any substandard condition on the existing facility.
Whenever it is determined that existing roadway
elements may have contributed to an accident
problem, normal design criteria must be used in
correcting those specific elements in that portion of
a project where the problem exists. Other portions
of the same project and other elements which are
not contributing to an accident problem may utilize
3Rvalues.
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3R improvements

Section 900 includes 3R values for many design
features. If a 3R value for a certain feature is not
addressed in this section, the designer should refer
to other sections of this manual.

901.3 Exceptions to 3R Values

There may be cases on projects eligible for the
use of 3R values where existing conditions are less
than 3R values. When existing features do not
meet 3R values, there are three alternative courses
of action which may be taken:

1. Retain existing conditions and obtain a design
exception based on normal design criteria.

2. Design to less.than normal design criteria and
obtain a design exception based on normal design
criteria.

3. Design to normal design criteria..

It is important to remember that, if a design
exception is required, the design exception
must be based on normal design criteria.

901.4 3R Design Speed

The design speed for 3R improvements shall be
the legal speed for the facility.

902 3R Sight Distance
902.1 Stopping Sight Distance

Existing stopping sight distances are considered
| acceptable (except as discussed in 904.2).

903 3R Horizontal Alignment
903.1 Horizontal Curves

An existing horizontal curve may be retained if:
A. The design ADT is less than 750, or

B. The existing degree of curve provides an
actual design speed that is not lower than 15 mph
below the design speed of the facility.
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903.2 Superelevation

Existing superelevation may be retained if:
A. The design ADT is less than 750, or

B. The roadway is a low speed urban facility (40
mph or less), or

C. For rural and high-speed urban conditions,
the combination of existing superelevation and
degree of curve provides an actual design speed
that is not lower than 15 mph below the design
speed of the facility.

See Figures 903-1 and 903-2 for determining the
design speed met for an existing curve with an
existing maximum superelevation rate. Figure
903-1 is for rural roadways and is based on a
maximum superelevation rate of .083 fi/ft. Figure
903-2 is for high-speed urban roadways and is
based on a maximum rate of .06 fu/ft.

if an existing horizontal curve is retained, the
existing superelevation must be improved to the
point where the combination of superelevation and
existing degree of curve provides an actual design
speed that is not lower than 15 mph below the
design speed of the facility. Existing superelevation
may be improved beyond this point if it does not
meet the criteria discussed in Section 202.41.|
However, it is suggested that deficient (or
excessive) superelevation be corrected by no more
than 0.02 feet per foot per each resurfacing unless
more is needed to satisfy condition B above.

904 3R Vertical Alignment
904.1 Grades

Existing grades may be retained.

904.2 Crest Vertical Curves

An existing crest vertical curve may be retained if
all of the following conditions exist:

A. The desigh ADT is 1500 or less, and -
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B. The existing crest vertical curve design speed,
based on minimum stopping sight distance, is 20
mph or less below the design speed of the facility,
and

C. The existing crest vertical curve does not hide
from view a potential problem area, such as: an
intersection, a sharp horizontal curve or a narrow
bridge.

904.3 Sag Vertical Curves

Existing sag vertical curves may be retained.

905 3R Cross Section Elements
905.1 Roadway Criteria
905.11 Lane Width

The existing lane width may be retained if it meets
the values shown in Figure 905-1. The minimum
treated shoulder width should be 2 feet of
compacted aggregate unless turf shoulders are
permitted.

905.12 Shoulder Width

The existing graded shoulder width may be
retained if it meets the values shown in Figure
905-1.

905.13 Pavement Cross Slopes

When an existing pavement cross slope does not
|meet the criteria outlined in Section 301.15, it
should be corrected if the project includes
resurfacing.

905.2 Bridge Criteria
905.21 Non-Freeway Bridges to Remain

Figure 905-2 contains the minimum criteria to
permit non-freeway bridges to remain. The criteria
shown is applicable for ail non- freeway bridges
except those considered to be new or
reconstructed (See Figure 302-2).
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3R Improvements

906 3R Special Considerations
806.1 Clear Zone

The guidelines for clear zone in Section 600 are
applicable to new construction or major
reconstruction.  On 3R improvements, unless
accident history, public complaint or site
inspections indicate a problem, it may not be cost
effective to fully comply with the clear zone
requirements in Figure 601-2. Therefore, the clear
zone criteria shown in Figure 601-2 may be
reduced by 50% on 3R improvements. It is
recommended that all obstacles within this clear
zone be considered for removal, treatment, or
protection. It shall not be a requirement to remove
or. treat obstacles that are not within the existing
R/W. The clear zone width shall not be less than
the graded shoulder widths shown on Figure 905-1
for rural sections or 1.5 feet in curbed urban areas,
and all obstacles within these zones shall be
removed, treated, or protected.

906.2 Barriers
906.21 Adjusting Barrier Height

On pavement overlay projects, existing steel
beam guardrail shall be raised to standard height if
the top of the rail height would be less than 24
inches.  See Standard Construction Drawing
GR-2.1 for Raising Guardrail Height. |

if the existing guardrail is Type 4 and it is either
too low or the current traffic volumes exceed 400
ADT, the Typeé 4 guardrail should be replaced with{
Type5.

Concrete Barrier must be replaced, raised or
extended in height whenever the overlay is such
that it decreases the effective height of the barrier
to less than 29 inches.

906.22 Guardrail Post Soil Support

Where guardrail is to be replaced or installed at
new locations on existing facilities, the designer
should ensure that the proper soil support is not
compromised due to the location of the guardrail
installation relative to the embankment slope break
point.
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3R Improvements

Proper soil support is provided under the
conditions shown on Figure 806-1 where standard
length guardrail posts (6’-0") are depicted. Figure
906-1 also depicts conditions where proper soil
support for guardrail posts is not provided, and
longer posts should be specified in the plans.

907 Pavement Rehabilitation
907.1 Pavement

907.11 Pressure Relief Joints

On resurfacing projects involving jointed, rigid
pavement, Type B or C (Standard Construction
Drawing BP-2.4) pressure relief joints shall be
installed at all bridge approaches and at about
2000 foot intervals in any pavement that has a
history of blowup problems, except that pressure
relief joints shall not be installed:

A. In pavements where these type joints now
exist.

B. Within 2000 feet of a full depth flexible repair
which extends across an entire pavement width.

C. Where the uninterrupted length of the section
of rigid pavement is 500 feet or less.

December1992

907.12 Rehabilitation and Resurfacing

Design guidelines for minor rehabilitation and
resurfacing projects are included in Appendix B.

907.2 Shoulders
907.21 Shoulder Build Up

When a paved shoulder is overlayed, the area
outside the paved portion shall be adjusted to
grade with ltem 617 Compacted Aggregate, Type
A, no more than 4" thick and sloped to drain at the
rate of 3/4 inch per foot. On projects with overlays
requiring more than 4" of material, the top 4 inches
next to the paved shoulder is to be ltem 617,
Compacted Aggregate, Type A, and the remainder
constructed using Item 203 Embankment.

907.22 Heavy Ovetlay Shoulder Treatment

When the overlay of the paved shoulder is too
thick to use the treatment described in 907.21, the
shoulder area outside the paved portion and slope
should be built up to compensate for the additional
thickness as shownin Figure 907-1.
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900 Resurfacing, Restoration and Rehabilitation (3R) Projects
List of Figures

Figure Subject

901-1 Flow Chart to Determine Use of 3R Values

903-1 Design Speed Met by Combination of Degree of Curve and Superelevation
Rate for Rural Highways

903-2 Design Speed Met by Combination of Degree of Curve and Superelevation
Rate for High-Speed Urban Highways

905-1 3R Values - Lane and Graded Shoulder Widths

905-2 Criteria for Non-Freeway Bridges to Remain

906;1 Guardrail Post Length Determination

907-1 Heavy Overlay Shoulder Treatment
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FLOW CHART TO DETERMINE
USE OF 3R VALUES

901-1

REFERENCE SECTION

901.2

Is The Tunctional classification of This
project eifther Intferstate or Freeway?

!

No

Yes

|

Is Type of improvement resurfacing,
pavement structural or joint repair,
minor lane or shoulder widening, minor
alteration to vertical grades or hori-
zontal curves, bridge répair, spot safety
imfrovemenTs or removal or protection
o

roadside obstacles?

| |

Yes- Work is No-Work is
considered to be
a non-freeway

3R improvement

considered to be
new or recon-
struction

Is There an accident problem? l

No Yes

1

Can accident problems be attributed

To substandard conditions?

! |

No Yes*

!

3R VALUES

|

NORMAL DESIGN CRITERIA
MAY BE USED MUST BE USED

*See Section 901.2 for additional details




- Qctober 1892

DESIGN SPEED MET BY COMBINATION 1 903-1
OF DEGREE OF CURVE AND SUPERELEVATION rrerewce—scosionl
RATE FOR RURAL HIGHWAYS 903.2

NOTE - Based on a maximum rate of 0.083 ff/ft and data
contained on Figure 202-3.

0.02 . 0.04 0.06 0.08
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DESIGN SPEED MET BY COMBINATION OF 903-2
DEGREE OF CURVE AND SUPERELEVATION |REFERENGCE SECTION
RATE FOR HIGH-SPEED* URBAN HIGHWAYS 903.2

NOTE - Based on a quhnum rate of 0.06 ft/ft and data
contained on Figures 202-4 and 202-10.

*Greater than 40 mph.
0.02
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3R VALUES 905-1
LANE AND GRADED REFERENCE SECTION
SHOULDER WIDTHS 905.11, .12

RURAL AREAS

DESIGN DESIGN LANE WIDTH (A)  |GRADED SHOULDER WIDTH (C)
ADT SPEED  f¢j0% Trucks [>10% TRUCKS|WITH cuaRbRAL ®fW/0 GUARDRAIL

750 |LEss THAN 50 9 10’ P Ny

[E] 50 OR OVER 1K 120 5 3

TO

OVER 50 OR OVER 1 (2 Y 6

2000 ,

LESS THAN 50 1y 12 " o

URBAN AREAS

FUNCTIONAL LANE CURB%gDi:OULDER PARKING
CLASSIFICATION WIDTH (A) (NO PARKING) LANE
ARTERIAL STREETS (D) 0’ 8’
COLLECTOR STREETS 10! o Comm./Ind. 8
v Residential 7/
LOCAL STREETS "' (0’ o’ 7

A. AT least one 2’ lane in each direction must be
provided on all Federal aid Primary projecfts.

B. Guardrail offset distances shall be the same as .
the values shown in the W/0 guardrail column above.

C. Divided facilities shall have a minimum median graded

shoulder: width of 4’ W/0 guardrail and 6’ with
guardrail.

D. 10" lane widths are acceptable on minor arferials.



CRITERIA FOR NON-FREEWAY| 905-2

BR'DGES To REMAIN REFERENCE SECTION
905.21 ‘
FUNCTIONAL |  DESIGN MINIMOW LATERAL MINIMUM MINIMUM
CLASSIFI- ADT VERTICAL DESIGN
‘ CLEARANCE | LOADING
CATION ON BRIDGE |NDER BRIDGH
(A) (D)
EXPRESSWAYS]  >4000 6/ (B) ~ " y HS-20
AND LA~ ,
ARTERIALS £4000 3’ L = L (F)
>4000 6’ (B) <t O
T R P
2001-4000 3 o — <
COLLECTORS ; =0 g 14/ HS-15
750-2000 2, o« =0
<750 0 S g
’ - Ll
>4000 6’ (B) oW
2001-4000 3 N —J L
LOCALS o D 14 HS-15
750-2000 2’ IR (G)
O I o
<750 0’ (C): D5

THIS TABLE IS APPLICABLE TO ALL NON-FREEWAY BRIDGES EXCEPT THOSE CONSIDERED NEW OR RECONSTRUCTED

. Distance measured fo curb or railing, whichever is less. In no case
shall the minimum width be less fthan the approach pavement.

. On mainline bridge having a length of 100’ or more, The minimum may
be reduced fo 3

One lane bridges may have a total minimum width of 18,

Distance measured fo face of walls, abutments or piers.

. See Figure 601-6 Tor minimum barrier clearance.

. ExisTing bridges should be considered for ultimate replacement or
strengthening if the operating rating capacity cannot safely
service the system for an additional 20 years. The existing
structure shalibe capable of carrying at least 100% of
the state’s legalload at operating capacity.

. Minimum loading may be H-10 if current ADT is 50 or less.

H. Divided facilities shall have a minimum of 3’ lateral
clearance on the median side.

s Bl Ne] w >

ep]
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GUARDRAIL POST 906-51
LENGTH DETERMINATION *‘EFE;E;;E;ZWN

Standard post Ilengths may be used for the
~situations depicted below:
(6°-0" posts, 3-5" min. embedment depth)

é— Slope break 3—

/ pOi nt \
}d‘/ \O/) \3: y
Locations where the foreslope

Is flatter than 3:, regardless of
location of slope break point.

Locations where the slope break point
Is at or beyond the back of the posts.

Longer post lengths are required for the
situations depicted below:

(9-0" posts, 6-5" min. embedment depth)

Caution must be taken when
' the slope break point Is In
Slope break front of the posts. The deslgner

should consider providing for
rebultding of the shoulder.

Any Installation where foreslopes are 3:l or steeper and the slope
break point is at, or In front of, the back of the posts.
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HEAVY OVERLAY 907 -1
REFERENCE SECTION
SHOULDER TREATMENT
907.22
Edge OfT
e G raged shoulder , Sert T
: may be paved with
Treated Shoulder a 2*course of
a_| Asphalt Concrete.
% (See Section 702.3)
Q N Embankment

{

. L] T %
ExisT. Shoulder—//? “.a

Compacted Aggregate
GUARDRAIL SECTIONS

Edge of
Pavement

Graded Shoulder;

. Treated
Shoulder

Compacted Aggregate

-
——
-
—
-

-
-
-
-
-
-
-
-
-
e et et et

*3% .
Edge of Maximum slope 6:l
Pavement

GRADED SHOULDER

TREATED

Ff__eﬂ ////ngpocTed Aggregate
SHOULDER| s

¢ Median

MEDIAN S_I:I—O-JULDERl\Embankmen*r
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Appendix A

Interchange Justification/Interchange Modification Studies

REFERENCED
NAME DATE SECTION
Access to the Interstate System (8/27/09) Oct. 2011 550.1
1JS/IMS Report Outline Oct. 2004 550.2
Requirement Checklist Oct. 2011 550.2
Appendix B
Roadway Sample Plan Notes
REFERENCED
NUMBER NAME DATE SECTION
R111 Connection Between Existing and Proposed Guardrail Oct. 2009 n/a
R112 Item 606 - Anchor Assembly, Type B Apr. 2011 603.3.2
R113 Item 606 - Anchor Assembly, Type E Apr. 2011 603.3.3
R116 Paving Under Guardrail Oct. 2009 n/a
R118 Item Special - Mailbox Support Oct. 2009 n/a
Ri23  tem 606 -Impact Attenuator, Type 1 Apr. 2011 603.4.1
(Unidirectional or Bidirectional)
Ri24  Item 606 -Impact Attenuator, Type 2 Apr. 2011 603.4.2
(Unidirectional or Bidirectional)
Ris  tem 606 -Impact Attenuator, Type 3 Apr. 2011 603.4.3
(Unidirectional or Bidirectional)
R127 Item 606 - Cable Guardrail Apr. 2011 602.2.2.2
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FHWA Policy — Additional Interchanges to the Interstate System

Federal Register: August 27, 2009 (Volume 74, Number 165)]

Notices]

Page 43743-43746]

rom the Federal Register Online via GPO Access [wals.access.gpo.gov]
DOCID:fr27au09-110]

— M —_—_ —

DEPARTMENT OF TRANSPORTATION

Federal Highway Administration

Access to the Interstate System

AGENCY: Federal Highway Administration (FHWA), DOT.

ACTION: Notice of revised policy statement.

SUMMARY: This document issues the revised FHWA policy statement
regarding requests for new or modified access points to the Interstate
System. The policy includes the requirements for the justification and
documentation necessary to substantiate any request that is submitted
to FHWA for approval.

FOR FURTHER INFORMATION CONTACT: For technical information: Mr. Jon

Obenberger, Office of Program Administration (HIPA-20), (202) 366-2221.
For legal information: Mr. Robert Black, Office of the Chief Counsel
(HCC-32), (202) 366-1359, Federal Highway Administration, 1200 New

Jersey Avenue, SE., Washington, DC 20590. Office hours are from 7:45
a.m. to 4:15 p.m., e.t., Monday through Friday, except Federal
holidays.

SUPPLEMENTARY INFORMATION:
Background

The surface transportation system plays a key role in shaping the
economic health, quality of life and sustainability of a metropolitan
area, region, and State. The Interstate System is a critical element
providing a network of limited access freeways which facilitate the
distribution of wvirtually all goods and services across the United
States. The Interstate System also influences the mobility and safety
of people and goods by providing access to local highways and a network
of public
[ [Page 43744]]

streets. As a result, it is in the national interest to preserve and
enhance the Interstate System to meet the needs of the surface
transportation system of the United States for the 21st century.

The FHWA's Policy on Access to the Interstate System provides the
requirements for the justification and documentation necessary to
substantiate any proposed changes in access to the Interstate System.
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This policy also facilitates decisionmaking regarding proposed changes
in access to the Interstate System in a manner that considers and is
consistent with the wvision, goals and long-range transportation plans
of a metropolitan area, region and State. This policy reflects the
congressional intent and direction provided in section 1909 (a) (3) of
the Safe, Accountable, Flexible, Efficient Transportation Equity Act: A
Legacy for Users (SAFETEA-LU) (Pub. L. 109-59, 119 Stat. 1144), which
amended section 101 of title 23, United States Code by adding
subsection (b) (3) (H): "~ “the Secretary should take appropriate actions
to preserve and enhance the Interstate System to meet the needs of the
21st century.''

Section 111 of title 23, United States Code, provides that all
agreements between the Secretary and the State departments of
transportation (State DOTs) for the construction of projects on the
Interstate System shall contain a clause providing that the State will
not add any points of access to, or exit from, the project in addition
to those approved by the Secretary in the plans for such project,
without the prior approval of the Secretary. The Secretary has
delegated the authority to administer 23 U.S.C. 111 to the Federal
Highway Administrator pursuant to 49 CFR 1.48(b) (1). A formal policy
statement including guidance for justifying and documenting the need
for additional access to the existing sections of the Interstate System
was published in the Federal Register on October 22, 1990 (55 FR
42670), and modified on February 11, 1998 (63 FR 7045).

The FHWA has adopted the AASHTO publication " "A Policy on Design
Standards—-—-Interstate System'' as the standard for projects on the
Interstate System as incorporated by reference at 23 CFR 625.4(a) (2).
Section 625.4(a) (2) further requires that access to the Interstate
System shall be fully controlled, and that access to the Interstate
System shall be achieved by interchanges at selected public highways.

Summary of Changes

The changes in FHWA's policy were made to reflect the direction
provided in SAFETEA-LU, to clarify the operational and safety analysis
and assessment of impacts that provides the basis for proposed changes
in access to the Interstate System, and to update language at various
locations to reference Federal laws, regulations, and FHWA policies.
The following specific revisions have been made to the existing policy
statement:

1. Updates were made to Requirement 1 clarifying the need for
agencies to analyze and justify that the projected design-year traffic
demands cannot be adequately accommodated by existing access to the
Interstate.

2. Additional examples were added to Requirement 2 to identify the
type of improvements to be considered in the planning for and
development of proposed changes in access.

3. Text was added to Requirement 3 to clarify that the safety and
operational analysis to be performed and documentation to be submitted
provide the justification for proposed changes in access.

4. Revisions were made to Requirement 4 clarifying the need to meet
or exceed design standards for all roadway improvements included in
proposals to change access.

5. Changes were made to Requirement 5 to reference the current
requirements contained in SAFETEA-LU and 23 CFR part 450.

6. Text was added to Requirement 6 clarifying the analysis to be
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performed in support of proposed changes in access involving multiple
interchanges.

7. Clarification to Requirement 7 was made identifying the
justification needed to support any proposed change in access due to
changes in land use or density of development.

8. Revision was made to Requirement 8 to clarify and avoid
duplication with Requirement 5.

9. Updates were made to the Application section to reference
current Federal laws, regulations, and FHWA policies. Revisions were
made to paragraph 4 and a new paragraph 5 was added to clarify what is
a change in access and how this policy may apply to different types of
access changes. Paragraph 8 was added to clarify how FHWA's review and
approval of proposed changes in access relate to other Federal actions,
reviews, and approvals. Paragraph 9 was added to clarify that proposals
for changes in access need to be reevaluated and the proposal
resubmitted to FHWA for review and approval if the project has not
proceeded to construction within 8 years.

The revised policy statement also includes various editorial
changes to enhance clarity and readability. The revised policy
statement is as follows:

Policy

It is in the national interest to preserve and enhance the
Interstate System to meet the needs of the 21st Century by assuring
that it provides the highest level of service in terms of safety and
mobility. Full control of access along the Interstate mainline and
ramps, along with control of access on the crossroad at interchanges,
is critical to providing such service. Therefore, FHWA's decision to
approve new or revised access points to the Interstate System must be
supported by substantiated information justifying and documenting that
decision. The FHWA's decision to approve a request is dependent on the
proposal satisfying and documenting the following requirements.

Considerations and Requirements

1. The need being addressed by the request cannot be adequately
satisfied by existing interchanges to the Interstate, and/or local
roads and streets in the corridor can neither provide the desired
access, nor can they be reasonably improved (such as access control
along surface streets, improving traffic control, modifying ramp
terminals and intersections, adding turn bays or lengthening storage)
to satisfactorily accommodate the design-year traffic demands (23 CFR
625.2(a)) .

2. The need being addressed by the request cannot be adequately
satisfied by reasonable transportation system management (such as ramp
metering, mass transit, and HOV facilities), geometric design, and
alternative improvements to the Interstate without the proposed
change(s) in access (23 CFR 625.2(a)).

3. An operational and safety analysis has concluded that the
proposed change in access does not have a significant adverse impact on
the safety and operation of the Interstate facility (which includes
mainline lanes, existing, new, or modified ramps, ramp intersections
with crossroad) or on the local street network based on both the
current and the planned future traffic projections. The analysis shall,
particularly in urbanized areas, include at least the first adjacent
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existing or proposed interchange on either side of the proposed change
in access (23 CFR 625.2(a), 655.603(d) and 771.111(f)). The crossroads
and the local street network, to at least the first major intersection
on either side of the proposed change in access, shall be included in

this analysis to the extent necessary to fully evaluate the safety and
operational impacts that

[ [Page 43745]]

the proposed change in access and other transportation improvements may
have on the local street network (23 CFR 625.2(a) and 655.603(d)).
Requests for a proposed change in access must include a description and
assessment of the impacts and ability of the proposed changes to safely
and efficiently collect, distribute and accommodate traffic on the
Interstate facility, ramps, intersection of ramps with crossroad, and
local street network (23 CFR 625.2(a) and 655.603(d)). Each request
must also include a conceptual plan of the type and location of the
signs proposed to support each design alternative (23 U.S.C. 109(d) and
23 CFR 655.603(d)) .

4. The proposed access connects to a public road only and will
provide for all traffic movements. Less than ~ full interchanges'' may
be considered on a case-by-case basis for applications requiring
special access for managed lanes (e.g., transit, HOVs, HOT lanes) or
park and ride lots. The proposed access will be designed to meet or
exceed current standards (23 CFR 625.2(a), 625.4(a) (2), and
655.603(d)) .

5. The proposal considers and is consistent with local and regional
land use and transportation plans. Prior to receiving final approval,
all requests for new or revised access must be included in an adopted
Metropolitan Transportation Plan, in the adopted Statewide or
Metropolitan Transportation Improvement Program (STIP or TIP), and the
Congestion Management Process within transportation management areas,
as appropriate, and as specified in 23 CFR part 450, and the
transportation conformity requirements of 40 CFR parts 51 and 93.

6. In corridors where the potential exists for future multiple
interchange additions, a comprehensive corridor or network study must
accompany all requests for new or revised access with recommendations
that address all of the proposed and desired access changes within the
context of a longer-range system or network plan (23 U.S.C. 109(d), 23
CFR 625.2(a), 655.603(d), and 771.111).

7. When a new or revised access point is due to a new, expanded, or
substantial change in current or planned future development or land
use, requests must demonstrate appropriate coordination has occurred
between the development and any proposed transportation system
improvements (23 CFR 625.2(a) and 655.603(d)). The request must
describe the commitments agreed upon to assure adequate collection and
dispersion of the traffic resulting from the development with the
adjoining local street network and Interstate access point (23 CFR
625.2(a) and 655.603(d)) .

8. The proposal can be expected to be included as an alternative in
the required environmental evaluation, review and processing. The
proposal should include supporting information and current status of
the environmental processing (23 CFR 771.111).

Application

This policy is applicable to new or revised access points to
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existing Interstate facilities regardless of the funding of the
original construction or regardless of the funding for the new access
points. This includes routes incorporated into the Interstate System
under the provisions of 23 U.S.C. 103(c) (4) (A) or other legislation.

Routes approved as a future part of the Interstate System under 23
U.S.C. 103 (c) (4) (B) represent a special case because they are not yet a
part of the Interstate System. Since the intention to add the route to
the Interstate System has been formalized by agreement, any proposed
new or significant changes in access beyond those covered in the
agreement, regardless of funding, must be approved by FHWA.

This policy is not applicable to toll roads incorporated into the
Interstate System, except for segments where Federal funds have been
expended or these funds will be used for roadway improvements, or where
the toll road section has been added to the Interstate System under the
provisions of 23 U.S.C. 103(c) (4) (A). The term ~ ~segment'' is defined
as the project limits described in the Federal-aid project agreement.

Each break in the control of access to the Interstate System right-
of-way 1is considered to be an access point. For the purpose of applying
this policy, each entrance or exit point, including ° " locked gate''
access, 1s considered to be an access point. For example, a diamond
interchange configuration has four access points.

Ramps providing access to rest areas, information centers, and
weigh stations within the Interstate controlled access are not
considered access points for the purpose of applying this policy. These
facilities shall be accessible to vehicles only to and from the
Interstate System. Access to or from these facilities and local roads
and adjoining property is prohibited. The only allowed exception is for
access to adjacent publicly owned conservation and recreation areas, 1if
access to these areas is only available through the rest area, as
allowed under 23 CFR 752.5(d).

Generally, any change in the design of an existing access point is
considered a change to the interchange configuration, even though the
number of actual points of access may not change. For example,
replacing one of the direct ramps of a diamond interchange with a loop,
or changing a cloverleaf interchange into a fully directional
interchange would be considered revised access for the purpose of
applying this policy.

All requests for new or revised access points on completed
Interstate highways must closely adhere to the planning and
environmental review processes as required in 23 CFR parts 450 and 771.
The FHWA approval constitutes a Federal action and, as such, requires
that the transportation planning, conformity, congestion management
process, and the National Environmental Policy Act procedures be
followed and their requirements satisfied. This means the final FHWA
approval of requests for new or revised access cannot precede the
completion of these processes or necessary actions.

To offer maximum flexibility, however, any proposed change in
access can be submitted by a State DOT to the FHWA Division Office for
a determination of engineering and operational acceptability. This
flexibility allows agencies the option of obtaining this acceptability
determination prior to making the required modifications to the
Transportation Plan, performing any required conformity analysis, and
completing the environmental review and approval process. In this
manner, State DOTs can determine if a proposal is acceptable for
inclusion as an alternative in the environmental process. This policy
in no way alters the planning, conformity or environmental review and
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approval procedures as contained in 23 CFR parts 450 and 771, and 40
CFR parts 51 and 93.

An affirmative determination by FHWA of engineering and operational
acceptability for proposals for new or revised access points to the
Interstate System should be reevaluated whenever a significant change
in conditions occurs (e.g., land use, traffic volumes, roadway
configuration or design, environmental commitments). Proposals shall be
reevaluated if the project has not progressed to construction within 8
years of receiving an affirmative determination of engineering and
operational acceptability (23 CFR 625.2(a)). If the project is not
constructed within this time period, an updated justification report
based on current and projected future conditions must be submitted to
FHWA to receive either an affirmative determination of engineering and
operational acceptability, or final approval if all
[ [Page 43746]]

other requirements have been satisfied (23 U.S.C. 111, 23 CFR 625.2(a),
and 23 CFR 771.129).

Implementation

State DOTs are required to submit requests for proposed changes in
access to their FHWA Division Office for review and action under 23
U.S.C. 106 and 111, and 23 CFR 625.2(a). The FHWA Division Office will
ensure that all requests for changes in access contain sufficient
information, as required in this policy, to allow FHWA to independently
evaluate and act on the request. Guidance to assist with the
implementation and consistent application of this policy can be
accessed electronically through the FHWA Office of Infrastructure's Web
page at: http://www.fhwa.dot.gov/programadmin/index.htm.

Policy Statement Impact

The policy statement, first published in the Federal Register on
October 22, 1990 (55 FR 42670), and modified on February 11, 1998 (63
FR 7045), describes the justification and documentation needed for
requests to add or revise access to the existing Interstate System.

The revisions made by the publication of this policy statement
reflect the direction provided in SAFETEA-LU, clarify the operational
and safety analysis to accompany proposed changes in access on the
Interstate System, and update language at various locations to ensure
consistency with other Federal laws, regulations and FHWA policies.
State DOTs should take these factors into consideration when making
requests for new or revised access points, but the overall effort
necessary for developing the request will not be significantly
increased.

(Authority: 23 U.S.C. 111 and 315; 49 CFR 1.48)

Issued on August 18, 2009.
Victor M. Mendez,
Federal Highway Administrator.
[FR Doc. E9-20679 Filed 8-26-09; 8:45 am]
BILLING CODE 4910-22-P
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IJS/IMS Report Outline
I.  Executive Summary
II. Background
a. Previous Studies
b. MPO Coordination, as applicable
c. Support & Commitment from Sponsoring Agencies
lll. Purpose and Need
IV. Study Area
a. Include Study Area Map(s)
V. Existing Conditions
a. Road Geometry & Access Locations
b. Physical Conditions — terrain
c. Crash Data
d. Demographics — population & employment
e. Land Use
VI. Analysis Years
a. Opening Year & Design Year
b. Staged Improvements, as applicable
VII. Alternatives Considered
a. No Build Alternative
b. Build Alternatives Considered and Dismissed
c. TSM Options (i.e. HOV, ITS, ramp metering, transit)
d. Local Road Improvements, as applicable
e. Preferred (Build) Alternative
i. Include Limits of L/A ROW
VIl Traffic Volumes
IX. Traffic Analyses, No Build and Build
Freeway Section Analyses
Ramp Junction Analyses
Weave Analyses
Ramp Intersection Analyses
i. Constrained Analyses, as applicable
ii. Mitigative Measures, as applicable
e. Other Intersection Analyses
f.  Turn Lane Storage Length Recommendations
g. Summary of Results
X. Cost Estimate
Xl. Environmental Overview
XIl. Conclusion and Recommendations

oo

List of Exhibits

General Location Map

Study Area Map

Aerial Photo(s) (if available)

No Build and Build LOS Exhibit including Number of Lanes
Proposed Turn Lane Length Tables

Build Exhibit including L/A ROW limits

Cost Estimate Table

Conceptual Signing Plan, as applicable

Appendices

Letter(s) of Commitment

Certified Traffic

HCS Analyses (No Build and Build)
Turn Lane/Queue Length Calculations
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Requirement Checklist

ss230.d |EIUSWUCIIAUS JO SN1B1S

JUSWNICP [EJUSWLOIIALS Ul PRSS355E % PIPN|IUL 34 ||IM SAIIEUIS}E

MBIAITAQ [EIUSWIUOIIAUT

IX

5321N05 Fulpuny
10 UoIEAIUEPR] pue siuswaaosdw uopedodsuer; Alesssosu 3yl pue uswdolsasp
3Y1 U3EMIB] UOIJEUIPJO0D JO 30uapiaz ‘uawdojanzp papuedxa Jo mau oy 2np

uolsnauo?

punoJisyoeg

11X

SUDIIEPUSLIWOIEI
Buipnjaul Apnis ylomiau Aema3l) 2yl Jo uoneluzwniop Suipoddns apiaoad

Aiessaoau se xpuaddy

447 10 1X31U03 ul/m passnasip si (esodosd ‘s8ueydisiul mau Y

papnjoul 2le sapuade Suposuods woly poddns Jo siensE||

¥IOMIZU PEDJ [B30] Yyum 3[qredwed

sug|d 250 pue| |euoIda] puE |B20] YIM 1US3I5ISu0d 51 [esodoad

punoidyoeq

Splepuels _.._m_mm_u 1U21Ind 5poodXe J0 SlooWl 553308

(sa8ueyaizyul |eiped ou) SIUSWSACW JIYETY ||B J0) sepiaoad s53208

peod 21jqnd 01 5133UU0D 553226

pa1apIsSU0T) SSAIEUISY|Y

s123fo1d x=3|dwod 1oy uejd Buiudis |enydasuo)

palyRUapI s224n0s Sulpuny

pasn EUS1UD §07 1981100

Aemaz314 Jo uonesado pue Ajages uo 1edw 3siaape Juedyusis ou

3FUBYDIZIUI MBU JI PEAISS SBIUUNWILLOD 10 3215 PUE 01 30UELSIP 1O UOISSNISIP)

(Aep
Suluade woiy udiszp seak pz) suoiozload asn pue) sadosd Yyum pasn o1yes] paiyipE

sisA|euy Jlyel]

Xl

passasse usaq sey wawsfeuew walks voneyodsu mb—

suondo uonesolf

suodo ugisap

pPaJ3pIsuoy) SSAEUISYY

1A

(33ueyasziul mau ) uiod sseo0e Mau Jo) pasu oljgnd

05 Op 0
panosdwi 3q Jou s3wnjoa Jeak uSisap 3)puey J0UUED SPEO [BI0] 105 553338 Bunsing

sisAjeuy oiyea]

suonpuoc) Sunsixg

Xl

A

T

13A0D) 0] SJUIOd JUBAS|BY

papnpau|

papnjaul
10N

SHL

uonIag
yoday

julod
7055
uonoas

Z°'05S uoioag @3 Jod 1siy28y9 Juswnao( }senbay juiod $$922y 1040

October 2011



Roadway Sample Plan Notes

R111 - CONNECTION BETWEEN EXISTING AND PROPOSED GUARDRAIL

WHEN IT IS NECESSARY TO SPLICE PROPOSED GUARDRAIL TO EXISTING GUARDRAIL, ONLY
THE EXISTING GUARDRAIL SHALL BE CUT, DRILLED, OR PUNCHED. THE CONNECTION SHALL
BE MADE USING A “W-BEAM RAIL SPLICE” AS SHOWN IN AASHTO M 180. PAYMENT SHALL BE
INCLUDED IN THE CONTRACT PRICE FOR THE RESPECTIVE GUARDRAIL ITEMS.

Designer Note: Use this note when connections are required between existing and proposed guardrail
runs. Locations shall be noted on the plans.
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Roadway Sample Plan Notes

R112 - ITEM 606 - ANCHOR ASSEMBLY, TYPE B

THIS ITEM SHALL CONSIST OF FURNISHING AND INSTALLING ANY OF THE GUARDRAIL END
TERMINALS AS LISTED ON ROADWAY ENGINEERING’S WEB PAGE UNDER ROADSIDE SAFETY
DEVICES FOR APPROVED GUARDRAIL END TREATMENTS. INSTALLATION SHALL BE AT THE
LOCATIONS SPECIFIED IN THE PLANS, IN ACCORDANCE WITH THE MANUFACTURER’S
SPECIFICATIONS.

REFER TO THE MANUFACTURER’S INSTRUCTIONS REGARDING THE INSTALLATION OF, AND
THE GRADING AROUND, THE FOUNDATION TUBES AND GROUND STRUT. THE TOP OF ANY
FOUNDATION TUBE SHOULD BE LESS THAN 4 INCHES ABOVE THE GROUND. THE PLACEMENT
OF THE FOUNDATION TUBES SHOULD BE AN APPROPRIATE DEPTH BELOW THE LEVEL LINE IN
ORDER TO MAINTAIN THE FINISHED GUARDRAIL HEIGHT OF 27.75 INCHES FROM THE EDGE OF
THE SHOULDER.

ON-SITE GRADING IS REQUIRED IF THE TOP OF THE FOUNDATION TUBES OR TOP OF THE
GROUND STRUT DOES PROJECT MORE THAN 4 INCHES ABOVE THE GROUND LINE.

THE FACE OF THE TYPE B IMPACT HEAD SHALL BE COVERED WITH TYPE G REFLECTIVE
SHEETING, PER CMS 730.19.

PAYMENT FOR THE ABOVE WORK SHALL BE MADE AT THE UNIT PRICE BID FOR ITEM 606,
ANCHOR ASSEMBLY, TYPE B, EACH, AND SHALL INCLUDE ALL LABOR, TOOLS, EQUIPMENT AND
MATERIALS NECESSARY TO CONSTRUCT A COMPLETE AND FUNCTIONAL ANCHOR ASSEMBLY
SYSTEM, INCLUDING REFLECTIVE SHEETING AND ALL RELATED HARDWARE, GRADING,
EMBANKMENT AND EXCAVATION NOT SEPARATELY SPECIFIED, AS REQUIRED BY THE
MANUFACTURER.

Designer Notes:
1. The length of need (LON) point is at post number 3; therefore, after calculating the required LON
for the guardrail, deduct the last 25'-0" of the unit (from post # 3 to post # 9) from the length of
need for the guardrail. The designer should show the LON point on all guardrail runs in the plans.

2. Pre-approved shop drawings are reviewed and are on the Office of Roadway Engineering’s web
page under Roadside Safety Devices.

3. These end treatments are gating systems.

4. The standard offset at post #1 for the B is 4'-0". This offset can be reduced to a minimum of 3'-0"
at locations where the 4'-0" offset is impractical.
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Roadway Sample Plan Notes

R113 - ITEM 606 - ANCHOR ASSEMBLY, TYPE E

THIS ITEM SHALL CONSIST OF FURNISHING AND INSTALLING ANY OF THE GUARDRAIL END
TERMINALS AS LISTED ON ROADWAY ENGINEERING’S WEB PAGE UNDER ROADSIDE SAFETY
DEVICES FOR APPROVED GUARDRAIL END TREATMENTS. INSTALLATION SHALL BE AT THE
LOCATIONS SPECIFIED IN THE PLANS, IN ACCORDANCE WITH THE MANUFACTURER’S
SPECIFICATIONS.

THE FACE OF THE TYPE E IMPACT HEAD SHALL BE COVERED WITH A SHEET OF TYPE G
REFLECTIVE SHEETING, PER CMS 730.19.

REFER TO THE MANUFACTURER’S INSTRUCTIONS REGARDING THE INSTALLATION OF, AND
THE GRADING AROUND THE FOUNDATION TUBES AND GROUND STRUT. THE TOP OF ANY
FOUNDATION TUBE SHOULD BE LESS THAN 4 INCHES ABOVE THE GROUND. THE PLACEMENT
OF THE FOUNDATION TUBES SHOULD BE AN APPROPRIATE DEPTH BELOW THE LEVEL LINE IN
ORDER TO MAINTAIN THE FINISHED GUARDRAIL HEIGHT OF 27.75 INCHES FROM THE EDGE OF
THE SHOULDER.

ON-SITE GRADING IS REQUIRED IF THE TOP OF THE FOUNDATION TUBES OR TOP OF THE
GROUND STRUT DOES PROJECT MORE THAN 4 INCHES ABOVE THE GROUND LINE.

PAYMENT FOR THE ABOVE WORK SHALL BE MADE AT THE UNIT PRICE BID FOR ITEM 606,
ANCHOR ASSEMBLY, TYPE E, EACH, AND SHALL INCLUDE ALL LABOR, TOOLS,

EQUIPMENT AND MATERIALS NECESSARY TO CONSTRUCT A COMPLETE AND FUNCTIONAL
ANCHOR ASSEMBLY SYSTEM, INCLUDING ALL RELATED TRANSITIONS, REFLECTIVE SHEETING,
HARDWARE, GRADING, EMBANKMENT AND EXCAVATION NOT SEPARATELY SPECIFIED, AS
REQUIRED BY THE MANUFACTURER.

Designer Notes:

1. The length of need (LON) point for both systems is at post number 3; therefore, after calculating
the required LON for the guardrail, deduct the last 37'-6" of the unit (from post # 3 to post # 9)
from the length of need for the guardrail. The designer should show the LON point on all
guardrail runs in the plans.

2. Pre-approved shop drawings are reviewed and are on the Office of Roadway Engineering’s web
page under Roadside Safety Devices.

3. These end treatments are gating systems.

4. A Type C delineator should be installed on a flexible post at the head of all Type E units located
on the right side of the through roadway in areas that have known snowdrift/piling problems, or
per District policy. A Type D delineator should be installed on a flexible post at the head of all
Type E units located on the left side of the through roadway. Delineators shall be itemized
separately and shall comply with Standard Construction Drawing TC-61.10 and CMS 620.
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Roadway Sample Plan Notes

R116 - PAVING UNDER GUARDRAIL

THIS OPERATION SHALL INCLUDE PREPARATION OF THE GRADED SHOULDER USING ITEM 209,
LINEAR GRADING, AS PER PLAN AND PAVING UNDER THE GUARDRAIL USING 448 ASPHALT
CONCRETE INTERMEDIATE COURSE, TYPE 1, PG 64-22, UNDER GUARDRAIL, AS PER PLAN.

ITEM 209, LINEAR GRADING, AS PER PLAN SHALL CONSIST OF EXCAVATING TOPSOIL, and
PLACING GRANULAR MATERIAL.

ALL COLLECTED DEBRIS AND TOPSOIL, INCLUDING RHIZOMES, ROOTS AND OTHER
VEGETATIVE PLANT MATERIAL SHALL BE REMOVED AND DISPOSED OF AS SPECIFIED IN
105.17.

THE REMOVED MATERIAL SHALL BE REPLACED WITH COMPACTABLE GRANULAR MATERIAL
CONFORMING TO 703.16 PLACED TO GRADE AS DETAILED ON THE TYPICAL SECTION OR AS
APPROVED BY THE ENGINEER.

ALL EQUIPMENT, MATERIALS AND LABOR REQUIRED TO PERFORM THE WORK OUTLINED
ABOVE SHALL BE INCLUDED FOR PAYMENT UNDER ITEM 209, LINEAR GRADING, AS PER PLAN.

PAVING UNDER GUARDRAIL SHALL CONSIST OF PLACING ITEM 448 TO THE DEPTH SPECIFIED
USING ONE OF THE FOLLOWING METHODS:

METHOD A:

1. SET GUARDRAIL POSTS
2. PLACE ITEM 448

METHOD B:

PLACE ITEM 448

. BORE ASPHALT AT POST LOCATIONS (MAY BE OMITTED IF STEEL POSTS ARE USED)

. SET GUARDRAIL POSTS

PATCH AROUND POSTS. THE MATERIALS USED FOR PATCHING SHALL BE AN ASPHALT
CONCRETE APPROVED BY THE ENGINEER. PATCHED AREAS SHALL BE COMPACTED USING
EITHER HAND OR MECHANICAL METHODS. FINISHED SURFACES SHALL BE SMOOTH AND
SLOPED TO DRAIN AWAY FROM THE POSTS.

SIS

ALL EQUIPMENT, MATERIALS AND LABOR REQUIRED TO PERFORM THE WORK OUTLINED
ABOVE, WITH THE EXCEPTION OF SETTING GUARDRAIL POSTS, SHALL BE INCLUDED FOR
PAYMENT UNDER ITEM 448, ASPHALT CONCRETE, INTERMEDIATE COURSE, TYPE 1, PG 64-22,
UNDER GUARDRAIL, AS PER PLAN.

Designer Note: Quantities for ltem 448 should be calculated in Cubic Yards. The asphalt concrete
thickness should be shown on the typical sections. The depth may vary according to project
requirements, but shall be a maximum of 3 inches. The area to be paved shall be from the edge of the
paved shoulder to the break point between the graded shoulder and the foreslope. The slope shall be the
same as the graded shoulder slope. The designer may specify either paving Method A or B, or leave the
option to the contractor.

Guardrail shall be paid for under ltem 606.
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Roadway Sample Plan Notes

R118 - ITEM SPECIAL - MAILBOX SUPPORT

THIS WORK SHALL CONSIST OF FURNISHING AND ERECTING MAILBOX SUPPORTS AND ANY
ASSOCIATED MOUNTING HARDWARE IN ACCORDANCE WITH PLAN DETAILS, AND ATTACHING
AN OWNER-SUPPLIED MAILBOX AT LOCATIONS SPECIFIED IN THE PLAN, OR OTHERWISE
ESTABLISHED BY THE ENGINEER.

WOOD POSTS SHALL BE NOMINAL 4 INCHES BY 4 INCHES SQUARE OR 4.5 INCHES DIAMETER
ROUND, AND CONFORM TO 710.14.

STEEL POSTS SHALL BE NOMINAL PIPE SIZE 2 INCHES 1.D., AND CONFORM TO AASHTO M 181.

ALL HARDWARE INCLUDING BUT NOT LIMITED TO PLATES, SCREWS, BOLTS, AND ETC. SHALL
BE COMMERCIAL-GRADE GALVANIZED STEEL.

POSTS SHALL BE SET PER THE FIRST PARAGRAPH OF 606.03, AND SHALL IN NO INSTANCE BE
ENCASED IN CONCRETE.

SUPPORT HARDWARE SHALL ACCOMMODATE EITHER A SINGLE OR A DOUBLE MAILBOX
INSTALLATION, AND NO MORE THAN TWO BOXES MAY BE MOUNTED ON A SINGLE POST.

THE MAILBOX SHALL BE SECURELY AND NEATLY ATTACHED BY THE CONTRACTOR TO THE
NEW SUPPORT. THE CONTRACTOR SHALL FURNISH ALL NECESSARY ATTACHMENT
HARDWARE (NUTS, BOLTS, PLATES, SPACERS, AND WASHERS) AS NECESSARY TO
ACCOMMODATE THE COMPLETE INSTALLATION.

IN THE ABSENCE OF A NEW BOX SUPPLIED BY THE OWNER, THE CONTRACTOR SHALL
SALVAGE THE EXISTING BOX AND PLACE IT ON THE NEW SUPPORT. DUE CARE SHALL BE
EXERCISED IN SUCH AN OPERATION, AND THE CONTRACTOR SHALL BE RESPONSIBLE FOR
REPAIRING OR REPLACING ANY BOX DAMAGED BY IMPROPER HANDLING ON HIS PART, AS
JUDGED AND DIRECTED BY THE ENGINEER.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR COORDINATING WITH THE LOCAL POST
MASTER REGARDING THE TIMING OF THE MOVEMENT OF ANY MAILBOX TO A NEW LOCATION.

PAYMENT UNDER THIS ITEM SHALL BE LIMITED TO FINAL PERMANENT INSTALLATIONS.
TEMPORARY INSTALLATIONS SHALL BE IN ACCORDANCE WITH 107.10. HOWEVER, THE SAME
MATERIAL AND SIZE LIMITATIONS AS FOR PERMANENT INSTALLATIONS SHALL APPLY.

MAILBOX SUPPORTS, COMPLETE IN PLACE, WILL BE PAID FOR AT THE CONTRACT UNIT PRICE
PER EACH, FOR ITEM SPECIAL MAILBOX SUPPORT SYSTEM, (SINGLE) (DOUBLE).

Designer Note: The above note should be used for the replacement of existing mailbox supports
constructed of materials which may be considered “hazardous” because they exceed the size stated with
the note. See Figure 803-1 in Volume One (Roadway Design) of the Location and Design Manual for
more information.
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Roadway Sample Plan Notes

R123 - ITEM 606 - IMPACT ATTENUATOR, TYPE 1 (UNIDIRECTIONAL OR BIDIRECTIONAL)

THIS ITEM SHALL CONSIST OF FURNISHING AND INSTALLING ANY ONE OF THE TYPE 1 IMPACT
ATTENUATORS AS LISTED ON THE OFFICE OF ROADWAY ENGINEERING’S WEB PAGE.
INSTALLATION SHALL BE AT THE LOCATIONS SPECIFIED IN THE PLANS, IN ACCORDANCE WITH
THE MANUFACTURER’S SPECIFICATIONS.

THE FACE OF THE TYPE 1 IMPACT HEAD SHALL BE COVERED WITH A SHEET OF TYPE G
REFLECTIVE SHEETING, PER CMS 730.19. PAYMENT FOR THE ABOVE WORK SHALL BE MADE
AT THE UNIT PRICE BID FOR ITEM 606, IMPACT ATTENUATOR, TYPE 1 [(UNIDIRECTIONAL
OR BIDIRECTIONAL)], EACH, AND SHALL INCLUDE ALL LABOR, TOOLS, EQUIPMENT AND
MATERIALS NECESSARY TO CONSTRUCT A COMPLETE AND FUNCTIONAL IMPACT
ATTENUATOR SYSTEM, INCLUDING ALL RELATED TRANSITIONS, HARDWARE, REFLECTIVE
SHEETING AND GRADING, NOT SEPARATELY SPECIFIED, AS REQUIRED BY THE
MANUFACTURER.

Designer’s Notes:

1. After calculating the required Length of Need for the guardrail, deduct the last 12'-6" of the unit from
the length of need for the guardrail. The designer should show the LON point on all guardrail runs in the
plans. Refer to the approved products listed on the Office of Roadway Engineering’s Web Page.

2. The 6'-3" section directly behind the Type 1 shall be parallel to the centerline of the unit. A maximum
flare of 3 degrees (20:1) is permissible. A cross slope of no more than 8% (5 degrees) is recommended.

3. Bidirectional should be specified for locations where traffic is expected to be in opposing directions on
either side of the barrier. Unidirectional shall be specified when traffic is expected to move in the same
direction on both sides of the barrier.

4. All curbs and islands should be removed for optimum impact performance.

5. More information is located in Section 600 of the Location and Design Manual Volume 1.
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Roadway Sample Plan Notes

R124 - ITEM 606 - IMPACT ATTENUATOR, TYPE 2 (UNIDIRECTIONAL OR BIDIRECTIONAL)

THIS ITEM SHALL CONSIST OF FURNISHING AND INSTALLING ANY OF THE TYPE 2 IMPACT
ATTENUATORS AS LISTED ON THE OFFICE OF ROADWAY ENGINEERING’S WEB PAGE. WHEN
BI-DIRECTIONAL DESIGNS ARE SPECIFIED, THE CONTRACTOR SHALL SUPPLY APPROPRIATE
TRANSITIONS. PAYMENT FOR THE ABOVE WORK SHALL BE MADE AT THE UNIT PRICE BID FOR
ITEM 606, IMPACT ATTENUATOR, TYPE 2 [(SPEED (IN MPH), HAZARD WIDTH (IN INCHES)),
(UNIDIRECTIONAL OR BIDIRECTIONAL)], EACH, AND SHALL INCLUDE ALL LABOR, TOOLS,
EQUIPMENT AND MATERIALS NECESSARY TO CONSTRUCT A COMPLETE AND FUNCTIONAL
IMPACT ATTENUATOR SYSTEM, INCLUDING ALL RELATED BACKUPS/BACKSTOPS,
TRANSITIONS, HARDWARE AND GRADING, NOT SEPARATELY SPECIFIED, AS REQUIRED BY
THE MANUFACTURER. INSTALLATION SHALL BE AT THE LOCATIONS SPECIFIED IN THE PLANS,
IN ACCORDANCE WITH THE MANUFACTURER'’S SPECIFICATIONS.

Designer Notes:
These systems are non-gating and redirective therefore the entire length of the unit can be included as

part of the calculated length of need.

The shop drawings are approved by the Standards Engineer and are available on the Office of Roadway
Engineering’s website.

This note should be used for the protection of Type 5 Barrier Design Guardrail, concrete median barrier
and other fixed objects.

The designer must specify Test Level 3 (TL-3) configurations for installations on the NHS.

If cross slopes are steeper than 8% (12:1) or if the cross slope varies by more than 2% over the length of
the unit, a leveling pad may be used.

Rear fender panels may slide 60 inches rearward upon impact, so ensure the specified width is adequate.

Bidirectional should be specified for locations where traffic is expected to be in opposing directions on
either side of the barrier. Unidirectional shall be specified when traffic is expected to move in the same
direction on both sides of the barrier.

Each of the Type 2 products have a wide variety of related units (families), typically covering various
design speeds (number of bays) and protected widths. The designer should also identify on the project
plans for each unit specified on the plan any contingencies needed to construct a complete device. They
include:

Design speed

Width of hazard

Available foot print area for the product

Foundation type (asphalt, concrete, bridge deck)

Transition type (concrete barrier or guardrail)

Backup support (A standard concrete backup is detailed on SCD RM-4.6. Otherwise, specify an
independent stand-alone anchorage like the product's own concrete backup, or its tension strut
backup)

e Any unique characteristics of the site (curb, expansion joints, etc.)
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Roadway Sample Plan Notes

R125 - ITEM 606 - IMPACT ATTENUATOR, TYPE 3 (UNIDIRECTIONAL OR BIDIRECTIONAL)

THIS ITEM SHALL CONSIST OF FURNISHING AND INSTALLING ANY OF THE TYPE 3 IMPACT
ATTENUATORS AS LISTED ON THE OFFICE OF ROADWAY ENGINEERING’S WEB PAGE. WHEN
BI-DIRECTIONAL DESIGNS ARE SPECIFIED, THE CONTRACTOR SHALL SUPPLY APPROPRIATE
TRANSITIONS. PAYMENT FOR THE ABOVE WORK SHALL BE MADE AT THE UNIT PRICE BID FOR
ITEM 606, IMPACT ATTENUATOR, TYPE 3 [(SPEED (IN MPH), HAZARD WIDTH (IN INCHES)),
(UNIDIRECTIONAL OR BIDIRECTIONAL)], EACH, AND SHALL INCLUDE ALL LABOR, TOOLS,
EQUIPMENT AND MATERIALS NECESSARY TO CONSTRUCT A COMPLETE AND FUNCTIONAL
IMPACT ATTENUATOR SYSTEM, INCLUDING ALL RELATED BACKUPS/BACKSTOPS,
TRANSITIONS, HARDWARE AND GRADING, NOT SEPARATELY SPECIFIED, AS REQUIRED BY
THE MANUFACTURER. INSTALLATION SHALL BE AT THE LOCATIONS SPECIFIED IN THE PLANS,
IN ACCORDANCE WITH THE MANUFACTURER'’S SPECIFICATIONS.

Designer Notes:

These systems are non-gating and redirective therefore the entire length of the unit can be included as
part of the calculated length of need.

The shop drawings are approved by the Standards Engineer and available on the Office of Roadway
Engineering website.

This note should be used for the protection of Type 5 Barrier Design Guardrail, concrete median barrier
and other fixed objects.

The designer must specify Test Level 3 (TL-3) configurations for installations on the NHS.

If cross slopes are steeper than 8% (12:1) or if the cross slope varies by more than 2% over the length of
the unit, a leveling pad may be used.

Rear fender panels may slide 60" rearward upon impact, so ensure the specified width is adequate.

Bidirectional should be specified for locations where traffic is expected to be in opposing directions on
either side of the barrier. Unidirectional shall be specified when traffic is expected to move in the same
direction on both sides of the barrier.

Each of the Type 3 products have a wide variety of related units (families), typically covering various
design speeds (number of bays) and protected widths. The designer should also identify on the project
plans for each unit specified on the plan any contingencies needed to construct a complete device. They
include:

Design speed

Width of hazard

Available footprint area for the product

Foundation type (asphalt, concrete, bridge deck)

Transition type (concrete barrier or guardrail)

Backup support (A standard concrete backup is detailed on SCD RM-4.6. Otherwise, specify an
independent stand-alone anchorage like the product's own concrete backup, or its tension strut backup)
Any unique characteristics of the site (curb, expansion joints, etc.)

The REACT 350 is 48 inches tall, if sight distance is needed where the attenuator will be installed the
designer shall note the React 350 is not allowed at that location.
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Roadway Sample Plan Notes

R127 - ITEM 606 — CABLE GUARDRAIL

THIS ITEM SHALL CONSIST OF FURNISHING AND INSTALLING ANY ONE OF THE HIGH TENSION
FOUR CABLE GUARDRAIL SYSTEMS AS LISTED ON THE OFFICE OF ROADWAY ENGINEERING’S
WEB PAGE. PAYMENT FOR THE ABOVE WORK SHALL BE MADE AT THE UNIT PRICE BID FOR
ITEM 606, GUARDRAIL, MISC., TENSIONED CABLE WITH CONCRETE FOUNDATION LINE POSTS
(SOCKETED), AND ITEM 606, GUARDRAIL, MISC. TENSIONED CABLE ANCHOR TERMININAL AND
SHALL INCLUDE ALL LABOR, TOOLS, EQUIPMENT AND MATERIALS NECESSARY TO
CONSTRUCT A COMPLETE AND FUNCTIONAL HIGH TENSION CABLE GUARDRAIL SYSTEM NOT
SEPARATELY SPECIFIED, AS REQUIRED BY THE MANUFACTURER.

INSTALLATION SHALL BE AT THE LOCATIONS SPECIFIED IN THE PLANS, IN ACCORDANCE WITH
THE MANUFACTURER’S SPECIFICATIONS.

SYSTEMS SHALL HAVE A MAXIMUM DEFLECTION OF 8 FEET AND THE MAXIMUM LONGITUDINAL
DISTANCE BETWEEN POSTS SHALL BE 15 FEET.

INSTALLATION WILL BE A FOUR CABLE HIGH TENSION SYSTEM INSTALLED IN SOCKETED
POSTS FOUNDATION WITH A FOUR FOOT WIDE “NO MOW STRIP”.

CONTRACTOR SHALL PROVIDE DELINEATORS ON THE POSTS AT A MINIMUM INTERVAL OF 100
FEET AND ON ALL ANCHOR TERMINALS.

TRANSITIONS TO W-BEAM GUARDRAIL ARE NOT ALLOWED.
REFER TO MANUFACURER FOR MAXIMUM OFFSET FROM BREAK POINT.

TORPEDO OR BULLET SPLICES ARE NOT ALLOWED. ALL CABLE SPLICES SHALL BE A SWAGED
OR OPEN BODY DESIGN THAT ALLOWS FOR ANNUAL INSPECTION BETWEEN THE WEDGE AND
STRANDS OF CABLE.

POSTS ARE SET IN SOCKETED CONCRETE FOUNDATIONS AND SHALL NOT BE PERMANENTLY
INSTALLED UNTIL THEIR RESPECTIVE RUNS OF TENSIONED CABLE GUARDRAIL ARE READY
FOR FINAL CONNECTION TO THE END TERMINAL ASSEMBLY. THE CONTRACTOR SHALL
REPLACE ANY POSTS DAMAGED DURING INSTALLATION AS DETERMINED BY THE ENGINEER
AT NO ADDITIONAL COST TO THE STATE.

Designer Notes:

High tension cable barrier systems shall only be installed to meet the requirements of Location and
Design Manual Section 601.2 Median Barrier Warrants.

Designer should look at the entire corridor before selecting which side of the median the cable will be
installed on. At breaks in the runs of cable such as turnarounds the layout of the cable should limit the
gating potential of the cable end treatments. Installing the end treatments behind the trailing bridge
parapets can eliminate the gating part of the end treatments. When overlapping cable runs eliminate all
of the gating part of the end treatments. Review Figure 602-3E and 602-4E of L&D Vol. 1 for appropriate
layouts.

Additional information is provided in Location and Design Manual Volume 1 Section 600 and the
manufacturer.
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Appendix C

Design Software

Traffic operational analysis used for design purposes must use the current version of Highway Capacity
Software (HCS) by McTrans. ODOT may allow use of other traffic analysis and modeling programs
when HCS is incapable of providing analysis results or when supplemental analysis is desired. Software
currently used by ODOT for traffic analysis includes Synchro/Simtraffic, CORSIM, VISSIM, and SIDRA.
While other programs may be considered for unique situations, it is preferred that these programs be
used. Use of non-HCS analysis must be approved by the Office of Roadway Engineering.

Default Values and Guidance

The following section provides information on default values to be used for traffic analysis and
methodologies.

Highway Capacity Software/Synchro

e Use all software defaults except as otherwise noted below.

e PHF (peak hour factor) use HCM 2010 default

e RTOR (rightturnonred) =0

e Arrival Type = 3, or as authorized by ODOT.

e Critical approach delay for the east-west approach (worst approach) should be balanced with the
critical approach delay for the north-south approach.

e For an intersection analysis, individual lane v/c ratios should be less than 1.00, and preferably
less than .90.

Microsimulation software (Simtraffic/CORSIM/VISSIM)
¢ Analysis should use a minimum of 3 simulation runs with different number seeds.

e Refer to the FHWA Traffic Analysis Tools Program for additional guidance on using simulation
software: http://ops.fhwa.dot.gov/trafficanalysistools/index.htm
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PROCEDURES FOR DEVELOPING DESIGN DESIGNATIONS
FOR NON-INTERSTATE BRIDGE



REPLACEMENT/REHABILITATION PROJECTS

The procedures contained in this revised procedural manual are to be used to develop design
designations for non-interstate bridge replacement/rehabilitation projects. Such bridge projects
may be located on U.S. highways, state routes, county routes, township routes, or local streets.
These procedures replace those found in the manual dated November 17, 1993.

Traffic forecasts for bridge projects on the Interstate System must continue to be provided or
certified by the Office of Technical Services. For these bridges, the district offices may either
forward design designations to Technical Services or request that the Technical Services provide
them. Design designations for bridge projects that include more than simple replacement/
rehabilitation must also be provided by Technical Services. This would include bridges with major
approach work, bridges on new alignments, or bridges that are part of major capacity addition
projects.

Bridge projects within a metropolitan planning organization (MPO) area should be coordinated with
the MPO. Since a bridge project involving federal funds must be included on the MPO’s
transportation improvement program (TIP), coordination should take place at the time the project is
added to the TIP.

This responsibility was originally delegated to the district offices in November, 1993, based on
approval from FHWA in a letter dated September 29, 1993 (see Appendix A). The original version
of this manual was designed to provide a cookbook approach to developing design designations for
bridge projects for use by the district offices. The changes are intended to make the projections
more accurate by giving the district offices more flexibility in developing them.

The major changes in this edition of the manual are as follows:

+ the elimination of generalized growth rates by county and their replacement with a statewide
continuous range of rates to provide flexibility in the selection of an accurate rate specific to
the site and the individual project;

» changes in the terminology used to refer to the year of construction from “Current Year” to
“Opening Year” to eliminate confusing “current” with the current calendar year or with the year
of the most recent count data;

* changing the Design Year to be either 12 or 20 years after the Opening Year, consistent with the
draft Pavement Design Manual (paragraph 2.02.1.1);

* providing a range of values for the selection of the K factor, the calculation of the DHV on the

worksheet, and the replacement in the design designation of K with the DHV;

+ three choices for the D factor, depending on whether the bridge is within or outside an MPO’s
boundaries and whether the bridge is one-way or two-way;



* providing a “comments” section on the worksheet for use in documenting the selection of the
growth rate, for substituting refined output from the MPO models, for noting more detailed
available truck information (the “B” and “C” components), and/or for noting directional
imbalances in the ADT such as those found on bridges on routes over freeways between ramp
termint;

» dropping the request for forwarding completed design designations to Technical Services; and
* the update of terms to reflect current terminology in use in the department.

The worksheet, itself, is now larger, the equivalent of two 8 2 by 11 inch sheets. However, the
form can be reproduced as a two-sided 8 '2 by 11 inch form or side by side on an 11 by 17 inch

sheet, etc.

Any comments or questions on the use of this manual, including the discovery of any errors or
inconsistencies, should be directed to the Office of Technical Services at (614) 644-8195.



Worksheet Instructions (Note: the worksheet is found on pages 6 and 7.)

1A.

1B

Enter the PID.

Enter the County-Route-Log. Ifthe project is not on the State System, enter an appropriate

2A.

2B.

2C.

3.

SA.

5B.

project identifier.

Enter the Existing ADT. The ADT selected should be the most recent, accurate, seasonally
adjusted 24-hour volume available. The most recent ADT may be obtained from the latest
Traffic Survey Report (TSR) if the project is on the State System. Other data sources may be
used (ODOT data obtained since the last TSR, count data from county engineers, MPOs,
consultants, cities, etc.). Partial-day counts may be expanded to 24-hours using average values
for the proportion of each hour in the daily total. Expansion tables and seasonal adjustment
factors can be obtained from the Office of Technical Services’ Traffic Monitoring Section. If
the available count data is three (3) years or older, consideration should be given to obtaining a
new count.

Enter the 24-hour B&C volume (trucks). If no data is available, leave this box blank.

Enter the Existing Year. This is the year the count was taken. For TSR data, assume this is the
year of the report (e.g., for a report published in 1996, assume the data is from 1996) unless the
specific ADT is known to come from a count taken in an earlier year.

Enter the Opening Year. The Opening Year is the year construction will be completed and the
bridge will reopen to traffic.

Enter the Design Year. The Design Year is either 12 or 20 years after the Opening Year. This
is determined by the scope and intent of the project and is unlikely to be an option available to
the user of this manual. Most projects will have a 20-year life; a 12-year design year would
occur only when the bridge is part of an overall 12-year pavement rehabilitation project.

Enter the number of years from the Existing Year to the Opening Year. Enter the difference
between the Opening Year and the Existing Year: (3) - (2C).

Enter the number of years from the Existing Year to the Design Year. Enter the difference
between the Design Year and the Existing Year: (4) - (2C).

Select a_growth rate. The growth rate is to be selected from the continuous range of rates
shown on the worksheet. The range of rates for each category is subjective, as are the
categories, themselves. Judgment must be used in selecting an appropriate rate. If the project
lies within an MPO area, manually adjusted output from a travel demand forecasting model
provided by the MPO may be used in place of the growth rate. A rate derived from a
regression analysis of historical traffic volumes over at least a twelve year period (equivalent to
three traffic survey reports—five preferred) may be used as a tool for selecting the growth rate.
It is important to recognize that a high rate derived from a regression analysis, based on only a
few data points may not be sustainable when projected 20 or more years into the future. The




10.

11A.

11B.

12.

13.

14.

implicit growth rate based on the Design Year ADT and the Existing Year ADT should be
calculated and evaluated against the rates shown. The use of model output in place of the given
rates should be noted in “Comments” (Section 15) of the worksheet.

Enter the Opening Year Factor. This factor is calculated as follows: [(6) x (SA)] + 1. Multiply
the growth rate by the difference between the Opening Year and the Existing Year, then add 1.

Enter the Design Year Factor. This factor is calculated as follows: [(6) x (5B)] + 1. Multiply
the growth rate by the difference between the Design Year and the Existing Year, then add 1.

Enter the Opening Year ADT. The Opening Year ADT is obtained by multiplying the Existing
ADT by the Opening Year Factor: (2A) x (7).

Enter the Design Year ADT. The Design Year ADT is obtained by multiplying the Existing
ADT by the Design Year Factor: (2A) x (8).

Enter K. The K factor is selected from the chart on the worksheet. The volume groupings
shown are subjective. When count data exists, it is possible to estimate K by dividing the peak
hour volume by the ADT. However, K is to reflect the 30th highest hour of the year. For a
count on a given day, there is no way to know how the peak hour for that day compares to the
30th highest hour, but “true” K would almost always be higher than this estimated K.

Enter the DHV. The DHV (Design Hourly Volume) is obtained by multiplying the projected
Design Year ADT by the K Factor: (10) x (11A).

Enter the D factor. The D factor is assumed to be .55 for projects outside an MPO’s
boundaries and .60 for projects on or within an MPO’s boundaries, except for a one-way
bridge, in which case the D factor is always 1.00. The D factor, representing the directional
distribution in the design hour, is used to calculate the Directional Design Hourly Volume
(DDHYV). Like the K factor, it can also be estimated from available count data.

The directional distribution in the ADT is entirely different from D. In the ADT, the
directional split is usually close to 50/50. If known to vary significantly from 50/50, such as
between the ramps on a bridge on a roadway over a freeway, then the directional distribution
should be noted in the “Comments” section of the worksheet.

Enter the T24 factor. T24 represents the proportion of B&C commercial vehicles in the ADT.
T24 is calculated based on the Existing Year data and assumed to apply to the Design Year.
Information is seldom available that warrants selecting a T24 value for the Design Year that
differs from T24 as calculated from the Existing Year data. T24 is calculated as: (2B)/(2C).
If no count data exists, assume T24 = .03 or obtain new count data that provides truck data.

Enter the TD factor. TD is the proportion of B&C commercial vehicles in the design hour. If
the number of trucks in the peak hour is included in any available count data, an estimate of
TD can be calculated directly. However, TD is usually close to 60 percent of the T24 value,
which an acceptable approximation for use here. TD is calculated as (13) x .6.




15. The comments section may be used for noting the substitution of MPO model output for
volume estimates based on growth rates, the B and C components of the truck traffic, a
significant departure from the expected 50/50 split in the daily directional distribution rate, or
anything else the user wishes to document.

The Design Designation is summarized at the end of the worksheet from the above information.
The design values (D, T24, and TD) are commonly listed as percents rather than decimal
proportions. DHYV is usually shown on the plans instead of K, although to assess the
reasonableness of the DHYV, it is usually easier to think in terms of K.

References:

1. Pavement Design and Rehabilitation Manual, Draft, Office of Materials Management,
transmitted on August 10, 1998.

2. Guidelines for Developing Design Year Traffic on Local Roads and Streets, prepared by the
Bureau of Technical Services, December, 1976.

3. Procedures for ODOT District Offices for use in Developing Design Designations for Non-
Interstate Bridge Replacement/Rehabilitation Projects, Bureau of Technical Services,
November 17, 1993.

4. Traffic Survey Reports prepared by the Bureau/Office of Technical Services, 1975-1998 (some
in preparation, older reports exist).



BRIDGE PROJECT DESIGN DESIGNATION WORKSHEET

1A | Enter the PID: 1A
1B | Enter the County-Route-Log or other identifier: 1B
2A | Enter the Existing ADT (Total Vehicles): 2A
2B | Enter 24-hour B&C (commercial) volume if available: 2B
2C | Enter the Existing Year: 2C
3 Enter the Opening Year: 3
4 Enter the Design Year: 4
5A | Enter the number of years from the Existing Year to the Opening 5A
Year: 3) - 2C) =
5B | Enter the number of years from the Existing Year to the Design 5B
Year: (4) - 2C) =
6 Select a growth rate from the following range of rates: 6
Stable .0025-.0050 Moderate .0100-.0200
Low .0050-.0100 High .0200-.0300
7 Enter the Opening Year Factor: [(6) x (SA)]+1 = 7
8 Enter the Design Year Factor): [(6) x (SB)]+1 = 8
9 Enter the Opening Year ADT: (2A) x (7) = 9
Round to nearest 100 vehicles (nearest 10 vehicles if < 1000)
10 Enter the Design Year ADT: (2A) x(8) = 10
Round to nearest 100 vehicles (nearest 10 vehicles if < 1000)
11A | Enter K, selected from the following table of Design Year ADT : 11A
< 1000 .12 5001 - 15000 .10
1001 - 5000 .11 15001 < .09
11B | Enter the DHV: (10) x (11A) 11B
12 Enter the D Factor (for DDHV): 12
within an MPO area: .60
outside an MPO area: .55
any one-way bridge: 1.00
13 Enter the T24 factor (the proportion of B&C vehicles in ADT): 13
[(2B)/(2A)] or .03 if (2B) is blank
14 Enter the TD factor (the proportion of B&C vehicles in the design 14

hour): (13) x 0.6




BRIDGE PROJECT DESIGN DESIGNATION WORKSHEET

15 COMMENTS 15
DESIGN DESIGNATION (summarized from above) PID 1A
County-Route-Log 1B

Opening Year ADT = 9

Design Year ADT = 10
K = 11A

D = 12

T24 = 13

TD = 14




OHIO DEPARTMENT OF TRANSPORTATION

INTER-OFFICE COMMUNICATION

TO: D-1 Distribution J ,

FROM: Cash Misel, Assistant Director, Planning and Production Management -~
Mary Ellen Kimberlin, Assistant Director, Highway Management

DATE: April 30, 2002

SUBJECT: Guidelines For Identifying Acceptable Locations For The Disposal of Waste
Material And Construction Debris or The Excavation of Borrow Material
Within ODOT Right-of-Way

Attached for your immediate use, are the above referenced guidelines to be used in evaluating
projects for acceptable locations within ODOT Right-of-Way for the disposal of waste material
or the excavation of borrow. These guidelines should be used to evaluate sites during design of a
project or to evaluate contractor proposed sites after sale of the project. The guidelines use the
2001 AASHTO Design Criteria and the attached figures from the ODOT L&D Manual, Volume
1 have been revised to conform to the 2001 AASHTO Design Manual. The ODOT L&D Manual,
Volume 1 will be updated to the 2001 AASHTO Design Criteria in the near future. Please share
these guidelines with your staff.

Any questions should be directed to the Office of Roadway Enginecering Services.

Attachment




GUIDELINES FOR IDENTIFYING ACCEPTABLE LOCATIONS FOR THE DISPOSAL
OF WASTE MATERIAL AND CONSTRUCTION DEBRIS OR THE EXCAVATION OF
BORROW MATERIAL WITHIN ODOT RIGHT-OF-WAY

PURPOSE
This guide provides the criteria to be used when evaluating a project for acceptable locations for

the disposal of waste material and construction debris or the excavation of borrow material within
highway rights-of-way.

REFERENCES
1. Ohio Department of Transportation, “Location & Design Manual (LDM), Volume 1 & III”.
2. Ohio Department of Transportation, “Construction and Materials Specifications (CMS)”.

3. American Association of State Highway and Transportation Officials (AASHTO), “A
Policy on Geometric Design of Highways and Streets, 2001".

4. FHWA Policy, “Recycled Materials Policy”, dated February 7, 2002.
SCOPE

All Districts, Divisions and Offices of the Ohio Department of Transportation (ODOT) involved
in the design, construction and maintenance of roadways and all consultants and contractors who
provide similar services to ODOT.

BACKGROUND

The use of ODOT right-of-way for disposal of waste material and construction debris or the
excavation of borrow material is now prohibited, unless locations are identified in the plans (see
CMS Sections 104.03, 105.16, 105.17 and 107.11). With the increased need to remove and

replace the pavements of our Interstate and Freeway System as the pavements approach or exceed
their design life, the disposal of the existing pavement, much of it concrete, that cannot be recycled
or used as part of the new pavement structure has become a problem. These guidelines have been
developed to give designers the criteria that should be used in the evaluation of a project for
acceptable waste or borrow areas within the right-of-way of a project.

DEFINITIONS

Clear Zone: The desirable unobstructed area along a roadway, outside the edge of pavement,
available for the safe recovery of vehicles that have left the traveled way. (Section 600.2, LDM)

Safety Grading: The shaping of the roadside using 6:1 or flatter slopes within the clear zone area
and 3:1 or flatter foreslopes and recoverable ditches extending beyond the clear zone. (Figures
307-1 and 307-2, LDM)




Clear Zone Grading: The shaping of the roadside using 4:1 or flatter foreslopes and traversable
ditches within the clear zone area. (Figure 307-3, LDM)

Decision Sight Distance: The distance needed for a driver to detect, recognize and select an
appropriate course of action for an unexpected or otherwise difficult-to-perceive condition in the
roadway. (Section 201.5 and Figure 201-5, LDM)

PROJECT EVALUATION

Waste Disposal Areas

All projects with large amounts of cut and fill or projects with pavement removal, particularly
non-recyclable concrete pavement, should be evaluated for acceptable disposal areas within the
right-of-way. Acceptable disposal areas would preferably enhance the safety of the roadway and
should not provide a less safe highway than now exists. The total width of existing right-of-way
should be considered. Examples of roadway safety enhancements would include the use of safety
grading where clear zone grading or less now exits, the use of clear zone grading where something
less exists and the elimination of barrier. In accordance with Section 307.21 of the LDM, all
interstate and interstate look alike roadways should use safety grading. If safety grading now
exists, consider the possibility of extending it to the right-of-way line. If clear zone grading now
exists, consider the use of safety grading or consider the possibility of extending clear zone
grading to the right-of-way line. Existing barrier locations should be evaluated to see if the
application of safety grading, or at a minimum clear zone grading, would eliminate the need for
barrier. Adjustments to drainage or drainage structures may also be required. Not all acceptable
disposal areas will enhance the safety of the roadway. Areas that do not affect the safety of the
roadway (areas outside a safety graded or clear zone graded section) and do not affect wetlands or
other environmental regulations but are within the right-of-way of the project should also be
considered as acceptable disposal areas.

Although interchange infields seem like obvious or ideal areas to dispose of waste material, great

care not to restrict sight distances is required.
Exit Ramps - Decision stopping sight distance, Avoidance Maneuver A or B, as per Figure
201-5 of the LDM should be provided for the design speed of the ramp (Figure 404-1 and
Section 404.2 of the LDM). Fills may be placed in the infield areas as long as the decision
stopping sight distance is provided and 6:1 or flatter slopes are provided in the gore areas
(Section 307.53 of the LDM). Fills within the infields of diamond interchanges should not
affect the intersection sight distance at the intersection of the crossroad and the exit ramp.
Entrance Ramps - Decision sight distance, Avoidance Maneuver C or E, as per Figure
201-5 of the LDM should be provided for the design speed of the ramp (Figure 404-1 and
Section 404.2 of the LDM). The decision sight distance is measured from a point on the
ramp where a driver on the ramp has an unobstructed view of vehicles on the mainline to a
point on the ramp where the driver no longer has a lane width available on the ramp and
must start to merge. This is the distance that the merging ramp driver has to decide where
he can safely merge into the mainline traffic. This distance should also be unobstructed for
the mainline driver to react to the ramp vehicle by either a lane or speed change.
Loop Ramps - The infields of loop ramps generally should not be filled unless it is to




eliminate barrier or provide safety graded slopes. Loop ramps have a higher than average
number of run off the road accidents due to the sharp curvature and high speeds. When the
infields of these ramps are filled, not only are sight distances decreased but the driver also
loses a sense of how sharp the curvature of the ramp is when he cannot see the entire ramp
but only a small portion of it. If considered an acceptable fill site, then at a minimum,
decision sight distance, Avoidance Maneuver A or B for the exit end of the ramp and
Avoidance Maneuver C or E for the entrance end of the ramp, as per Figure 201-5 of the
LDM should be provided for the appropriate design speed of the ramp (Figure 404-1 and
Section 404.2 of the LDM).

Fill Restrictions - Fill heights greater than 10 feet should be reviewed by the Office of
Geotechnical Engineering. Slopes should not exceed 4:1 for ease of maintenance. Fill
material and fill construction shall be in accordance with the Construction and Materials
Specifications, Item 203.

Borrow Areas

All projects requiring borrow should be evaluated for acceptable borrow areas within the right-
of-way. The same criteria used to evaluate the waste disposal areas should be used to evaluate
borrow areas within the right-of-way. The safety of the highway should be enhanced, if possible.
Consider applying safety grading when something less than safety grading exists or clear zone
grading when something less than clear zone grading exists.

The determination as to whether or not to allow the disposal of waste material or the excavation of
borrow within the right-of-way of a project should be made as soon as possible in the project
development process. Possible waste areas or borrow areas within the project right-of-way

should be identified during the field review prior to final scope preparation so that the evaluation
of these areas can be included as part of the scope for the project. If during plan development these
areas are found to be acceptable as waste areas or borrow areas, then they shall be identified in

the construction plan along with their limits. Acceptable locations should be identified on the
schematic plan, plan and profile sheets or in a general note (see Location & Design Manual,
Volume III, Section 1303.20 and Appendix B, Sample Plan Note G105). If the project has no
acceptable waste areas or borrow areas within the project right-of-way, then it shall be stated on
the construction plans by plan note, that an evaluation has been completed and no acceptable waste
areas or borrow areas exist within the right-of-way of the project. Another consideration should be
the impact of the allowed waste area or borrow area on future projects. One should not allow the
placement of fill or excavation for borrow in an area that would require its removal or fill in the
near future by another project. Environmental regulations, public involvement commitments,
erosion control, the effects on utilities and the effects on drainage should also be considered. CMS
Section 105.16 addresses erosion control and environmental regulations controlling borrow and
waste areas. Coordination with utilities will be required and drainage structures may need
extended or adjusted to grade.



201-5
DECISION SIGHT DISTANCE &ererence section

201.5
HEIGHT OF EYE 3.50' HEIGHT OF OBJECT 2.00!
DECISION SIGHT DISTANCE (FT)

JESIGN

SPEED AVOIDANCE MANEUVER

(mph)

A B C d E

30 220 490 450 535 620
35 275 590 525 625 720
40 330 690 600 715 825
45 395 800 675 800 930
50 465 910 750 890 1030
55 535 1030 865 980 1135
60 610 1150 990 1125 1280
65 695 1275 1050 1220 1365
70 780 1410 1105 1275 1445

The Avoidance Maneuvers are as follows:

A - Rural Stop

B - Urban Stop
Rural Speed/Path/Jdirection Change
Suburban Speed/Path/Jirection Change
Urban Speed/Path/Direction Change

mu O
1

Jecision SighT DJistance (3S)) is calculated or measured
using The same criteria as Stopping Sight Jistance; 3.50
ft eye height and 2.00 ft object height.

Use the equations on Figures 203-3, 203-6 and 201-2 to
determine the JS) at vertical and horizontal curves.
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307-1E

REFERENCE SECTIONS
307.21

SAFETY GRADING SECTIONS

*» B:lslope may be used with L
horizontal distance remaining

CUT SECTION the same to increase the
RURAL INTERSTATE ditch depth.

Top of rock
or shale

o
+ 8l
T e g —
« 10°,| Recoverable Ly
Jitch
Top of rock
_./_
—— or shale
Radius 20’ XYY Y
CUT SECTION s O Yy y -
URBAN INTERSTATE, OTHER o,
FREEWAYS AND EXPRESSWAYS BNy —Jol 2|~
A oy
9'-6", N
Recoyerable Approximate guide
Jitch fgIP cut dep'rg,

#» 4’ Rounding
SHALLOW CUT OR LOW FILL

L
81 20’ Radius A

6:l ..
Recoverable Jitch

Slope transition between loy filldesign and medium filldesign shallbe such
that the flowline of the roadside ditch does not turn toward the roadway.
Clear Zone I 6:1slope may be used
ETTE——— 8: 1

MEDIUM FILL

63
Recoverable Jitch

20’ Radius

Application of these sections may vary to avoid frequent
slope changes and to maintain reasonably straight ditches.

See Figure 307-2 for Recoverable Jitch details.
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CLEAR ZONE 307 -3E

GRADING SECTIONS
(TRAVERSABLE DITCH SECTIONS) | G005 50T

CUT SECTION -

* Clear Zone

— "

4."/ m, O)('

Traversable Jitch

**FILL SECTIONS (See beloy) « See Figure 600-I
for clear zone
J » Clear Zone - distance.
r =1 R/W

4.'/ m Q)(.

Traversable Jitch «++ 4' Rounding

(See below)
« Clear Zone

R/W

4{/ m O)(.

*+ For fill heights over
I6' use barrier grading
(Figure 307-4)

Normal Jitch
(See Figure 307-4)

FOR ACCEPTABLE COMBINATIONS OF FORESLOPE AND
BACKSLOPE FOR TRAVERSABLE DJITCHES SEE FIGURES
307-10 AND 307-Il.

Minimum DJitch Jepth
Cut: 1.5, Fill: .0’




Appendix B

Roadway Sample Plan Notes

Universal TAU-II configurations approved for use in Ohio on the NHS
Speed Width Configuration Bays Approx. Drawing Recommended Foundation &
Length Backstop
60 mph up tp 30" | Parallel 8 27'-5" B040239 PCC Pad,
[100 Flush Mount
km/h] 36" Combination (Parallel A040420
& Flared)
42" B033001 PCC Pad,
Wide Flange
48" B033002 A040108
54" B033003
60" B033004
66" 7 247" B033005
72" Flared B033006
78" B033007
84" B033008
90" B033009
96" B033010
70 mph up to 30" | Parallel 10 33-1" B040239 PCC Pad,
[110 Flush Mount
km/h] 36" Combination A040420
(Parallel & Flared)
42" B033097 PCC Pad,
Wide Flange
48" B033098 A040108
54" B033099
60" B033100
66" 9 30'-4" B033101
72" 8 27'-5" B033102
78" Flared B033103
84" B033104
90" B033105
96" B033106
102" B033107

Other TAU Il models are available. See System Capacity Drawing for various configurations.

October 2006 B-20



PREFERRED CROSS SECTIONS [307-10E
FOR DITCHES WITH ABRUPT

SLOPE CHANGES April 1999
Fore- Less than 8'-Q7 Eﬁ)cpke_ Les4s'_(';lll'1c|n E%‘E}ke'
b2

0.4

[aN}
O
~ --3:l N
N
o) 0.3 7777\ ‘?_
1 __ (Q\]
u ™ oo
o 0.2 --5:l
o --6:l
d PREFERRED -8l
< 0] [/ JITCH ——IO==I
2 ' |/CROSS SECTION :
® /L

0

0 0.1 0.2 0.3 0.4 0.5

FORESLOPE = b, /q,

This chart is applicable to vee ditches, rounded ditches with
bottom widths less than 8'-0", and trapezoidal ditches with
bottom widths less than 4'-0".

Jitches that fallwithin the shaded areas are considered
traversable and are preferred for use within the clear zone.




PREFERRED CROSS SECTIONS |307-11E
FOR DITCHES WITH GRADUAL| , _
SLOPE CHANGES pril 1999

Equal to
or greater

Equal to
Back- or greater Back-
than 4'-0* Slope

N 0.4

% % TS

[\N] - :|

o 0.3 2
—— /. [Q\]

|_I.IJ 4] o

% 0.2 --5;

> PREFERRED JITCH ~-6l

% CROSS SECTION -~ 8sl

O 0.l --10:l

<T

m

0O 0. 0.2 0.3 0.4 05
FORESLOPE = b, /q,

This chart is applicable to rounded ditches with bottom widths
of 8-0"or more, and to trapezoidal ditches with bottom widths
equal fo or greater than 4'-0".

Jitches that fallwithin the shaded areas are considered
traversable and are preferred for use within the clear zone.
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Roadside Safetx Landscaeing Guidelines

1 PURPOSE
1.1 GENERAL

These guidelines provide direction for landscaping within highway rights-of-way. They should be used in
conjunction with the ODOT Location and Design Manual (LDM), Volumes One, Two and Three and other
applicable standards, policies and guidelines. The information provided in this guide is primarily safety-
related and is intended for use by designers who already possess a good working knowledge of roadside
safety design and landscape design. ODOT's Vision is to provide a safe and mobile transportation
system. Landscape projects, therefore, shall be designed with the safety of the traveling public and
maintenance crews as the top priority.

1.2 BACKGROUND

The basis for these guideline stems from the fact that trees are a major cause of injuries and fatalities on
the nation's highways. While it is a Policy within ODOT to increase the amount of aesthetics on the State
highway system, and these guidelines tries to encourage that end, it cannot be understated: trees are
proven killers when placed by the roadside. The following guidelines follow the principles offered by
AASHTO_s Roadside Design Guide. Single vehicle crashes with trees account for 3,000 persons each
year nationwide. Trees are not generally a highway element that engineers have control over, except in
landscaping projects where the designer can make decisions to reduce the consequences of vehicles
leaving the road.

1.3 ADDITIONAL INFORMATION

This guideline is written for primarily the roadside safety aspect of landscaping. However, by necessity,
this guideline contains other information for the landscape designer to consider in developing themes,
schemes and layouts. But in no way is this information considered to be all inclusive and designer
information is available through ODOT's Design Aesthetics initiative and ODOT's Gateway Landscaping
Program. Also, non-intrusive plant lists, plants hardiness in the harsh roadway environment, and other
assistance may be obtained from ODOT's Landscape Architects. The Standards section in the Office of
Roadway Engineering is available for assistance with roadside safety design.

2 GENERAL SAFETY

Trees are potential obstructions by virtue of their size and their location in relation to vehicular traffic.
Generally, existing trees with an expected mature size of greater than 4 inches are considered fixed
objects. Landscaping elements shall be selected and located to maintain adequate sight distances and
clear zone setbacks. These elements shall not interfere with the function of the pavement, shoulders,
longitudinal barriers, end treatments, drainage systems, traffic signs, signals, utilities and other highway
structures and appurtenances.

3 PLAN REQUIREMENTS
3.1 PRELIMINARY FIELD REVIEW

All landscape projects should involve a preliminary field review prior to the scoping meeting with the
consultant/designer and a district/county designee(s) knowledgeable in landscape design and roadside
design/safety. At the preliminary field review, conceptual locations available for planting wildflowers,
seedlings, trees, shrubs and other landscaping elements should be identified.
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3.2 SCOPING

Experience has shown that proper project scoping is invaluable in heading off later misunderstandings
between landscaping proponents and highway engineers. Agreeing in advance of the project to require
detailed plans, permissible landscape elements, final field reviews, and maintenance agreements are
important to providing a beautiful, yet safe roadside landscaping.

3.3 LANDSCAPE PLAN DETAILS

Landscape plan should be concise and easily understood. Plans should be drawn to scale and developed

on standard plan and profile sheets. Plans should indicate the following:

-design and legal speeds for the landscaped roadways

-type of adjacent land use (e.g. farmland, commercial, residential, etc.)

-topographic features such as slope limits and slope rates

-contour grading at interchanges is preferred

-locations of all utilities

-location and descriptions of existing landscaped areas

-location of all existing longitudinal barriers, end treatments, impact attenuators,
curbs and sidewalks

-location and configuration of ditches and other drainage features

-plant lists (including botanical and common names)

-size and spacing of plants as well as area of occupancy at maturity

Although many landscape designers desire to use "conceptual” layouts, it is imperative for the highway
engineer to have as much of the above information as possible in a standard format to make informed
decisions on the safety merits of the plan. Omission of such information will only lead to delays, and
possibly to denial of otherwise acceptable planting arrangements.

3.4 PERMIT APPLICATIONS

Requests for a permit shall include landscape plans as described in Section 3.3 and be directed to the
District Deputy Director. A Maintenance & Repair permit application (M&R 505) can be obtained from the
District Permit Office. The District should consult the ODOT County Manager before issuing the permit to
ensure coordination of different projects scheduled in the same area.

3.5 FINAL FIELD REVIEW

After the plans have been accepted and all permits have been approved, the consultant/designer and a
district/county designee(s) knowledgeable in landscape design and roadside design/safety should
conduct a final field review.

4 LANDSCAPE DESIGN CONSIDERATIONS
4.1 GENERAL

Landscape design can serve several important functions within the highway environment. In addition to
making the roadway more aesthetically pleasing, landscaping can also be used to do the following:
-control erosion

-create a living snow fence

-minimize maintenance requirements and costs

-screen undesirable views

-preserve desirable views
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-shield headlight glare

-preserve/enhance the natural environment

-reduce unwanted noise, and possibly to serve as a substitute for noise barrier at the request of a local
community (see Vegetative Screening in lieu of Noise Barrier in Appendix A of this Guideline)

Landscaping projects must be done as a part of a community sponsored comprehensive plan. The plan
must be sponsored by the public agency that will also be responsible for maintenance of the landscape
features. Landscaping at an interchange should incorporate the entire interchange rather than just
individual ramps. Landscaping may be permitted along highway segments if it is sponsored and
maintained by a public agency. The goal is to provide a community endorsed, consistent theme along the
highway rather than isolated, independent projects. Landscaping that contains advertising or company
logos will not be permitted. It is permissible for individual property owners abutting the highway to
request a permit to clear, mow, or plant replacement trees along their frontage to improve the visibility
from the highway per Standard Procedure 512-001 Vegetation Maintenance Permitting for Visibility of
Locations Off the Right-Of-Way.

It is recommended that designer choose plants carefully. Highway plantings used in the roadside
environment should be hardy for the Planting Zone, salt sprays, and air pollutants (see Section 6).

Trees are not to encroach on the sights distances, have trunks greater than 4” mature diameter when
planted in certain locations, or have canopies that will encroach over the road.

Highway landscaping should result in designs that do not require extensive maintenance. In fact, at the
end of the five year maintenance period described in Section 8.1, landscaped areas should not require
any more maintenance than the natural roadside. Therefore, plant materials noninvasive to the area
should be used whenever practical.

4.2 LANDSCAPING ELEMENTS & FIXED OBJECTS

Landscaping elements may consist of natural as well as manmade features, e.g., groundcovers, flowers,
trees, and pavers. Many of these features such as most groundcovers and pavers allow a vehicle to
safely pass over them and, therefore, do not pose a significant risk to an errant motorist. However, other
features may be considered fixed objects and are, therefore, potential safety hazards. In general, a fixed
object is any object that cannot be driven over safely by an errant vehicle. This includes but is not limited
to the following:

-individual trees with a trunk caliper (diameter) greater than 4 inches at maturity, trunk caliper is measured
at Dead Breast Height (DBH) or 54”upfrom the ground,

-clusters of smaller caliper trees or shrubs with multiple trunks or groups of small trees planted close
together (within 6 feet), where the sum of their calipers at maturity exceeds 4 inches,

-decorative walls,

-rock formations and other free standing objects or fixed objects with a diameter or height greater than 4
inches. Fixed objects shall not be installed within medians or along the roadside within the setback areas
specified in Section 5.

4.3 BODIES OF WATER

Bodies of water present unique safety concerns. The department recommends the use of longitudinal
barriers to protect naturally occurring ponds located within the setback areas. Ponds/pools and other
landscape water features shall not be built within highway rights-of-way. This does not preclude the
construction of treatment ponds or water retention basins within the right-of-way when mandated in the
environmental process.
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4.4 ACCESSORIES

In community gateways and downtown business districts many municipalities seek to install street
furniture, pavers, bollards, ornamental lighting, planters and other landscaping features to the design.
Features within the lateral offset distances described in Figures 2a-2d are to be crashworthy, as specified
in NCHRP Report 350 or MASH. Amenities located beyond the appropriate offset distances shown in this
guideline may be allowed. Any feature placed within ODOT's Right-of -Way is allowed solely at ODOT's
discretion. Landscaping plans that include decorative signs must conform to Section 210-3 of the Traffic
Engineering Manual.

4.5 IRRIGATION SYSTEMS

Many lavish plantings are doomed to die unless maintenance is provided. Some communities protect
their investment by installing irrigation systems. Irrigation systems cannot be a hazard to the motorist.
Systems cannot have hazardous stub heights (4” diameter max.), exposed pipes or meters in the
specified offset distance. Nor should the spray be directed to the roadway, nor is ponding or sheet flow
permitted on the traveled way. In all cases, maintenance and repair of irrigation systems will be the
responsibility of the project sponsor.

5 PLACEMENT FOR SAFE ROADSIDE DESIGN
5.1 ROADSIDE GRADING

Since operational safety can be affected by the landscape, a continuous length of the highway must be
visible to the driver (sight distance) and a lateral run out area (clear zone) must be traversable and free of
physical obstructions.

Clear zones provide areas for drivers of errant vehicles to regain control after running off the road.
Although minimum setbacks for large trees and other fixed objects are prescribed in the following
sections, consideration should be given to providing additional clearance where practical. Setback
distances are measured to the face of the fixed object from the traveled edge line of the adjacent
roadway. For facilities with curb and gutter, setback distances are measured from the face of curb to the
face of the object. Bike lane and parking lane widths may be included in the setback distance. For trees,
this measurement shall be taken to the face of the trunk 2 feet above the ground line.

Large trees and shrubs may be planted within the setback limits specified in this guide where the
likelihood of an impact by an errant vehicle is negligible; for example, on cut slopes above a retaining wall
or behind existing longitudinal barrier. See LDM, Volume One, Section 307 for details on the following
types of grading, Section 600 for clear zone criteria, and Section 201 for details on required sight
distances.

5.1.1 Safety Graded Sections

Safety grading is the shaping of the roadside using 6:1 or flatter slopes within the clear zone area and 3:1
or flatter foreslopes with traversable ditches beyond the clear zone. Safety grading is used primarily on
Interstate, other freeways and expressways. Trees and large shrubs shall not be planted within 50 feet of
the edge of the traveled way on safety graded sections. Low maintenance flowers, ground covers and
other plants 18 inches or less in height at maturity may be located within this setback area as long as
adequate sight distance is provided. See LDM, Volume One, Figure 307-1 for Safety Grading.
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Trees and other plants taller than 18 inches may be located beyond this setback distance with the
following restrictions:
-These plants shall not be located within a ditch or on a backslope within 20 feet of the ditch flowline.

5.1.2 Clear Zone Graded Sections

Clear zone grading is the shaping of the roadside using 4:1 or flatter foreslopes and traversable ditches
within the clear zone area. 3:1 traversable foreslopes may be used but are not considered part of the
clear zone. Clear zone grading is used primarily on high speed undivided rural facilities.

Trees and large shrubs shall not be planted within 30 feet of the edge of the traveled way on clear zone
graded sections. Low maintenance flowers, ground covers and other plants 18 inches or less in height at
maturity may be located within this setback area as long as adequate sight distance is provided. See
LDM, Volume One, Figure 307-3 for Clear Zone Grading.

Trees and other plants taller than 18 inches may be located beyond this setback distance with the
following restrictions:

-These plants shall not be located on foreslopes

-These plants shall not be located within a ditch or on a backslope within 10 feet of the ditch flowline

5.1.3 Common Graded Sections

Common grading is the shaping of the roadside using 3:1 or flatter foreslopes and normal ditches. It is
used primarily on undivided facilities where the conditions for using clear zone or safety grading do not
exist.

Plantings shall be located at least 4 feet behind the ditch line in cut sections and 2 feet outside the
shoulder break in fill sections. See LDM, Volume One, Figure 307-4 for Common Grading.

5.1.4 Barrier Graded Sections

Barrier grading typically utilizes 2:1 foreslopes and normal ditches. It is usually provided when barrier is
required for slope protection.

An ideal location for large trees and shrubs is behind existing longitudinal barriers, provided the
landscape designer allows for a maintenance access. The lateral offset to these plants shall be 15 feet
measured from the face of a w-beam barrier to allow the barrier to deflect to its design deflection in an
accident, but to also allow maintenance vehicles to navigate on the back side of the barrier. Other types
of barriers have different deflection limits. Barriers shall not be installed solely to permit the use of large
trees or other potentially hazardous landscaping elements along the roadside. See LDM, Volume One,
Figure 307-4 for Barrier Grading.

5.1.5 Gating End Terminals

Advances in the performance of guardrail end terminals and impact attenuators (crash cushions) have
dramatically increased the safety of the traveling motorist. Many of these systems are designed to be
"gating" (or "non-redirective") in certain types of impacts. Gating terminals function successfully by
allowing approaching vehicles to pass through (or "gate") the very end of the end terminal. Impacting
vehicles are only slightly impeded by the interaction with the terminal, and possibly still are traveling at a
high speed. Thus, no fixed objects are allowed in a runout area that is defined by FHWA to be a minimum
of 20 feet wide behind and perpendicular to the rail and 75 feet long beyond the terminal parallel to the
rail. Figure 1 shows the permitted landscaping offset needed to protect this runout area behind gating
terminals.
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If the landscaping designer does not know which treatment is used at the end of a guardrail run, for the
purpose of the landscaping plan it will be considered to be gating. All associated runout areas will remain
free of fixed objects.

5.2 URBAN DESIGN

Roadside Grading section (5.1) generally deals with high speed rural roadways. Municipalities may
desire to landscape gateways into their communities, which is often a state highway or an interchange
that leads to an arterial. The highway facilities in these gateways are often roadways with lower speeds
than found on the rural state system. These roads may be lower speed, divided or not, or curbed or not.
The following discussion gives highway engineers and landscape designer’s additional guidelines for
placement of large trees, small trees and foliage in urban areas. Other landscaping features, such as
lighting, stones, boulders, bollards, or water ponds, etc. are to meet guidelines listed elsewhere.

Refer to the Figures 2 through 4 for treatment in curb sections and/or medians. Curbing is considered
mountable, a vertical 4-inch curb (or even 6 inches or more) is not going to stop a vehicle. Large trees are
considered to be non-frangible and have a final (mature) trunk diameter of 4 inches or greater. The sum
of the individual trunk dimensions of multi-stemmed tree are considered as one object over a 6-foot
vehicle width. Setbacks in curbed sections are from the front face of the curb unless bike lanes or full-time
parking lanes are present. Since urban tree locations have considerably less offset than high speed
facilities, vertical clearance becomes an issue. All trees, especially those planted close to a curb will have
their canopies clipped by trucks in the lane adjacent to the trees. Plant trees to ensure their mature
canopy will not infringe on this area.

See Figures 2a-2b, 600-3, 600-4 for these design conditions (valid only in urban type areas):
5.3 HIGHWAY DESIGN ELEMENTS

Certain highway features provide a special opportunity for communities to express themselves through
landscaping. Interchanges and intersections are ideal locations, although they do require special attention
by designers.

5.3.1 Interchanges

Interchanges provide an opportunity for establishing and/or preserving attractive landscapes along our
highways. Because an interchange often serves as a major focal point, both from the highway and from
the cross road, the major components should be coordinated to achieve an overall design that is
aesthetically pleasing. Major components of an interchange include: structural design, texture and
detailing, railings, lighting, contour grading and plant material.

Generally, a minimum 50-foot setback (from the edge of traveled way) within a loop ramp is considered
an appropriate sight distance setback for trees and shrubs with mature heights above 18 inches. Figures
5 and 6 provides details for landscape plantings at cloverleaf and diamond interchanges. For
interchanges, all plantings shall provide ramp and collector-distributor road sight distances equal to or
greater than those required by the design speed criteria in the LDM, Volume One, and Section 201.

5.3.2 Intersections
A driver attempting to enter a through road must be able to see traffic at a distance along the intersecting
road in order to safely enter the intersection. The required intersection sight distance varies with the

speed of the traffic on the main highway. LDM, Volume One, Section 201.3 provides standards for
various intersection sight distance conditions. The triangular setback areas shown in Figure 7 are based
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on these principles. No plantings above 18 inches shall be permitted within these setback areas. This
figure shows a tangent condition; a graphical solution is required when the through road is curved.

In general, an offset of 50 feet on the inside of a curve with a degree of curvature of 2 degrees or greater
should be provided to ensure adequate horizontal sight distances.

5.4 ADDITIONAL PLANTING CONSTRAINTS

Accident Locations - Offset distances greater than the minimum setbacks should be considered at
locations with a history of run-off-the-road crashes.

Agriculture - Plants shall not obstruct, shade, or cause harm to crops planted in adjacent farm fields.
When wind breaks and living snow fences are proposed adjacent to agricultural use properties,
permission to plant should be obtained from the property owner.

Billboards - Plants shall not obstruct the view of billboards. However, naturalized trees blocking billboards
should be cut only with permission of the district. This work shall be done by permit using a certified
arborist.

Businesses - Trees, shrubs and wildflowers should be planted to blend in with the natural environment.

Canopy Obstruction - Trees and shrubs shall be offset far enough from the edge of the traveled way to
prevent damage to vehicle windshields or interference with overhead utilities and signals.

Ditches - No planting other than seeding shall occur within ditches.
Irrigation Systems - Irrigation systems should be designed to minimize overspray onto the traveled way.
The systems should be located so that the potential for damage to and from vehicles is prevented.

Scenic Views - Materials should be selected and placed to preserve desirable scenic views along the
roadside.

Sight Distance - Proposed plants shall not restrict the horizontal and vertical sight distance of the
roadway. Although the minimum setbacks provided in these guidelines were selected to ensure adequate
sight distances, this should be field-verified and the setbacks shall be increased where necessary. In
cases where an existing facility does not already provide adequate sight distance because of geometric
restrictions, no further reduction of the sight distance shall be allowed.

Slopes - Evergreen and deciduous seedlings are the preferred vegetation; mature trees may be used
when required for mitigation. Wildflower and native grasses (Construction and Material Specification
(CMS) 870, Seed Mixtures Table) may be used with District Deputy Director approval.

Snow Fence - Only evergreens may be planted as living snow fence. Multiple rows shall be staggered. A
general rule of thumb is that snow will be deposited on the leeward side of a snow fence over a distance
approximately equal to the height of the snow fence. Care should be taken to ensure that the snow fence
is planted far enough from the edge of the pavement to prevent snow from being deposited onto the
roadway. (Also see Windbreak.)

Windbreak - Use the Ohio Windbreak Guide, published by the Ohio Department of Natural Resources as

a source for design and species selection. An excellent source of information is found on-line at
www.ohiodnr.com/forestry/publications/pdf/windbreaks.pdf.

6 PLANT MATERIAL
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Designers who desire to obtain a list of acceptable plants, several planting lists are available through
ODOT Central Office, or certain ODOT District Offices.

6.1 NATIVE OR NON-INVASIVE PLANTS

All plant material shall be disease and pest free. A copy of the nursery inspection should be made
available upon request.

6.1.1 Wildflowers

Wildflower sites should be composed of Ohio native perennial forbs and grasses. Other mixtures should
be approved by the District Deputy Director, or designated employee. Wildflower areas should be
designated as _No Mow._ See CMS Item 659.09 for available species acceptable for planting on the
Right-of-Way.

6.1.2 Seedlings

Both Deciduous and Evergreen Seedlings should be salt tolerant and planted area should be signed as
"No Mow."

Evergreen Seedlings may be used to create living snow fences and screenings. Locations include but are
not limited to:

-slopes

-erosion prone areas

-interchanges (see Figures 5 and 6)

6.1.3 Trees and Shrubs

Site design should use plant materials in a way that is low maintenance, has multi-seasonal interest and
looks natural. Approval of locations should be based on safety, aesthetics and maintenance concerns.
Typically trees and shrubs may be planted in the spring and fall. However, for optimum growth, trees
shall be planted during the months recommended for the individual species.

6.1.4 Species

An acceptable list of tree and shrub species is available in the Ohio section of The Roadside Use of
Native Plants, FHWA ep-99-014 or the Ohio State University Extension Office’s _The Native Plants of
Ohio__ (Bulletin 865, 1998), http://ohioline.osu.edu/b865/. It is preferable that noninvasive species be

used. Hybrids and cultivars may be substituted only with permission from the District Deputy Director, or
designated employee, when native species are not available.

6.2 ZONES

All trees shall be suitable for growth in Ohio Zone 5a or lower (USDA Hardiness Zones). Trees should be
from Ohio growers whenever practical.

6.3 EMERALD ASH BORER INSECT

Landscape designers should be aware of the infestation of ash trees throughout Northwest Ohio and the
efforts of Ohio Department of Agriculture (ODA) to combat this insect, which kill ash trees within three to
five years from infestation.

It is recommended to refrain from planting ash trees for the next several years. If a landscaping project is
utilizing exiting ash trees in the design, then trees should be monitored for Emerald Ash Borer signs,
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which can be found at the ODA website at www.ohioagriculture.gov/eab. (Some of the signs are "D"
shaped exit holes, "S" shaped tunnels beneath the bark, dieback at the tops of the trees, sprouting
around the trunk, woodpecker damage, or bark splits.) For more information about the pest, its current
status, or ways to assist in early detection, calls the Emerald Ash Borer hotline at 1-888-OHIO-EAB.

7 PLANTING

Planting and bracing details are shown on Roadway Standard Construction Drawing LA-1.2.

Planting trees and shrubs too deeply is a persistent problem. To address this problem, the Ohio Nursery
and Landscape Association and the ODNR Division of Forestry developed a set of tree planting
specifications. This effort, called "Sample Tree Planting Specifications” is included as Appendix B at the
end of this Guideline.

8 MAINTENANCE
8.1 GENERAL

Unless otherwise specified, all maintenance of all plants shall begin upon installation and be arranged by
the project sponsor. Plants shall be maintained by the permit holder for at least five years. The
Department should inspect the landscape during this time and require maintenance as needed.

Refer to the CMS 651 thru 673 for detailed roadside installation and maintenance requirements. See
M&R 632 for mowing specifications.

Maintenance shall include but not be limited to:
-watering, pruning, mowing, and replacement
-weeding, fertilization, mulching

-removal

-litter pick up

-insect control (by a licensed applicator, when required)
-herbicides (by a licensed applicator)

8.2 WATERING, PRUNING, MOWING, AND REPLACEMENT

Watering - watering of the new plant material is essential for their survivability, and is the responsibility of
the project sponsor.

Pruning - All trees and shrubs shall be maintained and only pruned as necessary to retain their natural
shape or remove deadwood. For example, water sprouts (suckers) shall be removed from the base of
each species as needed.

Mowing - Trees should be spaced sufficiently far apart and shrubs should be grouped and mulched in
beds shaped to avoid excessive mower maneuvering and the need for hand trimming.

Replacement - All dead, dying or diseased plants shall be removed and disposed of in an appropriated
manner. Replacement shall be left up to the project sponsor.

8.3 PLANTING STAKES
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Trees planted with support stakes and guy wires shall have all such appurtenances removed no less than
12 months and no more than 18 months after installation.

8.4 WINTER HAZARDS

Landscaping shall not reduce safety for the traveling public or maintenance crews. Trees and shrubs
should be placed in locations and trimmed to a size that does not hinder snow and ice removal. Removal
or thinning of trees that shade the pavement creating icy spots should be considered. Some sections of
the roadside should be kept open to allow sunlight to aid new tree growth.

8.5 MAINTANCE OF "NO MOW" AREAS

Naturalized (No Mow) areas can have a "neat" appearance without the removal of trees or shrubs. These
areas within ODOT Right-of-Ways are frequently maintained by municipalities. If a community desires to
maintain ODOT's Right-of-Way, an M&R 505 permit is required. Districts offices should also receive a
maintenance plan from the community. If maintenance of Right-of-Way areas is done without obtaining
the permit, communities can be held liable and be made to perform restitution.
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Figures

Figure Description Reference Section
1 Gating guardrail end terminals offsets 515
2a-2b Urban Setbacks, 45 mph or less 5.2

3 Cloverleaf Interchange, with loop ramps (Directional ramps) 5.3.1,6.1.2
4 Diamond Interchange (Stop or yield conditions on ramp terminals) 5.3.1,6.1.2
5 Intersection Setbacks 5.3.2
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Appendices

Appendix Description Reference Section
Vegetative Screening in lieu of noise barrier 4.1
B Sample Tree Planting Specifications 7
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Appendix A

VEGETATIVE SCREENING IN LIEU OF NOISE BARRIER
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Appendix B

SAMPLE TREE PLANTING SPECIFICATIONS

Endorsed by
Ohio Nursery and Landscape Association and ODNR Division of Forestry

Purpose: To increase transplanting success by providing municipalities with the most current and
acceptable tree planting procedures. This information, prepared in specification format, will enable
communities to convey specific requirements to contractors, developers, and/or volunteers. It contains
the fundamental elements necessary to ensure transplanting success, and is intended to be a template
that can be expanded to address other project issues.

Endorsement: This information is approved and endorsed by the Ohio Nursery and Landscape
Association, and the Ohio Department of Natural Resources Division of Forestry.

Assumptions: All plant material complies with American Standard for Nursery Stock ANZI Z60.1. All plant
material has been selected based on site conditions and constraints.

Planting Balled and Burlapped Trees:

-If not readily apparent, locate root flare by removing twine, burlap, and excess soil.

-Dig tree hole at least two times wider than the tree ball, with sides sloped to an unexcavated or firm
base. Dig hole to a depth so the located root flare, at the first order lateral root, will be at finished grade.
-Lifting only from the bottom of the root ball, position tree on firm pad so that it is straight and top of root
flare is level with the surrounding soil.

-Remove all twine from the root ball. If present, remove and discard at least the top one half of the wire
basket. Burlap shall be removed from the top to a point halfway down the root ball and discarded.

-With clean, sharp pruning tools, prune off any secondary/adventitious, girdling, and potential girdling
roots.

-Backfill planting hole with existing unamended soil, and thoroughly water.

-Mulch the entire planting surface with composted bark applied no less than two inches (2") deep and no
more than three inches (3") deep, leaving three inches (3”) adjacent to the tree trunk free of mulch.

Planting Containerized or Grow Bag Trees:

-If not readily apparent, locate root flare by removing excess soil.

-Dig tree hole at least two times wider than the tree ball with sloping sides. Dig hole to a depth so the
located root flare, at the first order lateral root, will be at finished grade.

-Create a firm soil mound at the bottom of the planting hole.

-Remove tree from container or grow bag and completely tease apart root system, repositioning any
girdling or potentially girdling roots.

-Spread roots over soil mound so that root flare is at finished grade and the tree is straight.

-With clean, sharp pruning tools, prune off any secondary/adventitious, girdling, and potential girdling
roots.

-Backfill planting hole with existing unamended soil and thoroughly water.

-Mulch the entire planting surface with composted bark applied no less than two inches (2") deep and no
more than three inches (3") deep, leaving three inches (3”) adjacent to the tree trunk free of mulch.

Planting Bare Root Trees:
-Dig tree hole at least two times wider than the tree ball with sloping sides. Dig hole to a depth so the

located root flare, at the first order lateral root, will be at finished grade.
-Create a firm soil mound at the bottom of the planting hole.
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-Spread roots over soil mound so that root flare is at finished grade and the tree is straight.

-With clean, sharp pruning tools, prune off any secondary/adventitious, girdling, and potential girdling

roots.
-Backfill planting hole with existing unamended soil and thoroughly water.

-Mulch the entire planting surface with composted bark applied no less than two inches (2") deep and no

more than three inches (3") deep, leaving three inches (3”) adjacent to the tree trunk free of mulch.
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