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PREFACE

The Road Design Manual establishes uniform policies and procedures for the Minnesota Department of
Transportation. The design criteria herein may also be applicable on the broader highway and street system within
the state, subject to the judgment of individual localities as well as to other governing criteria.
The policy and criteria in this manual are largely adapted from the AASHTO publication, “A Policy on
Geometric Design of Highways and Streets,” which itself has been adopted as the design standard for the National
Highway System by the Federal Highway Administration. That said, this manual is not intended as a legal standard.
Rather, it presents vital engineering information normally required in the design of a new or reconstructed facility. It
must be integrated with engineering judgment and balanced with social, economic and environmental factors to
yield appropriate designs suitable for unique circumstances.
Each page contains the issue date in the inside upper corner and the page number in the outside upper
corner. Pages are numbered consecutively through each major section.
Revisions will be provided to all holders of the manual accompanied by a numbered transmittal letter. The
number of the transmittal letter should be recorded in the Transmittal Record Sheet in the front of the manual.
Revised chapter indexes will be issued as necessary.
The Road Design Manual was originally issued as the Design Manual by the Department of Highways in
1961 and completely revised and republished by MnDOT in 1982.
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1-1.0

GENERAL
This chapter provides an overview of the Minnesota Department of Transportation functions and
responsibilities. Special attention is given to the designer's working relationships; they are broken down accordingly
in specified sections. In addition, other sources of information necessary for proper design are described including
Federal and State agencies, associations, committees, policy boards, and local governmental units. Emphasis has
been placed on identifying areas of responsibility, design sections that provide liaison services, and working
arrangements.
The scope of coverage provided in this chapter has been limited to identifying departmental
working relationships and the resources available to the designer. Not all agencies identified on the functional
organization charts have been included, only those directly affecting the road design product.
1-2.0

MINNESOTA DEPARTMENT OF TRANSPORTATION (MnDOT)
MnDOT has been charged with the responsibility of providing a balanced transportation system,
which includes airports, highways, streets, motor carriers, ports, public transit, non-motorized facilities, and
railroads. The Department is the principal agency of the State for development, implementation, administration,
consolidation and coordination of State transportation policies, plans and programs. The Department is also the
principal agency for federal transportation plans and programs. The Department is supervised by a Commissioner of
Transportation, who is appointed by the Governor.
To meet its charge, the Department is divided into five divisions, which are further divided into
offices and sections (Figure 1-2.0A, MnDOT Organization Chart). The divisions, offices and sections that have the
impact on the design process are discussed in the following sections. For the most current organization chart and a
detailed description of the functions of each division, office, or section, visit the Department’s web site at
http://www.dot.state.mn.us.
1-2.01

Corporate Services Division

1-2.01.01

Office of Human Resources
This office conducts the work of staffing, labor relations, training and employee development and
continually improves their process for supporting districts and offices.
1-2.01.02

Office of Administration
This office combines the shared business operations, administrative services functions and
materials management.
1-2.02

Modal Planning & Program Management Division

1-2.02.01

Office of Transportation System Management
The Office is comprised of the Statewide Planning and Analysis, Program Development and
Management, Research Services, Library, and Transportation Data & Analysis (transportation data, traffic
forecasting and analysis, weight data and enforcement policy, and geographic information systems (GIS).
1-2.02.02

Office of Transit and Active Transportation
This office conducts its core function of transit services in Greater Minnesota. The office also
includes bicycle, pedestrian and other non-motorized transportation.

1-2.02.03

Office of Freight & Commercial Vehicle Operations
This office focuses on surface freight movement by combining the functions of Commercial
Vehicle Operations and Freight, Rail and Waterways.
1-2.02.04

Office of Aeronautics
This office conducts the core function of supporting civil aviation.
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MnDOT ORGANIZATION CHART
Figure 1.2.0A
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Engineering Services Division

1-2.03.01

Bridge Office
This office focuses on planning and design of structures, structure standards, structure inspections,
structural fabrication inspection and hydraulic design.
1-2.03.02

Office of Project Management & Technical Support
This office provides support and services related to project delivery, project management and
design policy and practice.
1-2.03.03

Office of Construction & Innovative Contracting
This office focuses on construction contracting (including Design/Build), technical training and
assistance in administering construction contracts.
1-2.03.04

Office of Environmental Stewardship
This office focuses on environmental policy and relations with environmental agencies, providing
technical assistance on cultural and environmental issues, as well as landscape architecture.

1-2.03.05

Office of Land Management
This office focuses on right-of-way policy and processes for acquisition, management and
reconveyances of property; as well as survey standards, controls and high accuracy mapping.
1-2.03.06

Office of Materials & Road Research
This office coordinates pavement design, standards, research, laboratory testing, and substructure
investigations. It also conducts research in pavement materials and construction, and operates the MnROAD
research test facility.
1-2.04

State Aid Division

1-2.04.01

Office of Statewide Radio Communications
This office manages the MnDOT-owned public safety radio communication system, which is
shared between MnDOT, other state agencies and local governments.
1-2.04.02

State Aid for Local Transportation
The office supports the delivering of the secondary roads program of cities and counties. It sets
standards and policies required by the program and seeks opportunities to work with cities and counties on projects
and issues that benefit taxpayers.
1-2.05

Operations Division
The district offices deliver roads and bridges to Minnesota citizens and focus on strong,
constructive working relationships with local partners. MnDOT uses a decentralized project development process
based on geographical boundaries. The Department has divided the state into eight districts. The boundaries for
each district and maintenance areas within the districts are shown in Figure 1-2.06A.
In addition to the offices listed below, the Operations Division also houses Electrical Services and
Americans with Disabilities Act (ADA) implementation functions.
1-2.05.01

Office of Maintenance
This office provides expertise, leadership, direction and statewide coordination of the eight
districts to maintain and preserve Minnesota highways. Specialty functions include: fleet management, statewide
building improvement program, research, training, performance measurement, and management systems support.
Production functions include: state sign shop, striping, snowplow fabrication, and fleet maintenance.
1-2.05.02

Office of Traffic Engineering
This office provides uniform standards and specifications for traffic safety and operations.
Functions include work zone safety, pavement markings research and product selection, signing, lighting and signal
policies, standards and specifications, traffic safety, and tort claims.
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1-2.05.03

CAV-X Office
This office explores research, implementation, and policy implications associated with the
emerging connected and automated vehicle fleet.
1-2.05.04

District One: Duluth

1-2.05.05

District Two: Bemidji

1-2.05.06

District Three: Baxter (Brainerd)

1-2.05.07

District Four: Detroit Lakes

1-2.05.08

Metropolitan (Metro) District
Metro District includes the Regional Transportation Management Center (RTMC).

1-2.05.09

District Six: Rochester

1-2.05.10

District Seven: Mankato

1-2.05.11

District Eight: Willmar
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MnDOT DISTRICT MAP
Figure 1-2.06A
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1-3.0

OTHER STATE AGENCIES
Frequently it is necessary to coordinate the development of a highway project with other state
agencies. The designer does not need to know about every contact or contact agency. Therefore, this section only
includes a brief overview of the functions and responsibilities of the more frequently contacted State Agencies.
1-3.01

Department of Health (MDH)
The mission of the Department of Health is to protect, maintain and improve the health of the
State’s citizens. MDH administers the Statewide Health Improvement Program (SHIP), among whose goals is to
expand opportunities for residents to be more active in their everyday lives. This includes partnering with MnDOT
and local communities to increase access to active transportation options.
1-3.02

State Historic Preservation Office (SHPO)
Every state is required by the National Historical Preservation Act of 1966 to have a historic
preservation office to spearhead state preservation initiatives and help carry out the nation’s historic preservation
program. Minnesota’s SHPO works with all jurisdictions to protect identified historic properties. On MnDOT
projects, they identify historic properties in the project areas and advise on ways to avoid or reduce adverse effects
on those properties. MnDOT’s Cultural Resources Unit is the main coordination office with SHPO. For more
information, the office’s website is https://mn.gov/admin/shpo/.
1-3.03

Department of Natural Resources (DNR)
The Minnesota Department of Natural Resources (DNR) works with public agencies, private
organizations, and citizens to protect and manage the state's natural resources, to provide outdoor recreation
opportunities, and to provide for commercial uses of natural resources in a way that creates a sustainable quality of
life. Whenever a road improvement is proposed, the DNR should be contacted for early coordination and input
related to state-owned public lands, public waters, wetlands and other significant fish, wildlife, and plant species and
habitat, and timber and mineral resources of the state. Impacts to land, water, and other natural resources may
require environmental review and/or DNR permits; notification, document preparation, and application submittals
are the responsibility of MnDOT. For further information, go to http://www.dnr.state.mn.us.
1-3.04

Department of Public Safety (DPS)
The Department of Public Safety administers and enforces laws relating to drivers, vehicles,
traffic, liquor, natural and man-made disasters, criminal activities and fire risks. Its principal responsibility is to
maintain a safe environment for citizens by developing, operating and coordinating programs and activities relating
to the safety and convenience of the public. The Department’s website is http://www.dps.state.mn.us.
1.3.05

Pollution Control Agency (MPCA)
The MPCA was established in 1968 to meet the variety and complexity of problems relating to
water, air and land pollution. The agency seeks to achieve a reasonable purity of water, air and land resources,
which provide for their maximum enjoyment and use, which furthers the welfare of the people of Minnesota. The
agency enforces statutes pertaining to water and air pollution control, solid waste disposal, noise pollution control
and toxic/hazardous waste disposal.
This Agency should be contacted to coordinate all project development that may have an impact
on the water, air or land. In addition, when discharging storm water or wastewater into the water bodies under the
control of this agency, a permit is required. The Agency administers the National Pollutant Discharge Elimination
System (NPDES) and Section 401, Clean Water Act. The Agency can be reached electronically at
http://www.pca.state.mn.us.
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1-3.06

Environmental Quality Board (MEQB)
The MEQB was established in 1973 to avoid and minimize damage to Minnesota's environmental
resources caused by public and private development. This program does this by requiring that proposed actions,
which have or may have the potential for significant environmental impacts undergo environmental review
procedures in addition to other approvals and permits required. The procedures are intended to disclose information
so the environmental impacts of a proposal can be assessed and ways to minimize or avoid any significant impacts
can be identified and implemented.

The environmental review rules can be found under Minnesota Rules, Part 4410. The rules assign
a particular unit of government to prepare the review. For further information, the board’s official website is
http://www.eqb.state.mn.us.

1-3.07

Board of Water and Soil Resources (BWSR)
The BWSR administers the Wetland Conservation Act (WCA). The WCA requires any party
proposing to drain, fill or excavate a wetland to first try to avoid disturbing the wetland; second, to try to minimize
any impact on the wetland; and finally, to replace any lost wetland acres, functions and values. Although MnDOT is
its own approving authority under the WCA, documents describing proposed impacts to wetlands must be released
for public review and comment prior to construction. The MnDOT district offices are responsible for preparing and
distributing WCA documents. The district also develops the WCA Replacement Plans, any mitigation requirements,
and any wetland banking proposals. The MnDOT Office of Environmental Stewardship is responsible for
approving WCA Replacement Plans and WCA Bank Plans.
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1-4.0

FEDERAL AGENCIES
Coordination of project development with federal agencies depends on the specific conditions
encountered. This section is used to identify the major areas of responsibility and the interest of federal agencies
frequently involved in the project development process.

1-4.01

U.S. Department of Transportation

1-4.01.01

Federal Highway Administration
The Federal Highway Administration (FHWA) is a unit of the Department of Transportation (DOT)
of the United States Government. They administer the Federal-Aid Highway Program, which makes funds available
for many transportation purposes to all the states. Highway projects, which are federally funded, must comply with a
number of regulations, procedures, and policies. The responsibilities of FHWA and MnDOT are defined in the
"Stewardship and Oversight Agreement" executed by the two agencies. The Letter of Agreement and Stewardship
Plan are available at https://www.fhwa.dot.gov/federalaid/stewardship/agreements/mn.pdf. MnDOT has the
responsibility to develop, design, construct, and maintain Federal-Aid highways subject to federal requirements.
The Stewardship and Oversight Agreement allows MnDOT to assume certain review and approval
actions for the FHWA depending on whether the project is on the Interstate System, National Highway System, or off
the National Highway System (and off the Trunk Highway System). MnDOT works directly with the FHWA
Minnesota Division Office in St. Paul. The early and continuous involvement of FHWA during the project
development process and during design is important. The primary FHWA contact is the Area Engineer. With some
exceptions, Federal-Aid funds are limited to projects in the federal aid system. The system designations are developed
in cooperation with FHWA, and they define the National Highway System and the Surface Transportation Program.
Federal funding categories range from general system funds to special purpose funds such as safety and bridge
replacement. These funds are available for planning, design, right-of-way acquisition, and construction. Projects must
first be authorized by FHWA before any funding is made available. The federal-aid program is a reimbursement
program, meaning the State must first incur the cost before a request for payment may be submitted to FHWA for
reimbursement costs. Federal participation varies from project to project.
Most pertinent FHWA requirements are discussed in the Code of Federal Regulations (23 CFR) at
www.fhwa.dot.gov/legsregs/directives/cfr23toc.htm. Part 625 designates the design standards adopted for use on the
National Highway System. §625.3(f) provides for exceptions that may be given on a project-by-project basis for
designs that do not conform to the minimum criteria in the standards. The Stewardship and Oversight Agreement
describes the approval authority for design exceptions within MnDOT and the types of projects that require formal
approval of design exceptions by the FHWA. Part 630, "Preconstruction Procedures," discusses the many technical,
legal, and procedural federal requirements that govern the development and content of the Plans, Specifications and
Cost Estimates (PS&E).
An all-purpose resource containing laws, policies and guidance pertaining to the Federal-aid
Highway Program may be found at http://www.fhwa.dot.gov/pgc/.
1-4.02

U.S. Coast Guard
The Coast Guard deals in matters relating to safety, navigation, policing, and determination of
environmental effects along the U.S. coast line. The Coast Guard is responsible for issuing a bridge permit when a
navigable waterway is being crossed. The permit applications are prepared and submitted by the Office of Bridges
and Structures. Section 9 of the Harbors and Rivers Act of 1899 gives the Coast Guard the right to regulate the
bridge clearance above navigable waters.
1-4.03

U.S. Department of Agriculture
The Department of Agriculture has an interest in the effect of highway systems on agricultural
land resources, water supplies and wetlands, soils and subsoils. Agencies within the Department of Agriculture most
directly concerned with these impacts include the Forest Service and the Natural Resources Conservation Service.
The Forest Service is responsible for multi-use management of natural resources such as timber,
vegetation, wildlife, minerals, and public campgrounds within federally owned National Forests. Road designs
emphasize aesthetically pleasing corridors that minimize impacts to the surrounding landscape within the boundaries
of National Forests. The Forest Service also partners with local road agencies to provide a seamless transportation
network to the public while ensuring a consistent level of service along all roads across jurisdictions. This includes
coordination of long range planning efforts and generation of the Transportation Investment Programs (TIPs). The
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Department of Agriculture also maintains an extensive collection of air photos and soil maps, which can be of value
to the designer.
1-4.04

U.S. Army Corps of Engineers
The Corps is responsible for maintaining the channels of navigable waterways and flood control.
Section 10 of the Harbors and Rivers Act of 1899 directs the Corps to regulate filling or dumping into the navigable
waters. The Corps must issue a permit before the channel of any navigable waterway may be changed, unless the
change is caused by the erection of a bridge. For a bridge, the permit is issued by the Coast Guard Section. If the
project will be crossing a wetland area, a permit must be obtained from the Corps subject to Section 404 of the
Clean Water Act. The Corps is interested in the amount of fill that will result from construction and how the effects
will be mitigated. All Corps permits are prepared by the district and submitted to the Corps Regional Office. The
affected district must notify MnDOT Office of Land Management of permit approval by the Corps of Engineers.
1-4.05

U.S. Environmental Protection Agency (EPA)
The EPA establishes and enforces environmental protection standards consistent with national
environmental goals. In addition, the EPA assists others through grants, technical assistance and other means in
arresting pollution of the environment. Principal areas of environmental concern are air, noise, and water quality.
Most of the EPA Federal Permitting Authority has been delegated to the State agencies.
1-4.06

U.S. Fish and Wildlife Service
The Fish and Wildlife Service is concerned with the impact roadway improvements will have on
the habitat of fish and wildlife. The service is most interested in the scope of highway improvement and the
resulting impact during and after construction. The Fish and Wildlife Service is also very interested in wetland
impacts, and in threatened and endangered species impacts. The Fish and Wildlife Service reviews permit
applications sent to the Army Corps of Engineers and the DNR when protected endangered species are involved.
1-4.07

Federal Transit Administration (FTA)
The FTA is one of the modal administrations within the U.S. Department of Transportation.
Headed by an Administrator who is appointed by the President of the United States, FTA functions through a
Washington, DC, headquarters office and ten regional offices which assist transit agencies in all 50 states, the
District of Columbia, Puerto Rico, the U.S. Virgin Islands, Guam, Northern Mariana Islands, and American Samoa.
Public transportation includes buses, subways, light rail, commuter rail, monorail, passenger ferryboats, trolleys,
inclined railways, and people movers.
The Federal Government, through the FTA, provides financial assistance to develop new transit
systems and improve, maintain, and operate existing systems. The FTA oversees thousands of grants to hundreds of
state and local transit providers, primarily through its ten regional offices. These grantees are responsible for
managing their programs in accordance with federal requirements. The FTA is responsible for ensuring that
grantees follow Federal mandates along with statutory and administrative requirements. The FTA website is at
http://www.fta.dot.gov and contains further information.
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REGIONAL AGENCIES

1-5.01

Metropolitan Planning Organizations
Metropolitan Planning Organizations (MPO) have lead responsibility for the development of a
metropolitan area's transportation plans and to coordinate the transportation planning process. Urban areas over
50,000 in population are required to have an MPO if the agencies spend Federal funds on transportation
improvements. There are eight Metropolitan Planning Organizations in Minnesota, each of whom maintain a Long
Range Transportation Plan and develop a Unified Planning Work Program and a Transportation Improvement
Program.
1-5.02

Regional Development Organizations
Minnesota's twelve Regional Development Organizations (RDOs) / Regional Development
Commissions (RDCs) are partners in statewide transportation planning and programming. Each RDO/RDC works
with MnDOT through an annual work program; work may include Area Transportation Partnership (ATP)
coordination and technical assistance, assistance with statewide and regional planning efforts, and Safe Routes to
School planning.
1-5.03

Area Transportation Partnerships
An Area Transportation Partnership (ATP) is a group of interested entities that develops a regional
transportation improvement program for their area of the state. ATPs typically include representatives from
MnDOT, metropolitan planning organizations, regional development commissions/organizations, counties, cities,
tribal governments, special interests, and the public. The ATP solicits for projects that are eligible for federal
funding. The resulting project lists are reviewed and integrated into the Area Transportation Improvement Program
to be included in the State Transportation Improvement Program (STIP).
1-5.04

Watershed Districts
The Minnesota watershed districts have been established to ensure the best use and protection of
creeks, streams, and lakes. United States Geological Service maps are used to generally define the watershed
districts, which are more precisely defined in more developed areas. An overall watershed plan is prepared for each
district with its primary purpose to prevent encroachment onto a flood plain. Local governments pay the cost of
maintaining a district.
Highway projects will occasionally have a major impact on a watershed. MnDOT district offices
generally handle the coordination with the watershed districts. In less developed areas of the state, the Department
of Natural Resources will provide the necessary coordination with MnDOT. The designer must realize that there is
an important distinction between the potential impacts on a watershed and the hydraulic design of a highway project.

1-6.0

LOCAL AGENCIES AND COMMUNITIES

1-6.01

County Engineering Office
Each county in Minnesota has a County Engineer. This individual must be consulted when
highway work will affect a County State Aid Highway (CSAH) or county road. The purpose of this contact is to
ensure that highway improvements are in the best interest of both the state and the local community, and that the
appropriate design standards are used. Floodplain, Zoning and Permits may have either separate environmental
offices or part of the County Engineering Office.
1-6.02
County Health Agencies
The local county health agency should be contacted when the road improvement being designed may have an impact
on potable water sources or interfere with sanitary lines or systems. The purpose of this contact is to prevent
accidents or circumstances which could affect public health. Most counties have a Statewide Health Improvement
Program (SHIP) coordinator.
1-6.03

Native American Tribal Communities
Minnesota is home to 11 American Indian reservations and 12 federally-recognized sovereign
tribal nations. Each tribe is a separate sovereign nation having an independent relationship with the United States
and the State of Minnesota. MnDOT, FHWA, and Minnesota tribes have agreed to combine their efforts in an intergovernmental partnership to create transportation projects and services. Information on MnDOT’s tribal partnerships
can be found here: http://www.dot.state.mn.us/mntribes/.
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1-6.04

Incorporated Cities
When roadway improvements are to be made within the boundaries of incorporated cities, the City
Engineer must be consulted. In addition, it is necessary to coordinate the improvement with the local planning
agency, City Administration, City Clerk and Mayor. Community land use plans, as well as street and utility plans,
must be consulted to ensure that state projects are compatible with local needs.
1-6.05

Unincorporated Communities
When roadway improvements are made outside the boundaries of incorporated areas, the County
Engineer must be consulted. The County Planning Agency should also be consulted. The purpose of coordinating
the improvement is to ensure that projects are compatible with local needs.
1-6.06

Townships
When roadway improvements are to be made within the boundaries of a township, the Township
Board should be consulted. In addition, it is necessary to coordinate the improvement with the local planning
agency, Township Chairman or Clerk. Of particular interest would be community land use plans as well as street
and utility plans.
1-6.07

Local Planning Agencies
Most Minnesota cities and counties have a Planning Agency or a Regional Development Center
with a planning staff. They prepare a comprehensive plan which identifies the general public work needs of their
jurisdiction and provides a broad framework with which to make funding decisions. The City Councils and County
Boards usually approve all highway projects in their area.
The MnDOT district offices have the greatest amount of contact with local planning agencies.
The scoping and preliminary design phase of a planned highway project is the appropriate time to contact the local
agencies. There are considerable differences among the local agencies, so early contact is important. Also, the
anticipated highway project may impact several local jurisdictions, requiring greater coordination efforts.
1-7.0

METROPOLITAN TWIN CITIES REGIONAL GROUPS

1-7.01

Metropolitan Council of the Twin Cities Area
The Metropolitan Council is the regional policy-making body, planning agency, research
organization, and provider of essential services for the Twin Cities, Seven County Metropolitan Region. The
Council prepares the long-range plan for the Twin Cities area, called the Regional Development Guide, and reviews
a wide variety of development and human service related proposals in the Twin Cities area to ensure their
compatibility with the development guide. The Council is responsible for regional transportation planning. The
Transportation Policy Plan (TPP) sets policies based on goals and objectives for the regional transportation system.
MnDOT, in cooperation with the Council, identifies and estimates the revenues and costs for state highway
operations, maintenance, and capital investments in the TPP.
As the region's federally-designated Metropolitan Planning Organization (MPO) the Council and
the Transportation Advisory Board (TAB) are responsible for the continuing, cooperative and comprehensive
transportation planning process in the Twin Cities Metropolitan Area. Among its roles, the TAB solicits and
evaluates applications for federal transportation funding, and conducts public hearings and adoption of the region's
Transportation Improvement Program. When roadway improvements are being developed in the area covered by the
Council, the Council and/or TAB must be contacted to determine the level of coordination required.
1-7.01.01

Metropolitan Council Environmental Services (MCES)
The overall theme of the Council’s Water Resources Policy Plan is to move further toward
integrating planning for wastewater, water supply, and surface water management. MCES constructs and operates
the regional water pollution control program in the Twin Cities metropolitan area. MCES owns, operates and
maintains various kinds of water pollution control facilities. These include interceptor sewers, lift stations and waste
water treatment plants each designed as part of the metropolitan collection and disposal system. When roadway
improvements are being developed in the Twin Cities, MCES must be contacted to determine the coordination
required.
1-7.01.02

Metro Transit
The Council works with partners to build and operate the region’s bus and rail system. The
Council, including its Metropolitan Transportation Services, works with Metro Transit and other regional transit
operators, MnDOT, and county regional railroad authorities on planning, environmental and engineering studies for
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transitway corridors. Metro Transit is an operating division of the Metropolitan Council. Metro Transit prepares a
transit development program covering the detailed technical planning, engineering, and the financial and scheduling
information necessary to implement the Metropolitan Council's transportation policy plan. All decisions are made
by the Metropolitan Council. When roadway improvements are being developed in the Twin Cities, Metropolitan
Transportation Services, and/or Metro Transit staff should be contacted to determine the coordination required.
1-7.02

Metropolitan Airports Commission (MAC)
The Commission has jurisdiction over seven airports in the Minneapolis and St. Paul area:
1. Minneapolis - Saint Paul International
2. Saint Paul Downtown (Holman Field)
3. Lake Elmo
4. Flying Cloud
5. Crystal
6. Anoka County – Blaine
7. Airlake (Lakeville)

Whenever road improvements are planned in the area of one of these airports, the Commission
should be contacted to determine the proper level of coordination required. Whenever road improvements are
planned in the area of the South St. Paul Airport (Fleming Field), which is not operated by the MAC, contact should
be made directly with that facility. Designers should consult the MnDOT Office of Aeronautics for coordination.

THIS PAGE LEFT INTENTIONALLY BLANK

NOVEMBER, 2018
1-8.0

MnDOT ROAD DESIGN MANUAL

1-8(1)

TRANSPORTATION SERVICE GROUPS

1-8.01

American Association of State Highway and Transportation Officials (AASHTO)
AASHTO has been organized to foster the development, operation and maintenance of a
nationwide integrated transportation system and to cooperate with other appropriate agencies in considering matters
of mutual interest in serving the public need. Therefore, the Officers of the states, Puerto Rico, and the District of
Columbia departments or agencies responsible for transportation, and the United States Department of
Transportation, pledge their cooperation:
1.
2.
3.
4.
5.

To develop and improve methods of administration, planning, research, design, construction,
maintenance and operation of facilities,
To provide for the efficient and effective transportation of persons and goods in support of
national goals and objectives,
To study all problems related to highway transport and other modes of transportation,
To advise Congress on transportation legislation, and
To develop technical, administrative and operational standards and policies.

Minnesota standards and policies adhere closely to policies established by AASHTO. Numerous
AASHTO publications provide background on accepted highway design practices in greater detail than is
appropriate in this manual. Designers should be thoroughly familiar with the publications listed below. These
sources are to be used as guides on details not covered in this manual and for in-depth explanation of the concepts
that serve as bases for policies and procedures:
1.
2.
3.
4.

A Policy on the Geometric Design of Highways and Streets (commonly known as the "Green
Book")
Roadside Design Guide
Guide for the Planning, Design, and Operation of Pedestrian Facilities
Guide for the Development of Bicycle Facilities

Many other AASHTO publications are available to provide authoritative guides and policies in
pavement design, traffic barriers, drainage, lighting, landscaping, rest areas, bikeways, utilities, etc. AASHTO
maintains a list of the available publications and provides order forms and ordering instructions.
1-8.02

Transportation Research Board (TRB)
The Transportation Research Board is an agency of the National Research Council, which serves
the National Academy of Sciences and the National Academy of Engineering. The Board's purpose is to stimulate
research concerning the nature and performance of transportation systems, to disseminate information that the
research produces, and to encourage the application of appropriate research findings. The program is supported by
state transportation and highway departments, the U. S. Department of Transportation, and other organizations
interested in the development of transportation systems. The Transportation Research Board publishes research in
three types of publications:
1.
2.
3.
1-8.02.01

The Transportation Research Record is used to present papers on a given subject,
The Special Report is used to present papers limited to a specific subject area or the topic of a
conference, and
The Synthesis of Highway Practice is used to report the findings of a particular subject study.

National Cooperative Highway Research Program (NCHRP)
The National Cooperative Highway Research Program, administered by TRB, provides valuable
design information. Systematic, well-designed research provides the most effective approach to the solution of many
problems facing highway administrators and engineers. Often, highway problems are of local interest and can best
be studied by highway departments individually or in cooperation with their state universities and others. However,
the accelerating growth of highway transportation develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a coordinated national program of cooperative
research.
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TRANSPORTATION SERVICE GROUPS
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The Special Report is used to present papers limited to a specific subject area or the topic of a
conference, and
The Synthesis of Highway Practice is used to report the findings of a particular subject study.

National Cooperative Highway Research Program (NCHRP)
The National Cooperative Highway Research Program, administered by TRB, provides valuable
design information. Systematic, well-designed research provides the most effective approach to the solution of many
problems facing highway administrators and engineers. Often, highway problems are of local interest and can best
be studied by highway departments individually or in cooperation with their state universities and others. However,
the accelerating growth of highway transportation develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a coordinated national program of cooperative
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CHAPTER 2
HIGHWAY DESIGN STANDARDS
2-1.0

GENERAL
The classification of multi-modal highways into different operational systems, functional classes,
or geometric types is necessary for communication between engineers, administrators, and the public. Different
schemes exist for urban and rural regions.
Many factors are incorporated into the design criteria that highway engineers use. These factors
are based on the physical characteristics of vehicles and topography, the psychological characteristics of drivers, the
safety and operating characteristics of the traffic stream, the desire to provide a level of service acceptable to the
traveling public, the desire to integrate community and environmental values, the natural and cultural characteristics
of setting and context, and the fiscal resources of the highway agency.
2-1.01

Design Flexibility
The designer must understand the principles and essence of design flexibility with regard to
project development. The need for design flexibility has become increasingly apparent since the initiation of the
interstate highway program. The effects that the expanded highway network have had on ecological systems,
individual communities, and general society, have prompted recognition of the need for carefully considered and
broadly informed measures to address transportation needs. MnDOT’s obligation to reflect societal values in its
work necessitates a flexible approach to road design that supports balance among safety, mobility, economy, design
consistency, community, environmental concerns, and aesthetics.
MnDOT’s vision is to develop “A coordinated transportation network that meets the needs of
Minnesota’s citizens and business for safe, timely, and predictable travel.” The policy to use a context-sensitive
approach that integrates design standards and criteria, safety concerns, cost considerations, environmental
stewardship, and aesthetics with community-sensitive planning and design to create excellence in project
development, supports this vision. This approach relies upon collaborative and interdisciplinary processes that
involve stakeholders and public interests early and continuously in project development. Identification and
resolution of important concerns early in project development often eliminate costly rework cycles later on when
design options are reflective of and constrained by earlier decisions.
The six key principles of successful project development have been identified as follows:
1.
2.
3.
4.
5.
6.

Balance safety, mobility, community, and environmental goals in all projects.
Involve the public and affected agencies early and continuously.
Address all modes of travel.
Use an interdisciplinary team tailored to project needs.
Apply flexibility inherent in design standards.
Incorporate aesthetics as an integral part of good design.

The Foreword of the American Association of State Highway and Transportation Officials’
(AASHTO) 2004 “A Policy on Geometric Design of Highways and Streets” (the Green Book) states:
“As highway designers, highway engineers strive to provide for the needs of highway users while
maintaining the integrity of the environment. Unique combinations of design requirements that
are often conflicting result in unique solutions to the design problems…Sufficient flexibility is
permitted to encourage independent designs tailored to particular situations.”
Consistent with AASHTO guidance, including their May 2004 “A Guide for Achieving Flexibility
in Highway Design,” and the Federal Highway Administration’s (FHWA) 1997 “Flexibility in Highway Design,”
the design guidance in this manual provides substantial flexibility and encourages designers to carefully consider the
advantages of the options provided herein.
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HIGHWAY SYSTEMS

2-2.01

Jurisdictional Systems
Each highway network has been classified according to the agency that has responsibility for its
improvement, maintenance, and traffic regulation enforcement. The jurisdictional divisions are listed below:
1.

2.

3.

4.

Trunk Highway System
The Trunk Highway System consists of all highways, including the interstate routes, under the
jurisdiction of the State of Minnesota. These routes generally have statewide importance, are
the most heavily traveled roads, carry the greatest traffic volumes, and operate at the highest
speeds.
County Highway System
The County Highway System is made up of those roads established and designated under the
authority of a county board. They generally are the more important routes within a county
that are not part of the Trunk Highway System.
Township Road System
The Township Road System is made up of the roads established under the authority of a town
board. They may also be reverted to township jurisdiction by the county board. They are
generally of local importance.
Municipal City Street System
The Municipal City Street System consists of all roads within a municipality not otherwise
designated as a trunk highway or county road. They are generally of local importance.

2-2.02

State Aid Systems
The State of Minnesota has made state funds available to county and urban municipal
governments to improve their systems. The MnDOT State Aid Manual describes the legal, administrative, and
technical information needed to properly use these funds on the approved State Aid system. The two State Aid
systems are:
1.
2.

County State Aid Highways (CSAH).
Municipal State Aid Streets (MSAS).

The CSAH system is under county jurisdiction. The size of this system is about 50,000 km
(31,000 mi). The system includes all routes that carry relatively heavy traffic volumes or are classified as arterial or
collector routes. They must also connect towns, communities, shipping points, and markets within a county or
between adjacent counties.
The MSAS system is established by a municipality that has a population of 5,000 or more. The
size of this system is about 5,000 km (3,100 mi). The system cannot exceed 20 percent of the total mileage within
urban boundaries, excluding trunk highway turnback mileage. These streets must connect points of major traffic
interest and be part of the integrated street system consistent with traffic demand.
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DESIGN CONTROLS

2-3.01

Drivers
The designer must accommodate the physical and psychological characteristics of vehicle
operators. Even where the highway design cannot reasonably prevent errors due to adverse physiological effects
from alcohol, drugs, or fatigue, the highway should be as forgiving as possible. The following list contains certain
principles and driver traits that should be incorporated into highway design:

1.

2.

3.

4.

5.

2-3.02

Drivers are limited in the amount and complexity of highway information they can receive
and use in a given time. Furthermore, they vary widely in their operating skills, experience,
and mental and physical condition. They must process information related to lane placement,
speed, traffic control devices, highway alignment, roadside conflicts, and weather. If the total
effect of information received reaches a certain threshold, driver error can result and may lead
to a crash. This threshold will vary depending on a particular driver’s reaction time and
current physiological state.
Certain driving components are more important to performance than others. When these
components are listed in order of task, complexity, and importance to safety, they are:
a. Control: activities related to the physical control of the vehicle through the steering
wheel, brake, and accelerator;
b. Guidance: activities related to selecting a safe speed and vehicle path on the highway,
including receiving information and making a decision that translates into a control
action. Design and traffic operations have the greatest effect on guidance, however, be
aware of the relative importance of all other guidance-related activities, and ensure that
the most important highway information is properly conveyed to the driver. Low-priority
information may need to be removed or relocated if it is likely to interfere with higher
priority information; and
c. Navigation: activities related to planning and executing a trip from origin to destination.
Drivers are conditioned through experience and training to expect and anticipate what lies
ahead on the highway. If this expectation is violated, it will increase the time a driver needs
to assess the situation and make the correct decision. Avoid these violations, but where they
are unavoidable allow increased warning time.
Speed must be factored into accommodating the driver. Because high speeds reduce the
visual field, restrict peripheral vision, and increase stopping time, they require longer reaction
times than low speeds.
Older drivers need special consideration in design. For example, recent studies have shown
that designing turn lanes that provide more direct sight lines greatly improve the ability of
older drivers to execute turning movements. The FHWA publication, “Older Driver Highway
Design Handbook,” provides more information on how to meet the needs of older drivers.

Vehicles
Motorized and non-motorized highway vehicles have certain physical characteristics that must be
considered in design. These characteristics vary by vehicle type. Table 2-3.02A presents basic information on the
dimensions of three design vehicles: passenger cars (P), city transit buses (BUS), and trucks (SU or WB).
Recreational vehicle (RV) design information is not included in this manual. If vehicle information for RVs is
required, the designer should refer to AASHTO’s “A Policy on Geometric Design of Highways and Streets.” When
considering a highway facility or intersection, the designer should use the largest design vehicle likely to frequent
that facility to determine the design values. Typically, the WB-19 (WB-62) is used to design highway facilities and
intersections; however, the designer may encounter locations and situations where the use of a smaller design
vehicle should be considered. County State Aid Highways (CSAH), County Roads (CR), and local roadways are
examples of such locations. Designers should consult the responsible agency when impacting their facilities.
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The vehicle characteristics incorporated into design values are discussed below:
1.

Vehicles are limited by how sharply they can negotiate turns. Figures 2-3.02A through D
illustrate the turning paths of four design vehicles that are attainable at speeds of 16 km/h
(10 mph) or less. Turning paths for other design vehicles can be found in the most current
version of AASHTO’s “A Policy on Geometric Design of Highways and Streets.” The
minimum turning paths lead directly to the required curb radii at intersections, which are
discussed in detail in Chapter 5.
The design of traffic barriers and other safety appurtenances is directly related to many
vehicle features including weight, height, bumper height, and suspension systems. It is
difficult, if not impossible, to design barriers that will properly accommodate the entire range
of vehicles within all performance measurements. Besides safety appurtenances, the crash
characteristics of vehicles are reflected in the design of all highway roadside elements.
Vehicle noise and air pollution rates vary with different traffic operating conditions.
Smoother and more efficient traffic flow reduce the amount of pollution. Vehicle speed will
also influence noise and air pollution.
Acceleration and deceleration rates of vehicles are often critical in determining highway
design. These rates usually govern the dimensions of intersections, freeway ramps, and
climbing or passing lanes. Trucks are usually the critical vehicles for these designs. See
Chapter 3 for typical heavy truck deceleration and acceleration values. Recreational vehicles
may be considered in recreational areas.

2.

3.

4.

Table 2-3.02A (Dual Units)
DESIGN VEHICLE DIMENSIONS

Metric
Design Vehicle Type
Passenger Car
Single-Unit Truck
City Transit Bus
Interstate Semitrailera

Dimensions (m)
Overhang
Total
Front
Rear
Length
Width
0.91
1.52
5.78
2.13

Symbol

Wheelbase
(m)

P

3.35

SU

6.10

1.22

1.83

9.15

2.44

BUS

7.62

2.13

2.44

12.19

2.59

WB-19

6.6 + 12.3 = 18.9

1.22

0.76 b

20.88

2.59

English
Design Vehicle Type

Dimensions (ft)
Overhang
Total
Front
Rear
Length
Width
3.0
5.0
19.0
7.0

Symbol

Wheelbase
(ft)

P

11.0

SU

20.0

4.0

6.0

30.0

8.0

BUS

25.0

7.0

8.0

40.0

8.5

WB-62

21.6 + 40.4 = 62.0

4.0

2.5b

68.5

8.5

Passenger Car
Single-Unit Truck
City Transit Bus
Interstate Semitrailer
a

b

a

Design vehicle with 14.63 m (48.0 ft) trailer as adopted in the 1982 Surface Transportation Assistance Act
(STAA).
This is overhang from the back axle of the tandem axle assembly.
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Note: Metric and English dimensions are based on hard converted
outside turning radius design values and are therefore not exactly
numerically equivalent.

MINIMUM TURNING PATH OF
PASSENGER CAR (P)
Figure 2-3.02A (Dual Units)
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Note: Metric and English dimensions are based on hard converted
outside turning radius design values and are therefore not exactly
numerically equivalent.

MINIMUM TURNING PATH OF
SINGLE-UNIT (SU)
Figure 2-3.02B (Dual Units)
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Note: Metric and English dimensions are based on hard converted
outside turning radius design values and are therefore not exactly
numerically equivalent.

MINIMUM TURNING PATH OF
CITY BUS (BUS)
Figure 2-3.02C (Dual Units)
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Note: Metric and English dimensions are based on hard converted
outside turning radius design values and are therefore not exactly
numerically equivalent.

MINIMUM TURNING PATH OF
INTERSTATE SEMITRAILER (WB-19 (WB-62))
Figure 2-3.02D (Dual Units)
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2-3.03

Pedestrian and Bicycle Traffic
Pedestrian and bicycle traffic should be addressed as modes of transportation in the early stages of
project development. Designers should include pedestrian accommodations in the total design process by
considering factors such as typical pedestrian walking distance and speed, vehicle startup time, traffic signal timing,
and the intersection sight distance. Roadway functional class and land use are useful tools when determining the
appropriate type of sidewalks and paths. For more discussion, see Chapter 11.
The type and volume of bicycle (non-motorized vehicle) traffic along the roadside affects the
roadway and corridor design. Wide parallel shoulders, designated bike lanes, wide curb lanes, shared streets, and
multi-use paths are ways to accommodate bicyclists safely. Chapter 11 of this manual and the MnDOT Bikeway
Facility Design Manual address the planning and design issues associated with bicycle traffic.
2-3.04

Mass Transit
Bus travel is an important mode of mass transportation. Facilities to accommodate buses should
be considered in design. For more discussion, see Chapter 4.
High Occupancy Vehicle (HOV) travel is becoming more common in large cities. Combining
HOV facilities with freeways may optimize transportation services. See Chapter 6 for more discussion.
Rail transit may be incorporated into the freeway or highway right of way and the separate right of
way of larger metropolitan areas to optimize transportation service, provide multi-modal options, and help reduce
system congestion. See Chapter 11 for further discussion.
2-3.05

Safety
Congress has identified highway safety as a priority for many years. The procedures in this
manual incorporate many highway safety considerations into the various design and operational practices.
2-3.06

Access Management
Access management is the planning, design, and implementation of land use and transportation
strategies that control the flow of traffic between the road and adjacent land uses. The proper location and design of
public street and private driveway connections to the highway can greatly enhance the safety and mobility of the
traveling public, preserve capacity, and extend the useful life of the facility. Where access to a highway is managed,
entrances and exits are located at points best suited to fit the traffic and land-use needs. The goal is to allow vehicles
to enter and leave safely with minimum interference to through traffic, preserving service and reducing the potential
for crashes.
Figures 2-3.06A to 2-3.06H detail typical access control for at-grade intersections and
interchanges.
Access management involves three related activities: Access Management System Planning,
Access Control, and Access Regulation.
2-3.06.01

Access Management System Planning
Access Management System Planning views the highway and its surrounding elements as part of a
single system. Individual parts of the system include the land uses and their circulation systems as well as access to
and circulation among the land uses provided by the system of local streets and highways. Careful coordination of
the planning and design of each land use in relation to the supporting road network is critical to preserve the
capacity of the overall system and to allow efficient access to and from the surrounding elements.
To provide a framework for system planning, MnDOT has adopted a Highway Access Category
System and Spacing Guidelines. Every highway segment is assigned to an Access Category based on its functional
classification, strategic importance in the statewide transportation system, and the existing and planned land use of
the surrounding area. The recommended spacing and allowance of public street intersections and private access
varies by category, with the most restrictive access recommended for the higher order roadways. The designer or
District Traffic Engineer should consult these guidelines during the planning and design of new roads and the
retrofitting of existing roads and accesses.
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2-3.06.02

Access Control
Access Control is the condition where the right of access of abutting properties is fully or partially
acquired by a public authority, usually at the time of purchase of right of way. Full control of access gives priority
to through traffic by providing access only at grade-separated interchanges with selected public roads. At-grade
crossing and private driveway connections are not allowed. These facilities are typically called “freeways.” The
highly restricted access to freeways has made them the most efficient motor vehicle traffic movers and safest
highway systems in the nation. At interchanges, access should also be managed along the intersecting cross street to
ensure safe movement to and from the freeway ramps. The appropriate access management plan for cross streets at
interchanges will depend on the function of the cross street, projected traffic volumes and turning movements, and
the character of the existing and planned surrounding land use. As such, the access management plan should be
coordinated with the local land use and road authorities.
Partial control of access also gives priority to through traffic but maintains some at-grade
intersections and private access connections. Partial control of access may be provided for certain major urban and
rural arterials.
2-3.06.03

Access Regulation
Access may also be managed through the police power of the road authority to regulate access by
either geometric design or access permit. Geometric design features such as medians, turn lanes, and turning
restrictions regulate the direction and flow of traffic within the right of way. Access to the highway from private
property or the local street network is regulated by permit. The location and design of access to an individual
property may be restricted to the extent that reasonably convenient and suitable access is provided. Individual
property access may be required to obtain access to the adjacent highway by means of the available local supporting
street network or frontage road, rather than by direct driveway connection.
Local governments exercising statutory land use planning authority may also regulate access
through the provisions of their zoning and/or subdivision ordinance. Local governments are required by statute to
provide MnDOT the opportunity to review and comment on all preliminary plats of land abutting trunk highways.
MnDOT Districts also encourage local governments to submit other development proposals affecting the trunk
highway for review and comment. Local governments may incorporate MnDOT’s comments and recommendations
as conditions of zoning or subdivision/plat approval.
The Highway Access Category System and Spacing Guidelines provide the framework for
reviewing the location and general design of the access for proposed development. Chapter 5 provides more
specific guidance for the design of at-grade intersections and private driveways. Minnesota Rules Chapter 8810
describes the general regulations governing driveway permits.
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TYPICAL ACCESS CONTROL
HALF DIAMOND AND LOOP RAMP
PUBLIC ROAD WITH MULTI-LANE HIGH-SPEED TRUNK HIGHWAY (EXPRESSWAY)
AND FRONTAGE ROAD
Figure 2-3.06A (Dual Units)
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TYPICAL ACCESS CONTROL
FULL DIAMOND AND LOOP RAMP
SEPARATION OF FREEWAY WITH TRUNK HIGHWAY AND PUBLIC ROAD
Figure 2-3.06B (Dual Units)
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TYPICAL ACCESS CONTROL
HALF DIAMOND
SEPARATION OF FREEWAY WITH PUBLIC ROAD (TURN LANE ONTO FREEWAY)
Figure 2-3.06C (Dual Units)
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TYPICAL ACCESS CONTROL
HALF DIAMOND
SEPARATION OF FREEWAY WITH PUBLIC ROAD (TURN LANE ONTO PUBLIC ROAD)
Figure 2-3.06D (Dual Units)
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Rural Section with No Anticipated Land Development at the Intersection
Random Access Openings along the Highway as needed
(Triangle Corners Optional)

TYPICAL ACCESS CONTROL
2-LANE HIGHWAY AND PUBLIC ROAD AT-GRADE INTERSECTION
Figure 2-3.06E (Dual Units)
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Sight Corners Are Desirable In Approach Quadrants

TYPICAL ACCESS CONTROL
4-LANE DIVIDED HIGHWAY AND PUBLIC ROAD AT-GRADE INTERSECTION
Figure 2-3.06F (Dual Units)
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Access Variable Length to Protect Right Turn Movement (Triangle Corners Optional)
TYPICAL ACCESS CONTROL
2-LANE HIGHWAY AND PUBLIC ROAD, AT-GRADE INTERSECTION WITH RIGHT-TURN LANES
Figure 2-3.06G (Dual Units)

Access Variable Length to Protect Right Turn Movement (Triangle Corners Optional)
TYPICAL ACCESS CONTROL
2-LANE HIGHWAY AND PUBLIC ROAD, AT-GRADE INTERSECTION WITH BY-PASS LANES
Figure 2-3.06H (Dual Units)
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Statute and Zoning
Statutory control with no compensation can only be used to control access where a reasonable
alternate access is available or to close a highway median opening. Zoning may effectively control the adjacent
property development to prevent traffic generators from arising; however, zoning is only advisory and is at the
discretion of the local government. As required by state statute, MnDOT reviews all plats adjacent to trunk
highways. Driveway regulations are used to control the geometric design of entrances, driveway spacing, and
driveway proximity to public road intersections.
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PROJECT SCOPE DETERMINATION

2-4.01

Project Scoping
The purpose of this section is to outline the general process used to identify project scope, the
inclusion of the project in the program, and the selection of appropriate design standards.

Each District has a planning process to identify regional priorities, future needs, and broad-based
investment directions for a given area or corridor. The planning process incorporates direction from the State,
region, metropolitan planning organization (MPO), and local planning efforts. Potential design concepts may be
identified for consideration during further scoping and project development.
Deficiencies and needs of the existing highway system are identified through many sources
including system operation monitoring, data from management systems (bridge, pavement, safety, etc.),
maintenance problems, and public comments.
Based on planning direction and identified deficiencies, scoping defines the appropriate type, cost,
limits, impacts, funding sources, and other major aspects of potential project concepts. The ultimate level of
investment desired for a given corridor may not be achievable for every project. Often preservation, management,
or safety improvements will retain most of the existing features within a corridor to serve immediate needs while
longer-range planning identifies a need for future reconstruction or expansion of the facility. The ultimate design
and desired operation for a given corridor must be carefully balanced with immediate needs and available resources
to provide the appropriate scope for proposed projects.
The level of scoping required will vary according to the scale of the project concepts being
evaluated. For example, scoping of preservation projects may only require involvement with other MnDOT
functional groups, while scoping of new construction/reconstruction project concepts may involve significant
agency and public involvement. Scoping should allow involvement of appropriate MnDOT functional groups, other
agencies, and the public as necessary to arrive at the preferred project concept.
The scoping process is intended to minimize the potential for later opposition to a proposed
project concept, changes in project type or size, cost escalation, and lack of available funds. Scoping should identify
the preferred project concept or range of concepts for further evaluation through the appropriate project development
activities.
2-4.02

Project Programming
Projects identified through the scoping process are selected for inclusion in the District
Transportation Improvement Program (TIP) in various ways depending on the scope of the project and District Area
Transportation Partnership (ATP) procedures. Although preservation projects may be included without a lot of
project development, major projects may need to have significant project development work completed prior to
inclusion in the program.
Project development includes all preconstruction activities necessary to prepare a project for
letting. Design standards and other elements included in the project depend upon the type of project (preservation or
new construction/reconstruction) as identified in Section 2-5.0. Design standards should be identified early in the
project development process.
The scope of work, concepts, cost, or schedule of a project may change during the project
development process. If these changes are significant, the project may need to undergo the scoping process again
and be revised accordingly in the TIP according to District and ATP policies.
2-4.03

Cost-Effectiveness Policy
The Minnesota Statewide Transportation Plan established the Department’s policy on costeffectiveness (see the latest Cost-Effectiveness Framework, Minnesota Statewide Transportation Plan). The intent
of the Cost-Effectiveness Policy is to make the best overall investment decisions based upon a balanced
consideration of both quantitative cost-effectiveness goals and qualitative goals. Any MnDOT project requiring an
Environmental Impact Statement (EIS), an Environmental Assessment (EA), or an Environmental Assessment
Worksheet (EAW) is subject to the provisions of this policy which is available in MnDOT’s Highway Project
Development Process (HPDP) Handbook section on Cost-Effectiveness Policy.
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2-4.04

Value Engineering
Value Engineering (VE) is defined as “The systematic application of recognized techniques by a
multi-disciplined team to identify the function of a product or service, establish a worth for that function, generate
alternatives through the use of creative thinking, and provide the needed functions to accomplish the original
purpose of the project, reliably, and at the lowest life-cycle cost without sacrificing safety, quality, and
environmental attributes of the project.”
Federal Regulation 23 CFR Part 627 requires that States apply Value Engineering to all Federalaid highway projects on the National Highway System (NHS) with an estimated cost (i.e. environmental studies,
preliminary engineering, final design, ROW, construction, and state and local participation) of $25 million or more.
Projects are defined as “…a portion of a highway that a State proposes to construct, reconstruct, or improve as
described in the preliminary design report or applicable environmental document. A project may consist of several
contracts or phases over several years” and applies to Design-Build projects as well. A VE study is also required for
a contract or phase with an estimated cost of $25 million or more.
The goal of a VE study is to optimize quality and achieve excellence at the lowest costs.
However, some VE recommendations may add cost. Its basic objectives are to assure reliability, improve
maintainability, eliminate redundancy, and minimize total ownership costs. Although it incorporates the principles
of cost-effectiveness, VE in its fullest sense also establishes a formal process and review team that identifies product
functions, explores and identifies alternatives, and eliminates unnecessary costs. The VE process should incorporate
the following characteristics:
1.
2.
3.
4.
5.
6.

A multi-disciplinary team approach.
Identification and evaluation of function or service, cost, and worth.
The use of creative thinking to speculate on alternatives that can provide the required
functions.
The evaluation of the best and lowest life-cycle cost alternatives.
The development of acceptable alternatives into fully supported recommendations.
The presentation/formal reporting of all VE recommendations to management for review,
approval, and implementation.

It is essential that the VE study process begin as soon as the preferred alternative layout has been
selected. VE studies take a considerable amount of time to arrange; therefore, early notification and coordination
are essential so that sound VE recommendations can be implemented without delaying the progress of the project.
VE studies provide a benefit to the highway design process in that the actual dollars spent on
highway design are comparatively small in contrast to the contribution of construction and maintenance operations
in terms of the total life-cycle costs. However, the decisions made in planning and design have a greater impact on
total life-cycle costs than those decisions made in construction and maintenance, therefore a relatively small
investment in time and money can lead to substantial savings over the project life.
The Office of Technical Support has a Departmental VE Coordinator who provides VE support
and annual agency reporting as required by the FHWA. The designer must insure that a VE study is performed on
required projects, or any project that will significantly benefit from a VE study. VE studies can be either contracted
or developed in-house. Each method has advantages and disadvantages, so contact the VE Coordinator to determine
the best method for a candidate project.
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DESIGN PARAMETERS

2-5.01

Functional Classification
The intended function of a highway segment will determine its functional classification, and
therefore the design values needed to serve that function. The two characteristics that determine a highway’s
functional classification are access and mobility. These two functions conflict with each other as the highway
network attempts to serve two basic purposes: the safe and expedient movement of traffic and the provision of
access to residences, businesses, and places of recreation. As access increases, mobility decreases. It is important
to vary the level of access and mobility provided among different highway segments so that the entire highway
network will achieve these two goals. Figure 2-5.01A illustrates the variation of service.
Functional classifications group streets and highways according to the character of service they
provide. This classification recognizes that most travel involves movement through a network of roads. The
highway network is made up of roads that are categorized by their functional relationships and hierarchy of
movement. For more detailed descriptions, see AASHTO’s “A Policy on Geometric Design of Highways and
Streets,” Chapter 1, “Highway Functions.”

ACCESS AND MOBILITY
Figure 2-5.01A

2-5(2)

ROAD DESIGN MANUAL

JULY, 2007

2-5.01.01

Arterials
Arterial highways have a capacity to move relatively large volumes of traffic in an expedient
manner. In rural areas, arterials provide connections between the major urban areas and provide levels of service
suitable for statewide or interstate travel. The rural arterial system provides integrated, continuous movements. In
urban areas, the arterial system:
1.
2.
3.

Serves the major centers of activity within the urban area,
Carries the highest traffic volumes and the longest trip movements, and
Serves both major intra-city and through-city trips.

The rural and urban arterial systems provide continuous through movements at approximately the
same level of service.
Arterial roads are subdivided into principal and minor categories, based upon their relative
distribution of providing access and mobility, the relative importance of the areas and activities they serve, the
lengths of trips they accommodate, and the traffic volumes they carry.
2-5.01.02

Collectors
Collector routes place approximately equal importance on access and mobility. Traffic volumes
and speeds are somewhat lower on collector roads than on arterials. In rural areas, collectors connect all cities and
towns within a county and typically serve intra-county travel needs and provide connections to the arterial systems.
In urban areas, collectors act as an intermediate link between the arterial system and other points of access. Urban
collectors typically penetrate residential neighborhoods and commercial/industrial areas.
2-5.01.03

Local Roads and Streets
Local roads and streets normally have many points of access and place relatively little value on
mobility. Speeds and volumes are low, trip distances are short, and through traffic is often deliberately discouraged.
2-5.02

Investment Categories
The project objectives and available funding must be carefully balanced early in the scoping
process. Once the project scope has been identified, the designer can determine the appropriate investment category.
Design standards are different for the three investment categories: new construction/reconstruction, preservation,
and preventive maintenance, to allow for differing levels of investment to address the most critical deficiencies
within the project area. Project scoping and programming are explained in Sections 2-4.01 and 2-4.02.
2-5.02.01

New Construction/Reconstruction
The new construction/reconstruction investment category includes the most intensive types of
work, which typically cost the greatest amount of dollars per kilometer (mile). This investment category includes
projects that will result in a new roadway or bridge on new alignment or reconstruction or replacement on existing
alignment.
These types of projects provide the highest degree of safety and traffic-carrying capability for each
functional classification. The design of new construction or reconstruction projects should meet all current design
standards as identified in Section 2-6.0.
This category includes the investment priority goals of expansion, replacement, and large
management and operations projects. Major construction, reconstruction, bridge replacement, reconditioning, safety
capacity, and safety hazard elimination are some of the program projects included in this category.
2-5.02.02

Preservation
The primary objective of the preservation investment category is to extend the life of a highway,
bridge, or other transportation facility. For bridge projects, see the MnDOT Bridge Preservation, Improvement, and
Replacement Guidelines. In some cases, preservation projects are projects that safely manage and operate existing
systems efficiently while effectively addressing critical safety and operations needs through minor and moderate
cost improvements to the existing facility.
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Preservation projects, which generally utilize the majority of the existing pavement or structure,
may entail minor widening or geometric improvements, and normally require little or no additional right of way.
These projects should either retain the existing design features of the roadway or meet new construction/
reconstruction standards, whichever is less. Safety must also be considered in the design of all preservation projects,
including cost-effective safety improvements where warranted.
The preservation investment category includes the investment priority goals of preservation and
small management and operations projects. Road repair, surface treatment, resurfacing, and bridge repair, along
with smaller reconditioning and cooperative agreements, junkyard screening, planning rest area beautification,
safety capacity, safety hazard elimination, rail safety, and traffic management projects are some examples of
preservation projects.
2-5.02.03

Preventive Maintenance
According to 1997 AASHTO Standing Committee on Highways, preventive maintenance is “a
planned strategy of cost-effective treatments to an existing roadway system and its appurtenances that preserves the
system, retards future deterioration, and maintains or improves the functional condition of the system (without
significantly increasing the structural capacity).” The preventive maintenance investment category includes projects
whose goal is to maintain existing pavement and structures. It requires no additional right of way.
Preventive maintenance is typically applied to pavements in good condition having significant
remaining service life. Examples of preventive treatments include asphalt crack sealing, chip sealing, diamond
grinding, dowel-bar retrofit, and isolated, partial and/or full-depth concrete repairs to restore functionality of the slab
(e.g., edge spalls, or corner breaks).
2-5.03

Types of Highways
Highways are further categorized according to their number of lanes.

2-5.03.01

Two-Lane Highways
The majority of Minnesota’s highways are two-lane roads. Truck climbing lanes and passing lane
sections may be provided on two-lane highways. The design speed of a high-speed two-lane highway is greater than
70 km/h (45 mph). Urban arterials, rural arterials, urban collectors, rural collectors, urban local streets, and rural
local roads can all be two-lane highways.
2-5.03.02

Multi-Lane Highways
Multi-lane highways make up the remainder of the state’s highways. Freeways, arterials, and
collectors can all be multi-lane highways. Multi-lane highways are divided into three categories: freeways, highspeed multi-lane highways (expressways), and low-speed multi-lane highways.
2-5.03.02.01

Freeways
Freeways, defined as expressways with full access control, are principal arterials for both urban
and rural regions. Freeways provide high-speed travel, improve safety, preserve the as-built capacity, and are
intended for motor vehicle travel only.
All roads that intersect freeways are separated by grade or connected by interchanges, and all rail
crossings are separated by grade. Major freeway elements include medians, grade separations, ramp connections,
and frontage roads.
2-5.03.02.02

High-Speed Multi-Lane Highways (Expressways)
High-speed multi-lane highways (expressways) are generally arterial roads with design speeds
equal to or greater than 70 km/h (45 mph). Expressways can be divided or undivided, and can be located in both
urban and rural sections. Most intersections are at grade, although grade separation and interchanges may be used in
cases where high volume roads or rail crossings exist, or terrain conditions favor the grade separation. To maintain
the desirable level of service, partial access control is desired along the entire length of the expressway. Where high
traffic volumes are present, and/or land development is required adjacent to an expressway, full access control may
be necessary. These short segments resemble freeways in their design, and are usually in close proximity to urban
areas. Access control can be maintained by zoning, driveway regulations, or geometric design. Area terrain,
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intersection treatment, and economics dictate median width. Left-turn lanes are often provided at all significant atgrade intersections.
Although undivided expressways exist, they are highly discouraged due to their propensity for
rear-end and head-on collisions. In special situations, such as in areas where right-of-way is restricted, a designer
may consider this option. The standards for these sections will be developed on a case-by-case basis.
2-5.03.02.03

Low-Speed Multi-Lane Highways
Low-speed multi-lane highways are generally arterials or collectors with design speeds less than
70 km/h (45 mph).
Low-speed highways can be divided or undivided. Divided low-speed multi-lane highways
typically have four or more lanes with opposing traffic on two or more of those lanes, separated by a median. To
maintain the desirable level of service, partial access control may be necessary along some sections. Access control
can be achieved through zoning, driveway regulations, or geometric design. Median width is dictated by area,
terrain, intersection treatment, and economics.
Undivided low-speed multi-lane highways typically have four or more lanes with opposing traffic
on two or more of those lanes, separated by striping. Undivided sections are usually developed where right of way
is limited or development restrictions dictate.
2-5.03.03

Scenic Byways
Scenic byways are designated roadway corridors that highlight our outstanding scenic roads,
featuring natural, cultural, historic, archeological, recreational, and scenic qualities. Most byways are represented
by a local grassroots organization representing a coalition of local governments, chambers of commerce, tourism
associations, and other interests. These organizations are often engaged in tourism marketing, interpretation, and
resource management initiatives and may be able to provide useful local contacts for construction or maintenance
operations.
The National Scenic Byways Program was established by ISTEA and operates under FHWA
policy as documented in the Federal Register. The Minnesota Scenic Byway Program was established with a 1992
Memorandum of Understanding between MnDOT, the Minnesota Department of Natural Resources, the Minnesota
Historical Society, and Explore Minnesota Tourism. A Scenic Byways Commission representing these agencies
makes the principal decisions on the state scenic byway designations and on funding priorities for National Scenic
Byway Discretionary Grant projects.
For detailed information and procedures regarding scenic byway programs, the designer should
contact the Office of Environmental Services.
2-5.04

Interregional Corridors
An interregional corridor (IRC) is a corridor that provides safe and efficient transportation
between Minnesota’s regional trade centers and will ensure competitive access to markets and services and easy
connections to tourist and recreational areas. Mapping of Minnesota’s IRC network is available on the MnDOT
Office of Investment Management website.
2-5.05

Traffic Characteristics
Traffic operational characteristics have a large impact on the applicable geometric and structural
design criteria of a highway. The designer must provide a facility that will reasonably accommodate all anticipated
traffic characteristics in the selected design period, (i.e., 20 years from the completion date of the project). The
designer should refer to the current Transportation Research Board (TRB) “Highway Capacity Manual” (HCM) for
a more detailed description of the operational factors of highways. The MnDOT Traffic Engineering Manual also
contains information concerning how to make field measurements of traffic data and how to interpret and apply the
data. For bicycle traffic characteristics, see the planning section of the MnDOT Bikeway Facility Design Manual.
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2-5.05.01

Volume
Forecasted traffic volumes and their projected equivalent single axle loads (ESALs) approximate
the total load that a highway facility must accommodate during its design life.
Certain important definitions are listed below:
1.
2.

3.

4.

5.

6.

7.

Annual Average Daily Traffic (AADT)
The AADT is the total yearly volume divided by the number of days in the year.
Average Daily Traffic (ADT)
The ADT is the total traffic volume during a given time period (in days) greater than one day
and less than one year, divided by the number of days in that time period. ADT is often used
interchangeably with AADT.
Heavy Commercial Average Daily Traffic (HCADT)
The HCADT is the ADT of commercial traffic having two or more axles and six or more
tires.
Design Hourly Volume (DHV)
The DHV is the one-hour volume selected from the design year to determine the highway
design.
Peak-Hour Traffic
The peak-hour traffic is the highest number of vehicles found to be passing over a section of
highway during 60 minutes.
Peak-Hour Factor (PHF)
The PHF is a ratio of the total hourly volume occurring during the peak hour and the
maximum rate of flow during a given time within the peak hour. Typically, this time is 5
minutes for freeways and 15 minutes for intersections. For example:
Peak hour = 500 VPH
15 Minute Maximum = 145
PHF = 500 / (4 x 145) = 0.86
Equivalent Single Axle Load (ESAL)
ESALs estimate the design loads that a pavement must accommodate during its design life by
equating the various axle loads of projected vehicle types to the damage done by an
equivalent number of 8,165 kg (18,000 lb) single axles with dual tires.

Although the AADT or ADT is useful in making design decisions related to the total user benefit
of a proposed improvement, many other characteristics are necessary to indicate the variations in traffic during
months of the year, days of the week, or hours of the day.
Peak traffic volumes are more appropriate for use in some design criteria and reflect normal
operating conditions. The 30th highest hourly volume (30 HV) of the selected design year is generally a reasonable
design control, but there are some exceptions. Some roads in large metropolitan areas may use the AM and PM
peak hour volumes, and some recreational routes might even use another high hourly volume entirely. The DHV
will affect many design elements including the number of travel lanes, lane and shoulder width, and intersection
layout. The DHV will directly determine the standards for each project.
A highway should be designed to accommodate the traffic that is expected to occur during its
useful life under reasonable maintenance. Although long-range forecasts are uncertain, projecting traffic volumes
20 years into the future from a project’s programmed completion date is reasonable. For some reconstruction or
rehabilitation projects, a 20-year forecast may not be appropriate due to planned changes in the regional economy,
population, or land development. In those cases, a five to ten-year forecast may be prudent.
Traffic forecasts for DHV are generally prepared by the District Traffic Engineering Section. A
simple analysis would be predicting the 30th highest hourly volume in 20 years by applying current area traffic
growth factors to present volumes. The forecaster must also incorporate the impact of any anticipated land
development or traffic diversions onto or away from the facility. In addition, traffic characteristics of directional
distribution, composition of flow, and level of service must be addressed. For intersections and interchanges, a
DHV forecast must be made for every possible through and turning movement.
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Heavy Commercial Average Daily Traffic (HCADT) volume must be considered in all designs.
The cumulative ESALs for the project design period are required for pavement design and determination purposes.
Refer to the TRB “Highway Capacity Manual” (HCM) and the MnDOT Geotechnical and Pavement Manual for
more information on ESALs.
2-5.05.02

Directional Distribution
AADT and DHV are expressed as two-way volumes, but without the knowledge and application
of the percentage of volume in each direction during the design hour, the inherent assumption of a 50-50 split could
lead to a serious under-design of the facility. Typically, the distribution in the predominant direction during the
peak hour, will vary from 55 to 70 percent, but occasionally may be as high as 80 percent. At intersections and
interchanges, it is necessary to know the volumes of all movements to design the facility properly.
2-5.05.03

Composition
The impact of large vehicles on traffic operation will have the effect of several cars. The
percentage of truck traffic must therefore be determined. For highway capacity purposes, trucks are defined as all
buses, single-unit trucks, truck tractor-trailer combinations, and truck tractors with semitrailers in combination with
full trailers. Normally, trucks have a gross vehicle weight greater than 4100 kg (9,000 lb). It is also important to
determine the specific truck percentage during the peak hour, which is usually less than the truck percentage for a
24-hour period. For highway capacity analysis, the impact of buses must be considered separately because of their
stop-and-go operation.
2-5.05.04

Traffic Flow
Traffic flow can be characterized by volume (vph), speed (km/h (mph)), and density (v/km
(vpm)). Traffic density, the number of vehicles per unit length of roadway, is a function of volume and speed.
Because vehicles can comfortably follow other vehicles somewhat closely at low speeds, the greatest motor vehicle
densities, or capacity, typically occur at speeds of 50 to 60 km/h (30 to 40 mph). Weather and roadside interference
also affect vehicle densities. Vehicle queues will develop when a slower vehicle interferes with the desired
operating speed of other vehicles. The frequency and length of a queue are dependent upon the prevalence of slower
vehicles and the traffic volume on the highway. Passing opportunities on two-lane highways are dependent upon the
traffic flow characteristics of the oncoming traffic.
Intersection operations are subject to traffic flow characteristics. The level of disruption a leftturning vehicle will cause is a function of headway or gaps between oncoming vehicles. This is dependent on their
speed and volume.
The maximum discharge rate of a standing queue of vehicles governs the capacity of an
intersection. Intersection capacity is approximately 25 percent less than that of a free-flowing section of highway.
Arrivals at many urban intersections are rather predictable, aiding the capacity analysis. Often, the random nature of
arrivals at low-volume intersections will affect the desired traffic control.
2-5.06

Speed
The speed at which highway users are able to travel is one of the most important measures of a
facility's serviceability. The measures of speed for design and operating characteristics are defined below:
1.

2.

3.

Design Speed
Design speed is the selected speed used to determine the various geometric design features of
the roadway.
Average Highway Speed
Average highway speed is the weighted average of the design speeds within a highway
section based on each subsection's proportional contribution to total mileage.
Running Speed
Running speed is the speed over a specified section of highway equal to the distance divided
by the running time, or the total time required to travel over the highway section.
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4.

5.

6.

7.

2-5(7)

Operating Speed
Operating speed is the speed at which drivers are operating their vehicles during free-flow
conditions under typically good weather and surface conditions. The 85th percentile of the
distribution of observed speeds is the most frequently used measure of the operating speed
associated with a particular location or geometric feature.
Average Running Speed
Average running speed is the sum of the distances traveled by vehicles on a highway section
during a specified time period, divided by the sum of their running times.
Legal Speed
The legal speed is the value prescribed by Minnesota Statute 169.14 or the posted limit as set
by Commissioner’s authorization. All the Commissioner’s authorizations are on file in the
Traffic Engineering Office. See the MnDOT Traffic Engineering Manual for accepted
procedures to perform an engineering and traffic investigation for determining a speed limit.
Legal speed is approximately the 85th percentile speed, often determined by observation of a
sizable sample of vehicles’ average running speeds.
Posted Speed
The posted speed is the numeric value displayed on an approved “Manual on Uniform Traffic
Control Devices” (MUTCD) regulatory sign indicating the legal speed as set by the
commissioner or categorical compliance to statutory provisions.

The MnDOT Traffic Engineering Manual describes the accepted means to collect field data to
determine the desired speed information.
2-5.06.01

Design Speed
The design speed, perhaps more so than any other design control on a highway, will have a major
impact on all facets of geometric design, and other design elements. The project segment’s appropriate design speed
depends upon the functional classification and use, average daily traffic ADT, anticipated and desirable operating
speed, terrain, and adjacent land use of the highway. Advantages of a higher vehicle operating speed attained by the
use of a higher design speed must be evaluated against the design flexibility that is lost. The most appropriate
design speed may be a lower value that recognizes the importance of attaining maximum design flexibility and a
context sensitive roadway that fits community needs and environmental constraints. Design speed values above the
minimums are usually most appropriate and desirable, but the designer should not be averse to adopting lower
values where significant constraints or opportunities exist. The designer must carefully document all of the
considerations and analyses important to the determination of the most appropriate design speed and weigh the
benefits of a desired degree of safety, access, mobility, design consistency, and efficiency against the community,
environmental, right of way, and cost impacts. Design speeds usually fall between 50 and 120 km/h (30 and
75 mph), at 10 km/h (5 mph) increments. High-speed facilities have design speeds that are 70 km/h (45 mph) or
greater, and low-speed facilities have design speeds that are less than 70 km/h (45 mph).
The element of driver expectation must be considered when selecting the design speed. Drivers
expect to be able to drive at certain maximum speeds based on the functional classification and rural or urban
character of the highway. The design speed should fit the travel desires and habits of the majority of drivers. Table
2-5.06A provides the allowable ranges of design speeds for varying conditions. For design work, it is typically
desirable to choose a design speed that equals or exceeds the anticipated posted speed, and complements the
highway type, setting, functional classification, traffic volume, and terrain.
Terrain is typically classified as level, rolling, or mountainous for the purposes of highway design.
Section 2-5.09 provides further definitions.
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Table 2-5.06A (Dual Unit)
DESIGN SPEED
Conditions
Type of Highway

Setting

Functional
Class
Principal
Arterial

Rural

Minor Arterial

2-Lane Highway
Collector
Urban HighSpeed
Urban Low- Speed

Freeway

Multi-Lane
Highway

Arterial
Collector
Arterial
Collector

Rural

Arterial

Urban

Arterial

Rural

Arterial

Urban High-Speed

Arterial
Arterial

Urban Low-Speed

Collector

Terrain

Design Speed, km/h (mph)
ADT
<1500
1500>3000
3000

Level
Rolling
Mountainous
Level
Rolling
Mountainous
Level
Rolling
Mountainous

100-120 (60-75)
90-110 (55-70)
60-100 (40-60)
80-100 (50-60)
100-110 (60-70)
80-110 (50-70)
60-100 (40-60)
80-100 (50-60)
80-100 (50-60)
100 (60)
60-100 (40-60)
80-100 (50-60)
50-100 (30-60)
60-100 (40-60)

All

70-100 (45-60)

All

50-60 (30-40)

Level
Rolling
Mountainous
All
Level
Rolling
Mountainous
All

110-120 (70-75)
110 (70)
80-110 (50-70)
80-110 (50-70)
100-120 (60-75)
100-110 (60-70)
80-110 (50-70)
70-110 (45-70)

All

50-60 (30-40)

2-5.06.02

Average Running Speed
The average running speed offers a meaningful measure of highway service and allows a means of
evaluating highway user costs and benefits. The relationship between design speed and average running speed
varies. At low volumes and low design speeds, average running speed may be very close to the design speed. As
volumes and design speeds increase the difference between the design speed and the average running speed
increases.
On urban streets, the average running speed is more important than the design speed. Urban
streets should be designed and control devices regulated to permit running speeds of 30 to 70 km/h (20 to 45 mph).
The lower range is appropriate for local and collector streets and arterials in the central business district (CBD),
residential areas, and parks while the higher range should be achieved on arterials away from the CBD. A general
approximation is that running speeds of 30 to 100 km/h (20 to 60 mph) require design speeds of 50 to 120 km/h (30
to 75 mph). If the average running speed will be used for design, a speed study should be conducted.
2-5.07

Capacity
Highways and intersections need to accommodate the design hourly volume (DHV). The detailed
calculation factors and methodology used to determine the DHV are in the TRB “Highway Capacity Manual”
(HCM). The design service volume is the maximum volume of traffic that a highway would be able to serve
without congestion becoming greater than a predetermined value. It needs to be calculated for each segment.
Although capacity assumes a level of service E, a highway is usually designed to exceed level of service E.
Design normally conducts an initial capacity analysis to determine if a proposed design will
roughly accommodate the DHV. The District Traffic Offices conduct the detailed capacity analyses of signalized
intersections to finalize the design details of the project.
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Highway Mainline
Many of the factors that affect the capacity of a highway segment are listed below:
1.

2.

3.

4.

5.

6.

7.

Traffic composition
As the percentage of trucks and/or buses increases, the capacity decreases. Standard
procedure converts the heavy vehicle volumes to passenger car equivalents.
Lane and shoulder width
Capacity has a tendency to decrease as lane and shoulder width decrease. Corresponding
factors are used to incorporate the influence of narrower pavement widths.
Lateral clearance
If roadside interferences are within a certain distance of the edge of the travel lane, capacity
decreases. This "shy distance" varies with design speed and one-way or two-way operation.
Auxiliary lanes
The presence or absence of auxiliary lanes, such as parking or turn storage lanes, affects
capacity. Because universal factors cannot be used to calculate their impact on capacity,
individual analyses are necessary.
Alignment
Horizontal and vertical alignment significantly affect capacity. For traffic operations on
relatively long sections of highway, the frequency and sharpness of curves and grades affect
the "average highway speed" (a weighted average design speed), stopping sight distances, and
passing opportunities. Based on these three characteristics, adjustment factors can be applied
to calculate their impact on capacity. At specific sites, grades can have significant and
measurable impacts on highway capacity. Trucks lose speed when ascending grades. Chapter
3 provides details on the impact of grades on truck speeds and discusses warrants for climbing
lanes.
At-grade intersections
Intersections including driveways have a major impact on the capacity of a highway.
Intersection capacity analysis must be treated separately because its influence on service
volumes can be so great that it governs the capacity of an entire segment.
Freeway interchanges
Weaving sections and exit and entrance ramp junctions at interchanges are usually the most
important adjustments to freeway capacity. Operating conditions within weaving sections are
affected by traffic volumes and the length and width of the section. Chapter 6 discusses the
required design details to properly allow for weaving maneuvers.

The HCM should be referenced when calculating the capacity or design service volume of the
highway mainline and freeways.
2-5.07.02

Signalized Intersections
Chapter 18, “Signalized Intersections,” in the HCM explains how to calculate the capacity of a
signalized intersection. The operational analysis method addresses the capacity and level of service of intersecting
approaches and the level of service of the intersection as a whole. Capacity is evaluated in terms of the ratio of
demand flow rate to capacity (v/c ratio), while level of service is evaluated on the basis of average stopped delay per
vehicle (s/veh). The HCM does not address the capacity of an intersection as a whole because the design and
signalization of intersections focus on the accommodation of the intersection’s major movements and approaches.
The methodology can be used for pre-timed signals, vehicle-actuated signals, or multiphase signals.
Operational analysis requires detailed information concerning geometric, traffic, and signalization
conditions at an intersection. These data may be known for existing cases or projected for future situations.
Because this analysis is complex, it is divided into five separate modules: input, volume adjustment, saturation flow
rate, capacity analysis, and level of service. The HCM provides the detailed steps of intersection analysis.
Figure 2-5.07A illustrates the basic procedure.
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The basic unit of capacity for signalized intersections is 1900 passenger cars per hour of green per
lane under ideal conditions (12 ft (3.6 m) lanes and no trucks, buses, turns, or pedestrian movements), which reflects
the time lost due to queue start up and signal change intervals.

OPERATIONAL ANALYSIS FOR SIGNALIZED INTERSECTIONS
Figure 2-5.07A
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2-5.07.03

Unsignalized Intersections
Chapters 19 and 20 in the HCM demonstrates how to calculate capacity for two-way and all-way
stop-controlled intersections. The two-way stop-control analysis calculates the available capacity of the minor road
primarily based upon the traffic operating characteristics of the major road by assuming that major street traffic is
not affected by minor street movements.
Most at-grade junctions are unsignalized intersections. In most of these cases, stop and yield signs
are used to assign the right of way to one street of the junction. This designation forces the drivers of the controlled
approaches to select gaps in the major street to complete their maneuvers. The capacity of the controlled maneuver
is based on:
1.
2.

The distribution of gaps in the major street traffic stream, and
Driver judgment in selecting gaps to execute their maneuvers.

This methodology adjusts for conflicting movements of minor street flows on each other and
accounts for shared use of lanes by two or three minor street movements. The HCM further explains the basic
procedures and detailed analyses of unsignalized intersections.
2-5.07.04

Level of Service
The average highway user will tolerate a certain level of congestion and delay before becoming
frustrated or attempting unsafe driving maneuvers. This level will vary according to the type of facility. For
instance, a user expects a relatively free-flow condition on a rural freeway but will accept a certain number of stops
and delays and heavier traffic volumes on a signalized urban arterial.
The level of service concept addresses the issue of acceptable degrees of congestion. The various
levels have been subjectively determined and qualitatively described. From these descriptions, quantitative
measures have been developed, such as volume to capacity ratio (v/c), density, average travel speeds, percent-timefollowing, and control delay.
Level of service is designated by a letter grade ranging from A to F, with A representing free-flow
conditions and F designating breakdown flow. The designer should strive to provide the highest level of service
feasible for the design year by weighing the desires and tolerances of road users against the resources available for
satisfying those road users.
2-5.08

Sight Distance
The driver must be able to see ahead a sufficient distance to conduct a variety of possible
maneuvers. The type of sight distance that should be provided will depend upon the type of highway and the nature
of the potential hazard. This section discusses the definitions and derivations of the various sight distances,
including stopping, passing, and decision sight distances. Intersection sight distance is discussed in Chapter 5.
Stopping sight distance, the distance required for a vehicle traveling at the design speed to stop
before reaching a stationary object in its path, is the minimum sight distance that should be provided at any point on
any highway. Passing sight distance, the distance that drivers must be able to see along the road ahead to initiate
and complete passing maneuvers, is applicable only on two-lane roadways. Decision sight distance, the distance
required for a driver to detect an unexpected or obscure condition or source of information, decide on a course of
action, and react accordingly, should be considered at each individual location.
Applications are discussed under the appropriate topics in other chapters. All sight distance
calculations are based on the passenger car as the design vehicle.
2-5.08.01

Stopping Sight Distance
The available stopping sight distance on any roadway should be long enough to enable a vehicle
traveling at the design speed to stop before reaching a stationary object in its path. Stopping sight distance is the
minimum length that should be provided at any point on any roadway.
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Stopping sight distance (SSD) is the sum of two distances; the distance (d1) traveled during driver
perception/reaction time, and the braking distance (d2) traveled during brake application. Based on the results of
many studies, 2.5 seconds has been chosen for a perception/reaction time. This time will accommodate
approximately 90 percent of all drivers when confronted with simple to moderately complex highway situations.
Greater reaction time should be allowed in situations that are more complex. For more information, see Section
2-5.08.03 Decision Sight Distance.
Driver perception/reaction distance is calculated by:
d1 = 1.47 Vt

(U.S. Customary)

d1 = 0.278 Vt

(Metric)

where:
d1 = perception/reaction distance, ft (m)
V = design speed, mph (km/h)
t = perception/reaction time, 2.5 s
Braking distance is calculated by:
d2 = 1.075

𝑉2

(U.S. Customary)

d2 = 0.039

𝑉2

(Metric)

𝑎
𝑎

where:
d2 = braking distance, ft (m)
V = design speed, mph (km/h)
a = deceleration rate, ft /s2 (m/s2)

Stopping Sight Distance (SSD) is calculated by:
SSD = d1 + d2

Stopping sight distance represents a near worst-case situation. Approximately 90 percent of all
drivers decelerate at rates greater than 11.2 ft/s2 (3.4 m/s2). These values are within a driver’s ability to stay within
his or her lane and maintain steering control. A threshold of 11.2 ft/s2 (3.4 m/s2) is used to determine stopping sight
distance. Implicit in the choice of this deceleration threshold is the assessment that most vehicle braking systems
and the tire-pavement friction levels of most roadways are capable of providing a deceleration of at least 11.2 ft/s2
(3.4 m/s2). The friction available on most wet pavement surfaces and most vehicle braking systems are capable of
providing braking friction that exceeds this deceleration rate.
In computing and measuring stopping sight distances, the height of the driver’s eye is defined as
3.5 ft (1080 mm) above the pavement, and the height of the object the driver needs to see is 2.0 ft (600 mm), which
is representative of automobile headlights and taillights.
Table 2-5.08A summarizes the stopping sight distance data for wet pavement on level terrain.
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Table 2-5.08A
STOPPING SIGHT DISTANCES ON LEVEL TERRAIN
U.S. Customary
Design
speed
(mph)
30
35
40
45
50
55
60
65
70
75

Perception
/ reaction
distance
(ft)
110.3
128.6
147.0
164.4
183.8
202.1
220.5
238.9
257.3
275.6

Metric

Stopping sight distance

Braking
distance
(ft)

Calculated
(ft)
196.7
246.2
300.6
359.8
423.8
492.4
566.0
644.4
727.6
815.5

86.4
117.6
153.6
194.6
240.0
290.3
345.5
405.5
470.3
539.9

Design
(ft)
200
250
305
360
425
495
570
645
730
820

Design
speed
(km/h)
50
60
70
80
90
100
110
120

Perception
/ reaction
distance
(m)
34.8
41.7
48.7
55.6
62.6
69.5
76.5
83.4

Braking
distance
(m)
28.7
41.3
56.2
73.4
92.9
114.7
138.8
165.2

Stopping sight distance
Calculated
(m)
63.5
83.0
104.9
129.0
155.5
184.2
215.3
248.6

Design
(m)
65
85
105
130
160
185
220
250

Note: Perception/reaction distance predicated on a time of 2.5 s; deceleration rate of 11.2 ft/s2 (3.4 m/s2) used to
determine calculated sight distance.
2-5.08.01.01 Stopping Sight Distances on Grades
Increases or decreases in the level braking distances in Table 2-5.08A are warranted for grades of 3
percent or more. The braking distance formula(d2) should be modified as follows:

𝑑2 =
𝑑2 =

30�

𝑉2

(U.S. Customary)

𝑎
+ 𝐺�
32.2

254�

𝑉2

𝑎
+ 𝐺�
9.81

(Metric)

where:
G = the grade expressed as a decimal (e.g. 6 percent is 0.06). Downgrades are negative and
upgrades are positive.
All other terms are as stated in the stopping sight distance equation.
Table 2-5.08B provides the adjusted stopping sight distances due to grade assuming wet pavement
conditions.
Table 2-5.08B
STOPPING SIGHT DISTANCES ON GRADES
U.S. Customary
Stopping sight distance (ft)
Downgrades
Upgrades

Design
speed
(mph)

3%

6%

9%

3%

6%

9%

30
35
40
45
50
55
60
65
70
75

205
257
315
378
446
520
598
682
771
866

215
271
333
400
474
553
638
728
825
927

227
287
354
427
507
593
686
785
891
1003

200
237
289
344
405
469
538
612
690
772

184
229
278
331
388
450
515
584
658
736

179
222
269
320
375
433
495
561
631
704

Metric
Stopping sight distance (m)
Downgrades
Upgrades

Design
speed
(km/h)

3%

6%

9%

3%

6%

9%

50
60
70
80
90
100
110
120

66
87
110
136
164
194
227
263

70
92
116
144
174
207
243
281

74
97
124
154
187
223
262
304

61
80
100
123
148
174
203
234

59
77
97
118
141
167
194
223

58
75
93
114
136
160
186
214
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2-5.08.02

Passing Sight Distance
On two-lane highways, passing maneuvers – in which faster vehicles overtake slower vehicles –
must be accomplished on lanes used by opposing traffic. Passing sight distance (PSD) is that distance needed for
drivers to assess whether to initiate, continue and complete or abort such a passing maneuver.
If passing is to be accomplished without interfering with an opposing vehicle, the passing driver
should be able to see a sufficient distance ahead, clear of traffic, so the passing driver can decide whether to initiate
and to complete the passing maneuver without cutting off the passed vehicle before meeting an opposing vehicle
that appears during the maneuver. When appropriate, the driver can return to the right lane without completing the
pass if he or she sees opposing traffic is too close when the maneuver is only partially completed.
Minimum passing sight distances for use in design are based on the minimum sight distances
presented in the MUTCD as warrants for no-passing zones on two-lane highways. Design practice should be most
effective when it anticipates the traffic controls (i.e., passing and no-passing zone markings) that will be placed on
the highways. The potential for conflicts in passing operations on two-lane highways is ultimately determined by the
judgments of drivers that initiate and complete passing maneuvers in response to (1) the driver's view of the road
ahead as provided by available passing sight distance and (2) the passing and no-passing zone markings.
The design values for passing sight distance are presented in Table 2-5.08C. For this application,
an eye height of 3.5 ft (1080 mm) and object height of 3.5 ft (1080 mm) are used.

Table 2-5.08C
PASSING SIGHT DISTANCES FOR THE DESIGN OF TWO-LANE HIGHWAYS
U.S. Customary
Design
speed
(mph)
30
35
40
45
50
55
60
65
70
75

Assumed speeds
(mph)
Passed
vehicle

Passing
vehicle

18
23
28
33
38
43
48
53
58
63

30
35
40
45
50
55
60
65
70
75

Metric

Passing sight distance
(ft)

500
550
600
700
800
900
1000
1100
1200
1300

Design
speed
(km/h)
50
60
70
80
90
100
110
120

Assumed speeds
(km/h)
Passed
vehicle

Passing
vehicle

31
41
51
61
71
81
91
101

50
60
70
80
90
100
110
120

Passing sight distance
(m)

160
180
210
245
280
320
355
395

Passing sight distance applied in design should be based on a single passenger vehicle passing a
single passenger vehicle. While there may be occasions to consider multiple passings – where two or more vehicles
pass or are passed – it is not practical to assume such conditions under typical circumstances.
Vertical alignment needs to be coordinated with horizontal alignment and cross section design so
that, where passing sight distance is intended to be provided, it is available in all three dimensions. Conversely,
where horizontal obstructions limit sight distances, providing a vertical alignment based on attaining passing sight
distance may not be beneficial.
The frequency and length of passing opportunities have an important influence on the level of
service of two-lane highways. Passing opportunities should be provided frequently and be as long as practical,
though subject to physical and cost limitations. In challenging terrain, it may be more economical to construct
intermittent four-lane passing sections with stopping sight distance instead of two-lane sections with passing sight
distance. See Provisions For Passing in Chapter 3. Analytical procedures are available in the Highway Capacity
Manual (HCM) to determine level of service considering the passing sight distance profile of a design alternative.
These procedures can be used to assess the benefit of providing various extents of passing sight distance or 4-lane
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passing sections. It should be noted that passing sections shorter than 400 to 800 feet have been found to contribute
little to operational performance of 2-lane highways and should be excluded in these analyses.
2-5.08.03

Decision Sight Distance
Although providing stopping sight distance is usually sufficient under ordinary circumstances, it
can be inadequate when drivers must make complex decisions, when information is difficult to perceive or when
unexpected or unusual maneuvers are required. In these circumstances, providing longer sight distances can allow
drivers to make evasive maneuvers rather than a full stop, often involving less risk and being otherwise preferable to
stopping.

Decision sight distance is the distance needed for a driver to detect an unexpected or difficult-toperceive condition, recognize the condition and its potential threat, select an appropriate speed and path, and
perform the maneuver safely and efficiently. Drivers need decision sight distances whenever there is likelihood for
error in information reception, decision-making, or control actions. Examples of situations where these kinds of
errors are prone to occur include interchange and intersection locations where unusual or unexpected maneuvers are
required, changes in cross section (such as lane drops), and areas of concentrated demand where there is visual noise
from competing sources of information (e.g. roadway elements, traffic control devices or extra-roadway
distractions).
The application of decision sight distance to highway design should be individually assessed at
each location and subject to engineering judgment, feasibility, site constraints, and cost-effectiveness. For most
practical purposes, providing a 10-second decision time – from the initial detection point to the location of the
critical feature, based on design speed – is adequate. Use of values more than or less than 10 seconds may be judged
appropriate as circumstances dictate.
For design purposes, the height of eye is 3.5 ft (1080 mm); the height of object is considered a
variable, depending on the nature of the condition. Possible applications for decision sight distance and the
corresponding object height are shown by the following examples:
1.
2.

3.

For deceleration lanes at freeway interchanges, decision sight distance should desirably be
provided to the beginning of the striped gore area; the height of object should be 0 ft (0 mm).
For conditions where decision sight distance is to be applied and taillights would be the
critical feature or source of information to the driver – as may be the case at an intersection –
the height of object should be 2 ft (600 mm).
For a driveway or minor road where intersection sight distance criteria is not deemed fully
applicable, decision sight distance can be applied as an alternative criterion; in these cases, the
height of object should be 4.25 ft (1300 mm).

In cases where providing 10-second decision sight distance is desired but not practical, special
geometric, signing and/or delineation measures should be considered to aid in drivers’ perception and decision
making.
2-5.09

Terrain
Topography has great influence on the alignment and design speed of roads and streets. Although
it affects horizontal alignment, its effects are more evident on vertical alignment. To characterize variations,
topography is broken into three classifications for the purposes of highway design: level, rolling, and mountainous.
Level terrain generally permits the construction of a highway grade that fits the existing
topography with minimal vertical departure from adjacent ground elevation. Sight distances are generally long or
can be made long without construction difficulty or major expense.
Rolling terrain is characterized by highway grades requiring substantial soil excavation and fill
operations to satisfy design criteria. In rolling terrain, natural slopes alternately rise and fall above and below the
roadway grade. Occasional steep slopes may offer restrictions on vertical and horizontal alignments.
Mountainous terrain describes dramatic landforms with abrupt vertical relief, usually
predominated by exposed bedrock. Mountainous topography poses significant challenges to highway construction,
often necessitating benching and terraced rock cuts to obtain adequate alignments. Natural ground elevations with
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respect to the highway grade will be greatly variable and sometimes precipitous. Steep grades and sight distance
restrictions are common.
Terrain classifications should pertain to the general character of the specific route corridor, not the
geographic area. For example, a road constructed in a mountainous area but traversing a level stretch of topography
should be designed using controls for level terrain.

2-5.10

Crash Data
A review of the crash history within project limits is an integral part of the design of any project.
In particular, the designer should review high crash clusters, highway segment crash listings, and intersection crash
listings provided by the Transportation Information System (TIS). The crash data is an important tool available to
identify hazardous locations that may warrant corrections within the project limits. The TIS will provide data such
as crash clusters, intersection or interchange crashes, roadway segment crashes, and crash characteristic listing
reports. These data can then be used to develop intersection collision diagrams and strip collision diagrams, which
are excellent analytical tools to identify safety deficiencies within the proposed project limits. The District Traffic
Office also has information that can estimate the likely crash reduction of a proposed countermeasure and the
benefit-cost ratio of the improvement.

The MnDOT Office of Traffic Engineering can prepare crash report summations for many data
elements on the crash form. These data are disseminated to the districts, cities, counties, and individuals upon
request. The Districts are responsible for maintaining trunk highway crash records in their area and to identify and
analyze all locations with high crash history. Some cities maintain up-to-date crash spot maps, by either the police
department or the engineering department.
The MnDOT Traffic Engineering Manual (TEM) Chapter 11, Traffic Crash Surveillance, provides
a more thorough discussion of crash data availability and analysis.
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2-6.0

DESIGN STANDARDS
Highway design standards are divided into two categories: critical design elements and general
design elements. The following sections define these two categories and explain how they are applied to projects.
Design elements are also listed with references to specific areas of the Road Design Manual and other sources for
further information.
2-6.01

Critical Design Elements
The Federal Highway Administration (FHWA) designates ten critical design elements of primary
importance to geometric design due to their effects on roadway safety and traffic operation. MnDOT designates one
additional critical element—Ramp Length—due to its operational effect on mainline highways. Except as noted,
they are applicable only on facilities with design speeds of 50 mph [80 km/h] or higher. They are as follows:
1. Design Speed
This criterion applies to the full range of design speeds.
Refer to 2-5.06.01 for general information and requirements.
This is a fundamental design control, upon which standard values for all design speeddependent elements are based. For this reason, FHWA states that design exceptions for
Design Speed “should be extremely rare.” Normally, a design speed value within the specified
allowable range is selected, and individual design elements not meeting the associated criteria
are cited as design exceptions. There are cases, however, where classification of an entire
highway corridor or segment using a nonstandard design speed value is most representative of
the road, its attributes and context, and is therefore appropriate.
2. Lane Width
Refer to Technical Memorandum No. 18-08-TS-06 for design requirements and general
information.
3. Shoulder Width
Refer to Technical Memorandum No. 17-12-TS-05 for design requirements and general
information.
4. Horizontal Curve Radius
Refer to Chapter 3 for general information and requirements.
5. Superelevation Rate
Superelevation exceeding the maximum rates designated in Chapter 3 requires a design
exception.
6. Stopping Sight Distance
Refer to 2-5.08.01 for general information and requirements.
7. Maximum Grade
Refer to Chapter 3 for general information and requirements.
8. Cross Slope
Refer to Chapter 4 for general information and requirements.
9. Vertical Clearance
Refer to MnDOT LRFD Bridge Design Manual for design requirements and general
information.
10. Design Loading Structural Capacity
This criterion applies to the full range of design speeds.
For new construction/reconstruction projects, any new or existing bridge that does not meet
the standard loading requires a design exception. As with Design Speed, FHWA states that
exceptions to this criterion should be extremely rare. For preservation projects, any existing
bridge that fits the horizontal and vertical alignment of the roadway may remain in place
without any requirements for structural capacity. For improvement projects, bridges should
meet the minimum inventory load requirements of the MnDOT Bridge Preservation,
Improvement and Replacement Guidelines. A design exception is required if the bridge does
not meet these guidelines.
11. Ramp Length
This criterion applies to the full range of ramp, loop and mainline design speeds. Chapter 6 as
amended by Technical Memorandum No. 19-01-TS-01 provides standard acceleration and
deceleration lengths for ramps and loops.
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For preservation projects, the design standards for the critical elements are the existing conditions
or the new construction / reconstruction standards, whichever is less. Preservation standards are not applicable on
freeways; in other words, the design standard for preservation-type projects on freeways is the new construction /
reconstruction standard. The MnDOT Bridge Preservation, Improvement and Replacement Guidelines document
contains the bridge preservation design standards.
Where the new construction / reconstruction or preservation standards for the critical design
elements cannot be attained, a formal design exception is required. The consideration given to safety, maintenance,
or other improvements as part of preservation projects should be addressed in the appropriate project documents.
2-6.02

General Design Elements
There are many general design elements that are common to most projects. These elements and the
typical design values, policies, and practices that have been developed for them are referenced below.

General design elements included in new construction/reconstruction projects should normally
meet the standard value for that element. Preservation projects may modify these elements as warranted to correct
performance deficiencies. Although designers do not have to document design exceptions if these standards cannot
be met, they must discuss any judgments and decisions in the project documents.
The following list includes some of the general design elements that are often encountered:
Alleys
For information, refer to AASHTO guidelines.
Backslopes
Refer to Chapter 4 for design guidance, requirements, and ditch traversability guidelines.
Bikeways
Refer to Chapter 11, the MnDOT Bicycle Facility Design Manual, and the Minnesota GO
Statewide Bicycle System Plan for design assistance, requirements, and route designations.
Clear Zone
Refer to Chapters 4 and 10 and AASHTO’s “Roadside Design Guide” for design information,
guidance, and requirements.
Climbing Lanes
Refer to Chapter 3 for design guidelines and requirements.
Continuous Rumble Strips
Refer to Chapter 4 for design guidance and general information.
Curbs
Refer to Chapter 4 for design guidance and requirements.
Curb Ramps
Refer to Chapter 11 and Standard Plans .200 series for design guidance and requirements.
Drainage
Refer to Chapter 8 for design guidance.
Entrances and Driveways
Refer to Chapter 5 for design guidance and requirements.
Erosion Control
Refer to Chapter 8 for design guidance on current practices.
Frontage Roads
Refer to Chapters 4 and 6 for proper design and location of frontage roads.
Roadside Slopes
Refer to Chapter 4 for design requirements and general guidance.
Interchanges
Refer to Chapter 6 for design guidance and information.
Intersections
Refer to Chapter 5 for design criteria and general information.
Lighting
Refer to Chapter 10 and the MnDOT Traffic Engineering Manual for design information.
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Mailbox Supports
Refer to Chapter 11 for design guidance and requirements.
Medians
Refer to Chapter 4 for information on medians. Refer to Chapter 5 for information on median
openings.
Noise Abatements
Refer to Chapter 11 for design guidance and information.
Operational Improvements to Two-Lane Highways (Passing Lane Sections)
Refer to Chapter 3 for design guidance and general information.
Park and Ride Facilities
Refer to Chapter 11 for design information. Park and ride facilities are desirable at locations where
it is beneficial for commuters to park and use public transit or ride share.
Parking Lanes
Refer to Technical Memorandum No. 17-12-TS-05 for design information. Parking lanes may be
provided on low-speed urban and suburban facilities.
Pedestrian Traffic and Crossings
Refer to Chapter 11 and the MnDOT Traffic Engineering Manual for design guidance and
information.
Rail Crossings
Refer to Chapter 11 for design guidance and information.
Rest Areas
Refer to Chapter 11 for design information. Rest areas are desirable on facilities with long
distances between towns. Rest areas provide a safe area to recover from the effects of fatigue.
Retaining Walls
Refer to Chapter 9 for design guidance and information.
Sidewalk
Refer to Chapter 11 for widths, location, and general information.
Sight Distances
Refer to Section 2-5.08 for definitions. Refer to Chapter 3 for application to horizontal and vertical
curves.
Signals
Refer to the MnDOT Traffic Engineering Manual for design guidance and general information.
Signing and Marking
Refer to the MnDOT Traffic Engineering Manual for guidance and general information.
Special Freeway Designs
Several examples exist in the AASHTO publication “A Policy on Geometric Design of Highways
and Streets” including reverse-flow freeways, dual-divided freeways, collector/distributor roads,
and exclusive bus and high-occupancy vehicle (HOV) lanes.
Terminals (Turn Arounds, Cul-de-Sacs, etc.)
Refer to Chapter 4 of the Road Design Manual and Chapter 5 of AASHTO’s “A Policy on
Geometric Design of Highway and Streets” for design guidance and general information.
Traffic Barriers
Refer to Chapter 10 for current design guidance and requirements.
Traffic Control Devices
Refer to the MnDOT Traffic Engineering Manual for guidance and standards.
Tunnels
Refer to Chapter 9 of the Road Design Manual and Chapter 4 of AASHTO’s “A Policy on
Geometric Design of Highway and Streets.”
Turf Establishment and Landscape
Refer to Chapters 8 and 11 for design guidance and requirements. Turf establishment is provided
where ground cover is disturbed.
Turn Lanes
Refer to Chapter 5 for design information and requirements.
Utilities
Refer to the MnDOT Utility Accommodation & Coordination Manual.

2-6(4)

MnDOT ROAD DESIGN MANUAL

FEBRUARY, 2020

2-6.03

Geometric Design Exceptions
When a project design includes geometric elements that fail to satisfy minimum criteria as set
forth by MnDOT policy, a design exception is required. Failure of a design to meet the standard for any of the
critical design elements requires approval of a Formal Design Exception. If the standard for any general design
element is not met, an Informal Design Exception should be documented.
2-6.03.01

Formal Design Exceptions
MnDOT's general practice is to right-size project designs, which usually satisfies standard criteria
for the critical design elements (a.k.a. controlling criteria, as defined by FHWA). However, standard values for these
elements should not be strived for at all costs. On occasion, the judicious application of good design practice and
engineering judgment—including balanced consideration of functional, modal, safety, economic, environmental and
context-related factors—involves the use of sub-standard critical design elements to fashion an appropriate solution
and achieve project goals. In these cases, formal documentation and processing of the design exceptions and their
justification is required.
U.S. Federal policy on application of design standards—as well as evaluation and approval
procedure for design exceptions—on the National Highway System is provided in rulemaking dated November 1,
2018 to the Code of Federal Regulations (CFR), Title 23. It states, "For most situations, there is sufficient flexibility
within the range of acceptable values to achieve a balanced design. However, when this is not possible, a design
exception may be appropriate. State and local agencies may consider designs that deviate from the design standards
when warranted based on the conditions, context, and consequences of the proposed projects."
Design documentation requirements for projects with or without design exceptions are provided in
the MnDOT Highway Project Development Process (HPDP) Handbook. Pertinent information such as functional
classification, traffic volume and project description are recorded, as are tabular existing and proposed values for the
critical design elements and a written justification for the exception(s).
The design exception justification should address the stated evaluation components outlined in
Federal guidance on the subject. It states, "All proposed design exceptions should be thoroughly analyzed and the
potential impacts understood before approval. The process to evaluate and justify design exceptions must be based
on an evaluation of the context of the facility (e.g., community values), needs of all the various project users, safety,
mobility (i.e., traffic performance), human and environmental impacts, project costs, and other impacts." It goes on
to outline recommended documentation elements: specific design criteria that will not be met; existing roadway
characteristics; alternatives considered; comparison of the performance of the roadway against various contextual
and environmental factors; proposed mitigation measures; and compatibility with adjacent sections of roadway. The
assembled components and supporting data should represent a compelling basis for proposed solution. A rule of
thumb for successful design exception justification is that two conditions are successfully asserted:
1.

2.

No reasonable, feasible, and practical solution can be devised to provide standard values for
the critical design elements in question, OR the selection of a non-standard value or values for
these elements is advantageous in some way or ways and results in an overall superior design.
Use of non-standard values for the elements in question will not be expected to unduly
degrade the safety or operational performance of the proposed facility for any users.

2-6.03.02

Informal Design Exceptions
As with critical design elements, the Department's policy for general design elements is to adhere
to standard design criteria where practical, reasonable, and beneficial. In cases where substandard values for general
elements are applied, some documentation of these informal design exceptions should be included in the project file.
Although the level of formality and degree of justification in documenting informal exceptions will generally be less
than for formal exceptions, compelling reasoning for the variance and considerations taken into account in the
decision-making process should always be provided.

It is understood that not every piece of design information presented in this manual or in
AASHTO publications is considered a "design standard" but would more appropriately be described as good
engineering practice. The designer should exercise judgment in discerning which general elements and design
attributes are deserving of documentation when compromised.
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DESIGN PROCEDURES

2-7.01

Design Memorandums
Design Memorandums document project design concepts, standards and exceptions, and indicate
whether a project will meet or exceed the minimum standards of the thirteen critical design elements. MnDOT’s
Highway Project Development Process Handbook contains further clarification on the use of Design Memorandums.
2-7.02

Coordination with Functional Groups
The designer is responsible for properly coordinating with functional groups by contacting them
and providing and/or receiving information and guidance concerning specific areas of a project. The functional
groups that need to be involved will vary from project to project. Some of the common ones are:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Materials;
Hydraulics / Water Resources;
Bridge;
Cooperative Agreements;
Utilities Agreements & Permits;
Special Provisions;
Engineering Cost Data & Estimating;
Surveying & Mapping;
Traffic Engineering;
Maintenance;
Construction & Innovative Contracting;
Environmental Stewardship;
Cultural Resources;
Right of Way / Land Management; and
State Aid.

2-7.03

Intermodal Coordination
The designer is responsible for properly coordinating with intermodal groups inside and outside
the Department by contacting each group that the project may affect in the present or the future. Proper
coordination with intermodal groups reduces costly mistakes and may save dollars by combining projects. The
intermodal groups are able to determine proper procedures, directions, and time frames needed to complete reviews
of each project. The intermodal offices to consider contacting for each project are:
1.
2.
3.

Freight & Commercial Vehicle Operations;
Transit and Active Transportation; and
Aeronautics.

2-7.04

Agency/Department Coordination
The designer is responsible for coordinating with the different agencies and/or departments that a
project may affect. Some of them are:
1.

2.

Federal agencies
a. United States Department of Transportation
b. U.S. Coast Guard
c. U.S. Department of Agriculture, Natural Resources Conservation Services
d. U.S. Army Corps of Engineers
e. U.S. Environmental Protection Agency
f. U.S. Fish and Wildlife Service
State agencies
a. Minnesota Historical Society
b. Minnesota Department of Natural Resources (DNR)
c. Minnesota Department of Public Safety (DPS)
d. Minnesota Pollution Control Agency (MPCA)
e. Minnesota Environmental Quality Board (MEQB)
f. Minnesota Board of Water and Soil Resources
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3.
4.
5.

6.

JULY, 2007

Counties
Municipalities
Metro and other regional groups
a. Metropolitan Council of the Twin Cities
b. Metropolitan Airports Commission (MAC)
c. Local planning agencies
d. Watershed districts
National Transportation service groups
a. American Association of State Highway and Transportation Officials (AASHTO)
b. Transportation Research Board (TRB)
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ALIGNMENT AND SUPERELEVATION
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INTRODUCTION
THE INFORMATION FOR THIS SECTION HAS BEEN INCLUDED
IN THE MnDOT FACILITY DESIGN GUIDE. REFER TO THE
FOLLOWING WEBSITE:
https://roaddesign.dot.state.mn.us/facilitydesign.aspx
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SUPERELEVATION

3-3.01

General Criteria
Superelevation, a roadway cross-slope rate designated “e,” is an integral part of the design of
horizontal curvature that allows a vehicle to safely and comfortably navigate through curves at higher speeds than
would otherwise be possible. The sharper the curve, the steeper the rate of superelevation required.
As discussed in Section 3-2.03, adopted maximum values of e and side friction factor, “f,”
establish the maximum curvatures / minimum radii associated with each design speed. For the range of curvatures
between tangent alignment (no curvature, no superelevation) and minimum radii (maximum curvature, maximum
superelevation), it is necessary to determine intermediate superelevation rates that balance e and f in some logical
way. AASHTO has established five standard methods of distributing e and f based on varied assumptions and
objectives. See AASHTO’s A Policy on Geometric Design of Highways and Streets for detailed explanations and
derivations of these methods.
Greater side friction factors and different distributions of friction and superelevation are used for
low-speed urban streets (design speed below 50 mph (80 km/h)) than for rural and high-speed urban facilities.
For low-speed urban streets, AASHTO Method 2 is used to sustain lateral acceleration. In this
method, a vehicle traveling at the design speed has all centrifugal force counteracted by side friction on curves up to
that requiring the maximum, fmax. For sharper curves, f remains at fmax, and e is used in direct proportion to the
continued increase in curvature until e reaches its maximum, emax.
On all other roadways, Method 5 is used. In this distribution, side friction and superelevation both
increase gradually for increasing rates of curvature until fmax and emax are reached simultaneously. With this method,
most of the lateral acceleration is sustained by superelevation in flatter curves, with side friction counteracting an
increasing amount of lateral acceleration in sharper curves.
The rationale for these different approaches is that drivers, through conditioning, have a higher
threshold of discomfort when reacting to centrifugal force on horizontal curves on low-speed streets than on rural
and high-speed facilities. Superelevation is thereby minimized in built-up urban areas, allowing simpler intersection
designs, yard drainage, and driveway entrances. On rural and high-speed highways (design speeds 50 mph (80 km/h)
or higher), the prescribed approach prioritizes driver comfort, which reduces cumulative strain on longer trips.
3-3.02

Rates
The maximum allowable rate of superelevation in Minnesota is 0.08 (ft/ft, m/m), which AASHTO
characterizes as a logical maximum where ice and snow are factors in design. Historically, however, Minnesota has
used a 0.06 maximum rate. To provide system-wide consistency, the design values herein use emax = 0.06 as the
basis for Method 5 distributions, but they also provide flexibility to use up to a 0.08 superelevation rate where
sharper curves are necessary and/or additional superelevation is judged desirable or beneficial. Maximum curvatures
/ minimum radii based on the 0.08 maximum rate may be applied even where superelevation greater than 0.06 is not
used. In most cases, superelevation rates exceeding 0.06 should be avoided on urban and suburban facilities or
where slow-moving vehicles are expected to be common.
Table 3-3.02A shows the superelevation rates for rural and high-speed roadways based on the
approach and discretionary flexibility explained above. For very flat curvature, the normal crown is maintained
throughout the curve, with a small amount of adverse side friction considered tolerable. This is denoted by “NC” in
the table. Table 3-3.02B provides the exact maximum curvatures (minimum radii) for use with a normal crown as
well as the associated adverse friction factors. As the curvature becomes slightly sharper, it is sufficient to
superelevate the highway at the normal cross slope rate so that the highway is superelevated in a plane sloping in
one direction across the entire cross section. Table 3-2.02A denotes this situation as “RC,” or remove crown.
The design superelevation rates in Table 3-3.02A are based on various approximations including a
point-mass physical model and an assumed threshold of driver comfort. They should therefore be considered
flexible in nature. As noted in 3-2.03, the maximum side friction factors provide a generous margin against skidding
even in non-ideal circumstances, and the tabular values yield some fraction of those maximums. The AASHTO
Highway Safety Manual indicates no known safety effect of superelevation rates that deviate from these values by as
much as 0.01 (ft/ft, m/m). Departure from the tabular values may be appropriate in a variety of circumstances, most
notably intersections and the approaches to intersections, where superelevation tends to complicate grades and
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drainage and can create sight distance deficits. Additionally, where a pedestrian access route crosses a roadway (i.e.
a crosswalk), a superelevation rate exceeding 0.05 is not permitted due to Americans with Disabilities Act (ADA)
requirements. In any cases where less than the tabular values are contemplated or necessary, refer to Figure 3-3.02A,
which indicates maximum curvatures / minimum radii associated with maximum rural and high-speed friction
factors. If a resulting condition exceeds the maximum f for the design speed, an advisory speed posting may be
recommended.
Figure 3-3.02B shows the relationship between superelevation rates and curve radii based on lowspeed urban friction factors and the Method 2 distribution, up to the maximum superelevation rate of 0.04. This
applies exclusively to low-speed urban locations.
For urban streets with design speeds less than 40 mph (60 km/h), superelevation is rarely applied.
Most of the time, side friction is adequate. Even if standard minimum radii or superelevation rates are not provided,
there are no known data that would indicate a negative safety consequence for low-speed urban facilities. If
constraints dictate the use of greater than the maximum curvature or limiting friction factor for the design speed,
consider the following:
1.
2.
3.
4.

Preferably avoid using superelevation on curves, especially if it would create or worsen
drainage problems.
Make sure to meet the grades of the surrounding properties, entrances, and cross streets
without introducing grades on the main roadway that exceed the maximum longitudinal grade.
Supply sufficient transitions to and from the desired superelevation.
Weigh the use of superelevation and the attainable design speed against the construction effort
and the local municipal practice. District Traffic Engineers may recommend an advisory
posting on curves not meeting standard criteria for the selected design speed.
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Table 3-3.02A (U.S. Customary)
RATE OF SUPERELEVATION FOR RURAL AND HIGH-SPEED URBAN ROADWAYS (emax = 0.08 ft/ft)

DEGREE
OF
CURVE
(Dc)
0o

15'
0o 30'
0o 45'
1o 00'
1o 15'
1o 30'
1o 45'
2o 00'
2o 15'
2o 30'
2o 45'
3o 00'
3o 15'
3o 30'
3o 45'
4o 00'
4o 15'
4o 30'
4o 45'
5o 00'
5o 15'
5o 30'
5o 45'
6o 00'
6o 15'
6o 30'
6o 45'
7o 00'
7o 15'
7o 30'
7o 45'
8o 00'
8o 15'
8o 30'
8o 45'
9o 00'
9o 15'
9o 30'
9o 45'
10o 00'
10o 30'
11o 00'
11o 30'
12o 00'
12o 30'
13o 00'
13o 30'
14o 00'
14o 30'
15o 00'
16o 00'
17o 00'
18o 00'
19o 00'
20o 00'
20o 50'
22o 55'

CURVE
RADIUS
(R)
22,918
11,459
7,639
5,730
4,584
3,820
3,274
2,865
2,546
2,292
2,083
1,910
1,763
1,637
1,528
1,432
1,348
1,273
1,206
1,146
1,091
1,042
996
955
917
881
849
819
790
764
739
716
694
674
655
637
619
603
588
573
546
521
498
477
458
441
424
409
395
382
358
337
318
302
286
275
250

Superelevation Rate, e (ft/ft), for Indicated Design Speed
30 mph

35 mph

40 mph

45 mph

50 mph

55 mph

60 mph

65 mph

70 mph

75 mph

NC
NC
NC
NC
NC
NC
NC
RC
RC
RC
0.021
0.023
0.025
0.026
0.028
0.029
0.030
0.031
0.033
0.034
0.035
0.036
0.037
0.038
0.038
0.039
0.040
0.041
0.041
0.042
0.043
0.043
0.044
0.045
0.045
0.046
0.046
0.047
0.047
0.048
0.049
0.050
0.051
0.052
0.053
0.054
0.054
0.055
0.056
0.056
0.058
0.058
0.059
0.060
0.060
0.060
(1)
Rmin=250'

NC
NC
NC
NC
NC
RC
RC
0.021
0.023
0.025
0.027
0.029
0.030
0.032
0.034
0.035
0.036
0.038
0.039
0.040
0.041
0.042
0.043
0.044
0.045
0.045
0.046
0.047
0.048
0.049
0.049
0.050
0.051
0.051
0.052
0.053
0.053
0.054
0.054
0.055
0.056
0.057
0.057
0.058
0.059
0.059
0.060
0.060
0.060
0.060
(1)

NC
NC
NC
NC
RC
RC
0.023
0.025
0.028
0.030
0.032
0.034
0.036
0.038
0.039
0.041
0.042
0.043
0.044
0.046
0.047
0.048
0.049
0.050
0.051
0.052
0.053
0.053
0.054
0.055
0.055
0.056
0.057
0.057
0.058
0.058
0.058
0.059
0.059
0.059
0.060
0.060
(1)
(1)

NC
NC
NC
RC
RC
0.024
0.027
0.030
0.033
0.035
0.037
0.039
0.041
0.043
0.045
0.046
0.048
0.049
0.050
0.051
0.053
0.054
0.055
0.055
0.056
0.057
0.058
0.058
0.059
0.059
0.059
0.060
0.060
0.060
(1)
(1)
(1)
(1)
Dmax=9o30'

NC
NC
RC
RC
0.024
0.028
0.031
0.035
0.038
0.040
0.042
0.044
0.046
0.048
0.050
0.051
0.053
0.054
0.055
0.056
0.057
0.058
0.059
0.059
0.060
0.060
0.060
(1)
(1)
(1)
Dmax=7o30'

NC
NC
RC
0.023
0.028
0.032
0.036
0.040
0.043
0.045
0.048
0.050
0.052
0.054
0.055
0.057
0.058
0.059
0.059
0.060
0.060
(1)
(1)
Dmax=5o55'

NC
NC
0.021
0.027
0.032
0.037
0.041
0.045
0.048
0.051
0.053
0.055
0.057
0.058
0.059
0.060
0.060
(1)
(1)
Dmax=4o45'

NC
RC
0.023
0.030
0.036
0.041
0.046
0.049
0.053
0.055
0.058
0.059
0.060
(1)
(1)
Dmax=3o50'

NC
RC
0.026
0.033
0.040
0.046
0.051
0.055
0.057
0.059
0.060
(1)
Dmax=3o05'

NC
RC
0.029
0.037
0.044
0.051
0.056
0.059
0.060
(1)
Dmax=2o35'

Dmax=16o15'

KEY TO TABLE
Rmin
Dmax
NC
RC

Minimum radius of curve
Maximum degree of curve
Normal Crown
Remove Crown

Dmax=12o20'

NOTES:
(1) Superelevation rate from 0.06 to 0.08 ft/ft
may be used at the designer’s discretion.
Refer to 3-3.02 for background and
guidance.
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Table 3-3.02A (Metric)
RATE OF SUPERELEVATION FOR RURAL AND HIGH-SPEED URBAN ROADWAYS (emax = 0.08 m/m)

CURVE
RADIUS
(R)
5,000
3,000
2,500
2,000
1,500
1,200
1,000
900
800
750
700
650
600
550
500
475
450
425
400
375
350
325
300
275
250
240
230
220
210
200
190
180
170
160
150
140
130
125
120
115
110
105
100
95
90
85

Superelevation Rate, e (m/m), for Indicated Design Speed
50 km/h

60 km/h

70 km/h

80 km/h

90 km/h

100 km/h

110 km/h

120 km/h

NC
NC
NC
NC
NC
NC
RC
RC
RC
RC
0.021
0.023
0.024
0.026
0.028
0.029
0.030
0.031
0.033
0.034
0.035
0.037
0.039
0.040
0.042
0.043
0.044
0.045
0.046
0.047
0.048
0.049
0.050
0.052
0.053
0.054
0.056
0.057
0.057
0.058
0.059
0.059
0.060
0.060
(1)
(1)
Rmin = 82.5 m

NC
NC
NC
NC
NC
RC
0.021
0.023
0.025
0.026
0.028
0.029
0.031
0.033
0.035
0.036
0.037
0.039
0.040
0.041
0.043
0.044
0.046
0.048
0.050
0.051
0.052
0.053
0.054
0.055
0.056
0.057
0.058
0.059
0.059
0.060
(1)
(1)
Rmin = 125 m

NC
NC
NC
NC
RC
0.022
0.026
0.028
0.031
0.032
0.034
0.036
0.038
0.040
0.042
0.043
0.044
0.045
0.047
0.048
0.050
0.052
0.053
0.055
0.057
0.058
0.058
0.059
0.059
0.060
(1)
(1)
(1)
Rmin = 170 m

NC
NC
NC
RC
0.022
0.027
0.031
0.034
0.036
0.038
0.040
0.042
0.043
0.046
0.048
0.049
0.050
0.052
0.053
0.055
0.056
0.058
0.059
0.060
(1)
(1)
(1)
Rmin = 230 m

NC
NC
RC
0.021
0.027
0.032
0.036
0.039
0.042
0.044
0.046
0.048
0.050
0.052
0.055
0.056
0.057
0.058
0.059
0.060
0.060
(1)
Rmin = 310 m

NC
RC
RC
0.025
0.032
0.038
0.043
0.046
0.049
0.051
0.053
0.054
0.056
0.058
0.059
0.060
0.060
(1)
Rmin = 405 m

NC
RC
0.023
0.029
0.036
0.043
0.049
0.052
0.055
0.057
0.058
0.059
0.060
(1)
Rmin = 520 m

NC
RC
0.027
0.033
0.042
0.050
0.055
0.058
0.060
(1)
(1)
Rmin = 665 m

KEY TO TABLE
Rmin
NC
RC

Minimum radius of curve
Normal Crown
Remove Crown

NOTES:
(1) Superelevation rate from 0.06 to 0.08 m/m
may be used at the designer’s discretion.
Refer to 3-3.02 for background and
guidance.
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Table 3-3.02B (U.S. Customary)
MAXIMUM CURVATURE FOR NORMAL CROWN SECTION
Rural and High-Speed Urban Roadways
Incurred Adverse Side
Friction Factor (f)

Design
Speed,
mph
30
35
40
45
50
55

Maximum
Degree Of
Curve
1o 49'
1o 23'
1o 05'
0o 52.5'
0o 43.4'
0o 36.3'

Minimum
Curve
Radius, ft
3,150
4,130
5,250
6,500
7,890
9,430

0.015 Normal
Cross Slope
0.034
0.035
0.035
0.036
0.036
0.036

0.02 Normal
Cross Slope
0.039
0.040
0.040
0.041
0.041
0.041

60
65
70
75

0o 30.6'
0o 27.3'
0o 24.3'
0o 21.6'

11,100
12,500
14,000
15,700

0.037
0.037
0.038
0.039

0.042
0.042
0.043
0.044

Table 3-3.02B (Metric)
MINIMUM RADIUS FOR NORMAL CROWN SECTION
Rural and High-Speed Urban Roadways
Incurred Adverse Side
Friction Factor (f)

Design
Speed,
km/h
50
60

Minimum
Curve
Radius, m
1,050
1,440

0.015 Normal
Cross Slope
0.034
0.035

0.02 Normal
Cross Slope
0.039
0.040

70
80
90
100
110
120

1,900
2,360
2,870
3,520
4,080
4,770

0.035
0.036
0.037
0.037
0.038
0.039

0.040
0.041
0.042
0.042
0.043
0.044
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MAXIMUM SPEED ON HORIZONTAL CURVES
BASED ON MAXIMUM (RURAL) FRICTION FACTORS
For special designs in restrictive conditions
Figure 3-3.02A (U.S. Customary)
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MAXIMUM SPEED ON HORIZONTAL CURVES
BASED ON MAXIMUM (RURAL) FRICTION FACTORS
For special designs in restrictive conditions
Figure 3-3.02A (Metric)
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SUPERELEVATION RATES FOR LOW-SPEED URBAN STREETS
Figure 3-3.02B (U.S. Customary)

SUPERELEVATION RATES FOR LOW-SPEED URBAN STREETS
Figure 3-3.02B (Metric)
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3-3.03

Superelevation Transition
To meet the requirements of comfort and safety, superelevation should be introduced and removed
uniformly over the length adequate for the likely travel speeds. The total length of the transition is a function of the
amount of superelevation, the width of the pavement, and the rate of transition. The design factors to consider when
developing superelevation are listed below:
1.

2.

3.

Tangent runout is a gradual change from a normal crown section to a point where the adverse
cross slope of the lane (or lanes) on the outside of the curve has been removed and that portion of
the cross section is level. The removal rate is usually the same as the superelevation runoff rate.
Superelevation runoff is a gradual change from the end of the tangent runout to a cross section that
is fully superelevated. The transition rate is the relative gradient (slope) between an edge of
pavement or a lane line of rotation, and the axis of rotation, also known as the “hip point,” which is
usually the profile grade location. The desirable rate of transition is 1:400 for most two-lane
highways and other roads where a two-lane pavement is rotated about the centerline. Where
conditions are restrictive, a 1:400 transition rate may not be practical. In these cases the following
values may be used as maximums for one lane of rotation: 1:125 for 20 mph (30 km/h); 1:150 for
30 mph (50 km/h); 1:175 for 40 mph (70 km/h); 1:200 for 50 mph (80 km/h) and greater. These
values result in a more abrupt rollover and will not be as aesthetically pleasing as a 1:400 but are
considered tolerable for driver comfort.
The formulas below show computation of the lengths of the superelevation runoff and tangent
runout for two-lane highways when one lane is superelevated on each side of the hip point.
Tangent runout distance =

𝑊𝑊 × 𝑒𝑒𝑡𝑡𝑡𝑡𝑡𝑡
𝑆𝑆

Superelevation runoff distance =
Where:
S
W
etan
e

=
=
=
=

𝑊𝑊 × 𝑒𝑒
𝑆𝑆

Longitudinal slope, ft/ft (m/m)
Lane width (table is based on 12 ft (3.6 m)
Rate of cross slope on tangent, ft/ft (m/m)
Rate of superelevation required, ft/ft (m/m)

Example: Design speed = 60 mph (100 km/h)
R

=

S

=

W =
etan =
e =

Radius of curve = 2625 ft (800 m)
1

200

or 0.005 (ft/ft, m/m) (restrictive condition)

12 ft (3.6 m)
0.02 (ft/ft, m/m)
0.049 (ft/ft, m/m)

Solution: Tangent runout = 200 x 12 x 0.02 = 48.0 ft (200 x 3.6 x 0.02 = 14.40 m)
Superelevation runoff = 200 x 12 x 0.049 = 117.6 ft (200 x 3.6 x 0.049 = 35.28 m)
4.

5.

When rotating more than one lane and/or shoulder on the same side of the hip point (as is the case
on many multi-lane facilities), increase the transition lengths beyond what is required for two-lane
roads. Multiply the adjustment factors in Table 3-3.03 by the prescribed value of W used in the
runoff rate formula 𝐿𝐿

=

𝑊𝑊 × 𝑒𝑒
𝑆𝑆

(where W = 12 ft (3.6 m)) to determine both maximum runoff rates.

On simple curves, 67 percent of the superelevation runoff should normally be developed on the
tangent and 33 percent on the circular curve. This ratio is a compromise between placing all the
transition on the tangent section (where superelevation is not needed) and placing all the transition
on the curve (where full superelevation is needed). Adjustments to this distribution may be
necessary to accommodate bridge approaches or other restrictions. AASHTO suggests a range of
60 to 90 percent of the runoff placed on the tangent is acceptable. When the beginning location of
superelevation is changed, use Figure 3-3.02A to determine if adequate superelevation is
maintained at the point of curvature (PC) and/or point of tangency (PT) of the curve.
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6.
7.

8.

9.
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On spiral curves, the superelevation runoff transition is normally within the entire length of
the spiral (TS to SC and CS to ST).
Where the axis of rotation for superelevation is at the median edge of pavement, as in
Figure 3-3.04E, apply the computed superelevation runoff length for a four-lane divided
highway.
Where the axis of rotation for superelevation is at the median edge of pavement for six- and
eight-lane roadways, use the tangent runout and superelevation runoffs given on Figures
3-3.04F and G and vary them according to the amount of superelevation applied.
Chapter 4 contains information on cross sections that is relevant to the development of
superelevation.

At times, the superelevation transition rate or beginning location of superelevation may need to be
altered due to restrictive conditions. Some suggestions to accomplish alterations are listed below.
1.
2.
3.

Change the size or placement of the curve.
Change the starting point of the transition by changing the rate of transition.
Move the starting point off the bridge and approach panel, changing the 67 percent / 33
percent transition split.
U.S. CUSTOMARY AND METRIC
Number of
Adjustment
Lanes Rotated
Factor
1
1.0
2
1.5
3
2.0
4
2.5
ADJUSTMENT FACTOR FOR NUMBERS OF LANES ROTATED

Use when rotating more than one lane and/or shoulder to determine maximum runoff rates for superelevation transition.

Table 3-3.03 (Dual Unit)
3-3.04

Axis of Rotation
When superelevation is needed on a curve, the designer must establish a point on the cross section
that the cross slope will gradually be rotated around to change to the specified superelevated slope. The location of
this point varies with the basic characteristics of the typical section.
1.

2.

3.

4.

For two-lane and undivided highways, the axis of rotation should be at the crown ("hip"
point) of the roadway. If control is needed, the axis may be at the edge of the outside or
inside lane or gutter flow line if desired.
On divided highways with relatively wide depressed medians, the axis of rotation can be at
the hip point of each roadway or at the edge of the lane or shoulder nearest the median of each
roadway. Placing the axis at the hip point results in median edges at different elevations, but
reduces the elevation differential between extreme pavement edges. If the highway will be
widened in the future, it is desirable to rotate about the inside lane or shoulder.
On divided highways with narrow, raised medians, the axis of rotation should be at the edge
of the lane or shoulder nearest the median of each roadway. If an at-grade crossing is located
on the superelevated curve, the impact on intersecting traffic should be considered in selecting
the axis of rotation. A special design may be necessary. Use Figure 3-3.02A to determine if
adequate superelevation is provided.
On divided highways with concrete median barriers, the criteria presented in number 3 above
will apply, but the rotation should occur at the barrier gutter, otherwise a stepped barrier may
be required.
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Figures 3-3.04A through G illustrate how to rotate a pavement to develop superelevation on various
types of highways with their appropriate transition rates and axes of rotation. Actual cross slopes may vary by
current standards or specific conditionsthat will affect the tangent runout and superelevation runoff lengths. The
above criteria and the figures describe the general treatment for axis of rotation. Selecting a different axis may be
desirable or necessary at specific site conditions due to drainage, grades, ground profile, or aesthetics. In these
cases, use:
1. Figure 3-3.04A: superelevation of a two-lane highway where the axis of rotation is at the hip
point;
2. Figure 3-3.04B: superelevation of a three-lane highway with horizontal curve to the right where
the axis of rotation is at the hip point;
3. Figure 3-3.04C: superelevation of a three-lane highway with horizontal curve to the left where the
axis of rotation is at the hip point;
4. Figure 3-3.04D: superelevation of a four-lane undivided highway where the axis of rotation is at
the hip point;
5. Figure 3-3.04E: superelevation of a four-lane divided highway without inside shoulders where the
axis of rotation is at the median edge of pavement;
6. Figure 3-3.04F: superelevation of a six-lane divided highway with inside shoulders where the axis
of rotation is at the median edge of pavement (also see Standard Plans Manual), and;
7. Figure 3-3.04G: superelevation of an eight-lane divided highway with inside shoulders and
concrete median barriers (CMB) where the axis of rotation is at the inside edge of the CMB (also
see Standard Plans Manual).
3-3.05

Shoulder Superelevation
1. As discussed in Chapter 4, shoulders generally slope away from the travel lanes, although narrow
paved shoulders may slope with the adjacent lane. Shoulders on bridges and some interchange
ramps will also slope with the adjacent traveled way; refer to Chapters 9 and 6 respectively.
2. On superelevated highways with shoulders, slope the high-side shoulder away from the through
lanes at a minimum slope of 0.01 (ft/ft, m/m). Slope the low-side shoulder at the same rate as the
through lanes where the superelevation rate exceeds the typical shoulder cross slope.
3. The algebraic difference between the through-lane slope and the high-side shoulder slope should
normally not exceed 0.07. Where the travel lane superelevation rate exceeds 0.06, the algebraic
difference may vary up to a standard maximum of 0.08. Refer to 4-4.01.02 for guidance on the use
of non-standard cross slope breaks to accommodate superelevation rates up to 8 percent.

3-3.06

Right- and Left-Turn Lanes
1. Turn lanes on the low side of superelevated roadways should have the same cross slope as the
adjacent travel lanes.
2. Turn lanes on the high side of superelevated roadways should ideally slope away from the
adjacent travel lane at the normal tangent section cross slope; however, the algebraic difference
between the through lane and turn lane cross slopes should be limited to 0.04 (ft/ft, m/m)
desirable, 0.05 maximum.
a. It is preferable to provide the normal tangent cross slope in the turn lane, even where
it is necessary to exceed the 0.04 desirable cross slope break.
b. The turn lane cross slope may vary to a minimum of 0.01 in order to accommodate a
through-lane superelevation rate up to 0.04 (maximum cross slope break of 0.05).
c. Superelevation rates exceeding 0.04 will typically require the high-side turn lane to
slope toward the travel lanes. This is undesirable from the standpoint of surface
drainage and should therefore be avoided where practical. Designers should exercise
appropriate flexibility with superelevation rates in order to avoid this condition.
Refer to 3-3.02 for guidance. Marginal deviation from standard rates may also be
appropriate to limit the cross slope break to the 0.04 desirable maximum.
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SUPERELEVATION 2-LANE HIGHWAY
Axis Of Rotation At “Hip Point”

OCTOBER, 1999

OCTOBER, 1999
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Figure 3-3.04A
SUPERELEVATION 3-LANE HIGHWAY (RIGHT)
Axis Of Rotation At “Hip Point”
Figure 3-3.04B

3-3(13)

3-3(14)

ROAD DESIGN MANUAL (ENGLISH)

SUPERELEVATION 3-LANE HIGHWAY (LEFT)
Axis Of Rotation At “Hip Point”
Figure 3-3.04C
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SUPERELEVATION 4-LANE UNDIVIDED HIGHWAY
Axis Of Rotation At “Hip Point”
Figure 3-3.04D
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OCTOBER, 1999

SUPERELEVATION 4-LANE DIVIDED HIGHWAY (NO INSIDE SHOULDER)
Axis Of Rotation At Medium Edge Of Pavement
Preferred Design
Figure 3-3.04E(1)
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SUPERELEVATION 4-LANE DIVIDED HIGHWAY (NO INSIDE SHOULDER)
Axis of Rotation at Median Edge of Pavement
Alternate Design
Figure 3-3.04E(2)
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OCTOBER, 1999

SUPERELEVATION 4-LANE DIVIDED HIGHWAY (NO INSIDE SHOULDER)
Axis of Rotation at Median Edge of Pavement (Alternate Design)
Figure 3-3.04E(3)
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SUPERELEVATION 6-LANE DIVIDED HIGHWAY (INSIDE SHOULDER)
Axis of Rotation at Median Edge of Pavement
Figure 3-3.04F
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SUPERELEVATION 8-LANE DIVIDED HIGHWAY (INSIDE SHOULDER)
Axis of Rotation at Inside Edge of Median Barrier
Figure 3-3.04G
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3-3.07

Deceleration Lane
Development of superelevation of the deceleration lane is to be accomplished according to
Figure 3-3.07A, with the following supplements:
Superelevation runoff should be accomplished in a distance determined by a transition rate of
1:200 maximum.
A grade should be laid on the outer edge of the deceleration lane and ramp that will result in a
smooth profile.
3-3.08

Acceleration Lane
Development of superelevation of the acceleration lane is to be accomplished according to
Figure 3-3.08A, with the following elaboration:
If superelevation is required on the ramp, it is developed so that the ramp superelevation is equal
to 0.67er at the gore nose (Point B).
The superelevation of the acceleration lane should be 0.025 ft/ft at the end of the offset taper (see
Figure 6-2.04A for definition). This is a maximum distance of 289 ft and may be less according to the criteria for
acceleration lanes as presented in Section 6-2.04.
The transition length from er to 0.67er and from 0.67er to 0.02 ft/ft. should be determined by a
distance at a transition rate not to exceed 1:200.
The axis of rotation is normally about the inside edge of the acceleration lane.
If the main line curves to the right, the superelevation of the acceleration lane is the same as the
main line, but not less than 0.025 ft/ft.
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SUPERELEVATION AT DECELERATION LANE
Figure 3-3.07A

OCTOBER, 1999

OCTOBER, 1999
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SUPERELEVATION AT ACCELERATION LANE
Figure 3-3.08A
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3-4.0

VERTICAL ALIGNMENT
Vertical alignment can be the most critical element in the determination of project costs and impacts.
As a result, this type of alignment is subject to more alterations during the design process than horizontal alignment.
Vertical and horizontal alignment must be complementary and should be considered concurrently.
3-4.01

General Criteria
As with other design elements, the characteristics of vertical alignment are greatly influenced by basic
controls related to design speed, traffic volumes and composition, road classification, sight distance, natural and cultural
resources, and terrain. Within these basic controls, there are several general criteria to consider.
1. A smooth grade line with gradual changes that are consistent with the type of highway and the
character of terrain is preferable to a line with numerous breaks and short lengths of tangent
grades.
2. Often "roller-coaster" and "hidden dip" profiles are proposed in the interest of economy, but they
are aesthetically undesirable and extremely hazardous, therefore, are to be avoided.
3. One long vertical curve is better than “broken-back” grade lines, which are two vertical curves
separated by a short tangent.
4. On a long ascending grade, place the steepest grade at the bottom and flatten the grade near the
top whenever practical.
5. Maintain moderate grades through intersections to facilitate turning movements.
6. Consider truck climbing lanes when grade lengths are long and capacity is likely to be
jeopardized.
7. Consider passing sections when passing opportunities are limited.
8. Consider independent alignments when designing multi-lane divided highways because they may
include cost savings and minimal environmental impacts.
9. Consider the frequent need to maintain traffic during construction because it can affect the
profiles on a project.
3-4.02

Grades

3-4.02.01

Maximum Grades
Table 3-4.02A presents the maximum percent grades for various design speeds and topography, for
grades that are less than 500 ft (150 m) in length.
The desired maximum grade for freeways is 3% but the higher values shown in the table may be used
as conditions dictate.
In most cases, grades should be less than the maximum values. The use of the maximum grades
shown in the table for lengths in excess of 500 ft (150 m) should be avoided unless environmental or economic impacts
are prohibitive. Long maximum grades must be fully justified in the appropriate project documentation.
3-4.02.02

Minimum Grades
A longitudinal grade of 0.50 percent is a desirable minimum for all pavements to facilitate surface
drainage and avoid ponding. In cases where this ideal grade is not practical, the following criteria and guidance apply.
Horizontal and vertical alignment should be coordinated to the extent practical so that flat grades and
superelevation transitions do not coincide. Large horizontal curve radii not requiring superelevation should be
considered where terrain or constraints necessitate the use of flat or minimal grades.
On curbed roadways, a tangent grade of 0.30 percent should be considered a working minimum
during profile development, but the effects of superelevation transitions and roadway width transitions on actual gutter
grades need to be taken into account before finalizing a vertical alignment. Outside of high- and low-point vertical
curves, gutter grades flatter than 0.30 percent should be avoided where practical, especially on high-speed facilities.
On non-curbed roadways, flat grades can be acceptable if sufficient pavement cross slope is provided
to drain the surface laterally. In flat topography, a highway with a consistent grade line following the ground line,
utilizing special ditch grades to convey runoff, is superior to a “rolling” profile comprised of nominally more desirable
grade values. If practical, establishing a slight grade is desirable to move surface water longitudinally in case pavement
surface imperfections (e.g. rutting) exist.
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FUNCTIONAL CLASS
TYPE OF
ROADWAY

SETTING
RURAL

COLLECTOR1
URBAN

RURAL
ARTERIAL
NONFREEWAY

RURAL &
URBAN

1
2
3

DESIGN SPEED (mph)

TYPE OF
TOPOGRAPHY
(TERRAIN)

30

35

40

45

50

55

60

65

70

75

LEVEL
ROLLING
MOUNTAINOUS
LEVEL
ROLLING

7
9
10
9
11

7
9
10
9
10

7
8
10
9
10

7
8
10
8
9

6
7
9
7
8

6
7
9
7
8

5
6
8
6
7

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

MOUNTAINOUS
LEVEL

12
5

12
5

12
5

11
5

10
4

10
4

9
3

NA
3

NA
3

NA
3

ROLLING
MOUNTAINOUS

6
8

6
8

6
8

6
7

5
7

5
6

4
6

4
5

4
5

NA
NA

LEVEL

8

7

7

6

6

5

5

3

3

NA

URBAN

ARTERIAL
FREEWAY2,3

NOVEMBER, 2012

ROLLING

9

8

8

7

7

6

6

4

4

NA

MOUNTAINOUS
LEVEL
ROLLING

11
NA
NA

10
NA
NA

10
NA
NA

9
NA
NA

9
4
5

8
4
5

8
3
4

5
3
4

5
3
4

NA
3
NA

MOUNTAINOUS

NA

NA

NA

NA

6

6

6

5

5

NA

On one-way downgrades and on low-volume rural collectors, grades may be up to 2% steeper than those shown.
The desired maximum grade for freeways is 3%.
Grades 1% steeper than the values shown may be used in urban areas with crucial Right-of-Way constraints or as needed in
mountainous terrain.

MAXIMUM % GRADES FOR LENGTHS LESS THAN 500 FT LONG
Table 3-4.02A (U.S. Customary)

FUNCTIONAL CLASS
TYPE OF
ROADWAY

SETTING

50

60

70

80

90

100

110

120

LEVEL

7

7

7

6

6

5

NA

NA

RURAL

ROLLING

9

8

8

7

7

6

NA

NA

MOUNTAINOUS
LEVEL
ROLLING
MOUNTAINOUS
LEVEL
ROLLING
MOUNTAINOUS
LEVEL
ROLLING
MOUNTAINOUS
LEVEL
ROLLING

10
9
11
12
5
6
8
8
9
11
NA
NA

10
9
10
12
5
6
8
7
8
10
NA
NA

10
8
9
11
5
6
7
6
7
9
NA
NA

9
7
8
10
4
5
7
6
7
9
4
5

9
7
8
10
4
5
6
5
6
8
4
5

8
6
7
9
3
4
6
5
6
8
3
4

NA
NA
NA
NA
3
4
5
3
4
5
3
4

NA
NA
NA
NA
3
NA
NA
NA
NA
NA
3
NA

MOUNTAINOUS

NA

NA

NA

6

6

6

5

NA

1

COLLECTOR

URBAN

RURAL
ARTERIAL
NON FREEWAY
URBAN

ARTERIAL
FREEWAY2,3
1
2
3

DESIGN SPEED (km/h)

TYPE OF
TOPOGRAPHY
(TERRAIN)

RURAL &
URBAN

On one-way downgrades and on low-volume rural collectors, grades may up to 2% steeper than those shown.
The desired maximum grade for freeways is 3%.
Grades 1% steeper than the values shown may be used in urban areas with crucial Right-of-Way constraints or as needed in
mountainous terrain.

MAXIMUM % GRADES FOR LENGTHS LESS THAN 150 m LONG
Table 3-4.02A (Metric)
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3-4.02.03

Critical Lengths of Grade
Maximum grade alone is not a complete design control. The length of grade will determine the
truck speed reduction on an ascending grade. At some point, this reduction becomes unreasonable because of its
adverse impact on highway safety, operating speeds, and capacity. The critical length of grade can be determined
from Figure 3-4.02A. This graph is based on an average of 200 lb/hp (120 kg/kW) of rated engine power. For
general design purposes, the designer should use the 10 mph (15 km/h) speed reduction curve. Crash rates increase
significantly for speed reductions above this amount. If the planned length exceeds the critical length, an analysis
considering crash history, traffic volumes, capacity, percent trucks, and construction costs must assess the need for a
climbing lane. Details are provided in the next section.
Where an upgrade is preceded by a downgrade, trucks will often increase speed to make the climb.
A speed increase of 5 mph (10 km/h) on moderate downgrades (3 to 5 percent) and 10 mph (15 km/h) on steeper
grades (6 to 8 percent) of sufficient length are reasonable adjustments. These values can be used in design to allow
the use of a speed-reduction curve as high as 15 to 20 mph (25 to 30 km/h), however, the speed increases may not be
attainable if traffic volumes are high enough that a slower-moving vehicle is likely to be in front of a truck when
descending the grade.
Steep descending grades can also have a detrimental effect on capacity and safety on roads with
high traffic volumes and numerous heavy trucks. In some cases, truck-climbing lanes may be necessary.
3-4.02.04

Truck-Climbing Lane
A two-step process to determine whether or not to build a truck-climbing lane follows.
1.

2.

If the critical length of grade is exceeded, apply the detailed methodology presented in this
section. This methodology determines whether there is an unreasonable impact on traffic
operations from the combined effect of grades, traffic volumes, capacity, the percentage of
trucks, and truck speed reduction.
If the methodology indicates the need for a truck-climbing lane, estimate the construction
costs and evaluate the impacts.

An assessment of the impacts, estimated benefits, and cost will determine whether a truckclimbing lane should be constructed or a truck-climbing lane with reduced design is more appropriate. See Chapter
2 for a discussion of cost-effectiveness. Truck-climbing lanes are justified when:
1.
2.
3.

the directional flow rate on the upgrade is more than 200 vehicles per hour (vph);
the directional heavy vehicle flow rate on the upgrade is more than 20 vph; and
one of the following conditions exists:
• a 10 mph (15 km/h) or greater speed reduction for heavy vehicles;
• a level of service of E or F on the grade; or
• a reduction of two or more levels of service when moving from the approach
segment to the upgrade.

A truck-climbing lane may be warranted if the design hourly volume (DHV) exceeds volume
warrants. The threshold volumes are based on given assumptions of:
1.
2.
3.
4.
5.

level of service accepted on the grade,
design speed,
passing sight distance availability,
lane widths available, and
obstruction distance from the edge of the travel lane.

The analysis of each roadway segment must be conducted individually. Two publications,
AASHTO’S “A Policy on the Geometric Design of Highways and Streets,” and the “Highway Capacity Manual”
(HCM), discuss the procedure in detail. The volume warrants that determine the need for truck climbing lanes will
be computed from equations in Chapter 20 of the 2000 HCM. Level of Service D is considered acceptable on the
grade before a truck-climbing lane is warranted.
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If the analysis using the HCM determines that a truck-climbing lane is warranted, the design
criteria listed below should be followed. Figure 3-4.02B illustrates the procedure.
1.

2.
3.
4.
5.
6.
7.

8.
9.

Use Figure 3-4.02C, which shows truck deceleration due to an ascending grade, to determine
where the truck-climbing lane will begin. The 10 mph (15 km/h) speed reduction curve is for
principal arterials, the 15 mph (25 km/h) speed reduction curve is for minor arterials. Use the
20 mph (30 km/h) speed reduction curve for collectors and local roads.
Use a 12 ft (3.6 m) wide climbing lane with a minimum 4 ft (1.2 m) shoulder located 1.5 ft
(0.5 m) from the shoulder edge to the point of intersection of the shoulder break.
Provide a beginning taper of 1:15 (180 ft (54 m)).
Provide a cross slope of 0.005 ft/ft (0.005 m/m) greater than the adjacent travel lane.
On horizontal curves, superelevate the climbing lane at the same rate as the adjacent lane.
Measure grade from point of vertical curve (V.P. I.) to (V.P. I.).
Use Figure 3-4.02D, which shows truck acceleration due to a descending grade, to determine
the end of the climbing lane. Use the appropriate speed increase curve for road classification
as defined in #1 above. For principal arterials, end the full width of the climbing lane where
the truck speed has risen to 10 mph (15 km/h) less than its starting speed.
Provide an ending taper of 1:50 (600 ft (180 m)).
Strive to extend the climbing lane to a point beyond the curve’s crest where trucks can reach a
speed within 10 mph (15 km/h) of the speed of the rest of the vehicles. If this distance is not
practical, end the lane at a point where adequate sight distance allows trucks to return to the
normal lane without undue interference with other traffic.

The following modifications are allowed where it is not economically feasible to design the
climbing lane to the previously mentioned criteria:
1.
2.
3.

Use a 20 mph (30 km/h) speed reduction to determine the beginning of the lane.
Reduce the length of the beginning taper to 60 ft (18 m) (1:5 taper).
End the full width of the truck-climbing lane 200 to 300 ft (60 to 90 m) beyond the point
where passing sight distance becomes available.
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CRITICAL LENGTHS OF GRADE
Figure 3-4.02A (U.S. Customary)

CRITICAL LENGTHS OF GRADE
Figure 3-4.02A (Metric)
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BEGINNING AND ENDING POINTS OF TRUCK CLIMBING LANE
Figure 3-4.02B (U.S. Customary)

BEGINNING AND ENDING POINTS OF TRUCK CLIMBING LANE
Figure 3-4.02B (Metric)
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TYPICAL HEAVY TRUCK
Deceleration on Ascending Grades
Figure 3-4.02C (U.S. Customary)

TYPICAL HEAVY TRUCK
Deceleration on Ascending Grades
Figure 3-4.02C (Metric)
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TYPICAL HEAVY TRUCK
Acceleration on Descending Grades
Figure 3-4.02D (U.S. Customary)

TYPICAL HEAVY TRUCK
Acceleration on Descending Grades
Figure 3-4.02D (Metric)

NOVEMBER, 2012

NOVEMBER, 2012

MnDOT ROAD DESIGN MANUAL

3-4(9)

3-4.03

Vertical Curves
MnDOT’s Technical Manual provides detailed explanations of the geometrics of vertical curves
and the mathematics related to curve computations. Discussion in this section is limited to criteria and guides for
design of vertical curves.
The principal concern in designing crest vertical curves is to ensure that at least the minimum
stopping sight distance is provided. Headlight sight distance and rider comfort control the design of sag vertical
curves. Two factors affect the availability of sight distance - the algebraic difference between gradients of the
intersecting tangents, and the length of the vertical curve. With a small algebraic difference in grades, the length of
the vertical curve may be relatively short. To obtain the same sight distance with a large algebraic difference in
grades, a much longer vertical curve must be used.
The aesthetic minimum length for an algebraic difference (A) in grades of 1 percent or more is
1,000 ft (300 m). For less than 1%, the aesthetic minimum length should be "A" times 1,000 ft (300 m), but not to
be less than 400 ft (120 m).
Conditions may make it necessary to go below the aesthetic minimum. The absolute minimum of
vertical curve is 3 times the design speed (Lmin = 3V). The vertical curve most often used in road design is the
symmetric parabolic curve, where the distance from the Vertical Point of Curvature (VPC) to Vertical Point of
Intersection (VPI) is equal to the distance from the VPI to the Vertical Point of Tangent (VPT). All equations for
vertical curve design lengths are based on the symmetric parabolic curve. Asymmetric parabolic vertical curves
may be used for special situations, and the equations for design lengths will have to be derived.
K values will be used quite frequently when determining minimum design lengths of vertical
curves for various design speeds. The K value is the horizontal distance in feet required to effect a 1% change in
gradient, which is a measure of curvature. The K value in simple terms is L/A, and is useful in determining the
horizontal distance from the VPC to the apex of a crest vertical curve or the low point in a sag vertical curve.
The equations used for vertical curves are as follows:
CREST VERTICAL CURVES
When S is less than or equal to L use,

𝐿=

𝐴𝑆 2

100(�2ℎ1 +�2ℎ2 )2

(Dual Unit)

When S is greater than L use,

𝐿 = 2𝑆 −

200(�ℎ1 +�ℎ2 )2
𝐴

(Dual Unit)

HEADLIGHT SAG VERTICAL CURVES
When S is less than or equal to L use,
𝐴𝑆 2

𝐿 = 400+3.5𝑆 (U.S. Customary)
𝐴𝑆 2

𝐿 = 120+3.5𝑆 (Metric)

COMFORT SAG VERTICAL CURVES
𝐴𝑉 2

𝐿 = 46.5 (U.S. Customary)

𝐿=

𝐴𝑉 2
395

(Metric)

When S is greater than L use,

𝐿 = 2𝑆 −
𝐿 = 2𝑆 −

400+3.5𝑆
𝐴

120+3.5𝑆
𝐴

(U.S. Customary)
(Metric)
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For all conditions:
L = Minimum length of vertical curve, ft (m)
A = Algebraic difference in grades, %
S = Sight distance, ft (m)
V = Design speed, mph (km/h), for "S"
K = Rate of vertical curvature per change in grade given as feet per percent grade change
h1 = Height of eye of driver from pavement, ft (m)
h2 = Height of object from pavement, ft (m)
3-4.04

Sight Distance
Stopping, passing, and decision sight distance values and their derivations are presented in Chapter 2.
Two other useful sight distance controls are headlight sight distance and rider comfort sag used in the design of sag
vertical curves. For headlight sight distance, the goal is to design the curve so that a vehicle's headlight will illuminate a
minimum distance of road ahead equal to the stopping sight distance. The headlight is considered to be 2.0 ft (0.6 m)
high and have an upward divergence of 1 deg from the longitudinal axis of the vehicle. When full roadway lighting is
available and anticipated to be available in the future, providing headlight sight distance may not be necessary. In that
case, the comfort effect of change in vertical direction in a sag vertical curve, because of the combined gravitational and
centrifugal forces, becomes the design control. From limited data, the consensus is that riding is comfortable on sag
vertical curves when the centripetal acceleration does not exceed 1 ft/sec2 (0.3 m/sec2). The formula for this criteria was
shown earlier.
The following will apply to the designing of vertical curves.
1.

2.

3.

4.

On undivided and divided multi-lane highways the stopping sight distance is used as the
minimum design for crest vertical curves. The graph in Figure 3-4.04A presents the design
distance subject to the acceptable minimum values discussed previously. The height of eye is 3.5
ft (1070 mm) and the height of object is 2.0 ft (600 mm) above the pavement surface.
Minimum lengths of crest vertical curves based on sight distance criteria generally are
satisfactory from the standpoint of safety and comfort. An exception may be at decision areas,
such as ramp exit gores, where longer sight distances and, therefore, longer vertical curves should
be provided. For further information, refer to Section 2-5.08.04, Decision Sight Distance.
Passing sight distance should be provided to the extent practical on 2-lane highways. Figure
3-4.04B yields the necessary lengths of crest vertical curves. As with horizontal curves, however,
drivers may be reluctant to pass on crests even when adequate sight distance is available.
Therefore, it is not warranted to provide passing sight distances at great additional costs, unless it
is necessary to meet the frequency of passing opportunities discussed under the design standards
for rural 2-lane highways in Chapter 2. Additionally, providing vertical curves based on passing
sight distance controls may not be beneficial where horizontal sight distance restrictions exist.
Construction of passing lane sections may be considered as an alternate solution.
On sag vertical curves for all highways, the headlight sight distance values in Figure 3-4.04C will
be the minimum lengths except where longer curves are needed to meet the minimum length of
vertical curves as previously discussed. However, on fully lighted highways the comfort sag
criteria can be used. (L = AV2/46.5). See Figure 3-4.04D.
Whenever vertical curvature appears in combination with roadway elements that may complicate
the highway information presented to the driver, an appropriate decision sight distance should be
provided. Figure 3-4.04E provides the necessary information for 10 seconds of decision sight
distance with variable heights of object. Depending on the individual conditions and the nature
of the hazard, the designer must select 10 seconds or more of decision time and the appropriate
object height. Section 2-5.08.04 contains a detailed explanation of decision sight distance.

Figure 3-4.04F illustrates K-value versus design speed for all sight distance controls on vertical
curves. The figure demonstrates the relative differences among the several criteria.
The preceding discussion presents minimum design values; if practical, greater distances should be
provided. It should also be emphasized that the figure computations are predicated on tangent horizontal alignment; if a
vertical and horizontal curve occur together, the figures do not apply and an individual assessment is necessary.
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STOPPING SIGHT DISTANCE ON CREST VERTICAL CURVES
FIGURE 3-4.04A (U.S. Customary)
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STOPPING SIGHT DISTANCE ON CREST VERTICAL CURVES
FIGURE 3-4.04A (Metric)
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PASSING SIGHT DISTANCE ON CREST VERTICAL CURVES
FIGURE 3-4.04B (U.S. Customary)
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PASSING SIGHT DISTANCE ON CREST VERTICAL CURVES
FIGURE 3-4.04B (Metric)
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HEADLIGHT SIGHT DISTANCE ON SAG VERTICAL CURVES
FIGURE 3-4.04C (U.S. Customary)
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HEADLIGHT SIGHT DISTANCE ON SAG VERTICAL CURVES
FIGURE 3-4.04C (Metric)
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COMFORT SIGHT DISTANCE ON SAG VERTICAL CURVES
Figure 3-4.04D (U.S. Customary)
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COMFORT SIGHT DISTANCE ON SAG VERTICAL CURVES
Figure 3-4.04D (Metric)
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TEN SECOND DECISION SIGHT DISTANCE ON CREST VERTICAL CURVES
FIGURE 3-4.04E (U.S. Customary)
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TEN SECOND DECISION SIGHT DISTANCE ON CREST VERTICAL CURVES
FIGURE 3-4.04E (Metric)
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K VALUES ON VERTICAL CURVES
FIGURE 3-4.04F (U.S. Customary)
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K VALUES ON VERTICAL CURVES
FIGURE 3-4.04F (Metric)
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3-4.05

Provisions For Passing
Many drivers are reluctant to pass a slower moving vehicle on 2-lane highways unless they have
sight distance significantly longer than the passing sight distances given in Table 2-5.09C. The designer should
periodically provide a major passing opportunity to accommodate the conservative driver. If the roadside elements
do not allow for a flatter curve, guidelines for passing lanes may be used.
The following guidelines are based primarily on the FHWA publication FHWA-IP-87-2 "LowCost Methods for Improving Traffic Operations on Two-Lane Roads," dated January 1987, and the 1990 and 1994
AASHTO, "A Policy on Geometric Design of Highways and Streets".
On 2-lane highways, the passing lanes have two important functions: 1) to improve overall traffic
operation by breaking up traffic platoons and 2) by reducing delays caused by inadequate passing opportunities.
The 4-lane passing section is comprised of a two-lane highway with an added lane in each
direction for improving passing opportunities. The 3-lane passing section is comprised of a 2-lane highway with an
added lane in only one direction. A 4-lane passing section is generally more desirable than a 3-lane passing section
because the 3-lane passing section would normally restrict the passing opportunities in the single lane direction. If
physical constraints do not allow the construction of a 4-lane passing section, use two staggered 3-lane passing
sections (3- lane passing section in the first direction followed by a 2-lane section then a second 3-lane passing
section in the second direction). Use advance signing to inform motorists of the upcoming passing opportunities and
reduce their level of frustration and impatience.
When planning, designing, and implementing passing sections, the following six features should
be considered:
1.
2.
3.
4.
5.
6.

Evaluation Methods
Location
Length
Spacing
Geometrics
Signing and Marking

3-4.05.01

Evaluation Methods
Currently there are no specific warrants for passing lanes used in the United States. However,
there are several methods available for assessing the effectiveness of proposed highway improvements and
determining whether such improvements are warranted for a given road and traffic volume. These methods can be
considered in five groups: operational criteria, level of service criteria, cost effectiveness analysis, benefit-cost
analysis and safety methods.
1.

2.

3.

Operational criteria are direct measures of the effectiveness of a proposed improvement, such
as the percent reduction in vehicle platooning, travel time, or accidents. These are important
measures for evaluating alternatives and determining appropriate design characteristics.
The determination of need for passing improvements is usually based on a level of service
analysis. The levels of service on two lane highways are defined in chapter 8 of the 1994
Highway Capacity Manual in terms of the percentage of time spent delayed, i.e., traveling in
platoons behind other vehicles. The level of service concept provides a set of uniform
operational criteria for assessing existing conditions, comparing improvement alternatives,
and setting targets of operating conditions on a given highway network. The cost of
achieving the target level of service should also be considered.
Cost-effectiveness analysis considers the cost of achieving a given level of improvement. The
analysis is done by calculating a ratio, such as percent accident reduction per thousand dollars
of expenditure. Such ratios can be used to compare different types of investments and to
examine the incremental or marginal effects (i.e., the added benefits verses the added costs) of
different designs.
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Benefit-cost analysis provides a more accurate and detailed method for taking into account the
economics of highway expenditures. This analysis provides a measurement of operational
and safety improvements vs. cost.
Safety evaluation procedures may make use of operational, cost-effectiveness, or benefit-cost
analysis. The objectives are to identify high accident locations and to estimate accident
reductions which may be expected from proposed road improvements. These are generally
determined from research studies.

3-4.05.02

Location
When passing lanes are to be provided to improve overall traffic operations over the length of a
highway, they should normally be constructed systematically at regular intervals. For passing improvements, the
evaluation should consider traffic operation for an extended highway length, up to 50 miles (80 km) or an entire
major section. See Chapter 2-5.01 for the definition of a major section. The following are some factors that should
be considered in choosing locations for the passing lanes:
1. The passing lane location should appear logical to the driver. The value of the passing lanes
is more obvious where passing sight distance is restricted rather than on long tangent sections
which already provide passing opportunities.
2. Highway sections with low speed horizontal curves should be avoided.
3. Passing lanes are also effective in level terrain where the demand for passing opportunities
exceeds supply.
4. Safe and effective passing lane operations require adequate sight distance on the approach to
both the lane addition and lane drop tapers. A minimum sight distance of 1,000 ft (300 m) on
the approach to each taper is required.
5. Comparative construction costs should be considered when selecting the location of a passing
lane.
6. Other physical constraints, such as bridges and culverts, should be avoided if they restrict the
provisions of a continuous shoulder.
7. The passing section shall be located where a minimal number of entrances are present. On the
lane drop side, entrances are prohibited in the area of a lane drop transition and 170 ft (50 m)
beyond unless approved by the Geometrics Engineer. On the two lane side, entrances are
undesirable over the same distance. See figure 3-4.05A.
8. Public road intersections are undesirable anywhere within the passing lane section. If a public
road intersection cannot be avoided, it should have a very low ADT and good sight distance.
Exclusive left turn lanes should be considered. Public road intersections are extremely
undesirable near the end or beginning of a passing lane section. If such an intersection cannot
be avoided near the end (beginning) of a passing lane section, the passing lane should be
extended a minimum of 900 ft (270 m) past (prior to) the intersection.
9. Districts are strongly encouraged to acquire access control throughout the passing lane section
to prevent new entrances from being built.
10. Contact your District Traffic Engineer for signing requirements.
3-4.05.03

Length
To improve overall traffic operations on a two-lane, two-way highway, the passing lane should be
long enough to provide a substantial reduction in traffic platooning. The passing lane length, as used here, does not
include the lane addition and lane drop transitions. The optimal length of a passing lane to reduce platooning is
usually 0.5 to 1.0 mile (0.8 to 1.6 km) long. As the length increases above 1.0 mile (1.6 km), passing lanes
generally decline in cost-effectiveness per unit length and provide diminishing reductions in the platooning of
vehicles.
The length of passing lane sections (excluding lane addition and lane drop tapers) should be based
on the highest existing daily flow rate (vehicles per hour (vph) in one direction). The length guidelines are as
follows:
100 vph
200 vph
400 vph
700 vph or higher

0.5 mi (0.8 km)
0.5 to 0.75 mi (0.8 to 1.2 km)
0.75 to 1.0 mi (1.2 to 1.6 km)
1.0 mi (1.6 km)
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4-LANE PASSING SECTION ON 2-LANE HIGHWAY
Figure 3-4.05A (Dual Unit)
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Spacing
Spacing of passing lanes will depend primarily on the magnitude of improvements needed to
achieve satisfactory traffic operations. The operational benefits of a passing lane typically carry over in reduced
traffic platooning for 3 to 9 miles (5 to 15 km) downstream, depending on traffic volumes and passing opportunities.
Advanced signing, up to 6 miles (10 km) before the start of a passing lane section, should be provided to minimize
driver frustration and risky passing maneuvers.
On a highway which needs only a moderate improvement in passing opportunities, a good strategy
may be to construct passing lanes initially at fairly large spacings. Where the need for improved passing
opportunities is greater or grows with increasing traffic volumes, more passing lanes may be added.
3-4.05.05

Geometrics
The geometric design of the passing lanes considers the width of the lanes and shoulders, the
addition of a lane, and the dropping of lane tapers, see Figure 3-4.05A.
The passing lane width shall be 12 ft (3.6 m). The shoulder width should be 10 ft (3 m)
(desirable), and 6 ft (1.8 m) (minimum). When a composite shoulder is used on the highway, the passing section
should also use a composite shoulder. An example would be a highway which has a 10 ft (3 m) composite shoulder
comprised of 2 ft (0.6 m) bituminous and 8.0 ft (2.4 m) gravel (desirable), or 2 ft (0.6 m) bituminous and 4.0 ft (1.2
m) gravel (minimum).
A 10 ft (3 m) bituminous shoulder shall be used in the lane drop area and 500 ft (150 m)
(desirable) beyond to provide a recovery area for drivers who may encounter a conflict. A 1:25 taper transition
should be used from the 10 ft (3 m) shoulder to the normal shoulder.
Lane addition and lane drop tapers are to be carefully designed. Inadequate sight distance on lane
addition and lane drop tapers can cause erratic, unsafe behavior of vehicles and poor utilization of the passing lane.
The lane addition taper should be designed at 1:50 rate, and the lane drop taper, at the downstream
end of a passing lane, should be designed at 1:60 rate.
Passing lanes are much more effective if the majority of drivers enter the right lane at the lane
addition transition and use the left lane for passing slower vehicles. Therefore, the geometric design of the lane
addition transition should encourage drivers to enter the right lane. Signing and markings will also provide guidance
for drivers to enter the right lane. For concrete pavements, the longitudinal joint should guide traffic into the right
lane at the lane addition area. At the drop lane area, the right lane should be tapered out, and the inside lane
longitudinal joints should proceed straight ahead. For construction details, refer to the MnDOT Standard Plans
Manual.
3-4.05.06

Signing and Markings
The signing and marking criteria for passing lanes is discussed in the Minnesota Manual on
Uniform Traffic Control Devices (MN MUTCD) and MnDOT’s Traffic Engineering Manual.
3-4.06
3-4.06.01

Location of Grade Line
General
1. The grade line should coincide with the highway centerline on 2-lane and multi-lane
undivided highways.
2. For two grade lines on a 4-lane divided highway with a depressed median, each should
coincide with the hip-point of the respective roadways. The grade should be laid on curves so
that the edge of the lanes nearest the median is at or near the same elevation.
3. For one grade line in the center of the median on multi-lane divided highways with equal
grades, the grade line should be laid along the gutter line adjacent to the raised median in each
roadway. This also applies to a single structure on a divided highway.

NOVEMBER, 2012
3-4.06.02

MnDOT ROAD DESIGN MANUAL

3-4(27)

Bridges
1. For highways crossing under bridges, the low point in the grade line should be kept out of the
shadow of the bridge to reduce icy conditions on the roadway under the bridge. It is desirable
to locate the low point a minimum distance of 100 ft (30 m) from the bridge to prevent
ponding of waters under the bridge.
2. For highway-over-highway and highway-over-railroad separations, deck drains are usually
not provided for 1, 2, 3, or 4-span structures. On these structures, drainage must be carried
longitudinally along the structures to be discharged into suitable catch basins or flumes off the
bridge end. To prevent ponding of water and minimize "bird baths" on such structures, the
vertical curves should provide a minimum fall of 0.25% for not more than 100 ft (30 m). On
tangent grade the gradient should not be flatter than 0.5%.
3. On long viaducts and stream crossings deck drains are provided. On such structures tangent
gradients of about 0.25% minimum may be feasible. For all cases, grades in excess of the
stated minimum are desirable.
4. The total thickness of girder and deck, known as the structure depth, must be considered in
setting the preliminary grade line. The following general criteria may be used:
a.
b.
c.

For railroad structures over a highway use 10% of the span. Where less structure depth is
required or desirable, check with the Office of Bridges and Structures.
For highway bridges use 5% of the span.
On grade control over flood plains and major rivers contact the Hydraulics Engineer for
boat and navigational clearances.

In setting the final grade line at separation structures, submit a written request to the Office of
Bridges and Structures for structure depths. Include typical roadway sections over and under the bridge, angle of
intersection, and approximate grades.
3-4.06.03

Laying Grade
The following should be considered when establishing the grade line:
1.

2.

3.

4.

5.

Raise the grade line a minimum of 4 ft (1.2 m) above the adjacent ground level for
embankment so that the wind can sweep the highway clear of snow. To be effective, the
finished grade should be higher than the depth of snow deposits adjacent to the highway and
higher than the prevailing adjacent side slope vegetation.
Establish the finished grade a minimum of 5 ft (1.5 m) above the water overflow level or the
water table in low swampy terrain or large boggy areas and areas subject to overflow or
irrigation. The low side of superelevated roadways shall be considered the low grade
elevation control on curves.
Consider MnDOT Specification 2105 when laying grade. Wherever the foundation for
embankments is under water, or is so unstable that it will not support hauling equipment, the
embankment may be constructed as one layer up to the lowest elevation at which the hauling
equipment can operate without causing intrusion of the underlying soils into the upper 8 in.
(200 mm) of the embankment. But in no case should the top of that layer be less than 3 ft (1.0
m) below the final subgrade. This is required in order to obtain the proper specified density in
the upper 3 ft (1.0 m) of subgrade. The above procedure is required regardless of grade
profile, earthwork quantities, and balancing points shown on the plans.
To avoid this situation, the designer should consult the District Soils Engineer or contact the
Chief Soils Engineer for current information. Since the soils survey is taken three or more
years before the project letting date, the high water level could have changed depending on
the weather or by actions other state departments or federal agencies may have taken to
change the water levels. If the construction of the roadway occurs during the high water
period, the project engineer has no alternative but to construct the subgrade according to the
specification stated above regardless of what is shown on the plans.
In rolling terrain with areas having deep top soils, the grade line should cut deep enough into
the hills so that suitable material can be obtained to construct embankments.
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In urban areas special problems may arise when establishing the profile grade line. When
roadside interference due to businesses or residences is not severe, the normal practice of
carrying the profile grade on centerline or on the median edges of pavement will work
satisfactorily. However, when roadside interference is significant, it may be necessary to
supplement the main profile with other elevation controls such as gutter or top-of-curb lines.
When this is necessary, the supplemental controls should be clearly shown in the plans.
As with horizontal curvature on divided highways, separate profile grade lines may be
warranted for each roadway. Preferably, the survey base line should be the same for both
horizontal and vertical designs.

3-4.07

Coordination of Vertical Alignment with Horizontal Alignment
Vertical and horizontal alignment should not be designed independently. They complement each
other, and proper coordination can ensure that their desirable features are maximized and their undesirable features
are minimized. Proper coordination is important not only for safety, but also for aesthetics and driver comfort. The
following are general controls for coordination:
1.

2.

3.

4.

5.
6.

3-4.08

Curvature and grades should be in proper balance. Maximum curvature with flat grades or flat
curvature with maximum grades does not achieve the designed balance. Rather the goal is to
provide horizontal and vertical curves and tangents that are somewhat similar in length. In
general, the number of short horizontal curves should be kept to a minimum and vertical
curves should be long enough to avoid the appearance of a kink.
Vertical curvature superimposed upon horizontal curvature generally results in a more
pleasing appearance and reduces the number of sight distance restrictions. Horizontal
alignment should coincide with profile elements with respect to position. Preferably, vertices
should coincide. They may be somewhat out of phase providing the vertical curves stay
within the horizontal curves. However, this must be tempered somewhat by comments 3 and
4.
Sharp horizontal curvature should not be introduced at or near the top of pronounced crest
vertical curves. This is hazardous because the driver cannot perceive the horizontal change in
alignment, especially at night when headlight beams project straight ahead into space. The
hazard can be avoided if the horizontal curvature leads the vertical curvature.
Sharp horizontal curves should not be introduced at or near the low point of pronounced sag
vertical curves or at the bottom of steep vertical grades. Night visibility is again one problem,
and this alignment creates an undesirable distorted appearance. Several studies have indicated
that this combination significantly increases the accident potential.
At intersections horizontal and vertical alignment should be as flat as possible.
The combination of horizontal and vertical alignment to maximize the length of fill and
minimize the length of cut must be considered in the preliminary design stage before the final
location survey is made.

Erosion Control
The potential for erosion due to topography or location should be considered when designing
vertical alignment. The erosion potential may be minimized by selecting an alignment that will meet the following
criteria:
1. Minimize the number of cut and fill sections required.
2. Utilize natural stabilized waterways and channels to divert excess water from roadway ditches
wherever feasible.
3. Conform to the contour and drainage patterns of the area.
4. Make use of natural land barriers and contours to divert runoff and confine erosion and
sedimentation.
5. Minimize the amount of disturbance necessary.
6. Make use of existing vegetation.
7. Reduce slope length and steepness and ensure that erosion is confined to the right-of-way and
does not deposit sediment on or erode away adjacent land.
8. Avoid locations having high erosion potential.
9. Avoid cut or fill sections in seepage areas.
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10. Do not construct ditches to drain an existing natural land barrier where the runoff may erode
away adjacent land or pollute existing streams or lakes.
11. Erosion and drainage are further discussed in Chapter Eight.
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CHAPTER 4
CROSS SECTIONS
4-1.0

INTRODUCTION

The selected cross section elements serve several purposes and have a significant
impact on construction costs and the highway's operation and safety. The cross section in
combination with the alignment will determine the earthwork quantities. Lane and shoulder
widths greatly impact traffic operations and safety; their cross slopes facilitate drainage. Side
slopes and ditch configurations affect safety, guardrail warrants, drainage, erosion, ease of
maintenance, and right of way impacts. The typical section shown in the plans will reflect the
results of the pavement design analysis on the soil subgrade and the type and depth of sub-base,
base, and pavement. See the Geotechnical and Pavement Manual for pavement design details
and typical pavement sections.
The Technical Manual provides valuable information related to cross sections,
including how the information should be presented in the plans, computer program capabilities,
and the electronic plotter.
Figure 4-1.0A and Figure 4-1.0B illustrate typical sections for 2-lane and 4-lane
divided highways.

4-2.0
SUBGRADE
THE INFORMATION FOR THIS SECTION HAS BEEN INCLUDED IN THE MnDOT FACILITY DESIGN
GUIDE. REFER TO THE FOLLOWING WEBSITE:

https://roaddesign.dot.state.mn.us/facilitydesign.aspx
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① Values shown for lane widths and cross slopes are typical.

FEBRUARY, 2000

See Section 4-3.0 for discussion.

② See Chapter 10 for guardrail warrants.
③ See Section 4-6.01.01 for information on inslopes.
④ Use 0.02 ft/ft with sidewalk.

Use 0.04 ft/ft with no sidewalk.

⑤ Increase as needed for sidewalk width.
⑥ See Shoulder Width Standards.

Typically this width is 10 ft desirable, and 6 ft minimum.

Tables 4-4.01A through C.

⑦ See subgrade cross slope standards, Section 4-2.03.
⑧ See Section 4-4.04 for discussion about curbs.

TYPICAL SECTIONS FOR 2-LANE HIGHWAYS
Figure 4-1.0A
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① Values shown for lane widths and cross slopes are typical.
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See Section 4-3.0 for discussion.

② See Chapter 10 for guardrail warrants.
③ See Section 4-6.01.01 for information on inslopes.
④ Use 0.02 ft/ft with sidewalk.

Use 0.04 ft/ft with no sidewalk.

⑤ Increase as needed for sidewalk width.
⑥ See Standards for shoulder widths.
⑦ See subgrade cross slope standards.

Typically this width is 10 ft desirable, and 6 ft minimum.

Tables 4-4.01A through C.
See Section 4-2.03.

⑧ See Section 4-4.04 for discussion about curbs.
⑨ See Section 4-5.0 for discussion about medians.
⑩ See side slope standards, Section 4-6.01.
⑪ Cross section details for 6-Lane and 8-Lane divided highways are the same with these exceptions:
1.
2.

Left shoulders are wider and surfaced. See Section 4-4.01.
Cross slopes for each added lane should be 0.005 ft/ft more than the adjacent lane.
See Section 4-3.0.
TYPICAL SECTIONS FOR 4-LANE DIVIDED HIGHWAYS
Figure 4-1.0B
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TRAVEL LANES

4-3.01
4-3.01.01

Through Lanes
Number
The number of travel lanes is determined, in part, through capacity and quality of service analyses. The
analysis should include an evaluation of traffic types and volumes, traffic composition, space availability, economy,
and contextual and environmental considerations. Refer to Chapter 2 for parameters and controls related to capacity
and level of service.
4-3.01.02

Width
Refer to Technical Memorandum No. 18-08-TS-06 as supplemented by the Performance-Based
Practical Design guideline document for MnDOT’s current design policy and guidance on travel lane width.
4-3.01.03

Surface Types
The selection of surface type is determined based on the volume and composition of traffic, soil
characteristics, weather, performance of pavements in the area, initial cost, and overall maintenance and service-life
costs. Refer to the Pavement Design Manual for pavement determination and design procedures.
4-3.01.04

Cross Slopes
Surface cross slopes are necessary to facilitate drainage because of the detrimental effects of wet
pavements and standing water on vehicular operation and pavement durability. Such conditions reduce the friction
between tire and pavement and increase the distance needed for stopping. This need must be balanced, however,
against the effects of the cross slope on driving comfort and safety, as cross slopes require that drivers continuously
steer their vehicles counter to the down slope to stay within their lane. Drivers also need to make steering
corrections to change between lanes of opposite-direction cross slopes.
On multi-lane divided highways, each directional roadway may be crowned separately, or all lanes of
each roadway may flow in one direction. The designer should consider the following when selecting cross slope
direction.
1.

2.
3.

Crowning each directional roadway will drain the pavement more efficiently and minimize the
elevation difference across the cross section. This treatment requires drainage facilities for both
sides of each roadway and complicates at-grade intersection design. This treatment is best suited
for divided highways with wide depressed medians, especially those with full or partial control of
access.
For high-speed facilities, the preferred design is a crowned cross section for each direction of
travel, even for roadways with narrow raised medians.
Sloping each directional roadway toward the outside is typically suitable for low-speed facilities
with narrow raised medians. This approach minimizes complications in at-grade intersections and
lends itself well to a single centerline and profile controlling the entire roadway.
a. With design speeds of 40 mph and higher, median runoff is often captured with drainage
structures, preventing snow melt and low flows from streaming across travel lanes.
b. Allowing drainage from raised median areas to cross travel lanes is common practice for
design speeds less than 40 mph. Such designs are simple and economical—requiring
drainage inlets only at the outside of the overall roadway—but can be susceptible to
refreezing of snow melt under certain weather conditions.

Design cross slope rates vary with surface type, as paved surfaces require less cross slope than
unpaved surfaces to sufficiently drain. The range of design for unpaved roads is 0.02 (ft/ft) to 0.06, with 0.04 a
common typical value. On paved surfaces, cross slopes up to 0.02 are barely perceptible to the driver; rates steeper
than 0.02 are noticeable and require a conscious counter-steering effort. For these reasons, the accepted range of
design is 0.015 to 0.02 for the first lane out from a crown line or top of a unidirectional surface. Of these values,
0.02 is considered optimal, offering satisfactory driver comfort, lower potential for hydroplaning at high speeds, and
reduced potential for ponding of water on irregular or rutted surfaces. Cross sectional design approach varies
depending on speed and rural/urban context, as discussed below.
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4-3.01.04.01 Rural and High-Speed Urban Facilities
The following specific criteria apply for through travel lanes. As noted above, the controlling criterion
for normal cross slope applies to the first lane out from the crown line or top of the cross section. Cross slopes in the
outer lanes of wide pavements should be steepened to better drain the cumulative flow. Refer to 4-3.02 for auxiliary
lane criteria.
1.
2.

3.
4.
5.

0.02 (ft/ft) is the typical design cross slope for new construction and reconstruction.
0.015 is the minimum design value.
a. 0.015 (ft/ft) cross slopes are commonly applied in pavement preservation to minimize cost
and complication when overlaying existing surfaces having cross slopes of 0.015 or flatter.
On rare occasions 0.015 may be considered for a reconstruction project with severe or unusual
constraints.
b. Investigate existing performance problems that may be attributable to pavement drainage
when considering perpetuation of existing cross slopes less than 0.02.
c. 0.015 cross slopes are appropriate for roundabout circulatory roadways or other low-speed
situations where curvature is adverse to the cross slope
Slope the second lane out from the crown or top of cross section at 0.02 regardless of the first-lane
cross slope.
Increase the slope of each successive pair of lanes by 0.005—e.g. slope the third and fourth lane
out from the crown at 0.025.
Avoid cross slopes steeper than 0.03 on tangent roadways wherever practical.

4-3.01.04.02 Low-Speed Urban Facilities
A uniform, constant cross slope from the high point to edge of the cross section is desirable from the
standpoint of design and construction simplicity and is suitable for low-speed vehicular operation. In constrained
environments, a flexible design approach is often needed in order to match curb and/or sidewalk elevations to those
of adjoining properties, particularly where doorways and pedestrian accessibility are in play. The following general
criteria and framework apply.
1.
2.

3.
4.

0.02 (ft/ft) is typically preferred for new construction and reconstruction.
The minimum design value of 0.015 can be appropriate in various circumstances, including:
a. Where beneficial in a constrained location to match streetside features or properties
b. Where parallel parking areas are or have the potential to be designated as accessible for
disabled users
c. For roundabout circulatory roadways or similar circumstances where cross slope adverse to
restrictive curvature could cause operational problems, especially for trucks
A standard range of cross slope between 0.015 and 0.03 should generally be observed, but nonstandard values can be considered where necessary to fit constrained locations.
Although a uniform cross slope across a cross section is ideal, varying cross slopes by lane can be
useful to best fit constraints.
a. Avoid inverted-crown arrangements (i.e. cross slopes of decreasing pitch in the down-slope
direction).
b. Variable lane slopes may be designated but add complication to design and construction,
often necessitating independent curb grades, multi-stage paving, or other measures.

4-3.02

Auxiliary Lanes
An auxiliary lane is defined as the portion of the roadway adjoining the through travel lanes for speed
change, turning, storage for turning, weaving, truck climbing, and other purposes supplementary to through-traffic
movements. Travel speeds in auxiliary lanes are typically somewhat less than in the adjacent through lane(s) and
often variable; the design of speed-dependent design elements and parameters should take this into account. The
width of an auxiliary lane should generally be based on the same criteria that governs through lanes, although
additional flexibility may be called for. Refer to Chapter 3 for information on the design of truck climbing lanes;
design criteria and details for turning lanes are provided in Chapter 5; discussion of freeway auxiliary lanes can be
found in Chapter 6.
The normal cross slope of an auxiliary lane should typically match that of the adjacent through lane.
Freeway auxiliary lanes longer than a half mile that exhibit usage and operational characteristics of through travel
lanes may be steepened consistent with the design criteria in 4-3.01.04.02.
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SHOULDERS AND CURBS

4-4.01

Shoulders
Shoulders serve many functions and offer many advantages, including:
1.
2.
3.
4.
5.
6.
7.
8.

4-4(1)

Providing an area for emergency parking
Providing room for evasive action and recovery in the case of lane departure
Improving highway capacity and driver comfort
Improving lateral support and drainage for the pavement
Providing lateral clearance for highway appurtenances and for snow removal
Providing an area for pedestrians and bicyclists
Providing an area that can function as a turn lane or bypass lane, if so designated
Providing an area for maintaining roadway lights, signs or signals

Well-designed and maintained shoulders, regardless of width, prevent failure and progressive
deterioration of the pavement edge due to lack of lateral support. Shoulders on roads with very low traffic volumes
and on temporary roadways with limited use or life may be designed primarily for such support. A well-designed
shoulder will be sufficiently stable to provide lateral support and will also support an occasional vehicle in all kinds
of weather without rutting.
The outer strip of shoulder between the surface portion and the side slope plane is of critical
importance for carrying lateral drainage off the roadway. When a side strip is placed adjacent to the surfacing, it
should be placed at the same or at a lower elevation than the surfacing to avoid impeding the flow of water. Should
the lateral drainage be impeded, accumulations of sanding residue and other debris will build up at the juncture of
the shoulder surface and the sod. The topsoil underlying the sod should therefore be placed to accommodate the sod
strip at the appropriate elevation. The potential for drainage obstruction and damage to vegetation from spray and
residues from snow and ice removal chemicals may suggest alternates to sodding the outer strip of shoulders.
4-4.01.01

Width
Refer to Technical Memorandum No. 17-12-TS-05 as supplemented by the Performance-Based
Practical Design guideline document for MnDOT’s current design policy and guidance on shoulder width.
4-4.01.02

Cross Slopes
1.

2.
3.

As with travel lanes, shoulders are sloped to provide adequate cross drainage. They are usually
sloped away from the travel lanes and at a somewhat higher rate; however, narrow paved
shoulders constructed with the same pavement section as the travel lane(s) may be sloped to match
the adjacent lane.
Table 4-4.01A presents the standard range of shoulder cross slopes, which vary with surface type.
Values outside these ranges may be considered in unusual or constrained situations.
On superelevated highways, the shoulder cross slope is governed by the superelevation rate of the
travel lanes. The following will apply:
a. Shoulders should generally slope away from the traveled lanes, although narrow paved
shoulders may slope with the adjacent lane if constructed with the same pavement section.
b. On superelevated highways, slope the high-side shoulder away from the through lanes at a
minimum slope of 0.01 (ft/ft). Slope the low-side shoulder at the same rate as the through
lanes where the superelevation rate exceeds the typical shoulder cross slope.
c. The algebraic difference between the travel lane slope and the high-side shoulder slope should
normally not exceed 0.07. However, where the travel lane superelevation rate exceeds 0.06,
the algebraic difference needs to vary to greater than 0.07 in order for the shoulder to slope
away. AASHTO currently limits the difference to 0.08, but NCHRP Project 03-105 suggested
that this allowance could be increased to 0.10. For this reason, designers should consider
algebraic differences up to 0.09, which corresponds to a lane superelevation rate of 0.08.
Design values greater than 0.08 would necessitate informal design exception documentation.
Table 4-4.01A
NORMAL SHOULDER CROSS SLOPE

SURFACE TYPE

RANGE IN SHOULDER CROSS SLOPE, ft/ft

TYPICAL VALUE

PAVED

0.02 - 0.06

0.04

GRAVEL

0.04 - 0.06

0.04

TURF

0.06 - 0.08

0.06
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4-4.02
4-4.02.01

Rumble Strips
Shoulder Rumble Strips
Refer to Technical Memorandum No. 17-08-T-02 for MnDOT’s current policies and design criteria for
shoulder rumble strip usage.

4-4.02.02

In-Lane Rumble Strips
In-lane rumble strips maybe installed before stop signs at the discretion of the designer.
Figure 4-4.02A shows the standard detail in both plan and section views.

IN-LANE RUMBLE STRIPS, PLAN AND SECTION VIEWS
Figure 4-4.02A
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4-4.03

Shoulder Use by Buses
Public transit buses are permitted to travel on designated shoulders of congested roadways during peak
periods. This is done to encourage transit use and fully utilize the capacity of congested highways in urban areas. A
number of criteria must be met in order for a roadway to be considered for bus shoulder use. The primary criterion is
the presence of “predictable congestion delays,” meaning the running speed of traffic must be less than 35 mph
during peak periods and/or approaches to intersections must have continuous backups. Additional criteria that must
be met for a roadway to be considered for bus shoulder use include:
1.
2.
3.
4.

Congestion delays must occur one or more days per week.
A minimum of six transit buses per week must use the proposed bus shoulder.
The expected time savings of using the shoulder must be greater than eight minutes/mile/week.
The proposed shoulder must have a continuous shoulder width of at least 10 ft.

Only right shoulders will be considered for bus use. Designated buses will be allowed to use
designated shoulders only when traffic is moving at speeds less than 35 mph. When using a designated shoulder,
buses shall not exceed the speed of traffic by more than 15 mph, the maximum speed being 35 mph. If traffic is
stopped, bus speed shall not exceed 15 mph. If a shoulder is obstructed in any way, the bus driver must re-enter the
mainline to avoid the obstruction. Bus drivers must yield to any vehicle that enters the shoulder as well as any
vehicle merging or exiting at an interchange ramp. Buses can use designated shoulders while driving with an empty
bus to the beginning of a new route.
Table 4-4.03A
SHOULDER USE BY BUSES: GEOMETRIC DESIGN CRITERIA
Type of Highway: Urban Multi-Lane Freeway and Expressways; Buses on right shoulders only
Geometric Design
Criterion

Standard
Value

Design Speed, mph

35

Shoulder Width, ft

10.0
12.0

10.0 ft minimum, 12.0 ft desirable
12.0 ft required in areas of new construction or reconstruction.

Bridge Width, ft

11.5
12.0

11.5 ft minimum, 12.0 ft desirable
12.0 ft required in areas of new construction or reconstruction

Maximum Grade %

N/A

Not applicable; match existing roadway

Design Loading
Structural Capacity

HL-93

Horizontal Curve,
Radius, ft

N/A

Not applicable; match existing roadway

Stopping Sight
Distance, ft

250

Stopping Sight Distance based on 35 mph design speed

Cross Slope, ft/ft

0.02 - 0.06

Superelevation Rate
(max), ft/ft

0.08

Vertical Clearance, ft

Variable

Notes:
Maximum speed for buses traveling on shoulder, as per operational
policy

For new bridges.
For existing bridges to allow shoulder use, the shoulder must be
structurally adequate (capable of carrying legal loads); consult the
MnDOT Bridge Office.

Road Design Manual, Table 4-4.01A
Road Design Manual, Section 3-2
Typically controlled by larger legal or oversize vehicles; refer to
MnDOT LRFD Bridge Design Manual, Article 2.1.3
For bus-only facilities, a vertical clearance of 1 ft minimum above the
design vehicle height may be appropriate; tallest bus vehicle is 10 ft -9
in.
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4-4.03.01

Design Criteria
To qualify for bus shoulder use, existing roadways shall have a minimum roadway shoulder width of
10 ft, and a minimum bridge shoulder width of 11.5 ft. In areas of new construction or reconstruction where bus
shoulder use is expected, 12-ft roadway shoulders and 12-ft bridge shoulders shall be constructed. Table 4-4.03A
contains the design criteria for shoulder use by buses. All shoulders proposed for bus use must be of sufficient
pavement strength and must be inspected by the District Materials Engineer prior to use. The decision to allow
shoulder use by buses should be considered during the planning phase of construction or reconstruction projects on
roadways that do not have bus shoulders.
On urban design type roadways, drainage structures should be evaluated for structural integrity before
bus use is permitted on shoulders.
More information on shoulder use by buses can be obtained from the Metropolitan District Transit
Advantages Coordinator.
4-4.04

Curbs
Curbs are used extensively at the outside of urban streets and highways; generally, they should be used
on rural highways only in constrained situations; where median channelization is needed; or per standard bridge
approach treatments. Curbs serve several functions. They allow the pavement surface drainage to be contained
within the road and away from adjacent properties; provide pavement delineation; reduce grading limits; assist in
channelization for orderly roadside development; and provide aesthetic value.
AASHTO categorizes curb configurations as vertical or sloping. Vertical curbs are defined as having a
vertical or nearly vertical face and a height of 6 in. or greater, while sloping curbs are described as being “low with
flat sloping faces” and depicted as being 4 in. to 6 in. in height. Standard Plates 7000 series provides details for
standard curb designs. Of those, Design V having a 6 in. or greater height classifies as vertical in AASHTO’s
definition, with all other designs having heights 6 in. and less classifying as sloping.
Curbs may be of concrete or bituminous construction and occasionally natural stone. Concrete curbs
may be constructed as a separate unit – with or without gutter – or integral with or tied to an adjacent concrete
pavement. A gutter section is often used to define the so-called curb reaction – a lateral shy distance exclusive of the
traveled way. Where a shoulder is provided, the gutter is considered part of the shoulder width. Design criteria for
curb reaction and shoulder width are provided in Technical Memorandum No. 17-12-TS-05.
Designs V and B are intended to discourage motorists from deliberately leaving the roadway, although
Design B4 can be readily traversed when necessary. Designs V and B with heights of 6 in. and greater are thought to
have limited vehicle redirection characteristics at low speeds and shallow impact angles, but for design purposes
they should not be assumed to provide redirection. Designs D and R are intended to allow easy traversability and for
that reason are standard along urban interchange ramps and roundabout truck aprons respectively. They are also
commonly used along residential streets to allow driveway ingress/egress in the absence of aprons or curb cuts.
Design S is more easily mountable and may be considered more aesthetically pleasing and bicycle friendly than
Design B but also provides superior delineation to that of Design D, making it suitable for various urban and
suburban uses. Design S is also occasionally used where curb is intermittently introduced along rural highways,
subject to maintenance preference and site-specific judgment.
A curb can adversely affect vehicle behavior when struck, particularly curbs 6 in. or greater in height
and especially at higher speeds. For this reason, where curbs are used along high-speed (50 mph design speed or
greater) facilities, MnDOT’s practice is to construct only sloping configurations less than 6 in. high.
The use of curb in conjunction with traffic barrier is discussed in Chapter 10. Care must be exercised
in design, as the effect curbs have on vehicle dynamics may or may not be consistent with the conditions under
which barrier systems are tested and approved. Compatible combinations of curbs and barriers are typically subject
to restrictions on their relative placement.
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MEDIANS
A median is usually warranted on multi-lane highways. The benefits of medians include:
1. Allowing separation from opposing traffic, thus reducing the likelihood of accidents and
improving the traffic flow characteristics.
2. Providing refuge for emergency stops.
3. Reducing headlight glare.
4. Providing areas for deceleration and storage of left-turning vehicles.
5. Providing areas for storage of turning vehicles at crossing intersections.
6. Providing space for snow storage.
7. Increasing drainage collection area.
8. Providing areas for placement of luminaire supports, traffic signs, traffic signals, guardrail,
landscaping, and bridge piers.
9. Providing areas for pedestrian and bicycle refuge.
10. Providing areas for future additional lanes or transit facilities.

4-5.01

Width
Median width is measured between the edges of the two inside travel lanes. Medians should be as
wide as feasible but of a dimension in balance with other components of the cross section. The design width will
depend upon the type of median, availability of right of way, construction costs, maintenance, traffic operations at
crossing intersections, and safety.
The general range of median widths is from a minimum of 2 ft (painted) to a desirable dimension of
60 ft or more. A median must be at least 40 ft wide to attain a true sense of separation from opposing traffic.
When selecting the width of median, the following should be considered:
1. A flush median must be at least 14 ft wide to accommodate left-turning vehicles from the
mainline. This allows a 12 ft turning lane and a 2 ft separation. Desirably, an 18 ft flush median
should be provided to allow a 6 ft separation at painted left turn bays. Raised medians must be at
least 18 ft wide to accommodate a left-turn lane. There should be a 2 ft to 4 ft reaction distance
provided, depending on the low or high speed design.
2. A median must be between 22 ft and 60 ft to allow a crossing vehicle at an at-grade intersection to
safely stop between the two roadways. The necessary width depends upon the type of vehicle
likely to cross the mainline in appreciable numbers. However, median widths approaching the
upper part of this range can lead to inefficient operation at signalized intersections. It should also
be considered that median widths between about 15 ft and 25 ft will leave the operator of a
passenger car uncertain if there is sufficient space to stop their vehicle on the median crossover, or
if the maneuver must be completed across both roadways.
3. Figure 10-7.05A presents the warrants for median barriers based on median width and traffic
volumes. This figure should not be used to determine median width. However, if the proposed
width is in the borderline area for warranting median barriers, it may be advisable and
cost-effective to widen the median further to eliminate the need for a median barrier.
4. On rural freeways, the desirable median width is approximately 66 ft. This allows sufficient width
for shoulders, 1:6 maximum side slope, and a 3 ft deep ditch. A median of 90 ft allows for future
addition of two 12 ft inside lanes, providing an ultimate 66 ft inside median. A 100 ft wide
median is preferred.
5. Median width will have an impact on the design details for superelevation. Section 3-3.0
discusses the impacts in detail.
6. Although it is very desirable that the median be of uniform width, variable width medians may be
advantageous where right of way is restricted, at-grade intersections are widely spaced (0.5 mi or
more), and/or an independent alignment is a reasonable consideration. Variable width medians
allow the development of intersections which provide storage for a two stage crossing.
7. Median widths should be adequate to provide refuge for pedestrian and/or bicycle traffic or
median signal mounting.
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Median Types
General
The type of median selected will depend upon many factors, including:
1.
2.
3.
4.
5.
6.
7.
8.

drainage,
right of way availability for median width,
snow and ice impacts,
superelevation impacts,
urban or rural location,
type of roadway,
traffic composition, and
one or two stage (cross from one side to median, wait for opposing cars to pass then cross from
median to other side) crossing design.

4-5.02.02

Flush Medians
Flush medians are generally used for low-speed urban arterials. The median area can then be used for
painted left turn channelization should conditions rule out the use of raised channelization.
Where roadside development is heavy, resulting in a continuous demand for left turns on an urban
arterial, the flush median can be used as a continuous one-way or two-way left-turn lane. Experience has indicated
significant improvements in traffic operations and safety with the addition of continuous one-way or two-way left
turn lanes. See Section 5-2.06.05 for details on their design.
A flush median should be slightly crowned to avoid ponding water in the median area. In some cases a
slightly depressed median may be used in conjunction with median drains to avoid carrying all the drainage across
the driving lanes.
Typical widths of flush medians vary from 14 ft to 26 ft, depending upon the purpose of the median.
The typical painted chanelization width is 14 ft. Flush medians together with an appropriate median barrier may be
used on urban freeways to reduce the taking of right of way. A 26 ft median width is often used on urban multi-lane
freeways. This width provides for a full inside shoulder, a median barrier, appropriate drainage facilities, bridge
piers, and possibly median lighting.
4-5.02.03

Raised Medians
Raised medians provide several advantages over flush medians:
1.
2.
3.
4.
5.
6.

mid-block left turn lanes are eliminated thus increasing safety and improving traffic operation,
left-turn channelization can be more effectively delineated if the median is wide enough,
a distinct location is available for traffic signs, signals, and pedestrian/bicyclist refuge,
the median edges are much more discernible during and after a snowfall,
drainage collection may be improved, and
limited physical separation is provided.

The primary disadvantages of raised islands are the aforementioned problems with vehicle/curb
interaction, hindrance of maintenance activities, and possibly the elimination of mid-block left turns if this results in
unacceptable overloading of the major intersections.
Typical widths of raised islands vary from 4 ft to 22 ft. However, narrower medians lose the
advantages of providing left-turn channelization, an area for signs, signals, and pedestrians. Contact the District
Traffic Engineer to coordinate median width with sign placement. The median should be at least 6 ft if pedestrian
traffic is to be accommodated. Unless there is enough flat surface on the raised area to meet ADA requirements,
pedestrian and bicycle traffic should be channeled through pavement-level openings in the raised median. A 2 ft
distance should be provided between the edge of the travel lane and face of curb where shoulders are not practical.
A 4 ft reaction distance should be used where vehicle speeds are 45 mph or higher. See Figure 4-5.02A for details
of raised median design.
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MEDIAN CROSS SECTION - RAISED MEDIAN
Figure 4-5.02A
4-5.02.04

Depressed Medians
A depressed median is usually preferred on rural and urban freeways and expressways. When
sufficiently designed, they have better drainage and snow storage characteristics. However, if too narrow, a
depressed median can introduce a problem with either a shallow ditch or a steep side slope. These problems can be
eliminated by providing a flush median with closed drainage. Side slopes on depressed medians should be between
1:4 and 1:6. Also, slopes within the median parallel to the flow of traffic should be 1:10 or flatter. Figure 4-1.0B
illustrates a typical depressed median.

THIS PAGE LEFT INTENTIONALLY BLANK

FEBRUARY, 2000

ROAD DESIGN MANUAL (ENGLISH)

4-6(1)

4-6.0

ROADSIDE ELEMENTS
Roadside elements are an important part of a highway facility and can greatly affect its cost and
integrity. The basic elements that must be evaluated and included in the cross section are side slopes, ditches, and
clear zones. These elements will have significant impacts on the following:
1. safety,
2. construction and maintenance costs,
3. right-of-way impacts,
4. drainage and erosion,
5. snow drifting, and
6. aesthetics

Chapter Ten discusses the roadside elements primarily as they relate to warrants for traffic
barriers. This section will discuss the considerations involved with the design of the roadside environment,
particularly safety. Run-off-the-road accidents accounted for 30% of the 650 roadway fatalities in Minnesota in
1998. Many of these fatalities are attributable to the roadside elements discussed here.
4-6.01

Side Slopes
Side slopes should be designed to ensure the stability of the roadway, reflect proper safety
considerations, and minimize maintenance costs. The rate of slope and height of the cut or fill will likely have a
significant impact on construction costs. The flatter the fill slope, the higher the construction costs due to extra fill
material, longer culverts, and increased right-of-way. This must be weighed against the benefits of a safer roadside
environment, less potential for erosion, reduced maintenance costs, and a generally more pleasing appearance. Most
of these considerations are also relevant to cut slopes.
Chapter Eight, Drainage and Erosion Control, discusses the effects of slope rate, types of soil, and
length of slope on slope stability and erosion potential. Maintenance considerations are also discussed. This section
will primarily discuss the safety considerations concerning side slope rates.
4-6.01.01

Inslope (foreslope)
The inslope is part of the roadside region that slopes from the edge of the shoulder to flat ground
or to a ditch bottom. The inslope is important in the design of high fill slopes where a driver could attempt to
recover or reduce speed before impacting the ditch area. The following should be considered when designing
inslopes:
1. On all freeways the inslope rate should be 1:6 for fill sections. On all multi-lane high-speed
and low-speed roadways the inslope rate should be 1:4 or flatter on fill sections. On 2-lane
highways the inslope rate should be 1:4 or flatter. Fill slopes 1:4 or flatter are considered to
be recoverable slopes. When motorists encroach upon a recoverable slope, they can generally
stop or slow their vehicle enough to return to the roadway safely. Slopes ranging from 1:3 to
1:4 are generally traversable if they are smooth and obstruction free but are not considered to
be recoverable. A vehicle encroaching upon such a slope is likely to reach the bottom. Since
recovery is less likely to occur on these slopes, fixed objects should not be present in the
vicinity of the toe of the slope. Recovery of high-speed vehicles that encroach beyond the
edge of the shoulder may be expected to occur beyond the toe of the slope. Determination of
the width of the recovery area at the toe of the slope should take into consideration right-ofway availability, environmental concerns, safety needs and accident histories. The distance
between the edge of the traveled lane and the beginning of the traversable, non-recoverable
slope should influence the recovery area provided at the toe of the slope. While the
application may be limited by other factors, the fill slope parameters that enter into
determining a maximum desirable recovery area are illustrated in Figure 4-6.01A. Critical
embankment slopes are those steeper than 1:3. They are considered to be non-traversable and
non-recoverable, and will cause most encroaching vehicles to overturn. They should be
treated if they begin within the clear zone distance for a particular highway and meet the
warrants for shielding presented in Figure 10-7.01A.
2. To reduce fill quantities, right-of-way taking and environmental impacts, a broken-backed or
barn roof section may be created (using two or more recoverable slopes, or a combination of
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recoverable and non-recoverable slopes), and steeper slopes may be used (if a cost benefit
analysis shows that they are justified). For a 1:6 slope, a 15 ft fill height is the practical
maximum. For greater fill heights, use 1:6 slope to the clear zone distance and a steeper slope
for the rest. For all broken-backed sections, the break point should be outside the clear zone
of the first slope. If the break point is within the clear zone of the first slope, a new clear zone
shall be computed using the weighted average of the slopes. Only recoverable slopes can be
used to compute a weighted average slope. Non-recoverable slopes cannot be averaged. See
examples in Section 4-6.04.03.
Figure 10-7.01A presents the combination of slope rate and height of fill which would
warrant guardrail. This chart should not be used for selecting the inslope rate; however, if the
proposed slope and height are on the borderline of guardrail warrants, it is usually more cost
effective, and safer, to flatten the slopes and not use guardrail.
Where guardrail is not warranted, steeper inslopes result in greater clear zone requirements.
This potentially negates the right-of-way savings realized with steeper inslopes.
Severely rutted inslopes can induce vehicle rollover even on relatively flat slopes. This
increases the importance of controlling erosion.
Slope transitions at the top (hinge) and bottom (toe) should be rounded. This increases safety
and reduces erosion. This should be a field adjustment to remove these sharp slope changes.
Flatter inslopes may reduce maintenance costs by reducing erosion problems and/or snow and
ice control costs. In making the decision on the inslope design to use on a project, the other
benefits, together with safety benefits, should be considered.

EXAMPLE OF A PARALLEL EMBANKMENT SLOPE DESIGN
Figure 4-6.01A

4-6.01.02

Backslopes
The backslope is part of the roadside region that slopes from the ditch bottom to natural ground at
or near the right of way. Normally, backslopes should be 1:3 or flatter to allow motorized equipment to be used in
maintenance. Slopes steeper than 1:3 are used only where site conditions are restrictive and do not permit the use
of flatter slopes. However, steeper backslopes should be evaluated with regard to traffic safety and soil stability.
Retaining walls should be considered where space restrictions require slopes steeper than 1:2.
4-6.02

Rock Cuts
Highway construction often requires excavating rock cuts. This must be done away from rock
falls and large scale slope instability during both construction and operation. The common design requirements for
rock cuts is to determine the optimum safe cut face angle together with appropriate rock fall ditch containment areas.
In reality the design process is a trade-off between stability and economics. That is, steep slopes and narrow ditches
are usually less expensive to construct than flatter slopes and wider ditches because there is both less volume of rock
to be excavated, and less right-of-way to be purchased. In turn, flatter slopes and wider ditches generally provide
greater stability and safety. The optimum design will minimize risk to the traveling public while requiring a
minimum amount of excavation and stabilization. It is recognized that aesthetics play an important role in all
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roadway designs, but they should only be allowed to enhance engineered rock slope designs rather than dictate the
design. In many cases, an agreeable compromise between aesthetics and safety can be incorporated into the project.
Since the geologic structure and type of rock vary considerably from one rock cut to another (often
within the same project), it is difficult to provide a general guideline for design recommendations that fits all
circumstances. The following guidelines are meant for typical conditions that are common in the state, if doubts
arise about the applicability of a specific site, the Geology Unit should be contacted.
1. Low rock cuts (<6 feet in height) can be treated as rock slopes or soil slopes by the designer.
In soft rock such as sandstone or shale, excavation can often be accomplished without
blasting. Softer rock slopes should be laid back to match existing soil slopes and covered
with top soil and vegetation. In hard rock, blasting of the slope will likely be required.
Backslope design can follow the general guidelines shown in Figure 4-6.02A. Aesthetic
considerations can be allowed to modify the rock cut design as long as clear zone
requirements are met. Controlled blasting of the backslope is not required.
2. Intermediate rock cuts (6 feet to 30 feet in height) should closely follow the design guidelines
in Figure 4-6.02A, or may employ an alternate design approved by the Geotechnical
Engineering Section. Soft rock slopes (shale and sandstone) can typically be excavated by
conventional means. Hard rock types, such as igneous, metamorphic or carbonate will require
blasting for removal. Controlled blasting techniques should be used for final shaping of the
backslope. Composite slopes consisting of both soft and hard rock types (particularly with
hard overlying soft) are susceptible to differential erosion and require careful consideration.
3. High rock cuts (>30 feet in height) should be investigated and designed by appropriate units
of the Geotechnical Engineering Section. Studies of rock quality and rock mass properties
(such as joint orientation and frequency) should be conducted on rock outcrops and rock core
samples to design appropriate backslopes and ditch catchment areas. For preliminary
planning purposes, most rock slopes can be modeled with a 1:1/4 backslope, and 36-foot rock
containment area (12-foot ditch width and 24-foot inslope) to heights of 45 feet. Rock slopes
greater than 45 feet high should have rock containment areas of 44 feet (increased ditch width
to 20 feet). These dimensions yield conservative designs and should be used only for
preliminary estimates of right-of-way acquisition and material quantities. High rock cuts
require controlled blasting techniques to limit rock fall during construction and after
completion of the project.
4. Transitions into and out of bedrock, both transverse and longitudinal, should be provided in
the design to minimize differential cracking. Provide a minimum of 1:20 taper in the
longitudinal and 1:10 taper in the transverse directions. Recommendations for specific
projects can be provided by the District Soils Engineer or Geology Unit.
4-6.03

Ditch Sections
Roadside ditches serve important erosion and drainage functions as discussed in depth in
Chapter Eight, Drainage and Erosion Control. They are normally required in cut sections to collect water from
the slope and prevent it from draining onto the pavement. They may also be needed at the toe of fill sections in
certain situations. Ditches prevent water from reaching the roadway base and subbase by disposing of surface
runoff from the roadway surface and roadside areas. In addition, roadside ditches provide the drainage of the base
of the roadway to prevent saturation and loss of support for traffic. With the use of a 4 to 6 ft deep ditch, it is
assumed that the corresponding upper 4 to 6 ft of the road structure will be well drained and able to support traffic.
However, the ditch may need to be deeper if the subgrade work is deeper to intercept high ground water. The
desirable longitudinal gradient of ditches is 0.5 percent.
Topsoil from 3 in. to 12 in. deep is placed on the ditch slopes and bottom. Due to this variance,
ditch depths and ditch grades should be determined from the bottom of the topsoil, and all culvert elevations should
be staked from the top of the topsoil.
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NOTES:

① Show approximate rock lines on cross section, including any rock or soil borings.
② Backslope angle dependent on rock type and height.

Low rock cuts (< 6 feet high) are at the discretion

of the designer. Intermediate rock cuts (6 - 30 feet) in hard rock, such as igneous, crystalline
metamorphic, or carbonate should be vertical or 1:1/4, depending on the competency and structure of
the rock mass. For softer rocks, such as shale, sandstone or those that are significantly weathered, use
soil slopes (1:3 or flatter). High rock cuts (> 30 feet high) should be designed to correspond to insitu
rock mass characteristics. The final slope selection will be approved by the Geotechnical Engineering
Section.

③ Where controlled blasting is specified, no overbreak will be allowed.

On flatter slopes or where

controlled blasting is not specified, allow 6-inch overbreak in soft rock types and 18 inch overbreak in
hard rock types.

④ 20 feet for cuts higher than 45 feet without engineering analysis.

Rock containment area (ditch plus

inslope) can be optimized depending on rock type, backslope angle and cut height, generally yielding
significantly smaller areas. Contact Geology Unit for site specific recommendation.

⑤ Steeper slopes must be approved by the Turf Establishment Section.
⑥ Surface and granular cushion depth and class of material between top of overbreak and bottom of
pavement as recommended by the Pavement and Design Engineer.

⑦ 6 inch minimum slope dressing on top of rock.

A reverse grade (into the backslope) and a longitudinal

grade are encouraged to prevent surface water from eroding the rock face.

⑧ Bench width should be approximately 2 times the average vertical soil thickness up to a maximum
width of 10 feet.

⑨ See section 4-6.03 for detailed discussion of ditch dimensions.

TYPICAL ROCK SECTION
Figure 4-6.02A
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If the roadway alignment is adjacent to swamps or low lying areas, the roadway profile should be
at least 5 ft above the normal water elevation. A grade line as shown in the top of Figure 4-6.03B is undesirable
environmentally, structurally, hydraulically, and for erosion control. Environmentally it means that seepage and
a fluctuation of the adjacent water level will occur, resulting in impacts to vegetation, trees, amount of open
water, and possible habitat. In these cases, it may be desirable to eliminate the ditch as shown on the bottom of
Figure 4-6.03B.
Roadside ditches may be of several types: V-shaped, radial, trapezoidal, or parabolic. From the
balanced considerations of hydraulic capacity, safety, and ease of design, construction and maintenance, a
trapezoidal ditch is the preferred shape. Figure 4-6.03C provides the design information for a typical roadside ditch.
Figure 4-6.03D demonstrates the relative traversability of the various combinations of the inslope, ditch width, and
backslope. These curves are based on acceleration data from vehicle impacts of 60 mph and a 25 deg angle. Ditch
shapes introduce abrupt changes in vehicle direction which can cause injuries and damages.
Therefore, ditch slopes should be as flat as possible but should not exceed the criteria presented in Section 4-6.01.
Ditch width should also be as wide as practical, but little safety benefit is realized beyond about 12 ft.
Barrier warrants for roadside ditches should be carefully evaluated. If the proposed ditch section
falls within the area indicated by zone 1 in Figure 4-6.03D, the combination of front slope and ditch depth (or
embankment height) from Figure 10-7.01A will indicate the need for guardrail. Even if these criteria are not
exceeded, the designers should consider the traversability of the toe of the backslope if it is within the clear zone.
Designers should also consider the cost effectiveness of installing a barrier to shield a ditch which could mean
guardrail for a lengthy section along the highway. This is not a desirable situation and may warrant revising the
ditch cross section to eliminate the need for a barrier or perhaps deciding not to install a barrier at all based on cost
effectiveness.
4-6.03.01

Toe Ditches
To control runoff from snow melt and trickle drainage on curbed sections, toe ditches with the
necessary drainage structures should be used. A toe ditch is defined as a shallow ditch (6 in. minimum depth, 12 in.
desirable), located behind the curb and near the base of a slope to prevent runoff from draining onto the roadway.
Toe ditches should be used in the following situations:
1.
2.
3.

Ramps - One-way ramps are usually sloped in one direction. A toe ditch on the high side may
be desirable.
Mainline - If a ramp enters the mainline on the high side of a superelevation, a toe ditch will
help prevent water from running across the roadway.
When maximum superelevation (0.06 ft/ft) exists, a 0.01 ft/ft reverse shoulder slope is used.
This shoulder may allow drainage onto the mainline pavement. A toe ditch should be
considered.

There may be other situations where a toe ditch should be used. Designers should evaluate each
situation to decide if a toe ditch is needed. Figure 4-6.03A shows a typical toe ditch at a ramp. See AASHTO
A Policy on Geometric Design of Highways and Streets for more detail on toe ditches.

TYPICAL RAMP WITH TOE DITCH
Figure 4-6.03A
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4-6.04

Clear Zones
The roadside clear zone is the distance from the edge of the travel lane which should be free of
any non-traversable hazard such as steep slopes or fixed objects. The clear zone distances are targeted towards
allowing approximately 80 to 85 percent of all run-off-the-road vehicles to recover or come to a safe stop. The
width of a clear zone along the horizontal alignment is dependent on roadside geometry, design speed, radius of
horizontal curve, and the ADT. Higher speeds mean vehicles will travel farther before recovering. Horizontal
curvature increases the likelihood of a vehicle leaving the highway and increases the distance it will travel off the
highway, as will steeper fill slopes. In general, hazards within the clear zone which cannot be removed, relocated,
or made breakaway will warrant guardrail.
The designer should not apply rigid adherence to the calculated clear zone distance. If a
formidable hazard lies just beyond the clear zone, it should be removed or shielded if costs are reasonable.
Conversely, the designer should not have the philosophy that the clear zone should be achieved at all costs. Limited
right of way or unacceptable construction costs may lead to installation of a barrier or, perhaps, no protection at all if
there are many hazards along the entire length of the roadway inside the calculated clear zone.
The designer should not use the clear zone distances as boundaries for introducing roadside
hazards such as bridge piers, non-breakaway sign supports, or trees. These should be placed as far from the
roadway as practical.
4-6.04.01

Clear Zone Design Criteria
1. Guardrail itself is considered a hazard, every effort should be made to maintain a sufficient
clear zone recovery area so that guardrail is not needed.
2. When a hazard has to be relocated, provide sufficient clearance from the edge of the traveled
roadway to eliminate the need for a protective barrier.
3. Where the clear distance from the edge of the traveled roadway to a hazard cannot be
achieved, attenuation devices or guardrail may be required.
4. It is desirable to extend culverts beyond the clear zone distances given in the tables. For all
traffic volumes, culvert ends within the clear zone should be protected with safety aprons,
grates or guardrail.
5. Although it is desirable to extend large culverts, (42 in. diameter and larger), it is normally not
necessary to extend existing large culverts for an existing ADT of less than 1000 vpd. For an
existing ADT greater than 1000 vpd, these large culverts should be extended beyond the clear
zones given in the tables or protected with safety grates. For all traffic volumes, large culvert
ends within the clear zone should be protected with safety grates or guardrail.
6. On many highways, the run-off-the-road crash rate is too low to justify the cost of providing
hazard free clear zones. If the grading limits on the proposed project will not result in the
desirable hazard free clear zones, an analysis of the accident history within the project should
determine if providing a hazard-free clear zone is cost effective.
7. In evaluating the accident history, the designer should look for possible concentrations of
accidents that may justify construction of wider clear zones over a short section of the project.
If only a few isolated hazards exist within the desirable clear zone and if these hazards can be
removed or relocated at a low cost, the plan should provide for their removal or relocation.
Normally, acquisition of right of way just to obtain the desirable clear zone is not cost
effective.
8. For new construction/reconstruction projects, hazards such as culvert headwalls, utility poles,
large trees, structures, sign supports, luminaire standards, guardrails, curbs, bridge piers and
similar features should be removed, relocated or designed to provide an optimum degree of
safety for traffic.
9. For preservation projects, locations of hazards such as culvert headwalls, utility poles, large
trees, structures, sign supports, luminaire standards, guardrails, curbs, bridge piers, road
approaches and entrances with steep sideslopes, and similar features should be identified. If,
based on accident history, these features are found to be unsafe, they should be removed,
relocated, or redesigned.
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HIGHWAY ADJACENT TO SWAMP
Figure 4-6.03B

NOTES:
1. The dimensions of the trapezoidal ditch will depend on the need for hydraulic capacity and
transversability characteristics.
2. Rounding at the ditch bottom is desirable during construction.
3. The topsoil depth varies from 3 in. To 12 in. The outlet or inlet of a culvert will be staked to top of
topsoil. The ditch elevations will be referenced to the bottom of topsoil.

TYPICAL DITCH SECTION
Figure 4-6.03C
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NOTE:
Zones in figure are numbered indicating their relative hazard with Zone 1 being most hazardous.
TRAVERSABILITY OF DITCHES
Figure 4-6.03D
4-6.04.02

Design Application
Figure 4-6.04A provides the appropriate clear zone distances for various design speeds and side
slopes on tangent roadway sections with an ADT greater than 6000. Table 4-6.04A is a tabulation of clear zone
distances for various combinations of design speed, ADT and side slope. These values should be used on tangent
sections and on the inside of horizontal curves as shown in Section 4-6.04.03.
Adjustments to clear zones distances are necessary where conditions other than the above
'standard' exist. The adjustments are as follows:
1.

2.

If the roadside fill slope varies but all slopes are recoverable, a weighted average approach
should be used as shown in Example 1, Section 4-6.04.03. Non-recoverable slopes cannot be
used in averaging slope. If slope is non-recoverable, use the steepest recoverable slope
(whether it is before or after the recoverable slope) to calculate the required width of the clear
zone. See Example 2, Section 4-6.04.03.
If the roadside cut section contains a ditch as shown in Example 3, the algebraic weighted
average of the inslope and backslope should not be calculated. Example 3 should be treated
as a ditch section and checked for traversability and then checked for hazards within the clear
zone on the backslope. (The inslope clear zone should be calculated for a fill section and the
back slope clear zone should be calculated for a cut section. The clear zone for traversability
of ditch sections is based on the inslope or fill section calculations. The clear zone for an
object located on the back slope is based on a combination of the fill and cut section
calculations.)
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NOTE: Reduce clear zone for ADT ≤ 6000. Increase for outside of curves
as shown in Tables 4-6.0 B through K.

CLEAR ZONE DISTANCES - SPEED AND SLOPE CRITERIA - TANGENT ALIGNMENT
Figure 4-6.04A
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Clear Zones should be increased on the outside of horizontal curves. Tables 4-6.04B through
4-6.04K give clear zone widths for various design speeds, ADT and sideslopes for the outside
of horizontal curves with deg of horizontal curve up to 11 deg. Values given in these tables
are based on equations developed by the FHWA. The equations are as follows:
Czc
where:
Czc
Lc
Kcz

=

(Lc)(Kcz)

=
=
=

adjusted clear zone for curve, ft
clear zone for tangent, ft
curve correction factor

Kcz

=

𝐿𝑜 + 𝑊𝑟

Lo

=

Increase in lateral encroachment, ft

Lo

Wr

𝑊𝑟

2

2

2

(0.9𝑉+15)
5729.6
5729.6
= �� 𝐷° � + � 13 � − 𝐷°

=

theoretical maximum encroachment, from finite limit of roadside shown below:

FINITE LIMIT OF ROADSIDE
Design Speed V, mph

Roadside Width Wr, ft

40
45
50
55
60
65
70

94
100
107
116
126
134
143

V = Design speed, mph
R = Radius of curvature, ft

4.

Not all deg of curve values are tabulated. The recommended clear zone distance for deg of
curve not shown in the tables is found by the equations developed by the FHWA or by
interpolating between the clear zone distance tables. An example of clear zone adjustment for
horizontal curvature is included in Section 4-6.04.04.
The additional clear zone width on the outside of the horizontal curve is introduced using a
taper which starts at the approach curve terminus and continues for a length known as the
“runout length”, abbreviated LR. The additional clear zone width is removed by using a taper
which begins at the leaving curve terminus and extends the runout length, LR (see Figure 46.04B). The runout length dimension, LR is the theoretical distance needed for a vehicle that
has run off the roadway to come to a stop. The placement shown in Figure 4-6.04B
accommodates the anticipated path of the vehicle leaving the roadway on a curve. LR varies
with the speed of the vehicle. MnDOT has chosen to vary LR by the design speed and the
ADT, as shown in Figure 10-7.03B. Although Figure 10-7.03B is commonly used to
determine roadside barrier layout, the LR in this Figure is the same LR used when placing the
clear zone width on the outside of horizontal curves.
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Adjustments in clear zones for traffic volumes below 6,000 ADT are also appropriate. The
adjustments are made from a ratio of the guardrail runout lengths (LR ) from Figure 10-7.03B.
At low traffic volumes, even though the percentage of vehicles leaving the highway may be
about the same as for high volumes, the absolute number of run-off-the-road vehicles is so
low that it is impractical to provide the same clear recovery area as for high-volume
highways. Therefore, downward adjustments in clear zone distances are in order. A ratio of
the guardrail runout lengths for the ADT in question and the ADT of 6000 multiplied by the
clear zone distance from Figure 4-6.04A will give the appropriate downward adjustment.

INCREASED CLEAR ZONE ON HORIZONTAL CURVES
Figure 4-6.04B

6.

Another adjustment to the clear zone that should be considered is when a curb greater than 4
in. high is located within the clear zone. These curbs can cause vaulting and instability of a
vehicle. Appendix F of the AASHTO Guide For Selecting, Locating and Designing Traffic
Barriers provides trajectory data for various curb configurations. The 6 in. Type C and 4 in.
Type H curbs are the closest configurations to the standard curb types used by MnDOT. On
the basis of the trajectory data, and with curb heights of 6 to 8 in., the following additions to
the calculated clear zone should be made:
Speed, mph
45

Increase in width of clear zone, ft
10

50

11

55

13

60

15

70

16
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Calculating Clear Zones on Tangents (using Table 4-6.04A)
Example 1 - Clear zone, weighted slope average

Figure 4-6.04C
Design ADT: 5000
Design speed: 60 mph
Recommended clear zone for 1:6 slope (fill): 32 ft (Table 4-6.04A).
The clear zone needed for 1:6 slope is 32 ft. The break point of the two slopes, however, is
located at 30 ft. Therefore, the 1:4 slope must be taken into account in the clear zone computation.
Since both slopes are traversable and recoverable, the weighted average of the two slopes can be
used to determine the clear zone.
Average slope of clear zone beyond shoulder:

(a/b) average =

1
6

1
4

20�− � + 23�− �
20+23

= -0.21

Recommended clear zone for -0.21 slope (fill): 37 ft (Table 4-6.04A)
Since the top of the culvert (10+20+10 = 40 ft) is located beyond the weighted average clear zone
(37 ft), no protection is needed.
Example 2 - clear zone, non-recoverable slope

Figure 4-6.04D

FEBRUARY, 2000
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Design ADT: 6100
Design Speed: 60 mph
From Table 4-6.04A (ADT =6100, speed = 60 mph and 1:4 slope), clear zone = 46 ft
Available clear zone (before the non-recoverable slope ) is 10 + 15 = 25 ft. This is insufficient.
Since the 1:3 slope is traversable but not recoverable, a weighted average side slope can not
be used. When a traversable, non-recoverable slope (the 1:3 area) is used in combination with a
recoverable slope (the 1:4 area), it is necessary to provide a clear run-out area beyond the toe of
the non-recoverable slope. In such cases, use the steepest recoverable side slope (whether it is
before or after the non-recoverable slope) to determine the width of the clear zone. In this
example, the steepest recoverable slope is 1:4, therefore the clear zone width needed is 46 ft.
The total recoverable width (10 + 15 + 23) is 48 ft which exceeds the clear zone
requirements.
Example 3 - Clear Zone, Ditch Traversability

Figure 4-6.04E

Design ADT = 6500
Design Speed: 60 mph
First, determine if the clear zone lies within the 1:4 slope.
Recommended clear zone for 1:4 slope (fill) = 46 ft (Table or Figure 4-6.04A).
26 ft < 46 ft (20 ft short of required clear zone)
Next, determine if the clear zone lies within the ditch section. (Note that for the flat section we
will use 1:10 slope.)
Average slope of clear zone beyond shoulder:

(a/b) average =

1
4

1
10

16�− � + 8�− �
16+8

= -0.20

Recommended clear zone for a –0.20 slope (fill) = 38 ft (Table or Figure 4-6.04A).
34 ft < 38 ft (4 ft short of required clear zone)
Discussion: The 1:4 slope in this example is traversable and recoverable. However, the slope does
not provide the recommended clear zone distance from Table 4-6.04A (20 ft short). The weighted average slope of
the 1:4 inslope and the runout area of the flat ditch bottom is also insufficient (4 ft short).
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Recommended clear zone for a 1:3 slope (cut) = 21ft (Table 4-6.04A).
Calculating an adjusted clear zone by considering the backslope
(34/38) = 0.89 = 89% of clear zone available
100 – 89 = 11% of backslope clear zone needed
0.11 x 21 ft = 2 ft
34 ft + 2 ft = 36 ft clear zone required
44 ft available to the tree. The adjusted clear zone is adequate
Key To Clear Zone Distance Tables
• Curves flatter than 2° do not require an adjustment (use tangent values).
• For slopes flatter than 1:10, use 1:10.
• For slopes not listed in the tables (for example 1:3.5), and for degree of curve not shown (for
example 2.5°), designers should interpolate clear zones distances.
Table 4-6.04A
CLEAR ZONE DISTANCES (ft)
Degree of curve TANGENT
CUT SECTION
FLAT
FILL SECTION
1:3
1:4
1:5
1:6
1:10
1:10 1:6
1:5
1:4 1:3*
< 1500
11
11
11
11
11
11
11
12
13
14
16
1500
6000
13
13
13
13
13
13
13
14
15
16
17
40 mph
> 6000
14
14
14
14
14
14
14
15
16
17
19
< 1500
11
13
14
14
14
14
14
15
17
20
37
1500 - 6000
13
14
15
15
15
15
15
17
19
22
41
45 mph
> 6000
14
16
17
17
17
17
17
19
21
25
45
< 1500
13
14
15
16
16
16
16
18
19
23
42
1500
6000
14
16
17
18
18
18
18
20
21
26
47
50 mph
> 6000
16
18
19
20
20
20
20
22
24
29
52
< 1500
15
18
19
20
22
23
23
25
29
33
76
1500
6000
17
20
21
22
24
25
25
28
31
36
84
55 mph
> 6000
19
22
24
25
27
28
28
31
34
40
93
< 1500
17
21
23
24
25
26
26
29
31
38
87
1500
6000
19
23
25
26
28
29
29
32
35
42
95
60 mph
> 6000
21
26
28
29
31
31
31
35
38
46
105
< 1500
20
23
25
25
28
29
29
32
35
43
96
1500
6000
22
25
27
28
30
31
31
35
39
47
106
70 mph
> 6000
24
28
30
31
33
34
34
38
42
51
116
*These slopes are considered to be traversable but non-recoverable and require special considerations.
DESIGN
SPEED

ADT
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Table 4-6.04B
CLEAR ZONE DISTANCES (ft)
Degree of curve 2°
CUT SECTION
FLAT
FILL SECTION
1:3
1:4
1:5
1:6
1:10
1:10 1:6
1:5
1:4 1:3*
< 1500
12
12
12
12
12
12
12
13
14
15
17
1500
6000
13
13
13
13
13
13
13
15
16
17
18
40 mph
> 6000
15
15
15
15
15
15
15
16
17
18
20
< 1500
12
14
15
15
15
15
15
17
19
22
40
1500 - 6000
13
16
16
16
16
16
16
19
20
24
45
45 mph
> 6000
15
17
18
18
18
18
18
20
23
27
49
< 1500
14
16
17
18
18
18
18
20
22
26
48
1500
6000
16
18
19
20
20
20
20
22
24
29
53
50 mph
> 6000
18
20
21
22
22
22
22
24
27
32
59
< 1500
18
21
23
24
26
26
26
29
33
38
88
1500
6000
20
23
25
26
28
29
29
32
36
42
97
55 mph
> 6000
22
25
28
29
31
32
32
35
40
47
107
< 1500
21
25
27
29
31
31
31
35
38
46
104
1500 - 6000
23
28
30
31
33
34
34
39
42
50
115
60 mph
> 6000
25
31
33
34
37
38
38
43
46
56
127
< 1500
25
29
31
32
35
36
36
40
44
54
122
1500
6000
27
32
34
35
38
40
40
44
49
59
134
70 mph
> 6000
30
35
37
38
42
44
44
48
53
65
147
*These slopes are considered to be traversable but non-recoverable and require special considerations.
DESIGN
SPEED

ADT

Table 4-6.04C
CLEAR ZONE DISTANCES (ft)
Degree of curve 3°
CUT SECTION
FLAT
FILL SECTION
1:3
1:4
1:5
1:6
1:10
1:10 1:6
1:5
1:4 1:3*
< 1500
12
12
12
12
12
12
12
14
15
15
17
1500
6000
14
14
14
14
14
14
14
15
16
17
19
40 mph
> 6000
15
15
15
15
15
15
15
16
17
18
20
< 1500
13
14
16
16
16
16
16
17
19
23
42
1500
6000
14
16
17
17
17
17
17
19
21
25
46
45 mph
> 6000
16
18
19
19
19
19
19
21
23
28
51
< 1500
15
17
18
19
19
19
19
21
23
28
50
1500
6000
17
19
20
21
21
21
21
23
25
31
56
50 mph
> 6000
19
21
22
23
23
23
23
26
28
34
62
< 1500
19
22
24
25
27
28
28
31
35
41
94
1500
6000
21
25
26
28
30
31
31
34
39
45
104
55 mph
> 6000
23
27
29
30
33
34
34
38
43
50
115
< 1500
22
28
30
31
33
34
34
38
41
50
114
1500 - 6000
25
30
33
34
36
37
37
42
46
55
125
60 mph
> 6000
27
33
36
37
40
41
41
46
50
61
138
< 1500
28
32
34
35
39
40
40
44
49
59
134
1500
6000
30
35
37
39
42
44
44
49
54
65
148
70 mph
> 6000
33
38
41
42
46
48
48
53
59
71
162
*These slopes are considered to be traversable but non-recoverable and require special considerations.
DESIGN
SPEED

ADT
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Table 4-6.04D
CLEAR ZONE DISTANCES (ft)
Degree of curve 4°
DESIGN
SPEED

ADT

CUT SECTION
1:4
1:5
1:6
13
13
13
14
14
14
15
15
15
15
16
16
17
18
18
19
20
20
18
19
20
20
21
22
22
23
25
23
26
27
26
28
30
29
31
32
30
32
33
33
35
36
36
39
40

FLAT

FILL SECTION
1:6
1:5
1:4
14
15
16
15
17
18
17
18
19
18
20
24
20
22
26
22
24
29
22
24
29
25
27
32
27
30
35
33
38
44
36
41
48
40
46
53
41
44
53
45
49
59
50
54
65

1:3
1:10
1:10
< 1500
13
13
13
13
1500
6000
14
14
14
14
40 mph
> 6000
15
15
15
15
< 1500
13
16
16
16
1500 - 6000
15
18
18
18
45 mph
> 6000
16
20
20
20
< 1500
16
20
20
20
1500
6000
18
22
22
22
50 mph
> 6000
20
25
25
25
< 1500
20
29
30
30
1500
6000
23
31
33
33
55 mph
> 6000
25
35
36
36
< 1500
24
36
36
36
1500 - 6000
26
39
40
40
60 mph
> 6000
29
43
44
44
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
70 mph
> 6000
*These slopes are considered to be traversable but non-recoverable and require special considerations.

1:3*
18
20
21
44
48
53
53
59
65
100
110
122
122
135
148

Table 4-6.04E
CLEAR ZONE DISTANCES (ft)
Degree of curve 5°
DESIGN
SPEED

ADT
1:3
13
15
16
13
15
17
17
19
21
22
24
26

CUT SECTION
1:4
1:5
1:6
13
13
13
15
15
15
16
16
16
16
17
17
18
18
18
19
20
20
19
20
21
21
22
23
23
24
26
25
27
29
28
30
31
30
33
34

FLAT
1:10
13
15
16
17
18
20
21
23
26
31
33
37

1:10
13
15
16
17
18
20
21
23
26
31
35
38

FILL SECTION
1:6
1:5
1:4
14
15
16
16
17
18
17
18
19
19
21
24
21
23
27
23
25
30
23
25
31
26
28
34
28
31
37
35
40
46
38
44
51
43
48
56

< 1500
13
1500
6000
15
40 mph
> 6000
16
< 1500
17
1500
6000
18
45 mph
> 6000
20
< 1500
21
1500 - 6000
23
50 mph
> 6000
26
< 1500
31
1500
6000
35
55 mph
> 6000
38
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
60 mph
> 6000
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
70 mph
> 6000
*These slopes are considered to be traversable but non-recoverable and require special considerations.

1:3*
18
20
22
45
50
55
55
62
68
106
117
129
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Table 4-6.04F
CLEAR ZONE DISTANCES (ft)
Degree of curve 6°
DESIGN
SPEED

ADT
1:3
13
15
16
14
16
17
17
20
22

CUT SECTION
1:4
1:5
1:6
13
13
13
15
15
15
16
16
16
16
17
17
18
19
19
20
21
21
20
21
22
22
23
24
24
26
27

FLAT
1:10
13
15
16
17
19
21
22
24
27

1:10
13
15
16
17
19
21
22
24
27

FILL SECTION
1:6
1:5
1:4
15
16
17
16
17
19
17
19
20
19
22
26
22
24
28
24
26
31
24
27
32
27
29
35
30
32
39

< 1500
13
1500
6000
15
40 mph
> 6000
16
< 1500
17
1500
6000
19
45 mph
> 6000
21
< 1500
22
1500
6000
24
50 mph
> 6000
27
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
55 mph
> 6000
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
60 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
70 mph
> 6000
*These slopes are considered to be traversable but non-recoverable and require special considerations.

1:3*
19
21
22
47
52
57
58
65
71

Table 4-6.04G
CLEAR ZONE DISTANCES (ft)
Degree of curve 7°
DESIGN
SPEED

ADT

CUT SECTION
1:4
1:5
1:6
14
14
14
15
15
15
17
17
17
17
18
18
19
20
20
21
22
22

FLAT

FILL SECTION
1:6
1:5
1:4
15
16
17
17
18
19
18
19
20
20
22
26
22
24
29
24
27
32

1:3
1:10
1:10
< 1500
14
14
14
14
1500
6000
15
15
15
15
40 mph
> 6000
17
17
17
17
< 1500
14
18
18
18
1500 - 6000
16
20
20
20
45 mph
> 6000
18
22
22
22
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
50 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
55 mph
> 6000
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
60 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
70 mph
> 6000
*These slopes are considered to be traversable but non-recoverable and require special considerations.

1:3*
19
21
23
48
53
59
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Table 4-6.04H
CLEAR ZONE DISTANCES (ft)
Degree of curve 8°
DESIGN
SPEED

40 mph

45 mph

50 mph

55 mph

60 mph

70 mph

ADT
< 1500
1500 - 6000
> 6000
< 1500
1500 - 6000
> 6000
< 1500
1500 - 6000
> 6000
< 1500
1500 - 6000
> 6000
< 1500
1500 - 6000
> 6000
< 1500
1500 - 6000
> 6000

1:3
14
16
17
15
17
18

CUT SECTION
1:4
1:5
1:6
14
14
14
16
16
16
17
17
17
17
18
18
19
20
20
21
23
23

FLAT
1:10
14
16
17
18
20
23

14
16
17
18
20
23

1:10
14
16
17
18
20
23

FILL SECTION
1:6
1:5
1:4
15
17
17
17
18
20
18
20
21
21
23
27
23
25
30
25
28
33

1:3*
20
22
23
50
55
61

Exceeds Maximum Allowable Curvature

Exceeds Maximum Allowable Curvature

Exceeds Maximum Allowable Curvature

Exceeds Maximum Allowable Curvature

*These slopes are considered to be traversable but non-recoverable and require special considerations.
Table 4-6.04I
CLEAR ZONE DISTANCES (ft)
Degree of curve 9°
DESIGN
SPEED

ADT
1:3
14
16
17

CUT SECTION
1:4
1:5
1:6
14
14
14
16
16
16
17
17
17

FLAT
1:10
14
16
17

1:10
14
16
17

FILL SECTION
1:6
1:5
1:4
16
17
18
17
19
20
19
20
21

< 1500
14
1500 - 6000
16
40 mph
> 6000
17
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
45 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
50 mph
> 6000
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
55 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
60 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
70 mph
> 6000
*These slopes are considered to be traversable but non-recoverable and require special considerations.

1:3*
20
22
24
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Table 4-6.04J
CLEAR ZONE DISTANCES (ft)
Degree of curve 10°
DESIGN
SPEED

ADT
1:3
15
17
18

CUT SECTION
1:4
1:5
1:6
15
15
15
17
17
17
18
18
18

FLAT
1:10
15
17
18

1:10
15
17
18

FILL SECTION
1:6
1:5
1:4
16
17
18
18
19
20
19
20
22

< 1500
15
1500
6000
17
40 mph
> 6000
18
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
45 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
50 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
55 mph
> 6000
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
60 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
70 mph
> 6000
*These slopes are considered to be traversable but non-recoverable and require special considerations.

1:3*
20
23
24

Table 4-6.04K
CLEAR ZONE DISTANCES (ft)
Degree of curve 11°
DESIGN
SPEED

ADT
1:3
15
17
18

CUT SECTION
1:4
1:5
1:6
15
15
15
17
17
17
18
18
18

FLAT
1:10
15
17
18

1:10
15
17
18

FILL SECTION
1:6
1:5
1:4
17
18
19
18
20
21
20
21
22

< 1500
15
1500
6000
17
40 mph
> 6000
18
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
45 mph
> 6000
< 1500
1500 - 6000
Exceeds Maximum Allowable Curvature
50 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
55 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
60 mph
> 6000
< 1500
1500
- 6000
Exceeds Maximum Allowable Curvature
70 mph
> 6000
*These slopes are considered to be traversable but non-recoverable and require special considerations.

1:3*
21
23
25
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Calculating clear zone distances on horizontal curves (using Tables 4-6.04B through K)
Example
Determine the appropriate clear zone for a given deg of curve, ADT, design speed and sideslope:
Degree of curve = 2°
ADT = 1000
V = Design Speed = 50 mph
Inslope = 1:10

Lo = Increase in lateral encroachment (see page 4-6(10))
Lc, CZC, KCZ (see page 4-6(10))

Using the equation method:

Lo =

=

=

2

2 2

��5729.6� + �(0.9𝑉+15) � − 5729.6
𝐷°

13

2

2 2

𝐷°

��5729.6� + �(0.9×50+15) � − 5729.6
2

13

2

√8,207,079.04 + 76,686.39 − 2864.80

Lo =

13.35 ft

KCZ

=

𝐿𝑜 + 𝑊𝑟

=

13.35+107

𝑊𝑟

, Wr = 107 ft (finite limit of roadside, Section 4-6.04.02)

107

= 1.125

From Figure 4-6.04A, with 50 mph, 6000 ADT and slope 1:10
LC =

20 ft

CZC =

1.125 x 20 = 22.5 ft

But the figure is only for ADT > 6000, therefore we have to correct the clear zone for ADT of 1000 by
multiplying this last value by the ratio of the appropriate runout lengths from Figure 10-7.03B. (LR1000 = 260 and
LR6000 = 320 for 50 mph)

CZC

=

22.5 x

260
320

= 18.28 ft, use 18 ft
The same answer can be arrived at by using Table 4-6.04B (instead of Figure 4-6.04A).
Interpolating between the appropriate tables may be necessary for other calculations.
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Lateral Offset to Obstructions

Along urban non-freeway facilities, establishing a clear zone using the guidance in 4-6.04 is often
impractical, as these environments are characterized by common unyielding items as well as on-street parking. It is
necessary, however, to provide sufficient lateral space adjacent to the roadway to allow vehicles to operate on the
street without undue risk of contact with street-side objects. This operational space is referred to as lateral offset to
obstruction. In urban and suburban settings, a lateral offset provides the following benefits:
1.
2.
3.
4.
5.

Acts as a shy distance, improving the lane position of vehicles traveling in the outside lane
Improves travel lane capacity
Improves horizontal sight distances at intersections and entrances
Reduces the potential for parked vehicle contact with street-side objects (e.g. door swing)
Minimizes contact from vehicle-mounted items (e.g. side mirrors) as well as overhang from
turning trucks and buses

Lateral offset to obstruction is applicable on non-freeway urban and suburban facilities. The minimum
design value is 1.5 ft (0.5 m), measured from the face of curb / gutter line to the near edge of any stationary object,
fixed or breakaway. At intersections, 3 ft (1 m) of lateral offset is recommended to provide sufficient clearance for
the overhang of turning trucks and buses.
These criteria do not apply to traffic barriers where they are deployed; barriers should be installed at
the offset prescribed by their approved use.
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4-7.0

FRONTAGE ROADS
Frontage roads are often advantageous on arterials and freeways in both rural and urban areas.
They control access to abutting properties, thus increasing the safety and operation of the main facility while
accommodating the needs of local traffic, pedestrians and bicyclists off the mainline. Frontage roads may be
continuous or intermittent, they may be on one or both sides, and they may be one-way or two-way. When used
along an arterial with frequent at-grade intersections, intermittent (in contrast to continuous) frontage roads help
alleviate the operational problems at the intersections. From the operational and safety viewpoints, one-way
frontage roads are much preferred to two-way. One-way operation inconveniences local traffic to some degree,
but the reduction in vehicular and pedestrian conflicts at intersecting streets compensates for this inconvenience.
For new construction/reconstruction projects, providing a frontage road is desirable where access
control is necessary and businesses are adjacent to the roadway.
4-7.01

Design
The standard design elements of lane width, cross slope, horizontal and vertical alignment, etc., should
be provided in accordance with the functional operation of the frontage road. That is, the same considerations
related to functional classification, design speed, traffic volumes, etc., apply to frontage roads as they would to any
other highway. In addition, there are three areas of concern when designing frontage roads:
1.

2.

3.

The separation between the mainline and the frontage road along the length of the facility. This
distance, which is called the outer separation, is shown as distance X on Figure 4-7.01A. Physical
separation between the two-flows of traffic improves operation and driver comfort, particularly for
two-way frontage roads. This width provides an area for pedestrian refuge, landscaping, snow
storage, and signing. Right of way can be minimized by maintaining a narrow X distance along
the length of the facility and widening out at ramp connections as shown in Figure 4-7.01A.
The distance between the intersection of a mainline ramp with the cross street and the intersection
of the cross street with the frontage road. This is shown as distance Y on Figure 4-7.01A. Refer
to Chapter 5 for values of Y with frontage roads to arterials. Refer to Chapter 6 for values of Y
with frontage roads to freeways.
How access is provided between the frontage road and mainline. Access can be provided either
directly using slip ramps, or indirectly via mainline-cross street intersections. Infrequent points of
access increase the desirability of two-way frontage roads. Slip ramps to and from two-way
frontage roads are unacceptable because of their potential for wrong-way entry.

Frontage roads that are to become a part of the State Aid system should be designed to State Aid
standards.
4-7.02

Terminals to Frontage Roads
Frontage roads may have to be terminated on occasion at locations other than intersections. This may
also become necessary for local roads and streets impacted by a major highway project. Turnaround movements
must be allowed in these cases for the largest vehicle likely to make the movement with considerable frequency.
Many designs exist and the selection should be based on cost and the availability of right of way. Figure 4-7.02A
illustrates types of terminals and provides the necessary design information.
Special consideration for turnaround design should be made when large school buses (70 passenger
buses) will be using the turnaround. Many school bus drivers have been instructed not to back-up their vehicles
because of visibility problems and associated safety problems. Additionally, these buses have a large turning radius.
Therefore, when large school buses will be using a turnaround, the desirable design is the circular configuration
(cul-de-sac) in Figure 4-7.02A using a 50 ft radius.
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FRONTAGE ROAD DESIGN
Figure 4-7.01A
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FRONTAGE ROAD TERMINALS
Figure 4-7.02A
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4-8.0

RIGHT OF WAY
The necessary right of way width will be at least the summation of all cross section elements:
lanes, shoulders, medians, side slopes, clear zones, drainage ditches, utility accommodation, sidewalks, paths, and
frontage roads. Consideration should also be given to the likelihood of adding travel lanes and sidewalks or paths in
the future. Conversely, the availability and cost of right of way may dictate the width of cross section elements that
are provided. The basic right of way width for an undivided urban street is 60 ft, for a 2-lane rural highway it is 150
ft minimum and 200 ft desirable. These minimum widths should be increased as necessary with the addition of
medians, travel lanes frontage roads, and pedestrian/bike paths.
4-8.01

Special Controls
Right of way width should be uniform, but this is not a necessity. In urban areas variable widths
may be necessary due to the existing development; varying side slopes and embankment heights may make it
desirable to vary right of way widths; and, right of way limits will likely have to be adjusted at intersections and
freeway interchanges. Other special right of way controls should also be considered:
1. At horizontal curves and intersections, additional right of way acquisition may be warranted
to ensure that the necessary sight distance is always available in the future. See Chapters 3
and 5, Sections 3-1.0 and 5-2.0.
2. Where embankment slopes are steeper than 1:6, consideration should be given to
recommending a distance of 20 ft between the toe of the fill slope and the right of way line,
providing it is feasible and any property required in addition to the basic width can be
reasonably obtained.
3. Where backslopes are 1:3 or steeper, it is desirable to provide for a distance of 20 ft between
the P.I. at the top of the backslope and the right of way line, providing it is feasible and any
property required in addition to the basic width can be reasonably obtained.
4. In areas where the above desirable minimum widths cannot be reasonably obtained, the
designer should consider the advisability of using steeper slopes, revising grades, or using
retaining walls to reduce the right of way needs.
4-8.02

Procedures
Before submitting the proposed right of way limits to the Office of Right of Way, the following
procedures shall be followed by the designer:
1. The preliminary layout and tentative grade shall be reviewed in the field by the designer and a
representative from the Hydraulic Section and from the District Materials Office to determine
the need for off-take ditches, ponding areas, settlement basins, box culverts, channel change,
etc. that may affect the right of way limits.
2. The designer may then need to adjust the grade and balance the project, and obtain earthwork
quantities, balance points, haul, construction limits and mass diagram. If additional right of
way (beyond the basic width) is required for maintenance, it shall be indicated on the plans
together with the designated borrow sources.
3. The designer may need to field-walk the project with the District Right of Way Engineer,
Area Maintenance Engineer, and a District Engineer Representative. Special attention should
be devoted to reviewing the adequacy of the right of way recommended by the designer.
4. The construction limits and the recommended additional right of way beyond the basic width
shall be furnished to the Office of Right of Way. In the event changes are warranted at a later
date, the Office of Right of Way shall be furnished with proposed new limits at the earliest
possible date.
4-8.03

Indication of Right of Way Limits on Cross Section Sheets
When the authorization map indicating the right of way to be acquired is received from the Office
of Right of Way, the designer shall indicate these limits on the cross section sheets in the following manner:
1. If the right of way remains uniform throughout all cross sections appearing on a sheet, limits
need to be indicated only at the top and bottom of sheet, as a minimum.
2. If right of way varies with each section, limits must be indicated on each section.
3. Any temporary or permanent easements shall also be shown.
4. All construction shall be performed inside these limits.
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CHAPTER 5
AT-GRADE INTERSECTIONS

5-1.0

INTRODUCTION
Vehicle crossing maneuvers can be accomplished in four ways: (a) uncontrolled crossing at grade,
(b) traffic sign or signal-controlled crossing at grade, (c) weaving, and (d) grade separation. In general, both
operational efficiency and construction costs increase in this order. The highest feasible type should be used in
consideration of the ADT, type and speed of vehicles using the intersection. (a) and (b) are addressed in this
chapter, (c) and (d) will be addressed in Chapter 6.
Intersections are significant points of conflict within the highway system. Their impact on safety,
capacity, speed, and user costs is considerable. For this reason, intersections deserve special attention in their
design.
5-1.01

Definition
An intersection is the area in which two or more roadways join or cross at the same grade.

5-1.02

Policy
Throughout this chapter, the Department policy is stated relative to the various design elements
under consideration. The designer should make every effort to comply with the stated objectives. The policies are
not absolute, but exceptions should be made only after all practical alternatives have been evaluated.
5-1.03

Design Considerations
The design of an intersection involves four basic elements: human, operational, physical and
economic. This chapter will primarily discuss the physical geometric criteria incorporated into intersection design.
Other intersection design criteria are:
1.
2.
3.
4.
5.
6.

desirable traffic controls (none, signs, signals, pavement markings);
capacity analysis (level of service, number of approach lanes, turning movements and turn
lanes);
degree of access control for highway facility;
pedestrian traffic;
bicycle traffic; and
lighting warrants.

These criteria are addressed in the MnDOT Traffic Engineering Manual, MN MUTCD, Highway
Capacity Manual, MN Bike Transportation Plan and Design Guidelines, elsewhere in this manual, and in
AASHTO’s A Policy on Geometric Design of Highways and Streets. The Highway Capacity Manual provides
detailed methodologies for analyzing both signalized and unsignalized intersections. Section 2-5.08 of this
manual further discusses the capacity analyses.
Usually, analyses and application of the listed criteria will precede and dictate the geometric
layout of the intersection. An improper geometric design can partially negate the potential benefits from advanced
signalization, approach roadway width and exclusive turn lanes. Each intersection requires an individual design
within the basic criteria. The design should strike a reasonable balance among the several competing design criteria.
It is also beneficial to review the accident history and prepare a collision diagram while
redesigning an intersection. Accident history is often the most accurate predictor of future accidents, and an analysis
can offer valuable insights into any safety problems that may exist. It could also justify the inclusion of an element
(e.g., signals, exclusive turn lanes, etc.) which would not be warranted by other criteria.
Individual vehicle (motorized and non-motorized) and pedestrian movements are the smallest units
used for intersection design. They may be combined in various ways to produce alternate geometric designs for
any intersection. To a considerable extent intersection design is governed by vehicle and pedestrian demands,
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topography, land use, and economic and environmental considerations; the proper compromise is a decision to be
made by the designer. Intersection design should consider the following seven fundamental principles:
1.

2.

3.

4.

5.

6.
7.

Reduce number of conflicts – The number of conflict points among vehicular movements
increases significantly as the number of intersection legs increases. For example, an
intersection with four 2-way legs has 32 conflict points, but an intersection with six 2-way
legs has 172 conflict points. Intersections with more than four 2-way legs should be avoided
wherever possible.
Reduce area of conflict - Excessive intersection area causes driver confusion and inefficient
operations. Large areas are inherent in skewed and multiple approach intersections. When
intersections have excessive areas of conflict, channelization such as free right islands, should
be employed.
Segregate non-homogeneous flows - Separate lanes should be provided at intersections when
there are appreciable volumes of traffic traveling at different speeds. Using turn lanes to
separate the high-speed through-vehicle stream from the low-speed turning-vehicle stream has
considerable safety and operational benefits. Where large numbers of pedestrians cross wide
streets, refuge/median islands should be provided so that no more than three lanes have to be
crossed at one time. Free right islands better define intersections, accommodate pedestrians
and allow placement of signal poles.
Intersection Spacing - intersection hazards and delays increase greatly when intersections are
too close together. Provide drivers sufficient time and distance to prepare for the next
maneuver.
Control speed differentials – Speed differentials refer to the difference in speed between
neighboring, same-direction traffic flows. Controlling speed differentials is especially
important at merging locations. Speed differentials less than 15 mph can (depending on
geometry) allow entering traffic to merge with the through-vehicle stream without stopping.
Acceleration lanes may be provided to assist entering traffic in merging. This uninterrupted
flow minimizes delay. Speed differentials greater than 15 mph force entering traffic to yield
and seek gaps in the through-vehicle stream of traffic. The entering vehicle stream is
interrupted. Traffic control devices may be used to aid entering vehicles. This is accomplished
by stopping the through vehicle stream, which is undesirable but sometimes necessary.
Favor the heaviest and fastest flows - Intersections should be designed and operated (traffic
control) to favor the heaviest and fastest flows to minimize delay and hazards.
Coordinate intersection design with the development of traffic control plans.

5-1.04

Vehicle Characteristics
The primary vehicle characteristics which affect intersection design are turning radii, off-tracking,
braking distance and acceleration. Motor vehicle under-clearance and rear bumper clearance often present problems
at driveway entrances.
5-1.04.01

Turning Radii
The four design vehicles used for intersection design in Minnesota are: the passenger car (P), single
unit truck (SU), bus (BUS) and interstate semi-trailer (WB-62). Because the wheel path of a double trailer truck
combination (sometimes called a WB-69) falls inside that of a WB-62, the off-tracking of the latter shall be used in
design. The minimum turning paths for each of the design vehicles are illustrated in section 2-3.0.
To accommodate the turning movements of a design vehicle at 10 mph or less the designer should
use a taper offset with a simple curve, a 2-centered or a 3-centered symmetrical or asymmetrical compound curve.
The details of the recommended curve layouts and how they accommodate the design vehicles are discussed in
Sections 5-2.0 and 5-3.0 of this manual, and in MnDOT’s Traffic Engineering Manual.
5-1.04.02

Approach
Vehicle deceleration and acceleration characteristics have a major impact on the approach design of
an intersection. Stopping sight distance leads to the minimum sight triangle necessary in the intersection quadrants.
The acceleration criteria for the selected design vehicle will yield the needed sight distance which will safely allow a

MAY, 2001

ROAD DESIGN MANUAL (ENGLISH)

5-1(3)

stopped vehicle to cross or enter an intersecting highway. Both criteria also dictate the acceptable vertical grades on
the approaches to intersections. Approaches for entering roadways should have a grade of 0.5% away from the
roadway for 50’ (25’ minimum). Entrance approaches should have a grade of 0.5% away from the roadway for 25’
(15’ minimum). Stopping sight distance must be adjusted for negative grades, and a near flat storage platform is
desirable for stopped vehicles. This is discussed in detail in Section 5-2.02, Intersection Sight Distance.
5-1.04.03

Maneuver Speeds
Vehicles are limited to how they can maneuver on the highway at intersections, and the design
must reflect this. Larger vehicles cannot immediately turn to a given radius, but must gradually lead into it. This
requires a combination of tapers and compound curves to properly accommodate the vehicle. If it is desirable to
allow a vehicle to turn at speeds greater than 10 mph, the turning radius templates cannot be used. This is discussed
in Section 5-2.04, Minimum Turning Curve, and shown in Table 5-2.04A. The goal is to design the intersection
within the practical extent of vehicle maneuverability.
5-1.04.04

Under and Edge Clearances
Vehicles must be able to negotiate the vertical profile at an intersection without dragging their
underside or front and rear bumpers, preferably at speeds of at least 10 mph. Although this is true of all
intersections, this vehicle characteristic most often presents problems at driveway entrances and exits. A
complete discussion of driveways appears in Section 5-3.04.
Since passenger vehicles generally have a much lower vertical clearance than most trucks, the
dimensions of the typical automobile must be satisfied. The criteria presented in Section 5-3.04 will accomplish
this. For an updated vehicle geometry the designer should refer to and use the dimensions and break-over angles of
new vehicles which are published annually by the Motor Vehicle Manufacturers Association (MVMA) in Parking
Dimension, (Year) Model Cars.
5-1.05

Intersection Types
At-grade intersections are usually the 3-leg (T-shape) or 4-leg design. Individual intersections vary
greatly in size, shape and use of flares, channelization and free right turns. The primary factors which affect the
selection of intersection type are the design speed, design-hour volume, turning movements, traffic composition,
traffic control, and angle of intersection, many variations of which are possible. They are discussed in AASHTO's
A Policy on Geometric Design of Highways and Streets and in NCHRP Report 279.
For railroad/highway intersection design, see Section 11-6.0.
5-1.06

Traffic Controls
The type and level of sophistication of traffic control will impact the geometric design of the
intersection. At intersections with no traffic control, the full approach pavement width should be continued
through the intersection. Stop control may sufficiently reduce capacity to warrant additional approach lanes.
The presence of stop or signalization control requires the consideration of stopping sight distances for the
approaching vehicles. Signalization will also impact the length of storage areas, location and position of turning
roadways, and channelization. The intersection must also be designed to allow the physical placement of the traffic
control devices in the safest location and out of the stream of pedestrian or bicycle traffic. Traffic control devices
are discussed in the MN MUTCD and MnDOT’s Traffic Engineering Manual. Their effect on capacity is discussed
in AASHTO’s Highway Capacity Manual.
5-1.07

Intersections on Horizontal Curves
Intersections on horizontal curves should be avoided. The curvature adds an extra element of
complexity to the highway information that must be processed by the driver, thereby increasing the hazard. It also
complicates the geometric design elements of sight distance, channelization and superelevation.
It may be impractical to provide the intersection on a tangent. In such cases, designers should
consider realigning the minor highway to intersect the major highway perpendicular to a tangent at a point on the
curve. However, this still has the disadvantage of difficult turning movements if the superelevation of the major
highway is high.
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The general criteria for turning movements and sight distance are discussed later in this chapter.
The same criteria apply to intersections on non-tangent highway sections. Due to the complexity of the driving task
at intersections, additional construction and/or right-of-way costs may be justified to meet or exceed the minimum
criteria. A detailed review of the accident history is useful in the evaluation of these intersection designs.
5-1.07.01

Superelevation and Roadway Crown
Crossing superelevated highways and crowned roadways can adversely affect vehicle control.
This can be more of a problem at signalized intersections (and at stop controlled intersections that will be converted
to signalized intersections) where higher speeds may be achieved. At some low volume crossings, such as
driveways and township roads, the rollover may be too large for some vehicles. A designer should analyze all
vehicular paths relative to probable speeds when developing any intersection design. In some restricted areas, the
beginning location of superelevation may be changed to adapt to field conditions. When this is done, Figure
3-3.03A should be used to determine if adequate superelevation is maintained at the P.C. or P.T. of the curve.
5-1.08

Frontage Roads to Arterials
1. For more details on frontage roads refer to Chapter 4, Section 4-7.0 and to AASHTO’s
A Policy On Geometric Design of Highways and Streets.
2. The separation between the mainline and the frontage road along the length of the facility,
called the outer separation, is shown as distance X on Figure 5-1.08A.
3. For frontage roads on high speed arterials, the desirable minimum value of X is 30 ft, in
addition to 4 ft wide shoulders on the frontage road. In very restricted R/W areas, a concrete
barrier may be used to separate the two roadways and the frontage road shoulder width may
be reduced to 2 ft (if the speed limit on the frontage road allows it). The barrier should be
high enough to prevent headlight glare.
4. For frontage roads on low speed arterials, the desirable minimum value of X is 4 ft, in
addition to 2 ft wide shoulders on the frontage road.
5. The distance between the intersection of the mainline and the cross street, and the intersection
of the cross street and frontage road has a great effect on the operation and safety of all three
roadways. This distance is shown as distance Y on Figure 5-1.08A.
6. From the 1999 Traffic Engineering Handbook: A Y value of at least 250 ft is desirable to
reduce the interference of the two intersections. Such a separation also creates a buildable site
suitable for a service station, fast food restaurant, or convenience store. A separation of 500 ft
will accommodate back-to-back left turn lanes between the mainline and the frontage road.
Refer to Chapter 2, Section 2-3.06 and Contact MnDOT’s Access Management Section for
additional guidance.
7. For two-way frontage roads, Y should be wide enough to allow U-turns (by the appropriate
design vehicle) between the frontage road and the arterial.

FRONTAGE ROADS TO ARTERIALS
Figure 5-1.08A
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5-2.0

GENERAL INTERSECTION DESIGN
Even with well-managed access, public road and private driveway intersections are numerous on
the system. Therefore, proper design of each intersection and driveway is necessary to optimize safety and
operational efficiency within space and funding constraints. Available design treatments include exclusive left-turn
and right-turn lanes, improved sight distance, channelized right turns, indirect left turns, higher-level traffic controls,
service roads, and ease of ingress/egress, particularly at driveway entrances.
5-2.01

Design Principles
The primary objective of intersection design is to facilitate the movement of transportation modes
in a manner that optimizes safety and operational efficiency within the bounds of practicality. This goal can be
achieved through the appropriate selection of intersection control and configuration, good geometric design that
appropriately sizes design elements, and provision of sufficient sight distance to allow good judgments by users.
Intersections will generally operate more safely and efficiently when designed compactly. The
objective is an intersection that allows for the movement of larger vehicles—both common and oversize—but is
designed primarily for the safety and comfort of smaller vehicles and non-motorized modes. This often entails the
need for multi-point turns and encroachment into adjacent or opposing lanes by commercial traffic, consistent with
the Minnesota Commercial Driver’s Manual.
Standard intersection sight distance (ISD), discussed below, is based on operational factors.
Stopping sight distance (SSD), discussed in Chapters 2 and 3, is considered the minimum sight distance design in
the vicinity of intersections and should therefore be provided wherever practical at intersections and driveways as
part of new construction.
5-2.02

Intersection Sight Distance
Of all intersection geometrics which may be related to crash frequency, sight distance is most
often a contributing factor. Sight distance is fundamental to intersection operation and safety and accordingly
deserves special attention. Because intersections are the most prevalent crash location on the road system, robust
sight distance provision is sometimes justifiable, especially in addressing crash problem locations or where site
specifics complicate the driving task. It must be noted, however, that intersection safety is a multifaceted and not
well understood system, of which sight distance is only one component.

As noted above, for new construction, provide at least stopping sight distance (SSD) in the vicinity
of intersections and driveways. For improvement projects on existing roads, consider correcting a SSD deficiency
near an intersection if the expected improvement in performance warrants the additional construction cost. Take into
account the safety history of the site, the expected reduction in number of crashes, the cost of achieving the standard
criterion, and the worthiness of the investment compared with other needs and priorities on the system. In the case of
poor safety performance at an intersection, study the site to diagnose whether sight distance is a likely contributing
factor; lower-cost solutions than sight distance improvement may be available. Where sight distance is to be
increased, base the design at least partly on known safety relationships discussed as follows.
Quantitative relationships between available sight distance and safety performance at intersections
are published in NCHRP Report 875 (and will be included in future editions of the AASHTO Highway Safety
Manual). Guidelines and analytical steps for applying this information on projects are provided therein. Use this
guidance and data to assess expected safety performance of design options weighed against their respective
construction costs. This is particularly useful in situations where improvement of an existing condition is judged
necessary as well as where non-standard or robust sight distance provision is contemplated.
The standard values for intersection sight distance (ISD) that follow are based on allowing
potentially conflicting vehicles to perceive each other and act accordingly with minimal operational effect. Its
provision is highly encouraged for new construction at intersections with public roads and higher-volume driveway
entrances, where practical. The ISD model is founded in the same principles as stopping sight distance but employs
modified assumptions based on observed driver behavior at intersections. It is primarily traffic operational in nature
and as such should not be applied as representing a minimum degree of safety.
5-2.02.01

Geometric Framework
The basis of intersection sight distance is to provide a line of sight between two vehicles
approaching an intersection on their respective legs. This involves establishing a triangular area in each intersection
quadrant free of obstructions that might block an approaching driver’s view of potentially conflicting vehicles.
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Ideally these so-called sight triangles exist within right of way limits so that terrain and vegetation can be controlled
and the placement of obstructing objects precluded. In addition, roadway characteristics such as skew and grade
(discussed later in this section), parked cars, guardrail locations, snow storage, signs, walls, fences, and other
roadside appurtenances can restrict the line of sight and must be taken into account.
Figure 5-2.02A shows a graphical representation of approach sight triangles. This applies to
intersections with no control or yield control on the minor leg (Cases A and C, discussed later in this section) and is
based on allowing minor-leg drivers to see potentially conflicting vehicles in sufficient time to avoid a collision by
slowing or stopping. The decision point is the location where the driver should begin such a braking maneuver if
another vehicle is detected. The triangles’ dimensions are as presented in the subsections covering Cases A and C.

APPROACH SIGHT TRIANGLES
Figure 5-2.02A
Figure 5-2.02B depicts departure sight triangles, which provides sight distance sufficient for a
stopped minor-road driver to enter or cross the major road. Departure triangles should be provided in each quadrant
of each intersection approach controlled by stop or yield signs from which vehicles may enter or cross a major road
on which traffic is not required to stop (Cases B and C, later in this section). They should also be provided for some
signalized intersection approaches (Case D). The measurements of distances a1 and a2 are based on the vertices of
the sight triangles (decision points) being located 14.5 feet from the edge of the major road traveled way.

DEPARTURE SIGHT TRIANGLES
Figure 5-2.02B
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Approach sight triangles can tend to be more space extensive than departure triangles, particularly
on the approach leg. For this reason, selection of intersection control may in some cases be driven by sight triangle
availability, including the ability to control vegetation within right of way areas.
Both approach and departure sight triangle conditions may need to be investigated depending on
intersection control and site specifics.
Identification of intersection sight distance restrictions must consider both the horizontal and
vertical alignment of both roadways as well as any complication resulting from their combination. As discussed in
Chapter 3, the assumed height of both the driver’s eye and the object to be seen are 3.5 feet above their respective
roadway surfaces. The object height is based on a vehicle height of 4 feet, 4 inches (the 85th percentile passenger
vehicle height) minus a 10-inch allowance for the portion of the vehicle that needs to be seen in the daytime
operating condition in order to be recognized as an object by a driver. In cases where a truck is used as the design
approach vehicle, the recommended value for a truck driver’s eye height is 7.6 feet.
5-2.02.02

Intersection Control Cases
The recommended dimensions of the ISD sight triangles (a1, a2 and b in Figures 5-2.02A & B)
depend on the type of traffic control employed at an intersection. Bases, calculation procedures, and tabulated values
are presented for each control condition in the following subsections. Additional detail and discussion are available
in Chapter 9 of AASHTO’s A Policy on Geometric Design of Highways and Streets as well as NCHRP Report 383:
Intersection Sight Distance.
Where providing standard ISD in any of these cases is not practical, AASHTO recommends
giving consideration to installing advisory speed signing on the applicable major-road approach(es).
5-2.02.02.01

Case A—Intersections with No Traffic Control
Some rural intersections of low-volume roads are uncontrolled. Approach sight triangle geometry
is applicable to these situations. Departure sight triangles are not normally considered necessary due to typically
very low traffic volumes and corresponding low likelihood that a vehicle stopped due to the presence of conflicting
vehicle will encounter another approaching vehicle.
For each dimension a1, a2 and b, use the values from Table 5-2.02A based on the design speed of
the particular approach leg. These values are based on a perception-reaction time of 2.5 seconds and a braking
deceleration rate consistent with the stopping sight distance model. Field observations indicate casual deceleration
by approaching vehicles in advance of this sight triangle, even when no potentially conflicting vehicle is detected.
For this reason, these dimensions are considered conservative. Where the grade along an intersection approach
exceeds 3 percent, the leg of the clear sight triangle along that approach should be adjusted by multiplying the
appropriate sight distance by the appropriate adjustment factor from Table 5-2.02B.
Table 5-2.02A
LENGTH OF APPROACH SIGHT TRIANGLE LEG, CASE A
Design Speed
(mph)

Length of Leg (ft)

20
25
30

90
115
140

35
40
45
50
55
60

165
195
220
245
285
325

65
70

365
405
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Table 5-2.02B
ADJUSTMENT FACTORS FOR ISD BASED ON APPROACH GRADE
Approach
Grade (%)
-6
-5
-4
-3 to +3
+4
+5
+6

20
1.1
1.0
1.0
1.0
1.0
1.0
1.0

25
1.1
1.1
1.0
1.0
1.0
1.0
0.9

30
1.1
1.1
1.0
1.0
1.0
0.9
0.9

35
1.1
1.1
1.1
1.0
0.9
0.9
0.9

Design Speed (mph)
40
45
50
1.1
1.1
1.2
1.1
1.1
1.1
1.1
1.1
1.1
1.0
1.0
1.0
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9

55
1.2
1.2
1.1
1.0
0.9
0.9
0.9

60
1.2
1.2
1.1
1.0
0.9
0.9
0.9

65
1.2
1.2
1.1
1.0
0.9
0.9
0.9

70
1.2
1.2
1.1
1.0
0.9
0.9
0.9

5-2.02.02.02

Case B—Intersections with Stop Control on the Minor Road
Intersection sight distance criteria for so-called through stop-controlled intersections allows a
vehicle stopped at the decision point on the minor road to see a sufficient distance along the major road to turn left
or right or to make a crossing maneuver. The standard values are based on these maneuvers not unduly impacting
the operation of vehicles on the through roadway. Only departure sight triangles are applicable to this case.
5-2.02.02.02.01 Case B1—Left Turn from the Minor Road
Standard ISD for this case is a departure sight triangle for traffic approaching from the right
(Figure 5-2.02B, right-hand illustration). For traffic approaching from the left, the dimension associated with Case
B2 provides more than sufficient distance to allow a left turn (refer to 5-2.02.02.02.02).
The length of the departure sight triangle, b, is equal to the distance traveled at the design speed of
the major road based on the applicable time from Table 5-2.02C, as adjusted per footnotes. These values provide
sufficient time for the minor road vehicle to accelerate from a stop and complete the left-turning maneuver without
causing major-road traffic to slow to less than 70 percent of its initial speed. For most purposes, the minor-road
vehicle can be assumed to be a passenger car; however, for approaches with unusually high volumes of heavy
vehicles, use of the indicated values for trucks may be considered.
Table 5-2.02C
TRAVEL TIMES FOR DETERMINATION OF DEPARTURE SIGHT TRIANGE LEG, CASE B1
Design Vehicle
Passenger car
Single-unit truck

Time Gap, tg (s), at Design Speed of Major Road
7.5
9.5

Combination truck

11.5

For left turns onto two-way highways with more than two lanes, add 0.5 s for passenger
cars or 0.7 s for trucks for each additional lane in excess of one to be crossed by the
turning vehicle. Include median width as an equivalent number of 12-foot lanes.
If the approach grade on the minor road is an upgrade exceeding 3 percent, add 0.2 s per
percent grade

The length, b, of the departure sight triangle would be determined as:

𝑏𝑏 = 1.47 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑔𝑔

Where:
𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = design speed of major road (mph)
𝑡𝑡𝑔𝑔
= time gap for minor road vehicle to enter the major road (s)
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Sight distance design for left turns at divided-highway intersections may require consideration of
different combinations of design vehicles. For example, if the median is sufficiently wide to store a passenger
vehicle but not a combination truck, a calculation of b for the passenger car would not need to adjust the time gap to
include the near-roadway width, but that allowance would need to be incorporated if the truck is considered the
design vehicle for one or both approaches.
5-2.02.02.02.02 Case B2—Right Turn from the Minor Road
Standard ISD for this case is a departure sight triangle for traffic approaching from the left (Figure
5-2.02B, left-hand illustration), calculated in the same manner as for Case B1 but with slightly different time gaps.
Such provision should not be considered necessary where right turns are accommodated with channelized free-right
geometry.
Field observations indicate that drivers making right turns generally accept slightly shorter gaps
than those accepted in making left turns. For this reason—and to account for not having to cross one lane as part of
the maneuver—the travel times in Table 5-2.02D are to be used for right turns, as adjusted per footnote. They are
reduced by 1.0 s from those applied to the left-turning condition.
Table 5-2.02D
TRAVEL TIMES FOR DETERMINATION OF DEPARTURE SIGHT TRIANGE LEG, CASES B2 & B3
Design Vehicle
Passenger car
Single-unit truck
Combination truck

Time Gap, tg (s), at Design Speed of Major Road
6.5
8.5
10.5

If the approach grade on the minor road is an upgrade exceeding 3 percent:
Add 0.1 s per percent grade for right turns
Add 0.2 s per percent grade for crossing maneuvers
For a crossing maneuver of a road with more than two lanes, add 0.5 s for passenger cars
and 0.7 s for trucks for each additional lane to be crossed. Include median width as an
equivalent number of 12-foot lanes.

5-2.02.02.02.03 Case B3—Crossing Maneuver from the Minor Road
In most situations, it can be assumed that the departure sight triangles from Cases B1 and B2 are
more than adequate for minor-road vehicles to cross the major road. In the case of steep approach grades or wide
major roadways, however, the time gaps in Table 5-2.02D, adjusted per the footnotes pertaining to the crossing
maneuver, can control the design and should be calculated.
5-2.02.02.03

Case C—Intersections with Yield Control on the Minor Road
Since a yield condition allows drivers to enter an intersection without stopping if there are no
conflicting vehicles present, an intersection with yield control on the minor-road approach must be designed for this
eventuality as well as for minor-road traffic to stop. For this reason, both approach sight triangles and departure
sight triangles are applicable to these intersections.
Similar to intersections with no control, standard ISD for yield control entails establishing
approach sight triangles in both directions—as depicted in Figure 5-2.02A—for each yield-controlled approach.
Unlike uncontrolled intersections, however, two separate pairs of approach sight triangles are necessary—one to
accommodate the crossing maneuver and one for left and right turns onto the major road. This is due to unique
driver behavior observed at yield-controlled intersections. Both sets of sight triangles should be checked for
potential sight obstructions.
As discussed in 5-2.02.01, yield-controlled intersections generally entail greater intersection sight
distances than intersections with stop control due to the inclusion of approach sight triangles. If ISD associated with
yield control is not available, consideration may be given to stop control on that basis.
5-2.02.02.03.01 Case C1—Crossing Maneuvers
The length of the near-side approach sight triangle, a1, is provided in Table 5-2.02E along with its
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associated travel time ta. Adjust the table value per the footnote for approaches on steep grades. These distances
have the same basis as for Case A except that, based on field observations, minor-road vehicles that do not stop are
assumed to reduce their approach speed somewhat less than with an uncontrolled approach.
Table 5-2.02E
LENGTH OF APPROACH SIGHT TRIANGLE LEG AND ASSOCIATED TRAVEL TIME, CASE C1
Design Speed
(mph)

Length of Leg,
a1 or a2 (ft)

20
25

100
130

Travel Time from
Decision Point to Major
Road, ta (s)
3.7
4.0

30
35
40
45
50
55
60

160
195
235
275
320
370
420

4.3
4.6
4.9
5.2
5.5
5.8
6.1

65
70

470
530

6.4
6.7

For minor-road approach grades exceeding 3 percent, multiply table
values by the appropriate adjustment factor in Table 5-2.02B.

The length of the major-road approach sight triangle, b, provides sufficient time for the minor-road
vehicle to travel from the decision point to the intersection based on the travel-time assumptions above and to cross
and clear the intersection at its assumed reduced speed. This length of time and associated major-road dimension are
computed using the following equations:

𝑡𝑡𝑔𝑔 = 𝑡𝑡𝑎𝑎 +

𝑤𝑤 + 𝐿𝐿𝑎𝑎
0.88𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑏𝑏 = 1.47 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑡𝑡𝑔𝑔

Where:
= travel time to reach and clear the major road (s), no less than the time
𝑡𝑡𝑔𝑔
for crossing a roadway from a stop given in Table 5-2.02D
𝑏𝑏
= length of approach sight triangle leg along the major road (feet)
= travel time to reach the major road from the decision point for a
𝑡𝑡𝑎𝑎
vehicle that does not stop (s)—from Table 5-2.02E, adjusted per
footnote for approach grade
𝑏𝑏
= width of intersection to be crossed (feet)
= length of design vehicle (feet)
𝐿𝐿𝑎𝑎
𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = design speed of minor road (mph)
𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = design speed of major road (mph)

As noted above, the value of tg must equal or exceed the travel time to cross a roadway from a
stop, as shown in Table 5-2.02D, adjusted per footnotes. This value commonly controls the design when the minor
road design speed is greater than 50 mph.

5-2.02.02.03.01 Case C2—Left- and Right-Turn Maneuvers
The length of the approach sight triangle leg along the minor road (distance a1 in Figure 5-2.02A)
to accommodate left and right turns without stopping is approximately 75 feet. This is based on drivers slowing to a
turning speed of 10 mph.
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The approach sight triangle lengths along the major road, b, are similar to the values for stopcontrolled intersections in Cases B1 and B2—from Tables 5-2.02C & D respectively—but increased by 0.5 s over
those values. This reflects 3.5 s of additional time needed for approach vehicles to travel from the decision point to
the intersection minus 3.0 s due to not having to accelerate from a stop under the yield condition.
Departure sight triangles are appropriate in order to account for minor-road vehicles that stop at
the yield sign to avoid conflicts with major-road vehicles. These need not be calculated, however, since approach
sight triangles for turning maneuvers under yield control are inherently larger.
5-2.02.02.04

Case D—Intersections with Traffic Signal Control
A basic requirement for all signal-controlled intersections is that drivers must be able to see the
control device soon enough to perform the action it indicates. Lines of sight should also be provided such that the
first vehicle stopped on each approach is visible to the driver of the first vehicle stopped on each of the other
approaches. Additionally, except for where right turns on a red indication are disallowed, departure sight triangles
for Case B2 should be checked. If the signal is to be placed on two-way flashing operation under off-peak or
nighttime conditions, other appropriate Case B sight triangles would be in order.
5-2.02.02.05

Case E—Intersections with All-Way Stop Control
The first stopped vehicle on each approach should be visible to the drivers of the first stopped
vehicles on each of the other approaches.
5-2.02.02.06

Case F—Left Turns from a Major Road
Intersection sight distance to accommodate left turns by a vehicle on the major road is the distance
traversed at the design speed of opposing traffic in the travel times given in Table 5-2.02F. They are based on the
assumption that the turning vehicle has come to a stop. Such distances allow the maneuver to be completed without
unduly affecting the operation of the oncoming vehicle. These exceed the corresponding stopping sight distances
which, as discussed previously, should be applied as a minimum design criterion for new construction in the vicinity
of intersections. As footnoted, adjust the time gaps for additional major-road lanes and/or median to be crossed by
the turning vehicle.

Table 5-2.02F
TRAVEL TIMES FOR USE IN CALCULATING ISD, CASE F
Design Vehicle
Passenger car

Travel Time (s) at Design Speed of Major Road
5.5

Single-unit truck
Combination truck

6.5
7.5

For a crossing maneuver of a road with more than two lanes, add 0.5 s for passenger cars
and 0.7 s for trucks for each additional lane to be crossed. Include median width as an
equivalent number of 12-foot lanes.

If sight distance for Case B or Case C has been provided for each minor-road approach, the Case F
criteria will generally be satisfied. This may not be true of 3-leg intersections, atypical configurations, or driveways
where departure sight triangles are not provided, in these situations, the Case F condition should be checked.
5-2.02.02.07

Case G—Modern Roundabouts
Drivers entering a roundabout need to see potentially conflicting vehicles along the upstream
portion of the circulatory roadway as well as those entering from the immediate upstream approach. Refer to
NCHRP Report 672, which presents a procedure for determining the associated sight lines and distances.
Unique to roundabouts is the concept of limiting sight lines to no more than needed for the driver
to decide when to enter the intersection—the driver’s sole operational task. Allowing a view of the entire circulatory
area can potentially distract from that task as well as encourage higher circulating speeds, both of which can affect
the safety and efficiency of the intersection. The standard practice of elevating the central island restricts sight lines
in this fashion.
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5-2.02.03

Effects of Skew
Oblique-angle intersections entail increased travel path lengths for some turning and crossing
maneuvers. Intersection angles deviating from a right angle by more than 15 degrees should be analyzed and sight
triangle distances increased if an actual path length increases by one or more equivalent lanes on account of skew.
This adjustment is made by dividing the lateral width of the lanes and/or median being crossed by the sine of the
intersection angle, as shown in Figure 5-2.02C. Refer to discussion, tables and footnotes for each intersection
control case for baseline travel times and assumptions, mindful that the time gaps for each case already account for
crossing of one lane.

SIGHT TRIANGLES AT SKEWED INTERSECTIONS
Figure 5-2.02C

In the obtuse-angle quadrant of a skewed intersection, the angle between the approach leg and the
sight line is small, requiring only a small head movement to see the entire sight triangle. In contrast, the acute-angle
quadrant demands considerable head movement to see the sight triangle. For this reason, it is recommended that
Case A not be applied to acute quadrants where the intersection angle is less than 60 degrees; rather, compute the
sight triangle dimensions using Case B criteria in these situations.
Pillars supporting vehicles’ roofs have increased in size and steepness over the years for reasons
of crashworthiness and aerodynamics, but the larger pillars entail more prominent sightline restrictions and blind
spots from the driver’s perspective. The sightline restriction varies depending on which side the minor road
intersects, as illustrated in Figure 5-2.02D. This factor should be considered when designing an intersection. For
existing sites, an individual analysis--including review of the crash history--is necessary to evaluate the potential for
realignment and which alternative design may be most cost-effective.

SKEWED INTERSECTION - LINE OF SIGHT
Figure 5-2.02D
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5-2.03

Effect of Grades
The grades of intersecting highways should be as level as possible. Grades approaching an
intersection affect the normal stopping and accelerating distances. Adjustments in these distances are needed if the
grade exceeds +/- 3%. See chapter 9 of AASHTO’s “A Policy on Geometric Design of Highways and Streets” for
details. The gradient within the intersection should be +/- 0.5% for the highway section needed for storage.
Between 1.5 and 2.0% are acceptable to match cross slope of pavement.
Attention must be given to adjusting the cross sections of the two intersecting highways to achieve
a smooth crossing and proper drainage. Figures 5-2.03A, B, and C demonstrate three methods of accomplishing this
for various combinations of closed and open drainage and the functional class of the intersecting highways.
Special attention should be given to signalized intersections where high speeds are possible on
both crossing roadways. Figure 5-2.03A, in combination with an appropriate superelevation rate of change
(1:100 maximum slope), should be used as a guide when designing a signalized intersection. Design of more
complicated intersections may require contouring the intersection at appropriate contour intervals to develop proper
drainage and a smooth roadway crossing.
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URBAN INTERSECTION - METHOD A
Figure 5-2.03A
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URBAN INTERSECTION - METHOD B
Figure 5-2.03B
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URBAN INTERSECTION - METHOD C
Figure 5-2.03C
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5-2.04

Design for Right-Turn Lanes
Intersections must be properly designed to accommodate the number and type of right-turning
vehicles. This will significantly affect the geometric layout and operation of the intersection. The following must be
considered:
1.
2.
3.
4.
5.
6.
7.
8.
9.
5-2.04.01

Select the design vehicle based on the largest vehicle likely to make the turn with considerable
frequency.
Select the speed at which the vehicle should be allowed to make the turn.
Determine the tolerable encroachment onto other lanes. This will vary with traffic volumes,
lane width, 1-way or 2-way operation, and traffic control device.
Determine the need for a turn lane.
Determine the availability of right of way.
Determine the required length of turn lane based on turning movement volume.
Evaluate the need to design for pedestrian traffic movements.
Determine the need and location of signal poles.
Select the appropriate channelization treatment.

Minimum Turning Curve
The edge of pavement or curb line for a right-turn can be designed by the following methods:
1.
2.
3.

Simple curve radius,
Simple curve radius with taper offsets, or
Two centered compound curve and a taper.

The compound curve arrangement most closely fits the natural turning path of vehicles. A simple
curve with taper offsets is a close and reasonable approximation of a vehicular path that is easier to construct. It is
appropriate to use simple curve radii with tapers, especially in rural conditions. Corner radius curves may be
appropriate for intersections of the same character as the free right-turn Yield Condition intersection, but aligned at
approximately right angles. The traffic control may be either stop or yield depending upon the intersection condition.
When selecting a specific curve arrangement, the designer should pay particular attention to where
the regulatory signs will be placed per MN MUTCD. A general criteria for turning speeds along the corner radii is 10
mph or less. Table 5-2.04A, Figure 5-2.04A, Figure 5-2.04B and Figure 5-2.04C provide a guide for at-grade
intersection curb return designs. A computer generated vehicular wheel path or multiple turn templates are
appropriate tools for use in the intersection design.
5-2.04.02

Free Right-Turns
Free right-turns are channelized roadways which allow the right-turn to be made away from the
intersection. They may be warranted in the following situations:
1.
2.
3.
4.

When it is necessary to accommodate semi-trailers or large buses.
When intersections are skewed.
When it is desirable to allow right turns at speeds of 15 mph or more with an acceleration lane.
When it is necessary to accommodate traffic control signal installation.

Several right turn designs from a crossroad to a main highway are shown in Figures 5-2.04A
through 5-2.04C.
Numerical warrants for selecting the appropriate right-turn design in Figures 5-2.04A through
5-2.04C cannot be meaningfully quantified. The primary warrant for the design is the need to define the conflict
areas within the intersection. Other considerations are intersection capacity, accident experience, traffic volumes,
frequency of intersections, pedestrian refuge, and accommodation of traffic control devices. The following are
general guidelines for the design selection:
1.

The Yield Condition is often used at skewed intersections where it is desired to reduce the
amount of unused pavement area within the intersection. This is attained by introduction of the
channelization or a raised island for development of a free right-turn. Figure 5-2.04A (1 and 2)
shows the development of a minimum radius design. When there is a need to provide larger
island areas for pedestrians, bicyclists and signal installation, the outside curb radius (O.C.R.)
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should be increased. The traffic control for the right-turning traffic may be either a stop or a
yield depending upon the intersection characteristic. This condition applies to a rural minor
highway which stops at a higher order roadway and which must have the stop sign visibly
placed in the island, as well as to a signalized intersection requiring island space for signal
placement. This condition requires the driver to wait for an opportunity to merge without
disrupting through traffic.
The Acceleration Lane Condition is generally used at the intersection of a multi-lane divided
highway and a major 2-lane county or trunk highway where the speeds and traffic volumes are
high for one or both roadways. The acceleration lane enables the entering vehicle to increase
its speed and merge more smoothly into the through-traffic openings which may be infrequent
and short. The free right-turn lane should desirably have a horizontal curvature radius of 200 ft
or greater. For design and detail development, see Figures 5-2.04B through 5-2.04D.
As a special case, the Acceleration Lane Condition may be modified at the intersection on
lower speed roadways (less than 45 mph). The minimum acceleration taper or a flat curve,
along the right edge of the pavement, should extend 330 ft beyond the free right island nose to
a point along the right edge of the through lane. Any other modification to the Acceleration
Condition should be reviewed and justified on a case-by-case basis.

For the Acceleration Lane Condition, the curvature radius will depend upon the design speed which
is appropriate for the right-turning traffic. Table 5-2.04A provides the corresponding radii and superelevation rates
for the selected design speed. For design speeds higher than 40 mph, the criteria presented in Chapter 3 on horizontal
curvature and superelevation should be used to design the free right-turn lane. The horizontal curve for the inside
edge of pavement should be designed either as compound or a simple curve with approach and departure tapers in
rural design. The entering and exiting curves and tapers provide the turning vehicles with transition for acceleration
and deceleration during the turn. The superelevation transition should be designed according to the superelevation
discussion in Chapter 3.
Table 5-2.04A
CURVATURE RADII FOR FREE RIGHT ACCELERATION LANE CONDITIONS
DESIGN SPEED (V), (mph)
Side friction factor (f)
Assumed minimum superelevation (e),
ft/ft
Total e & f
Minimum Radius, ft
Maximum Deg of Curve, deg

10

15

20

25

30

35

40

0.38
0.02

0.32
0.02

0.30
0.02

0.25
0.04

0.22
0.06

0.20
0.06

0.18
0.06

0.40

0.34

0.32

0.29

0.28

0.26

0.24

17

45

84

144

215

314

445

-

-

68

39

26

18

12

NOTE: For design speeds higher than 40 mph, use criteria presented in Chapter 3.
For the Yield Condition, the edge of pavement horizontal curves should be designed as simple
curves with taper offsets or two centered compound curves with tapers.
Lane width for channelized right turns is measured as follows:
1. When no curbs are used, the lane width is the width of the traveled way exclusive of shoulders.
2. When curbs are used, the edge of gutter is considered the edge of the traveled way.
3. Lane widths are variable for curve radii less than 200 ft.
The determination of the lane width is as follows:
1. From Chapter 5 determine the design vehicle for the given intersection. In many cases the
intersections along the trunk highways are designed to accommodate the WB-62 vehicle.
2. Pick an Outside Curb Radius (OCR) for the turn. Establish the wheel path for the selected
vehicle following along the OCR, and use either turning movement software or the design
templates to develop the path.
3. Add 1.5 ft to each side of the swept path and 1 ft to each curbed side.
4. Define the edges of the traveled way using curve radii and tapers as appropriate.

JUNE, 2000

ROAD DESIGN MANUAL (ENGLISH)

5-2(15)

5. For the WB-62 design vehicle, in addition to the above, a chart shown in Figure 5-2.04D may
be used to establish the Free Right Lane width, and Design Guides shown in Figures
5-2.04A through 5-2.04C may be used to develop minimum radius design.
6. Minimum width of any channelized lane is 14 ft.
5-2.05

Design for Left-Turn Lanes
The same design decisions for right-turns also apply to left-turns. However, where the width of an
undivided arterial is equivalent to four or more lanes for 2-way streets, there is usually enough intersection area to
allow all left-turn movements without encroachment. Where the intersection width is less, there may be a problem
with left-turning vehicles from the major road onto a narrow side street. If a vehicle is stopped on the side street, the
left-turning vehicle from the major road may not be able to make the turn without encroaching beyond the curb line
on the far side. Therefore, every intersection should be checked to determine if all left-turning movements can be
made without encroachment or if it is warranted to widen the intersection to allow space to properly make all leftturns.
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FREE RIGHT-TURN - YIELD CONDITION – WB-62 VEHICLE - 60 FT RADIUS
Figure 5-2.04A (1 of 2)
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FREE RIGHT-TURN - YIELD CONDITION – WB-62 VEHICLE – 60 FT RADIUS
Figure 5-2.04A (2 of 2)
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FREE RIGHT-TURN - ACCELERATION LANE CONDITION
URBAN DESIGN
Figure 5-2.04B

SEPTEMBER, 2011

ROAD DESIGN MANUAL (ENGLISH)

FREE RIGHT-TURN - ACCELERATION LANE CONDITION
RURAL DESIGN
Figure 5-2.04C
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LANE WIDTHS AND RADII - WB-62 VEHICLE
Figure 5-2.04D
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5-3.0

URBAN INTERSECTIONS
At urban intersections, all the modes of transportation which may be present should be considered.
Pedestrian and bicycle traffic, in particular, are on the rise and are strongly supported and encouraged both at the
Federal and State levels. They should be provided safe movement while traversing through intersections alongside
motorized vehicles. Intersections near pedestrian and bicycle traffic generators (such as: major employment centers,
schools, parks and shopping centers) should be carefully reviewed to identify existing and potential multi-modal
travel needs.
5-3.01

Turn Lanes
Studies have demonstrated the accident reducing potential of exclusive right-turn and left-turn
lanes, particularly for left-turns. They provide an area for deceleration and storage which reduces the conflict with
through traffic. They also increase the capacity and improve the level of service of the intersection.
5-3.01.01

Turn Lane Policy at Urban Intersections
Because of the operational and safety benefits associated with right and left-turn lanes, it is
MnDOT’s policy that, in urban areas, they be considered wherever construction is economically feasible taking into
account amount of right of way needed, type of terrain, and environmentally or culturally sensitive areas.

For new construction/reconstruction projects on divided highways, left-turn and right-turn lanes
should be considered at all locations where a paved crossover will be constructed. Right-turn lanes may also be
considered at some locations with no crossover as determined by the District Traffic Engineer in consideration of
accidents, capacity and traffic volumes.
For preservation projects, left-turn lanes should, if feasible, be provided:
1.
2.
3.
4.
5.

At all public road median crossovers.
At non-public access locations generating high traffic volumes.
At locations where accident records confirm the existence of an excessive hazard.
At locations determined by the District Traffic Engineer in consideration of accidents,
capacity and traffic volumes.
Where a median opening is planned or exists, and its continued existence is justified, a leftturn lane may be added regardless of what the access point serves.

For preservation projects, right-turn lanes should, if feasible, be provided at all public road
intersections, and at other locations as determined by the District Traffic Engineer in consideration of accidents,
capacity and traffic volumes.
The principles of Access Management call for controlling the number of access points allowed on
the higher classifications of roadways. MnDOT’s policy on installing turn lanes in urban areas, as listed above, does
not violate these principals; designers should try to close any unjustified or potentially dangerous access points.
However, if an access point is to remain open, adding a turn lane will enhance the operation and safety.
5-3.01.02

Cross Section and Pavement Details
1. Turn lane widths should be 12 ft with 1.5 ft shoulders. Where curb and gutter is present, 2 ft
should be added to the lane width. See figures 5-3.01 A and B.
2. The cross section elements for the turn lane will vary depending on mainline construction and
turning movement volumes. When the mainline is rigid, the turn lane may be either rigid or
flexible design. When the mainline is flexible, the turn lane will be flexible. Contact the
District Materials and/or Soils Engineer for design recommendations.
3. When the roadway is superelevated, a right-turn lane on the high side should have 0.02 ft/ft
cross slope away from the travel lane except that the algebraic difference between cross
slopes cannot exceed 0.07 ft/ft. A turn lane on the low side shall have the same slope as the
adjacent traffic lane with a minimum slope of 0.02 ft/ft. The general design of superelevation
transition as discussed in Chapter 3 should be used to develop superelevation on the turn lane.
This is particularly important where the turn lane is diverging from the travel lane.
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4. The cross slope on left-turn lanes when the roadway is superelevated should be designed the
same as for right-turn lanes. On divided roadways where the roadway slopes away from the
median, the left-turning lane would have the same cross slope as the adjacent traffic lane.
5. See Figures 5-3.01A, B, C and D for design details of turn lanes.
5-3.01.03
Typical Length of Turn Lanes (right-turn and left-turn)
The typical length of a turn lane is 300 ft of full width lane, plus additional length based on a 180 ft taper section (1:15
taper from a 12 ft wide lane), plus any additional length needed for downgrades (see item 4 below). The total length
of the turn lane can also be based on the sum of the taper length, deceleration length, storage length and downgrade.
The turn lane length may be longer or shorter than the typical length as explained in Table 5-3.01A and later in this
section.
1. Taper - A divergence angle between 2 and 5 degrees is considered acceptable. Normally, the
taper is 1:15 off tangent sections; which corresponds to a 3.8 degree angle. A shorter taper (as
short as 1:5) may be used where a turn lane is on a curve or where greater storage length is
needed.
2. Deceleration Length - It is accepted practice to consider that some deceleration (10 mph)
occurs in the through lane and to consider the taper as part of the deceleration length. On the
other hand, heavy through traffic and high speeds justify an increase in the deceleration length
of turn lanes. In these cases, it is desirable to provide for all the deceleration within the turn
lane (i.e. not within the through lane). The deceleration lengths, including the taper are shown
in Table 5-3.01A. These lengths assume that no deceleration occurs until the vehicle enters
the taper. Lengths are provided for combinations of highway design speed and turning speed,
or for the stop condition. The table may be used if appropriate in the judgment of the designer
or with the recommendation of the District Traffic Engineer.
3. Storage Length
A. At Unsignalized Intersections
1. The length should be based on the number of turning vehicles likely to arrive in an
average 2-minute period within the peak hour.
2. As a minimum, space for at least two passenger cars should be provided.
3. If mainline traffic contains over 10% trucks, space for at least one car and one truck
should be provided.
B. At Signalized Intersections
1. The length should be based on 1.5 to 2.0 times the average number of vehicles that
would be stored per cycle.
The designer should consult with the District Traffic Engineer to determine the storage length at
both signalized and unsignalized intersections.
4. Downgrades - When designing a turn lane on a downgrade, additional length should be
provided. Refer to Section 2-5.08.

HIGHWAY
DESIGN
SPEED,

Table 5-3.01A
DECELERATION LENGTHS (INCLUDING TAPERS) FOR TURN LANES
FOR DESIGN SPEED OF EXIT CURVE - mph (V)
AVERAGE
STOP
15
20
25
30
35
40
45
RUNNING
SPEED,

50

CONDITION

FOR AVERAGE RUNNING SPEED ON EXIT - mph - (1)

mph

mph

0

14

18

22

26

32

36

40

44

30

28

235

190

171

139

-

-

-

-

-

35

32

277

265

253

204

16

136

-

-

-

40

36

314

308

284

236

193

151

127

-

-

45

40

393

381

375

321

292

250

202

155

-

50

44

440

435

403

382

370

335

288

241

200

55
49
482
(1) Turning speed for free right-turns.

476

447

413

390

354

326

267

238
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RIGHT-TURN LANE
Figure 5-3.01A

LEFT-TURN LANE
Figure 5-3.01B
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PAINTED MEDIAN LEFT-TURN LANE ON EXISTING HIGHWAY
Figure 5-3.01C

JUNE, 2000

JUNE, 2000

ROAD DESIGN MANUAL (ENGLISH)

CHANNELIZED LEFT-TURN LANE
Figure 5-3.01D
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5-3.01.04

Exceptions to Turn Lane Lengths
Ideally the full deceleration length (including taper) and the storage length should be provided.
However, conditions may justify a shorter turn lane. Such conditions include:
1. Urban facilities with closely spaced intersections and considerable roadside development,
where full length turn lanes are physically unfeasible.
2. Low volume roads, where a full length turn lane is not needed or economically unfeasible to
construct.
In such cases, designers may assume that most of the deceleration will be performed in the
through-lane. This is a reasonable assumption that does not sacrifice safety.
If the first condition listed above is the one influencing turn lane lengths, designers are encouraged
to consider alternative measures such as restricting turning movements, adjusting the signal cycle (done by the
District Traffic Engineer), providing dual left-turn lanes (warranted at turning volumes greater than 300 VPH), or
providing continuous one-way or two-way left-turn lanes.
When shorter turn lanes are being considered, the following factors should be taken into account:
1. Through-traffic volumes,
2. Traffic composition,
3. Future plans for signalizing a presently unsignalized intersection, and
4. Future land use changes which may alter traffic and turning volumes.
In contrast, it may be justified to provide a turn lane length greater than the typical lengths.
Criteria for consideration include: traffic generated by adjacent land use, types of vehicles, deceleration,
downgrades, and storage needs. At some sign or signal controlled intersections, heavy through-traffic blocks the
entrance of the turning lane. In such cases, designers are encouraged to extend the length of the turning lane to
allow turning vehicles to get into the turning lane without having to drive on the shoulder.
Before modifying the length of a turn lane, the District Traffic Engineer should review the specific
location and the effect on traffic operation.
5-3.01.05

Continuous One-Way or Two-Way Left Turn Lanes (COWLTL; CTWLTL)
COWLTL and CTWLTL increase safety and improve traffic operation on roadways with
numerous and closely spaced roadside entrances and exits. Several studies have shown significant savings in time
delays, number of stops, and reduction in rear-end, right-angle and sideswipe accidents without a corresponding
increase in head-on accidents. Research shows that accident rates decrease by 20 percent or more after installing
continuous left-turn lanes (CLTLs) on previously undivided highways. Furthermore, CLTLs can reduce some types
of accidents, such as rear-end and sideswipe accidents by as much as 30 percent. CLTLs also increase driver
comfort by providing a queuing spot (while waiting to make a left turn) that is physically removed from the throughtraffic stream. CLTLs have a traffic calming effect by causing drivers to reduce their speed. Having said that, it is
important to note that even though CLTLs separate the two through streams of traffic, they are not as good (in
providing separation) as divided highways. It is also important to note that three-lane sections may tempt some
aggressive drivers to use the CLTL itself to pass slow-moving through vehicles.
No rigid design criteria have been established for CLTL design. The following are general
guidelines:
1.
2.
3.

CLTLs are typically used in areas that shift from rural to suburban or urban (for example,
when a rural trunk highway goes through a town).
Since roadside development is usually (or will be) evenly distributed on both sides of the
highway, CTWLTLs are more appropriate than COWLTLs.
Early studies advised that CLTLs should only be used with low speeds. Since then, several
states including California, Texas and Iowa have installed CLTLs on roads with 55 mph
posted speed limit. These states report that there are no safety problems resulting from
constructing CLTLs on high speed roadways.
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Early studies also advised that CLTLs should be used with relatively low ADTs. Since then,
Iowa has installed a five-lane section with 10,000 vpd including over 1,000 trucks. The state
reports that there are no problems resulting from constructing CLTLs with high ADTs. Texas
has installed several seven-lane sections.
The accepted lane width is 13 to 15 ft with 14 ft being the norm. 12 ft wide CLTLs may be
used if right-of-way is very restrictive and if approved by the Geometrics Engineer.
If the roadway is being reconstructed, realign opposite side driveway entrances to provide
better safety and operation.
Pavement markings for CLTLs should be developed as directed by the District Traffic
Engineer.

5-3.01.06

Double Left-Turn Lanes
Double left-turn lanes should be considered when the turning volume equals or exceeds 300
vehicles per hour (VPH), when the requirements for storage makes the turn lane extremely long, or when
geometrically a required length for the single left-turn lane cannot be provided. Double left-turn lanes operate at
approximately 1.8 times the capacity of a single left-turn lane. Because of high volumes associated with double
left-turn lanes, fully protected signal phasing is required.
The following design guidelines for double left-turn lanes are from NCHRP 279, Intersection
Channelization Design Guide:
1.

2.

3.

The throat width for turning traffic is the most important design element. Drivers are most
comfortable with extra space between the turning queues of traffic. Because of the off
tracking characteristics of vehicles and the relative difficulty of two abreast turns, a 36 ft
throat width is desirable for two lanes of turning traffic. In very constrained situations, a 30 ft
throat width is an acceptable minimum.
Designers should check for possible conflicts involving left-turns opposing double left-turns.
For proper design, use the swept path of semi-trailer and a 14 ft strip placed alongside on the
inside of the turn for a passenger vehicle. Turn templates should be used to check the design.
Consideration should be given to providing pavement markings to separate the turn lanes. The
MN MUTCD recommends 2 ft long dashed lines with 4 ft gaps to channel turning traffic.
These channelization lines should be carefully laid out to reflect off-tracking and driving
characteristics.

Continuous Right-Turn lane (CRTL)
A continuous right-turn lane is essentially a combination of right-turn acceleration and
deceleration lanes that are extended to accommodate several closely spaced driveways. For proper operation,
continuous right-turn lanes should not be longer than 0.25 miles. Continuous right-turn lanes are desirable where
speeds are greater than 30 mph, the roadway volumes heavy, and turning demands high.
5-3.01.07

1.
2.
3.

The use of continuous turn lanes may reduce the frequency and severity of rear-end conflicts
by removing turning vehicles from higher speed through lanes.
The need and application should be site specific and should be based on analysis of rear-end
accidents, turn volumes and operation.
The design of a typical section and tapers should be the same as that for a typical right-turn
lane.

5-3.02

Channelization
Large all-paved intersections may cause the driver to make conflicting movements.
Channelization separates and clearly defines points of conflict within the intersection. Channelized islands should
be placed so that the proper course of travel is immediately obvious, easy to follow, and of unquestionable
continuity. This can be achieved with painted, flush, or curbed islands. The islands also provide pedestrian refuge
and a location for traffic control devices. The following is general guidance for channelized intersections:
1.

There is a practical limit to how much channelization is appropriate for a given intersection
before driver confusion results.
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Curbed islands should only be used on multi-lane highways and the more important 2-lane
facilities.
Curbed islands whose area is less than 50 sq ft should not be constructed. The minimum
width and length of median islands is 4 ft and 25 ft respectively. Where signs or ramp meters
are to be used, the minimum width should be 8 ft.
The approach nose should be squared and ramped on a 1:10 slope. The nose of the island
should be on the left side of the centerline for approaching traffic.
Pavement markings should precede curbed islands for advance warnings.
Curbed islands may be covered with a concrete walk or a low-growing vegetative cover.
Snow-melt drainage from an island should be controlled to prevent re-freezing within a
traveled lane. Controlling the drainage could be accomplished by sloping the island surface
to a drainage structure within the island. An alternative would be to slope all the gutters
surrounding the island to catch the drainage rather than sloping the gutters to match the
superelevation, thus the drainage is held to the curb and can be routed to a drainage structure.

5-3.03

Median Openings
Although many of the design considerations have already been discussed, median openings
introduce additional design elements which must be addressed.

5-3.03.01

Policy
Median openings that allow cross-street traffic to cross, or turn left onto the arterial should be
provided at public street intersections only. However, they are not warranted at every public street intersection. An
exception to the "public street" only policy may be at access points to large traffic generators which conform to the
median opening spacing criteria, and at locations which accommodate U-turns when crossings are spaced far apart.
Contact MnDOT’s Access Management Section for the appropriate spacing of median openings on different road
classifications.
5-3.03.02

Geometrics
As with the design for right-turns, a design vehicle and an acceptable encroachment must be
selected. This will include a review of traffic volumes, turning movements, traffic composition, and traffic control.
The left-turn paths of vehicles are essentially the same as the right-turn paths.
It is recommended that a school bus be the design vehicle for designing a median crossing at
minor roadways with under 400 ADT. The same geometric design can be applied for median openings at crossroads
with ADT up to 1000 if a traffic study shows that the presence of large trucks is only a rare occurrence (5 or less
per day).
The width of a median plays an important part in how the median opening will be designed. Wide
medians provide the design vehicle with an option of a one- or two-stage crossing. The space between the two
roadways with a wide median is used for refuge when a vehicle is either crossing to the other side or turning left into
the far roadway. The left-turning vehicle may elect to turn into the far or the near lane. The design vehicle should
be able to make the left turn with little or no encroachment beyond the outer edge of the lane the vehicle is entering.
Either the turning templates or a computer tracking program should be used to design the edge of pavement curve to
accommodate the design vehicle path. A flat curve, a 1:7 parabolic flare, a bullet nose, and a blunt nose with 2 to
6 ft corner radii all can be used individually or in combination for median crossing nose design. The minimum
median opening at any crossing should be 40 ft. Figure 5-3.03A provides guidance for median design. The median
openings in Figure 5-3.03A are for bus design vehicles. Larger design vehicles should be used if appropriate, and
the median opening that best fits the design vehicle turning movements should be used.
For new construction/reconstruction projects, 1:10 inslopes or flatter should be provided at all
median crossovers and ditch blocks.
For preservation projects, when grading is involved; 1:10 inslopes should be considered on all
median crossovers and ditch blocks to the extent practicable. Where no grading is involved, the existing slopes
maybe left in place, provided accident history or other criteria do not indicate corrective action is needed. Grading
is defined as any work done outside the shoulder to correct side slopes and ditches.
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5-3.03.03

Median Opening Spacing on Low-Speed Multi-Lane Highways
A Low Speed Multi-Lane Highway generally serves the local transportation needs; it is usually
classified as an arterial or a collector. Because of its function it inherently has many points of access and median
openings which are difficult to eliminate. Nevertheless, the designer should try to reduce the number of median
openings to an acceptable minimum. Contact MnDOT’s Access Management Section for the appropriate median
opening spacing on the different classifications of roadway.
5-3.04

Driveways
Driveways should be treated as low volume intersections in their design. Nationally, driveway
accidents account for between 5 and 11 percent of all urban accidents. It is therefore warranted to closely examine
their design and location.
Driveways that serve major traffic generators such as shopping centers, industrial complexes, large
apartment complexes, office parks, etc., require special design considerations. The design for these types of
developments can be complex. The Office of Technical Support, Geometrics Unit, and the Office of Traffic
Engineering should review the proposed designs. These driveways should be treated as street intersections and in
some cases major street intersections.
For urban design, Standard Plate 7035 should be used for private driveways that service low
traffic generators, i.e., private homes, duplexes, small apartment complexes, small business establishments, etc.
This means that the gutter should be continued across these entrances. Designers should use their discretion as to
whether the flared entrance design or a radius design should be used on a project. In some instances, a municipality
may have a preference. Refer to Table 5-3.04A and Figure 5-3.04A for driveway radii. Conflicting standards in
entrance design between the state and a municipality should be resolved with the designer and the municipality. For
rural design see Standard Plate 9000.
5-3.04.01

Policy
Minnesota Rules, Trunk Highway System, Chapters 8810.4100 through 8810.5600, and
8810.9920 and 8810.9921, describe the general rules and regulations governing the design and location of
driveways. This section provides further guidance and design details which should be used for driveway design
where chapters 8810.4100 through 8810.9921 do not provide this guidance. To reduce the risk of accident potential,
it is imperative that driveway access be limited to a reasonable number. Contact MnDOT’s Access Management
Section for guidance on the appropriate number of direct access driveways on different functional classification
roadways.

For new construction/reconstruction projects, 1:6 inslopes or flatter should be provided on all
driveways, field entrances, and intersecting roadways.
For preservation projects, when grading is involved, 1:6 inslopes should be considered on
driveways, field entrances, and intersecting roadways to the extent practicable within the existing right of way.
Where no grading is involved, the existing entrance slopes may be left in place, provided accident history or other
criteria do not indicate corrective action is needed. Grading is defined as any work done outside the shoulder to
correct side slopes and ditches.
5-3.04.02

Geometric Design Elements
The criteria presented are predicated on allowing a passenger vehicle to enter or exit a driveway at
a minimum of 10 mph. Studies have indicated that this yields an acceptable amount of vehicle delay on the main
highway and significantly reduces the safety hazard compared to lower entrance speeds.
1.
2.
3.

Turning Radii - See Table 5-3.04A and standard plates 7035 and 9000.
Sight Distance - The criteria for intersections also apply to driveways (Section 5-2.02).
Turn Lanes - A turn lane may be warranted at high volume generators. Its design would be as
described earlier in this section.
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MINIMUM DESIGN OF MEDIAN OPENING FOR LOW VOLUME CROSSROADS
BUS Design Vehicle
Figure 5-3.03A

SEPTEMBER, 2011
4.

5.

6.

7.

8.
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Skews - For 2-way operation, the angle should not deviate by more than 20 deg. from a right
angle. For 1-way operation where only right turns will be made, an angled driveway may be
preferable to a perpendicular intersection since it will permit a higher entrance or exit speed.
However, this is undesirable where pedestrian or bicycle traffic is appreciable.
Width - Excessive or restrictive driveway widths can detrimentally affect operations and
safety. If the proper curb radius is provided for the design vehicle (Table 5-3.04A), then a
lane width of 12 ft (1-way) or 24 ft (2-way) will theoretically work without encroachment.
For design purposes, desirable widths of 16 ft and 32 ft should be used. If the desirable radii
are impractical to provide, an individual assessment of each driveway must be conducted.
For 1-way operation, the vehicle cannot be allowed to encroach beyond the far edge of
pavement or curb. For 2-way operation, the designer must select the tolerable encroachment
based on the likelihood that an entering and exiting vehicle will appear at the same time.
These considerations will yield the desirable width for a given set of conditions.
Corner clearance - Driveways should not be located so close to intersections or other
driveways that they interfere with the safety and operation of the highway. It should be noted
that dimensions can exceed the recommended values but should not exceed a 50 ft maximum.
Vertical profile - To allow ingress and egress speeds of at least 10 mph, the vertical profile
cannot exceed certain limits without causing vehicle underside and edge clearance problems.
Therefore, the criteria shown in Figure 5-3.04B should be followed. For these values, no
vertical curves are needed; for more abrupt grade changes, vertical curves at least 10 ft in
length should connect the tangents. Maximum grades should be 15 percent for residential
driveways and 8 percent for commercial and industrial driveways.
Figure 5-3.04B shows vehicle clearance as the minimum design for the driveway vertical
profile. Figure 5-3.04C illustrates the critical vehicle clearances as designated by Motor
Vehicle Manufacturers Association (MVMA) of the United States, Inc. Each year MVMA
publishes the detailed vehicle dimensions for all American made automobiles. The vertical
profile should be designed to accommodate the vehicle with the most severe restrictions. An
allowance for the dynamic condition of traversing the driveway should be provided, since the
MVMA dimensions are for a fully loaded static condition. In very restrictive conditions it
may be necessary to design the profile to accommodate only specific vehicles which will be
using the driveway. One example is the lowboy semi-trailers which have a long wheel base
and have problems with the conventional rollover of entrances. These entrances will have to
be designed for the clearances of the lowboy.
When the driveway profile includes a vertical crest, the H147 ramp break-over angle from
Figure 5-3.04C is the critical vehicle dimension. For a sag condition, the H107 rear bumper
angle is the critical vehicle dimension, although the H106 front bumper angle may sometimes
determine the acceptability of the sag.
Additional information can be obtained from the Institute of Traffic Engineers Handbook,
"Guidelines For Driveway Design and Location" and the MVMA.
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Table 5-3.04A
Driveway Dimensions
RESIDENTIAL

COMMERCIAL - INDUSTRIAL -FARM

URBAN

RURAL

70 - 90

70 - 90

70

90

70

90

16

24

32

32

32

32

Min.

5

5

5

5

10

10

Max.

15

25

30

30 (4)

40

40 (4)

Min.

5

5

5

5

5

5

Max

15

15

15

15

15

15

N/A

N/A

5

5

10

10

Recommended Distance Between Double Driveways (D) (ft)

20

50

20

20

30

30

Recommended Corner Clearance From Major Street (C) (ft) (5)

30

60

30

30

60

60

Recommended Corner Clearance From Minor Street (C) (ft) (5)

20

60

20

20

60

60

Driveway Angle (degrees) (Y) (1)
Recommended Driveway Width (W) (ft) (2) (3)
Radius of Curvature (R1) (ft)

Radius of Curvature (R2) (ft)

Recommended Edge Clearance (E) (ft)

(1)
(2)

(3)
(4)
(5)

URBAN

RURAL

A 90 degree driveway is desired. Driveway angle "Y" shall not be less than 70 degrees for two-way
driveways.
Driveway widths may be greater than those recommended but should not exceed 50 feet. The larger driveway
dimensions are intended for those used nearly exclusively by tractor trailer combinations. Required widths are
determined with vehicle wheel path templates.
One-way driveway dimensions may be reduced.
The recommended radius of a 90 degree driveway is 25 ft.
Clearances other than those recommended may be needed due to varying circumstances.

JUNE, 2000

ROAD DESIGN MANUAL (ENGLISH)

MINIMUM DRIVEWAY LOCATIONS AND DIMENSIONS
Figure 5-3.04A
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DRIVEWAY PROFILES
Figure 5-3.04B
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VEHICLE CLEARANCE DIMENSIONS
Figure 5-3.04C
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5-4.0

RURAL INTERSECTIONS
Most of the discussion in Section 5-3.0, “Urban Intersections” also applies to rural intersections.
Therefore this section will only elaborate where appropriate for the design of rural intersections.
Some rural roadways in Minnesota see a dramatic increase in volume of traffic in different seasons,
for example roads leading to lake cabins, etc. Designers should take seasonal/weekend variations in ADT into
account when determining the appropriate design.
5-4.01

Turn Lanes
As with urban highways, the degree of access control greatly influences the accident rate and
efficiency of traffic operation on rural highways. Therefore, designers should try to close any unjustified or
potentially dangerous access points. However, if an access point is to remain open, adding a turn lane will enhance
the operation and safety.
The following apply to rural multi-lane and 2-lane highways:
1.

2.
3.

5-4.01.01

Policy on Multi-Lane Highways
1.
2.

5-4.01.02

Right-turn and left-turn lanes should be standard features at all public access points.
Right-turn and left-turn lanes are also warranted if the access point serves an industrial,
commercial, or any substantial trip-generating land use, or if the access point serves more
than three residential units.

Policy on 2-lane Rural Highways
1.

2.
3.

5-4.01.03

In addition to the policies listed below, left-turn and right-turn lanes should be constructed at
locations determined by the District Traffic Engineer in consideration of accidents, capacity,
and traffic volumes.
Where a median opening is planned, or already exists and its continued existence is justified,
a left-turn lane may be added regardless of what the access point serves.
Turn lanes should be considered at every public road intersection along a stretch of highway if
most intersections on the stretch meet the warrants. If most intersections have turn lanes,
motorists will come to expect all intersections to have them.

Right-turn lanes should be considered when the projected ADT is over 1500, the design
speed is 45 mph or higher, and the following:
a. At all public road access points.
b. If industrial, commercial, or substantial trip generating land use is to be served, or
c. If the access serves more than 10 residential units.
Left turn lanes should be provided when the access is to a public road, an industrial tract or a
commercial center.
The designer, in conjunction with the District Traffic Engineer may select either a
channelized or a painted left-turn lane. The selection will be based on a number of factors
including accident history, traffic volume, comparative costs, availability of right of way,
environmental impacts, and physical features such as sight distance.

Length
The length of turn lanes should be determined as described in Section 5-3.01 for urban highways.
However, the total length including taper, deceleration and storage should normally be 480 ft.
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5-4.01.04

Left-Turn Bypass Lanes
If a left-turn lane is not warranted, or if the construction of a left-turn lane is not practical (due to
R/W, terrain, etc.), leaving no left-turn treatment as the only other alternative, designers should consider left-turn
bypass lanes.
The bypass lane shown in figure 5-4.01A is for use at “T” intersections. The combination rightturn and bypass lane shown in figure 5-4.01B is for use at four-legged intersections. Because of the higher volumes
associated with four-legged intersections, left-turn lanes are a more appropriate solution. Bypass lanes at fourlegged intersections should only be used after all other solutions have been found impractical and where the cross
street volume is low.
Exclusive left turn lanes are the most effective and safe way to separate the left-turning from the
through traffic streams. Bypass lanes are a convenience or an emergency measure, and are designed for lower speed
maneuvering. If a left turn is warranted and practical, then it should be built. Bypass lanes are a quick and
inexpensive way to make intersections (that would otherwise have no left-turn treatment) more efficient for traffic
operation.
Designers should take into account that pavement markings for bypass lanes will infringe on the
availability of the passing zone.
5-4.01.05

CTWLTL
A continuous Two-Way Left-Turn Lane on rural 2-lane roadways may be considered on sections
of roadway with numerous entrances and a high accident rate. For design of CTWLTL and additional information,
see Section 5-3.01.

BY-PASS LANE at “T” INTERSECTION
Figure 5-4.01A
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COMBINED BY-PASS LANE AND RIGHT-TURN LANE
(To be used only where cross street volume is low)
Figure 5-4.01B

5-4.01.06

Median Acceleration Lane
Minnesota highways have a limited number of median acceleration lanes. Those which have been
constructed thus far have favorable results. At unsignalized intersections with relatively heavy truck volumes, the
median acceleration lane provides the left turning truck, entering the expressway, the opportunity to accelerate and
reduce the speed differential before entering the traffic stream.
Median acceleration lanes should not be constructed indiscriminately. They may be used at
locations where there is a high number of trucks turning left onto the mainline, where the existing median does not
provide enough room for a truck to stop in the median when making a two-stage crossing, and where there is a
history of high rate of truck accidents.
The basic design for a median acceleration lane is shown in Figure 5-4.01C, the applied design
criteria are:
1. The entering throat should be wide enough so that a turning truck will be far enough from the
through-lane not to have a negative impact on the through-lane traffic.
2. The lane width should be wide enough to provide the accelerating truck added buffer in the
zone where the speed differential is the greatest.
3. There should be sufficient length for the truck to accelerate and reduce the speed differential
before entering the through-lane.
4. When near a crossover, the acceleration lane taper shall end before the crossover left-turn lane
is developed.
In 1997, the 87.5 percentile mass/power ratio for trucks was 192 lb/hp. The rate of acceleration
from a stop for these trucks is 0.98 ft/s2 (ITE’s 1999 Traffic Engineering Handbook). Designers may use the
appropriate acceleration rate for their design truck.
The formula used to calculate speed is:
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VF 2 = VI 2 + 2AS
Where
VF = Speed achieved at the end of distance S , ft/s.
VI = Initial speed, ft/s. In Table 5-4.01A, VI = zero was used.
A = Acceleration, ft/s2.
S = Distance, ft.
The minimum length of the full width median acceleration lane shall be 820 ft which corresponds
to VF = 27 mph. The desirable length of the full width median acceleration lane shall be the length which allows the
design truck to reach 60 percent of the posted speed limit. If the posted speed limit is not known, use 60 percent of
the design speed.

Table 5-4.01A
Desirable Length of Full Width Median acceleration Lane
Posted Speed
(mph)

60% of Posted Speed
(mph)

Desirable Length of Full Width
Median Acceleration Lane,
Rounded (ft)

45

27

820*

50

30

990

55

33

1,195

60

36

1,425

65

39

1,670

* Desirable length = minimum length = 820 ft.

MEDIAN ACCELERATION LANE
Figure 5-4.01C
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Transition from Divided to Single Highway
A divided highway transition to a single highway provides for terminating a four-lane divided
highway, or in reverse, starting one. It is important that this transition be made easy for the driver to understand and
drive. Generally, the executed maneuvers done by the drivers in the transition section are done at normal highway
speeds.
The two designs for the transition section shown in Figure 5-4.01D and Figure 5-4.01E are
different in the sense that one is a left lane drop and the other is a right lane drop. Each design can be used as the
situation may require in any one existing condition. However, in new construction or reconstruction projects, the
right lane drop is preferred because, in case of emergency, cars in that lane can use the right shoulder as a refuge.
The location of the transition section should be some distance away from any major roadway. If a
transition section must be constructed near a crossroad, then as a minimum, a distance as required by the Traffic
Manual for proper signing should be provided. There should not be any entrances to adjoining properties in the
tapered lane drop area, and in particular, not in an area 250 ft upstream and downstream from the nose. It is also
important to keep in mind that any crossroad in the two-lane section should be far enough from the gore to have the
right-turn lane developed in the two-lane section beyond the gore.
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RURAL DIVIDED HIGHWAY TO SINGLE HIGHWAY TRANSITION
Tangent Approach to Single Highway, Left-Lane Drop
Figure 5-4.01D
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RURAL DIVIDED HIGHWAY TO SINGLE HIGHWAY TRANSITION
Curve Approach to Single Highway, Right-Lane Drop (Preferred)
Figure 5-4.01E
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CHAPTER 6
INTERCHANGES AND GRADE SEPARATIONS
6-1.0

GENERAL

6-1.01

Definitions
An interchange is a system of interconnecting roadways in conjunction with one or more grade separations
that provide for the movement of traffic between two or more roadways on different levels. The purpose of an
interchange is to provide turning drivers an efficient and safe method for changing directions without hindering the flow
of the through movement on the mainline, and in the case of system interchanges, on both roadways.
A system interchange is an interchange between two or more freeways or controlled access facilities.
Examples include directional and full cloverleaf interchanges.
A service interchange is an interchange between a freeway or controlled access facility and a lower class
roadway such as an arterial or collector. Examples include diamond and partial cloverleaf interchanges.
6-1.02

Warrants
An interchange is the ultimate solution to intersection problems; however, its very high cost and right
of way and environmental impacts require that interchanges be limited to sites where they are justified. Because of
the great variance in specific site conditions, rigid warrants cannot be established. However, the following offer
sound guidelines for review of the interchange need:
1. Once a decision has been made to provide a fully access-controlled facility, no at-grade
intersections can be allowed. For each intersecting road, it must then be decided whether to
terminate, reroute, provide a grade separation, or provide an interchange with the freeway.
The access that some roads provide cannot reasonably be closed, so part of the decision has been
made. A rough rule-of-thumb is that if the traffic volumes of the freeway and crossing road are
high enough that a hypothetical at-grade intersection would warrant a traffic signal, then a grade
separation or interchange is indicated.
2. An interchange may be warranted if the congestion at an at-grade intersection is intolerable, and
the intersection cannot be redesigned to accommodate the traffic volumes. Therefore, when the
capacity of an intersection is exceeded, a cost-effective analysis should be conducted to
determine the warrant for an interchange. See Section 2-4.03 "Cost-Effectiveness".
3. If a serious safety hazard exists at an at-grade intersection, a cost-effective analysis may justify
the expense of an interchange solely on the basis of safety benefits. See Section 2-4.03.
4. Occasionally, the topography of a site may be such that an interchange can be constructed at less
than or comparable to the cost of an at-grade intersection.
5. The general criteria for interchange spacing must be considered. It is possible that an intersecting
road which would otherwise warrant an interchange can only be provided a grade separation.
In general, interchanges in urban areas should be spaced at a minimum of about 1 mile intervals
and at much larger intervals in rural areas. The minimum allowable distance actually provided
along an arterial will be determined by a consideration of weaving volumes, ability to sign, and
required lengths of speed-change lanes. In addition, the level of service requirements,
as discussed in the next section, must be met.
Chapter 10 of AASHTO’s A Policy on Geometric Design of Highways and Streets provides 6
warrants for interchanges. Designers may refer to those for guidance.
6-1.03
6-1.03.01

Types of Interchanges
General
The figures in this section illustrate several standard interchange forms. Each form can vary extensively
in shape and scope, and there are numerous combined forms that cannot be designated by separate names. It is
important to remember that each interchange form has advantages and disadvantages relative to alternative forms.
There is no one clearly superior form. Individual site conditions should determine the selected form.
6-1.03.02

Three-Leg
Three-leg interchanges or T-interchanges are provided at intersections with three legs. Figure 6-1.03A
illustrates four examples. The turning movements may be provided with ramps, loops, or both. Interchanges "A" and
"B" in the figure are of the trumpet variety and are more commonly used. Because of the presence of loops in
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consecutive quadrants in Interchange C, weaving will occur (see discussion on weaving in Section 6-1.03.04).
Interchange "C" may be used when turning volumes are light and neither "A" nor "B" is adaptable to the site. When
turning volumes are high or a freeway-to-freeway connection is to be provided, the fully directional design in "D" may
be considered. However, this design is considerably more costly than either of the other three because of the multilevel
structure required. And, because of the multi-levels, they have a bigger visual impact, and use up more ROW.

THREE-LEG INTERCHANGES
Figure 6-1.03A

6-1.03.03

Diamond Interchanges
Diamond interchanges are the least expensive form of interchange due to the relatively small right of way
they use and the ease of design and construction. This makes diamond interchanges the most common service
interchange form used. On the other hand, diamond interchanges result in at least one 90 deg intersection, thus
requiring signal or sign control. There are several different forms of diamond interchanges that are highly adaptable to
different ranges of traffic volumes.
A. General Use Diamonds (See Figure 6-1.03B)
All of these forms can have frontage roads. See figure for examples.
1.

Conventional Diamond
Conventional diamond (diamond) interchanges are characterized by a one-way diagonal ramp in
each quadrant with two at-grade intersections on the minor road. The at-grade intersections may
be stop signed or signal controlled. This interchange form allows easy accommodation of
pedestrian crossings of the minor road.

FEBRUARY, 2001
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Compressed Diamond
Same form as the conventional diamond. The spacing between the two at-grade intersections is
usually between 400 and 700 feet. One or both of the intersections may be unsignalized. To
mainline traffic, compressed diamonds are similar in appearance and operation to conventional
diamonds. This interchange form allows easy accommodation of pedestrian crossings of the
minor road.
Split Diamond
Split diamonds serve multiple minor roads connected by frontage roads that are usually one-way.
Split diamonds offer two advantages. One: reducing conflicts by handling traffic at four, rather
than two, intersections. Second: reducing the left-turn movements at each intersection from two
to one. The disadvantage of this form is that it is more costly (two bridges). This form of
interchange is most appropriate in busy urban areas such as Central Business Districts. This
interchange form allows easy accommodation of pedestrian crossings of the minor road.
Folded Diamond
Also called Parclo AB. See discussion in Section 6-1.03.04.

B. High Capacity Diamond Interchanges
1. Diamonds with Flyovers
One or more of the heavy left turn movements are served via a directional or semi-directional
ramp (flyover). This increases the efficiency by allowing the heavy left turn movement to flow
without stopping. On the other hand, using flyovers increases cost and right of way needs.
2. Three Level Diamonds
Connections between the two roadway systems are made via a different (3rd) level and four pairs
of ramps. This provides for uninterrupted through movement on both of the intersecting
roadways. Only the left-turning movements cross at grade. The amount of required right of way
for a three level diamond interchange is smaller than other forms having comparable capacity.
On the other hand, three level diamonds are very expensive, and therefore not commonly used in
Minnesota. Due to the multi-levels, they have a big visual impact. Refer to AASHTO’s A
Policy on Geometric Design of Highways and Streets for design details.
C. Diamond Interchanges for Constrained Locations
1. Single Point Diamond Interchange (SPDI)
Also known as single point urban interchange (SPUI) or urban interchange (UI). SPDIs have
only one at-grade intersection on the minor road. See Figure 6-1.03C.
a. Because of the complexity of their geometry, SPDIs shall be signalized (3-phase signal), and
all left turn movements shall be fully protected. Because there is only one signal, SPDIs
allow easier coordination of the signals on the minor road leading to less delay for the minor
road through movement.
b. SPDIs use less right of way than regular diamonds or cloverleafs.
c. The form of an SPDI makes it necessary to use longer bridges and more retaining walls than
other diamonds. Therefore, SPDI cost 20 to 25% more than conventional diamonds.
d. The bridges and retaining walls increase the cost of widening an existing interchange
substantially over that of other diamonds. Therefore, the initial design of an SPDI should
have double turn lanes for all left-turn movements.
e. SPDIs are designed to allow high volumes of left turns from the off ramp to flow at
relatively high speed and with minimum delays. The geometry of the SPDI is shaped to
facilitate that. To provide adequate visibility and the high speed left turns, SPDIs use large
turning radii (150 to 300 ft) for the off ramps. Consequently, the distance between the stop
bars on the minor road can exceed 200 or 250 ft. Studies have shown that the operational
advantages of SPDIs diminish as that distance increases.
f. This large distance creates the need for positive guidance (extra lane markings and raised
median) to keep left turning vehicles from straying from their proper path.
g. SPDIs should be avoided if the two roadways intersect at a large skew angle. Large skew
angles reduce the visibility of the intersection and further increase the distance between the
stop bars on the minor road thus increasing bridge length.
h. SPDIs should physically separate the off-ramp left and rights turns and allow the right turn
to flow independent of the signal. This will significantly decrease the green time needed for
the off ramp and the overall delay.
i. Attaching a frontage road to the SPDI should be avoided as it will necessitate adding a fourth
phase to the signal thus significantly increasing the overall delay.
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DIAMOND INTERCHANGES
Figure 6-1.03B
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Because of the unique signal and sign requirements of this type of interchange, constructing
the minor road to go over the mainline is preferable; the intersection is more visible, less
lighting is needed, and the signal/sign placements are not influenced by the bridge structure.
At SPDIs with the minor road going under the mainline, an additional vertical clearance is
needed to place signal heads, and the size of the bridge and amount of retaining walls
(mainline, not minor road, is bridged) also increase.
The form and signal phasing of an SPDI do not allow easy accommodation of pedestrian
crossings of the minor road. One option is to ban pedestrians from crossing the minor road
at the SPDI signal. Another option is to allow pedestrians to cross to the raised median
during the off-ramp phase, and then cross the other half during the minor road left turn
phase. Adding a pedestrian phase to the SPDI signal significantly increases the overall delay
of the interchange and should be avoided if possible.
Although some agencies indicated that there was confusion at SPDIs just after they were
opened to traffic, national studies have shown that driver unfamiliarity with SPDIs is not a
major factor in crash occurrence in the interchange area. The predominant crash type at
SPDIs is rear-end crashes on the off-ramp. This is consistent with the geometry of SPDIs
where large turn radii are provided to allow a high speed left-turn from the off ramp. If not
designed properly, drivers may not be able to see the signal head until they are near the stop
line.

Because of their high cost, SPDIs should only be used where necessitated by the characteristics of the site
(restrictive right of way or very close spacing to adjacent intersections on the minor road), or where they will provide
substantial operational advantages over other interchange forms. If special features (pedestrian phase, frontage road,
skew angle, highly directional minor road through movement, etc.) have to be accommodated within the interchange,
the operational benefits of SPDIs are severely decreased. In such cases, other interchange forms are more appropriate.
2.

Tight Diamond Interchange (TDI)
Same form as the conventional diamond. The spacing between the two at-grade intersections is
usually between 250 and 400 feet. To mainline traffic, tight diamonds are similar in appearance and
operation to conventional diamonds. This form allows easy accommodation of pedestrian crossings of
the minor road.
Because of the close spacing between the intersections, both must be signalized, and the signals must
be coordinated to allow through traffic to pass through both intersections with, at the most, one stop.
Furthermore, to get maximum operational efficiency, special treatment of channelization and traffic
control is required: left turns from the minor road must store in advance of the first intersection (not
between the two ramps). This may make this type of interchange more susceptible to wrong-way
movements.
NCHRP Report 345: “It may appear ironic that tight urban diamond interchanges having spacing of
250 to 350 ft can operate better than wider compressed diamonds with spacing between signals of 500
to 600 ft. This reality is believed to be not well known by some highway engineers and planners.
Two requirements must be met to achieve this level of operational performance, however. One is that
the ramp spacing should be in the range of 250 to 400 ft. Second is that only one traffic-actuated
signal controller should be used, and it must be designed and timed properly to best satisfy existing
conditions. With these design specifications, TDI is a viable alternative to all other interchange forms
in the two-level signalized urban interchange class.”
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SINGLE POINT DIAMOND INTERCHANGE
Figure 6-1.03C

Comparing TDI and SPDI
1. NCHRP 345: “The SPDI and TDI should both be considered viable design options for many
types of urban traffic congestion relief projects where signalized intersections are involved.”
2. The design of SPDIs allows left-turns from the off ramp to proceed at higher speed and with less
delay than with TDIs. In handling left turns to the on ramps, neither form has a clear advantage
over the other.
3. TDIs cause less delay (than SPDIs) to the minor road through movements. TDIs are better at
handling high directional splits in the minor road through movements.
4. Capacity analyses have determined that, overall, SPDIs are slightly more efficient than TDIs.
The advantage diminishes as SPDIs become larger.
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The efficiency of a TDI increases with the increase of the distance between ramps.
The efficiency of the SPDI decreases with the increase of the distance between ramps. For
distance between ramps of 250 to 275 ft, the operational efficiencies of the TDI and SPDI are
equivalent on a per lane basis.
There is no clear safety difference between the TDI and SPDI.
Pedestrians are more difficult to accommodate at SPDI.
Construction costs of a TDI are between 15 and 25% less than those of a SPDI and use only
slightly more right of way than SPDI. Therefore, TDI are appropriate alternatives to SPDI.

6-1.03.04

Cloverleaf Interchanges
Cloverleafs use loops to accommodate some/all of the left turn movements thus eliminating the need for
one or more intersection/stop on the minor road. This decreases the delay encountered by these movements and
increases the efficiency of the overall interchange. On the other hand, loops require more right of way than ramps and
are more susceptible to run off the road accidents. The speed of travel on a loop may be increased by using larger loop
radii. This, however, must be weighed against the disadvantage of increased right of way.
Partial cloverleafs (Parclos) result in at least one 90-degree intersection, thus requiring signal or sign
control. With full cloverleafs, because all the left turn movements are made via loops, there is no need for any
intersections.
In full cloverleafs, Parclo AB, and 3-loop Parclos, because loops are present in adjacent quadrants,
weaving is a problem that may lead to a breakdown in traffic operation and more accidents. AASHTO estimates that
when the sum of traffic on two consecutive loops approaches 1000 vph, the Level of Service starts to deteriorate. In
such cases, if other interchange forms cannot be used, collector-distributor (C-D) roads should be strongly considered,
see Section 6-5.0.
Full Cloverleafs
Because of the weaving problems, full cloverleafs are considered the minimum system interchange type.
Therefore, full cloverleafs should not be used in high traffic volume areas. Because of the four loops, full cloverleafs
use up very large amounts of right of way. See Figure 6-1.03D.

FULL CLOVERLEAFS
Figure 6-1.03D
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PARTIAL CLOVERLEAF (PARCLOS) RAMP ARRANGEMENTS
Figure 6-1.03E
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Partial Cloverleafs (Parclos)
Parclos use one, two, or three loops for left turn movements, see Figure 6-1.03E. The heavier left turn
movements are the ones accommodated via loops. Parclos are highly adaptable and can accommodate high traffic
volumes. They are especially advantageous when one or more quadrants must be avoided due to right of way
restrictions.
Two Loop Parclos
Two loop Parclos are divided into the following 3 categories. For all 3 categories, the distance between
intersections is usually between 600 and 900 ft.
A. Parclo A
In Parclo A interchanges, exits from the mainline are made via ramps. Mainline entrances can be
made via loops in a 2-quad. Parclo A (see Figure 6-1.03F) or via loops and ramps in a 4-quad. Parclo
A (see Figure 6-1.03G). With either form of Parclo A, minor road through traffic has to stop twice.
Each stop is usually controlled by a 2-phase signal. 4-quad. Parclo A is the only Parclo form that
provides right turn movements for all mainline exit and entrance movements. From an overall
interchange’s view, 4-quad. Parclo A is the highest capacity service interchange form.

PARCLO A – 2 QUAD. (EXIT RAMPS, ENTRANCE LOOPS)
Figure 6-1.03F
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PARCLO A – 4 QUAD. (EXIT RAMPS, ENTRANCE LOOPS AND RAMPS)
Figure 6-1.03G

B. Parclo B
In Parclo B interchanges, entrances to the mainline are made via ramps. Mainline exits can be made
via loops in a 2-quad. Parclo B (see Figure 6-1.03H) or via loops and ramps in a 4-quad. Parclo B (see
Figure 6-1.03I). In 2-quad. Parclo B, minor road through traffic has to stop twice. Each stop is
usually controlled by a 2-phase signal. In 4-quad. Parclo B, minor road through traffic has to only
stop once. Thus, from the minor road’s view, 4-quad. Parclo B provide the highest capacity. This
one stop, however, makes it more difficult for pedestrians to cross the minor road.
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PARCLO B – 2 QUAD. (EXIT LOOPS, ENTRANCE RAMPS)
Figure 6-1.03H

PARCLO B – 4 QUAD. (ONE EXIT LOOP, ONE EXIT RAMP, ENTRANCE RAMPS)
Figure 6-1.03I
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C. Parclo AB or Folded Diamond
Parclo AB/folded diamond interchanges have one exit loop, one exit ramp, one entrance loop, and one
entrance ramp (see Figure 6-1.03J). In Parclo AB, minor road through traffic has to stop twice. Each
stop is usually controlled by a 2-phase signal. Because the loops are in two consecutive quadrants,
weaving is a problem. The loops should be oriented so that the weave occurs on the minor road (not
the mainline), and so that the turning movements provide the least possible disruption to mainline
traffic. See Figure 6-1.03E, parts A and B, as well as AASHTO’s detailed discussion. To avoid
wrong way movements on folded diamond interchanges, channelization should be strongly
considered.

PARCLO AB/FOLDED DIAMOND
(ONE EXIT LOOP, ONE EXIT RAMP, ONE ENTRANCE LOOP, ONE ENTRANCE RAMP)
Figure 6-1.03J

Comparing Parclo, Conventional Diamond and SPDI
Studies have shown that Parclo signalized delays are significantly less than those of diamonds or SPDIs
for all entering volumes. This is due to the fact that large left-turning movements are serviced by loops, and do not
factor into the phasing systems at signalized intersections.
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Directional and Semi-Directional Interchanges
Note the following definitions, see Figures 6-1.03K and L:
1. Direct Connection – A one-way roadway that does not greatly deviate from the intended direction of
travel.
2. Directional Interchange – An interchange where one or more left-turning movements are provided by
direct connection, even if the minor left-turn movements are accommodated on loops.
3. Semi-Directional Interchange - An interchange where one or more left-turning movements are
indirect in alignment yet more direct than loops, even if the minor left-turn movements are
accommodated on loops.
4. Fully Directional Interchange – An interchange where all left turn movements are provided by direct
connections. They require 4-level structures.

Left hand exits and entrances are undesirable on directional and fully directional interchanges, but may be
unavoidable due to the nature of the direct connection. The left hand exit should be designed as a major fork (discussed
later in this chapter).
Directional ramps, as compared with loops, have: shorter travel distances, higher speeds of operation,
higher level of service, greater capacity and operational efficiency, and no weaving. They are, however, more costly.
Directional interchanges often require less right of way than a cloverleaf design. Their primary
disadvantage is increased cost because of the need for multiple-level structures. Directional interchanges are warranted
in certain urban areas where traffic volumes are very high and high speed maneuvering is desired. Freeway-to-arterial
connections may occasionally warrant a directional interchange.
Semi-directional interchanges offer the same advantages but to a lesser degree, and they may or may not
eliminate weaving.
Fully directional interchanges offer the highest capacity of all interchange forms. On the other hand, they
are the most expensive of all interchange forms. Therefore, fully directional interchanges are only justified for freeway
to freeway connections where high turn volumes exist in all directions, and high speed uninterrupted flow is needed.
Fully directional interchanges are only warranted after an in-depth assessment of their costs and benefits.

SEMI-DIRECTIONAL INTERCHANGES
Figure 6-1.03K
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DIRECTIONAL AND FULLY-DIRECTIONAL INTERCHANGES
Figure 6-1.03L

6-1.03.06

Comparing Interchange Forms
Each interchange form has advantages and disadvantages relative to alternative forms. There is no one
clearly superior form: SPDIs are better than TDIs in handling left turns from the off ramp, but TDIs are better in
handling the minor road through movements. A 4-quad. Parclo A provides higher capacity than any other service
interchange form, but it uses more right of way than a TDI or SPDI. There is also a directly proportional relationship
between the value provided and the cost incurred; directional interchanges provide very high capacity but are very
expensive.
Tables 6-1.03A and B highlight the tradeoffs designers have to make in selecting one form over another.
The decision of which form to use should be based on the specific traffic conditions and physical characteristics of the
particular location. Refer to Section 6-1.04 for more details.
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Table 6-1.03A
COMPARING SYSTEM INTERCHANGE FORMS
Interchange Form

Cost

ROW

Capacity

Full Cloverleaf w/CD
Directional/Semi-directional
Fully Directional

High
Higher
Highest

Higher
High
Highest

High
Higher
Highest

Table 6-1.03B
COMPARING SERVICE INTERCHANGE FORMS
Interchange
Form

Construction
Cost

ROW

Capacity

Number of
Intersections
on Minor
Road

Signalized
Delay on
Minor Road

Traffic
Progression
On Minor
Road

Pedestrian
Crossing of
Minor Road

Low

Medium/Low

Low

Two

High

Worst

Easy

Low

Low

Medium

Two

Medium

Medium

Easy

TDI

Low

Low

Medium

Two

Medium/Low

Good

Easy

SPDI
4-quad.
Parclo A
4-quad.
Parclo B

Highest1

Lowest

Medium

One

Medium

Best

Difficult

Medium

Medium/High

Highest

Two

Low

Medium

Easy

Medium

Medium/High

Medium/High

One

Lowest

Best

Difficult

Medium

Medium2

Medium/High3

Two

Low

Medium

Easy

Conventional
Diamond
Compressed
Diamond

Parclo AB/
Folded
Diamond
1
2
3

Because of the bridges and retaining walls in SPDI, reconstruction/modification costs (ex. for widening) are also high.
ROW is needed in two quadrants only.
Weaving may be a problem. Add a CD road, or orient loops so that the weave occurs on the minor road and the turning
movements cause the least possible disruption to the mainline (see Figure 6-1.03E, parts A and B).

6-1.04
6-1.04.01

Concept Development
General
Planning and designing an interchange is complex. In rural areas, the interchange can often be studied as
a closed system; in urban areas it is usually necessary to analyze the interchange as part of the entire highway system.
On freeways where interchanges are most common, the operational efficiency of the interchange tends to govern the
entire freeway and therefore represents the greatest hindrance to the efficient flow of traffic, which is the functional
purpose of the freeway. Once the design year traffic volumes are estimated, the process can be summarized as follows:
1. Determine warrants for either a grade separation or an interchange.
2. Propose several alternatives.
3. Evaluate each alternative in terms of relative cost, safety, capacity, operation, and integration into the
existing highway system.
4. Select the alternate which strikes the most reasonable balance between costs and benefits.
5. Incorporate the detailed design elements to ensure that they adhere to the appropriate standards
and that the interchange will realize its anticipated benefits.
6. Review the interchange criteria adopted by the Metropolitan Council in the Twin Cities area;
Metropolitan Planning Organizations and Regional Development Commissions in the greater
Minnesota area; and the Federal Highway Administration interchange criteria.
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6-1.04.02

Capacity
The capacity of a freeway is directly or indirectly dependent upon the capacity of the following
individual elements:
1. Basic freeway section where interchanges are not present.
2. Freeway/ramp junctions or terminals.
3. Weaving areas.
4. Ramp proper.
5. Ramp/minor road intersection.
The operational goal of the interchange is to provide sufficient capacity and to avoid gridlock, which
can affect the freeway. The capacity of the interchange should be equal to or at least comparable with the
operational characteristics of the basic freeway section. To maintain a stable freeway flow, many of the on-ramps
in the metropolitan areas may be metered. The main purpose for ramp metering is to avoid operational breakdown
at the ramp-freeway junction, and thus to maintain stability of the traffic flow on the mainline. Numerous
computer software packages including the Highway Capacity Software (HCS), and simulation packages such as
CORSIM, provide methods for estimating the capacity and the level of service for each freeway element. They
also describe the relationship between the elements within the interchange.
6-1.04.03

Selection of Interchange Type
Once the warrants, capacity needs and level of service have been established, a specific type of
interchange can be selected. Section 6-1.03 provides a comparison between different interchange forms.
One key element in the selection will depend upon whether the interchange will be a “system” or a
“service” interchange (see definitions in Section 6-1.01).
Another key element will be the location: urban or rural. In general, interchanges in rural areas can
be selected strictly on the basis of service demand and analyzed as a separate unit. In urban areas, specific site
conditions may severely limit the feasibility of meeting the service demands as desired, and the selection will likely
be significantly impacted by the operational characteristics of the intersecting road and other nearby interchanges.
Designers have to make another important decision: cross the minor road over or under the major
road. Chapter 10 of AASHTO’s A policy on Geometric Design of Highways and Streets provides a detailed
discussion of this issue.
All interchanges should provide for all movements unless this is impractical. Even if the anticipated
turning volume is low, the omission of a movement will cause extreme confusion for those drivers who are looking
for the connection. An omission places the designer in the position of having to try to predict if future
development will significantly increase the demand for the maneuver. Although traffic projections are a part of all
highway design elements, the possible negative consequences of omitting a turning maneuver at an interchange are
such that the designer should usually ensure that all maneuvers are provided.
Finally, designers should keep the design as simple as possible to facilitate driver comprehension and
signing. When conditions dictate a design that does not conform to driver expectancy (left-hand exit, for example),
designers should work with Traffic Engineers to provide the necessary advance signing.
Designers can use the following factors to select the appropriate interchange form.
1. System vs. service interchange.
2. Urban vs. rural area.
3. Number of legs.
4. Route continuity, if practical.
5. Uniformity of exit and entrance patterns, if practical.
6. Traffic conditions: exiting/entering volume to/from the mainline, through and turning volumes on
the minor road, acceptable amount of delay/LOS for each movement, and need for/type of traffic
control on minor road (uninterrupted flow, signal or stop sign).
7. Operational characteristics: single or double exits/entrances, weaving and signing.
8. Lane balance and lane continuity.
9. Road user impacts: travel distance and time, safety, convenience and comfort.
10. Number of pedestrians crossing the minor road.
11. Presence of an attached frontage road.

FEBRUARY, 2001
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Importance of minor road signal coordination.
Right of way impacts and availability.
Environmental impacts.
Cost of construction.
Cost of maintenance.
Feasibility of stage construction.
Maintenance of traffic for reconstructed interchanges.

It may be difficult to compare the costs and benefits of different interchange forms. Given the
typically large financial investments and the long-range impacts of the final selection, it may be warranted to
conduct an in-depth cost effective study to aid in the final decision. Section 2-4.03 offers guidance on how this
may be done.
6-1.04.04

Distance Between Interchanges
In rural areas, the spacing between interchanges commonly used is 5 to 10 miles. The minimum desirable
interchange spacing in rural areas is 2 miles.
In urban areas, the minimum desirable interchange spacing is 1 mile. Where closer spacing is desired or
required, the use of collector distributor roads is strongly recommended.
6-1.04.05

Distance Between Successive Ramp Terminals
A reasonable distance between successive ramp terminals is required to provide sufficient maneuvering
length and adequate space for signing.
The spacing depends on the classification of the interchanges involved, the function of the ramp pairs
(different combinations of entrances and exits), and weaving potential, when applicable. Figure and Table 6-1.04A
show the desirable, adequate and absolute minimum values for spacing of ramp terminals, as published in ITE’s
1999 Traffic Engineering Handbook.
When the distance between successive noses is less than 1,500 ft, auxiliary lanes should be considered to
connect the noses. See Section 6-1.05 for discussion of auxiliary lanes.

DISTANCE BETWEEN SUCCESSIVE RAMP TERMINALS
Figure 6-1.04A
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Table 6-1.04A
Distance Between Successive Ramp Terminals (ft)*
Entrance – Entrance
OR
Exit - Exit

Entrance - Exit (Weaving)
Exit – Entrance

Turning Roadways
System to Service

Service to Service

Full
Freeway

C-D
Road

Full
Freeway

C-D
Road

System
Interchange

Service
Interchange

Full
Freeway

C-D
Road

Full
Freeway

C-D
Road

Desirable

1500

1200

750

600

1200

1000

3000

2000

2000

1500

Adequate

1200

1000

600

500

1000

800

2500

1800

1800

1200

Absolute
Minimum

1000

800

500

400

800

600

2000

1500

1500

1000

* L in Figure 6-1.04A
C-D = Collector Distributor Road, see section 6-5.0 for discussion.
6-1.04.06

Crash Potential
Safety must be considered in the selection and design of any highway feature, including interchanges.
An improperly designed interchange may partially negate the safety benefits of physically separating the through
traffic movement. One of the best methods of assessing the safety of a proposed interchange is to review the actual
crash data related to interchanges of similar design that have been in operation for several years. Contact your
District Traffic Engineer and the Office of Traffic Engineering for such data.
6-1.05
6-1.05.01

Number of Lanes Through an Interchange
General
Certain principles on carrying lanes through an interchange must be adhered to when designing the
interchange to accommodate driver expectancy and eliminate operational and safety problems. Designers should
be aware that incorporating these principles may cause the elimination of some lane reductions that would be
justified on the basis of capacity alone.
6-1.05.02

Basic Number of Lanes
The basic number of lanes is defined as the minimum number of lanes maintained over a significant
length of a route based on the capacity needs of that section. That number is predicated on the general volume level
of traffic over a substantial length of the facility. The volume is the Design Hourly Volume (DHV) representative
of A.M. or P.M. weekday peak. Localized variations in traffic volume are ignored. Thus, volumes on short
sections below the general level would theoretically have reserve capacity, while volumes on short sections
somewhat above the general level would be compensated for by the addition of auxiliary lanes introduced within
these sections.
An increase in the basic number of lanes is warranted where traffic builds up sufficiently to justify an
extra lane and where such buildup raises the volume level over a substantial length of the facility. The basic
number of lanes may be decreased where traffic is reduced sufficiently to drop a basic lane, provided there is a
general lowering of the volume level on the freeway route as a whole.
The basic number of lanes should be carried through an interchange even if the traffic volume
theoretically warrants dropping a lane at the exit. Dropping a lane at an exit can unduly complicate its traffic
operation and thus should be done downstream from the interchange. Following the same principle, the basic
number of lanes should be carried through between closely spaced interchanges.
6-1.05.03

Lane Balance
To realize efficient traffic operation through and beyond an interchange, there should be balance in the
number of traffic lanes on the freeway and ramps. DHV and capacity analysis determine the basic number of lanes
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on the highway and the minimum number of lanes on the ramps. After the basic number of lanes is determined, 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.
2. At exits, the number of approach lanes on the highway must be equal to the number of lanes on
the highway beyond the exit plus the number of lanes on the exit, less one. Two exceptions to
this principle are acceptable: at cloverleaf loop ramp exits which follow a loop ramp entrance,
and at exits between closely spaced interchanges and a continuous auxiliary lane between the
terminals is being used. In these two cases, the auxiliary lane may be dropped in a single-lane
exit leaving the number of approach lanes on the highway equal to the number of through lanes
beyond the exit plus the lane on the exit.
3. The traveled way of the highway should not be reduced by more than one traffic lane at a time.
Figure 6-1.05A illustrates the coordination of the concepts of lane balance and basic number of lanes.
Refer to AASHTO for more details.

COORDINATION OF LANE BALANCE AND BASIC NUMBER OF LANES
Figure 6-1.05A
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6-1.05.04

Auxiliary Lanes
At interchanges, an auxiliary lane is a full width travel lane that is developed to facilitate traffic operation.
Auxiliary lanes are most often used to:
1. Comply with the principle of lane balance.
2. Comply with capacity requirements in the case of adverse grades.
3. Accommodate speed changes.
4. Accommodate weaving.
5. Accommodate traffic pattern variations at interchanges.
6. Accommodate maneuvering of entering and exiting traffic.
7. Simplify traffic operations by reducing the number of lane changes.
Continuous auxiliary lanes should be constructed between the entrance and exit terminals of interchanges
where the distance between the end of the entrance terminal taper and the beginning of the exit terminal taper is short.
AASHTO recommends that an auxiliary lane be used to connect the acceleration and deceleration lanes when the
distance between successive noses is less than 1,500 ft.
An auxiliary lane may be introduced as a single exclusive lane, or in conjunction with a 2-lane entrance.
The termination of an auxiliary lane may be accomplished by several methods. Figure 6-1.05B provides the basic
schematics of designs for adding and dropping auxiliary lanes within and beyond interchanges. The design should be
based on the traffic volumes for the exiting, entering and through movements. Design details for exits and entrances are
provided in Section 6-2.0.
6-1.05.05

Escape Lanes
AASHTO uses the term Recovery Lane to describe what MnDOT refers to as an Escape lane. An escape
lane is a short auxiliary lane located beyond an exit ramp or a major fork divergence to provide refuge for vehicles that
are not able to exit/merge.
Escape lanes should only be provided were need. Conditions that warrant building an escape lane include:
1. Closely spaced ramps where the distance between the theoretical noses is less than 1/2 mile (3/4 mile
between the physical noses). For example at interchanges with two consecutive loops in the
direction of travel.
2. Where traffic volume/capacity and weaving conditions warrant their use.
The design details of escape lanes are shown in Standard Plan Sheet 5-297.105. Where an escape lane is
not warranted, the wide gore area shown in the same Standard Plan sheet may be used. If an escape lane is warranted
but due to site restrictions cannot be fully developed (for example at some cloverleafs and folded diamond/Parclo AB
interchanges) a modified escape lane may be used as shown in Figure 6-2.03C or in the alternate design in Figure 62.03D.
6-1.06

Right of Way and Access Control
Proper control of access must be maintained within and near an interchange in order to ensure its integrity.
This is accomplished by acquiring sufficient right of way, and restricting the proximity of public and private access to
the ramp/minor road at-grade intersection. Section 2-3.06 discusses the value of access control and provides several
figures which illustrate the required right of way and access control provisions at interchanges. Contact MnDOT’s
Access Management Section for additional guidance.
6-1.06.01

Expressway On-Ramps
Service interchanges between a freeway and an expressway pose a particular need for sufficient access
control downstream from the ramp/expressway junction. The envelope of influence of an on-ramp affects the traffic for
some distance from the ramp nose. Therefore, any right-in/right-out entrances or roadway connections should not be
constructed closer than 1,800 ft downstream from the nose, see Figure 2-3.06B.
Any roadway connections which include a median cross-over should not be closer than 2,500 ft
downstream from the nose of an on-ramp.
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AUXILIARY LANES AT INTERCHANGES
Figure 6-1.05B
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RAMP-FREEWAY AND RAMP-STREET JUNCTIONS (TERMINALS)

6-2.01

General
The design of ramp junctions for exits from and entrances onto freeways and ramp-street junctions will
have a significant impact upon the safety, operation and capacity of the interchange.
The ramp-freeway junctions where merging and diverging movements take place should operate at freeway
speeds without disruption of the freeway traffic stream. The ramp-street junctions should be designed to accommodate
large trucks and double left turns where appropriate. In metro areas where it is determined necessary to provide metered
ramps and HOV (High Occupancy Vehicle) bypass lanes, the entrance ramps should be designed with proper approaches.
The designer should refer to the Highway Capacity Manual to compute the capacity and level of service for the ramp
junctions.
6-2.02

Sight Distance
Drivers should be given sufficient sight distance at ramp-freeway Junctions, and at exit ramp-cross street
junctions. Sight distance formulae and design values are presented in section 2-5.0.
6-2.03
6-2.03.01

Exit Ramp Design
Deceleration Lanes (Tangent Mainline)
If the exit ramp is designed to properly provide for deceleration, driver comfort and traffic operation will be
maximized and the impact upon the highway mainline will be minimized. The key elements are proper driver
notification and allowing all deceleration to occur within the deceleration lane away from the mainline. The length and
type of lane will depend upon the design speed of the mainline and the reduced speed of the first curve on the ramp. In
addition, it is preferable, if possible, that all deceleration lanes be on a tangent mainline.
Deceleration lanes may be of the taper design or parallel design. MnDOT’s standard practice is to provide,
where possible, the taper deceleration design shown in Figure 6-2.03A and in the Standard Plans Manual. The parallel
design (shown in AASHTO) has the disadvantage of requiring the driver to perform a reverse curve maneuver.
Furthermore, that design may induce some through-drivers to believe that the additional lane is a main line lane rather
than an exit lane.
When using MnDOT’s taper design, the first curve on the exit ramp should not exceed 6 deg.
The preferred curvature of the first curve is 4 degrees or flatter if site conditions allow. It may not always be possible
to meet this criterion where site conditions are restricted. This is particularly true for Parclo AB (folded diamond
interchanges), where a loop serves as the exit beyond the structure. In cases where the standard taper design does not
provide sufficient length for deceleration, a variation of the taper design type will be required. This variation modifies
the taper design by incorporating additional parallel deceleration length as shown in Figure 6-2.03B. When this design
is called for, Table 6-2.03A gives the minimum total length (parallel lane and deceleration lane) for deceleration at exits
on flat grades (2 percent or less). Where grades are in excess of 2 percent, the deceleration length should be adjusted in
accordance with Table 6-2.03B. The length is measured from the point at which the deceleration lane reaches a 12 ft
width to the beginning of the first curve on the ramp corresponding to the chosen design speed. An exit taper (into the
deceleration lane) of 1:15 should be provided.
MnDOT’s taper design provides approximately 375 ft for deceleration. If the deceleration length given in
Tables 6-2.03A and 6-2.03B is less than or equal to 375 ft, MnDOT’s taper design will be sufficient and should be used.
Table values greater than 375 ft indicate the need for additional parallel deceleration length (the parallel lane length
being equal to the table value minus 375). However, to avoid abrupt reverse curve maneuvers, it is recommended that a
minimum parallel length of 100 ft be used. Therefore when the deceleration length given in Tables 6-2.03A or 6-2.03B
is between 375 and 475 ft, the recommended design is a taper design with an additional 100 ft parallel length.
The deceleration and acceleration lanes on two consecutive loops (cloverleaf or ParcloAB/Folded
diamond interchange) are interconnected with auxiliary lanes. The loop alignment should be designed using 3-centered
curves (see Figure 6-2.03C) such that flatter curves at the beginning and end of loops take the place of tapers.
Where the weaving volume (sum of traffic on two consecutive loops, the first an entrance, the second
an exit) approaches 1000 vph, or where the length of the parallel weaving area is shorter than required for comfortable
deceleration (thereby necessitating some deceleration on the adjacent mainline lane), the design shown in Figure
6-2.03D may be considered if a C-D road is not possible. This design includes a parallel lane developed in advance of
the entrance terminal and carried beyond the exit terminal, allowing all acceleration, deceleration and weaving
maneuvers to occur off of the mainline lanes. The points of introduction and termination of the parallel lane should be
based on the anticipated needs for acceleration, deceleration and traffic operations combined with considerations for
weaving. If possible, the entrance ramp directly downstream of this type of weaving area should be aligned so that
sufficient space is created to allow the prescribed length of parallel lane. If constraints do not permit such an optimal
lane length, the designer may choose either to compromise the parallel lane length to fit the constraints or to continue
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the lane at full width though the subsequent entrance and terminate it at a logical location downstream. Due to the
negative operational effects the cloverleaf loop situation tends to have on high-traffic facilities, the additional expense
incurred to provide the prescribed design parameters is likely to be justified on the basis of bottleneck avoidance.
Superelevation must be properly developed in deceleration lanes. Refer to Section 3-2.0 for details.

ACCELERATION AND DECELERATION LANES, MAINLINE TANGENT SECTION
TAPERED DESIGN
Figure 6-2.03A
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DECELERATION LANE, MAINLINE TANGENT SECTION,
TAPER DESIGN WITH ADDITIONAL PARALLEL DECELERATION LENGTH
Figure 6-2.03B

Table 6-2.03A
TOTAL LENGTHS FOR DECELERATION FOR EXITS ON FLAT GRADES
(2% OR LESS)* - MINIMUM VALUES
HIGHWAY DESIGN
SPEED, MPH

AVERAGE
RUNNING
SPEED, MPH

L = DECELERATION LENGTH (FT)

30
35
40
45
50
55
60
65
70
75

28
32
36
40
44
48
52
55
58
61

FOR DESIGN SPEED OF FIRST EXIT CURVE (MPH)
STOP
CONDITION
15
20
25
30
35
40
45
FOR AVERAGE RUNNING SPEED ON EXIT CURVE (MPH)

50

0

14

18

22

26

30

36

40

44

235
280
320
385
435
480
530
570
615
660

200
250
295
350
405
455
500
540
590
635

170
210
265
325
385
440
480
520
570
620

140
185
235
295
355
410
460
500
550
600

150
185
250
315
380
430
470
520
575

155
220
285
350
405
440
490
535

225
285
350
390
440
490

175
235
300
340
390
440

240
280
340
390

*For steeper grades, use Table 6-2.03B to adjust the lengths shown in this Table.

Table 6-2.03B
ADJUSTMENT FACTORS FOR DECELERATION LANES ON GRADE ( > 2%)
Design Speed of Highway
(mph)

Deceleration Lanes on Grade
Adjustment Factors
3 to 4 percent upgrade
3 to 4 percent downgrade
All Speeds
0.9
1.2
5 to 6 percent upgrade
5 to 6 percent downgrade
All Speeds
0.8
1.35
Multiply the factor from this Table by the length in Table 6-2.03A to get the length of deceleration lane on grade.
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CLOVERLEAF/TWO CONSECUTIVE LOOPS DESIGN
Figure 6-2.03C
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ALTERNATE DESIGN – ADD AUXILARY LANE
FOR INTERCHANGES WITH 2 CONSECUTIVE LOOPS
IN DIRECTION OF TRAVEL AND HIGH WEAVING VOLUME
Figure 6-2.03D
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6-2.03.02

Deceleration Lanes (Left-Curving Mainline)
Development of deceleration lanes on left-curving mainline poses a significant problem in driver
adjustment when the subsequent ramp curve is right-curving. A special design deceleration lane has been developed to
acclimate the driver to a subsequent turn to the right. The deceleration lane uses a length of 375 ft plus an appropriate
taper length in which to exit from a mainline roadway. To ease design and operational problems, the part of the
deceleration lane adjacent to the mainline should preferably be either all on a tangent mainline or all on a curved
mainline; i.e., the deceleration lane should be placed either upstream or downstream from the P.C. of the mainline.
Otherwise, the deceleration lane may appear to be an extension of the mainline tangent, possibly confusing motorists.
However, if an acceleration or deceleration lane has to include the P.C., care should be taken to develop a special
design.
Figure 6-2.03E illustrates the general development of both 16 ft and 18 ft ramps for a left-curving
mainline. The preferred development of 18 ft width on ramps (loop ramps), both urban and rural, is to widen the ramp
2 ft to the outside (driver's right) and lengthen the tapers accordingly. For ease of computation, it has been deemed
appropriate to arbitrarily set "F" at 41 ft. Since the width of the roadway portion of the ramp and mainline remain
unchanged, the result will be a minor change in the nose width. This change will not be apparent to a driver.
An appropriate procedure must be selected from the computational method shown below when using the
375 ft dimension in computation. For mainline deg of curve, 2 deg and flatter, the "M" distance is held at 375 ft and
angle θ is varied from the normal 90 degrees. For mainline deg of curves approaching 2 deg – 15 min and greater, the
angle θ is equal to 90 degrees and the "M" is 375 ft or less. An added segment of tangent length "N" is used in advance
of the right turning ramp curve, "N" = 375 ft - "M".
Table 6-2.03C gives the values of the angle θ, M, F, and angle Δ for either 16ft or 18 ft ramps. Data for
any curves not listed can be computed as follows:
Computations for Δ, M and θ (see Figure 6-2.03E):
F = 41 ft and F1 = 16 ft
A=R+F
B = R + F1
Where R = Equivalent Radius of Centerline Degree of Curve
For θ greater than 90 deg and M = 375 ft:
∆ = Arccosine (

A 2 + B 2 − 375 2
)
2 xAxB

θ = Arccosine (

B 2 + 3752 − A2
)
2 x375 xB

M = 375.0 ft

For θ equal to 90 deg and M less than 375 ft :
M=

2
2
A −B

Δ = Arc tangent ( M

θ = 90 deg

B

)

The deg of curve and Δ at which θ = 90 deg and M = 375 ft are:
Dc = 2.0580 deg
∆ = 7.62815 deg
Figure 6-2.03F illustrates the proper design when both mainline and ramp curve to the left.
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EXIT RAMP ON LEFT CURVING MAINLINE
Figure 6-2.03E

LEFT CURVING EXIT RAMP OFF LEFT CURVING MAINLINE
Figure 6-2.03F
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Table 6-2.03C
DATA FOR EXIT RAMP OFF LEFT-CURVING MAINLINE
16’ Ramp and Ramp Widened to 18’

Degree of
Curve
(Degrees)
0.250
0.500
0.750
1.000
1.250
1.500
1.750
2.000
2.058
2.125
2.2245
2.250
2.375
2.500
2.625
2.750
2.875
3.000
3.125
3.250
3.375
3.500
3.625
3.750
3.875
4.000
4.250
4.500
4.750
5.000
5.250
5.500
5.750
6.000
6.250
6.500
6.750
7.000
7.250
7.500
7.750
8.000

M
(Feet)

F
(Feet)

θ
(Degree)

Δ
(Degrees)

375.000

41.00

*
358.816
349.353
340.612
332.505
324.960
317.915
311.317
305.120
299.286
293.782
288.576
283.644
278.961
274.509
270.268
262.358
255.121
248.468
242.324
236.627
231.327
266.379
221.746
217.397
213.304
209.443
205.793
202.335
199.053
195.934
192.963

93.3553
92.8889
92.4234
91.9586
91.4947
91.0315
90.5690
90.1071
90.0000
90.0000
*
90.0000

41.00

90.000

0.9343
1.8663
2.7961
3.7238
4.6495
5.5732
6.4949
7.4148
7.6282
7.7496
*
7.9711
8.1863
8.3957
8.5996
8.7985
8.9927
9.1825
9.3681
9.5499
9.7280
9.9026
10.0739
10.2421
10.4074
10.5697
10.8865
11.1934
11.4911
11.7805
12.0620
12.3363
12.6038
12.8649
13.1200
13.3695
13.6137
13.8529
14.0873
14.3171
14.5426
14.7640

* This line gives Degree of Curve value when θ becomes 90° for other ramp width and does not provide values
for ramp width where * appears, i.e., 2.058 is degree of curve where θ becomes 90° for 16-foot ramp.
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6-2.03.03

Gore Area
The gore area between the divergence of the mainline and the ramp is normally considered to be both the
paved triangular area upstream from the gore nose and the graded area which extends a few feet downstream beyond
the gore nose. For detailed development of gore areas, see the Standard Plans Manual. The primary difference
between the rural and urban designs is the presence of curbs in the urban design. Standard Plate 7108 provides details
for designing the concrete curb and exit nose for the urban gore area.
Exit gore areas have experienced a relatively high accident rate in the past. This may be attributable to
the following: (1) the decision point at the divergence complicates the driver task and increases the potential for
accidents; (2) fixed roadside obstacles or non-traversable roadsides were typically located downstream from the gore
nose; and (3) inadequate driver warning or improper geometric design details may have been present. Therefore, the
design of the gore area deserves special attention. The following should be considered in design:
1. Signing in advance of the exit and at the divergence should be in accordance with the MN MUTCD.
This also applies to the paint markings in the triangular area upstream from the gore nose. Rumble
strips may also be considered in this area.
2. If possible, the area beyond the gore nose should be free of signs and luminaire supports. If they
must be present, they should be yielding or breakaway or shielded by a crash cushion. On roadways
where a physical structure must be located in the gore area, a crash cushion reserve area should be
provided as shown in Chapter 10 of this manual.
3. The graded area beyond the gore nose should be as flat as possible. If the elevation difference
between the exit ramp or loop and the mainline increases rapidly, this may not be possible. These
areas will likely be non-traversable and the gore design should shield these areas from the motorist.
Often, the vertical divergence of the ramp and mainline will warrant protection for both roadways
beyond the gore.
6-2.04
6-2.04.01

Entrance Ramp Design
Acceleration Lanes
As with deceleration lanes at exit ramps, a properly designed acceleration lane will facilitate driver
comfort, traffic operations, and safety. There must be an adequate system for driver warning, and the entering driver
should be allowed to comfortably accelerate to the appropriate speed and smoothly merge into the mainline traffic
stream.
Entrance ramps offer a greater potential for vehicle conflict than exit ramps. Entering a highway may be
the most complicated task a driver encounters, particularly where traffic volumes are high. The driver must
simultaneously keep his vehicle in the lane, accelerate the vehicle, look over his shoulder or in the mirrors to select a
gap in the mainline traffic stream, and watch for slowed or stopped vehicles ahead in the acceleration lane.
Entrance acceleration lanes may be of the taper or parallel design. The taper design works on the principle
of a direct entry at a flat angle, whereas the parallel design provides an added lane (parallel to the mainline lanes) of
sufficient length to enable a vehicle to accelerate to near-freeway speed prior to merging. Refer to AASHTO’s A
policy on Geometric Design of Highways and Streets, for guidance on the design of parallel acceleration lanes.
The design of a tapered acceleration lane to a tangent mainline was shown in Figure 6-2.03A and also in
the Standard Plans Manual. The design of a tapered acceleration lane that enters on the outside of a curving mainline is
shown in Figure 6-2.04A and Table 6-2.04A. It is recommended that the curvature of the last curve on the ramp not
exceed 6 deg. The preferred curvature of the last curve is 4 deg or flatter if the site conditions allow.
There are two conditions where the taper design by itself is not adequate. They are explained in the next
two paragraphs.
The first condition occurs when entering vehicles are not able to approach mainline speeds within the
length provided by the taper design. In this case, an additional acceleration length should be provided. This is
accomplished by modifying the taper design to incorporate an additional length beginning at the point where the
acceleration lane is 12 feet in width (see Figure 6-2.04B). Thus, the total length available for acceleration begins at the
critical velocity point (defined below) and terminates at the beginning of the merging taper. For guidance on the total
length needed for acceleration refer to Table 6-2.04B, it provides the minimum length of acceleration lanes for various
combinations of design speeds for ramp and loop and the highway mainline at terminals featuring flat longitudinal
grades (2 percent or less). Where grades are in excess of 2 percent, the acceleration length should be adjusted in
accordance with Table 6-2.04C. The critical velocity point will most often be the end of the last curve on the ramp or
loop. In the case of compound curvature approaching the entrance, both curves should be examined using the
achieved design speed for each. For some metered ramps, the critical velocity point may be determined to be the
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meter location, based on a stop condition at that point. In these cases, an individual judgment should be made as to
whether providing acceleration length based on that consideration is justified.
In the second condition, the taper design provides sufficient distance for acceleration but insufficient
distance for entering vehicles to find an acceptable gap in the mainline traffic stream because of heavy traffic volumes.
In these cases a parallel lane should be provided with a length which will allow a safe merge based on the entering ramp
and mainline traffic volumes. An individual traffic analysis will be needed to determine the proper length of the
parallel lane.
As with deceleration lanes, the taper acceleration lane design may not apply where an entrance loop/ramp
is immediately followed by an exit loop/ramp such as occurs at full cloverleaf or folded diamond interchanges. Where
the distance between the ramp terminals is such that the tapered paths of the exiting and entering traffic would overlap
or otherwise coincide, a parallel type entrance and auxiliary lane should be applied. See Figure 6-2.03C. It will often
be necessary to extend the acceleration lane for the entrance loop beyond the gore for the exit loop, as shown in the
figure. Section 6-2.06 on Weaving, and the Highway Capacity Manual, discuss this situation in greater detail.
Where the length between entering and exiting ramps is exceedingly short, such as occurs with two
consecutive loops, the design shown previously in Figure 6-2.03D, may be considered. This design includes a parallel
lane developed in advance of the entrance terminal and carried beyond the exit terminal, allowing all acceleration,
deceleration and weaving maneuvers to occur exclusive of the mainline lanes. The points of introduction and
termination of the parallel lane should be based on the anticipated needs for acceleration, deceleration and traffic
operations combined with considerations for weaving.
The merging taper rate at the end of all acceleration lanes should be 1:50.
6-2.04.02

Gore Areas
The term "gore area" is also used to apply to the area immediately upstream from the point of convergence
between the entrance ramp or loop and the highway mainline. The design of this area is not nearly as critical as the
gore area at an exit; however, certain design details are applicable. The Standard Plans Manual provides the gore
designs for rural and urban highways, with the basic difference being the provision of curbs in the urban design.
Standard Plate 7107 provides the design details for the entrance gore nose. The gore nose at the convergence point is
truncated at a 2 ft width. The Standard Plans Manual also provides the necessary information to determine the offset
from the mainline to the ramp at the point where the last ramp curve ends.
6-2.05

Multi-Lane Exits and Entrances
Multi-lane exits and entrances may be warranted where traffic volumes exceed the capacity of a single
lane ramp. The capacity of a ramp depends on the free flow speed of the ramp. Refer to the Highway Capacity Manual
for guidance.

The main use of multi-lane ramps is at directional systems interchanges where there is a benefit in
providing the design consistency of multi-lane highways through the interchange. The design of multi lane entrances
and exits is the same as the MnDOT design for major highway fork entrances and exits. These designs are discussed in
Section 6-6.0.
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TAPERED ACCELERATION LANE ON OUTSIDE OF CURVING MAINLINE
Figure 6-2.04A

Table 6-2.04A
TAPERED ACCELERATION LANE ON OUTSIDE OF CURVING MAINLINE
ACCELERATION LANE LENGTH AND OFFSET VALUES
Degree
of Curve
(D)
0º 7′ 0˝

Ramp
Deflection
Angle (A)
2º 33′ 10˝

Length
(L)
(Feet)
1188.87

Offset
(Feet)
0.0

Degree
of Curve
(D)
0º 36′ 0˝

Ramp
Deflection
Angle (A)
4º 18′ 23˝

Length
(L)
(Feet)
526.72

Offset
(Feet)
13.25

0º 8′ 0˝

2º 38′ 21˝

1119.91

1.38

0º 38′ 0˝

4º 24′ 33˝

512.60

13.53

0º 9′ 0˝

2º 44′ 46˝

1055.77

2.66

0º 40′ 0˝

4º 29′ 34˝

499.54

13.79

0º 10′ 0˝

2º 49′ 54˝

1001.5

3.75

0º 42′ 0˝

4º 33′ 29˝

487.43

14.03

0º 11′ 0˝

2º 54′ 47˝

954.81

4.68

0º 44′ 0˝

4º 38′ 16˝

476.15

14.26

0º 12′ 0˝

2º 58′ 27˝

914.08

5.50

0º 45′ 0˝

4º 41′ 37˝

470.80

14.36

0º 13′ 0˝

3º 3′ 55˝

878.15

6.22

0º 46′ 0˝

4º 43′ 56˝

465.52

14.47

0º 14′ 0˝

3º 7′ 13˝

846.13

6.86

0º 48′ 0˝

4º 48′ 31˝

455.74

14.67

0º 15′ 0˝

3º 11′ 22˝

817.37

7.43

0º 50′ 0˝

4º 52′ 59˝

446.47

14.85

0º 16′ 0˝

3º 15′ 22˝

791.35

7.95

0º 54′ 0˝

5º 1′ 41˝

429.49

15.19

0º 17′ 0˝

3º 19′ 15˝

767.66

8.43

0º 58′ 0˝

5º 9′ 3˝

414.30

15.49

0º 18′ 0˝

3º 23′ 2˝

745.97

8.86

1º 0′ 0˝

5º 13′ 7˝

407.27

15.63

0º 19′ 0˝

3º 27′ 42˝

726.01

9.26

1º 2′ 0˝

5º 17′ 7˝

400.59

15.77

0º 20′ 0˝

3º 30′ 16˝

707.57

9.63

1º 6′ 0˝

5º 25′ 56˝

388.15

16.02

0º 21′ 0˝

3º 34′ 45˝

690.46

9.97

1º 10′ 0˝

5º 33′ 31˝

376.79

16.24

0º 22′ 0˝

3º 37′ 9˝

674.53

10.29

1º 15′ 0˝

5º 42′ 40˝

363.88

16.50

0º 23′ 0˝

3º 40′ 28˝

659.65

10.59

1º 20′ 0˝

5º 51′ 31˝

352.21

16.74

0º 24′ 0˝

3º 44′ 43˝

645.71

10.87

1º 25′ 0˝

5º 59′ 5˝

341.57

16.95

0º 25′ 0˝

3º 47′ 54˝

632.61

11.13

1º 30′ 0˝

6º 7′ 24˝

331.83

17.14

0º 26′ 0˝

3º 50′ 2˝

620.28

11.37

1º 35′ 0˝

6º 15′ 29˝

322.87

17.32

0º 27′ 0˝

3º 53′ 5˝

608.64

11.61

1º 40′ 0˝

6º 23′ 20˝

314.58

17.49

0º 28′ 0˝

3º 56′ 5˝

597.62

11.83

1º 45′ 0˝

6º 31′ 0˝

306.90

17.64

0º 29′ 0˝

3º 59′ 2˝

587.18

12.04

1º 50′ 0˝

6º 38′ 28˝

299.74

17.79

0º 30′ 0˝

4º 2′ 56˝

577.27

12.23

1º 55′ 0˝

6º 46′ 46˝

293.05

17.92

0º 32′ 0˝

4º 8′ 35˝

558.85

12.60

1º 58′ 11

6º 50′ 19˝

289.01

18.00

0º 34′ 0˝

4º 13′ 4˝

542.08

12.94

For values between those tabulated, use straight line interpolation
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ACCELERATION LANE TO TANGENT MAINLINE
TAPERED ENTRANCE DESIGN WITH ADDITIONAL ACCELERATION LENGTH
TO ALLOW ACCELERATION TO MAINLINE SPEED
Figure 6-2.04B

SPEED
REACHED (MPH)

DESIGN SPED,
MPH

Table 6-2.04B
TOTAL LENGTHS FOR ACCELERATION FOR ENTRANCES ON FLAT GRADES
(2% OR LESS)* - MINIMUM VALUES

30
35
40
45
50
55
60
65
70
75

L = ACCELERATION LENGTH (FT)
FOR ENTRANCE CURVE DESIGN SPEED (MPH)
STOP
CONDITION

15

20

25

30

35

40

45

50

36
130
320
550
770
1000
1160

40
150
420
600
820
1040

44
180
370
580
780

AND INITIAL SPEED (MPH)
0
180
280
360
560
720
960
1200
1410
1620
1790

23
27
31
35
39
43
47
50
53
55

14
140
220
300
490
660
900
1140
1350
1560
1730

18
160
270
440
610
810
1100
1310
1520
1630

22
210
380
550
780
1020
1220
1420
1580

26
120
280
450
670
910
1120
1350
1510

30
160
350
550
800
1000
1,230
1420

* For steeper grades, use Table 6-2.04C to adjust the lengths shown in this Table.
Table 6-2.04C
ADJUSTMENT FACTORS FOR ACCELERATION LANES ON GRADE (>2% )
Acceleration Lanes on Grade
Adjustment Factors for Design Speed of Turning Roadway Curve (mph)

Design Speed
of Highway
(mph)

20

40
50
60
70

1.3
1.3
1.4
1.5

40
50
60
70

1.5
1.5
1.7
2.0

30
40
3 to 4 percent upgrade
1.3
1.4
1.4
1.5
1.5
1.6
1.7
5 to 6 percent upgrade
1.5
1.7
1.9
1.9
2.2
2.2
2.6

50
1.6
1.8
2.5
3.0

All Speeds
3 to 4 percent downgrade
0.7
0.65
0.6
0.6
5 to 6 percent downgrade
0.6
0.55
0.5
0.5

Multiply the factor from this Table by the length in Table 6-2.04B to get the length of acceleration
lane on a grade.
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6-2.06

Weaving
Weaving is defined as the crossing of two or more traffic streams traveling in the same general direction
along a length of a highway, without the aid of traffic control devices. Weaving areas are formed when a merge area is
closely followed by a diverge area, or when an on-ramp is closely followed by an off-ramp and the two are joined by an
auxiliary lane.
The capacity and level of service calculations are made from the methodology presented in the Highway
Capacity Manual (HCM). The methodology allows the determination of the appropriate length of the weaving section
which will accommodate the predicted traffic conditions. They are:
1. Total weaving volume;
2. Total non-weaving volume;
3. Average running speed of weaving volume; and
4. Average running speed of non-weaving volume.
Important design elements which must be considered are:
1. The number of lanes in the weaving area;
2. The configuration of the section in terms of lane balance (i.e., the adding and dropping of auxiliary
lanes);
3. The desired level of services; and
4. The speed of weaving vehicles, which should be within 5 mph of non-weaving vehicles to achieve
acceptable operation.
All of the above factors must be properly considered in order to provide a weaving section design which
will operate safely and efficiently.
The HCM provides the methodology for computation of the Level of Service (LOS) for a given weaving
condition. The methodology is also available as Highway Capacity Software (HCS) and in the CORSIM software
package.
There are three primary types of weaving areas which are determined by the operational features such as
number of entry lanes, number of exit lanes, and their impact on how much lane-changing must take place. The three
types of weave areas are Type A Weave Area, Type B Weave Area, and Type C Weave Area.

CONFIGURATIONS FOR TYPE A WEAVING AREAS
Figure 6-2.06A

Type A Weave Areas require that each weaving vehicle make one lane change in order to execute
the desired movement. The Type A Weave Area is also broken down into two distinct weave sections. The
ramp-weave section shown in Figure 6-2.06A (a) is formed by an on-ramp/off-ramp sequence joined by a continuous
auxiliary lane; it is called the one-side weaving section because all weaving movements take place on one side of the
roadway. The other is the major weaving section shown in Figure 6-2.06A (b); it is characterized by three or more
entry and exit roadways having multiple lanes. These two sections are similar in that each has a crown line, that is, a
lane line which connects the noses of the entrance and exit gore areas.
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Type B Weave Areas (see Figure 6-2.06B) are classified as major weaving sections because they all
involve multi-lane entry and/or exit legs. The two critical characteristics that distinguish Type B weaving areas are:
1. One weaving movement may be accomplished without making any lane changes.
2. The other weaving movement requires, at most, one lane change.
Type B Weave Areas are extremely efficient in carrying large weaving volumes, primarily because of
provisions of a through-lane for one of the weaving movements. Weaving maneuvers can be accomplished with a
single lane change from the lane or lanes adjacent to this through-lane.

CONFIGURATIONS FOR TYPE B WEAVING AREAS
Figure 6-2.06B

Type C Weave Areas (see Figure 6-2.06C) are similar to Type B sections in that one or more through
lanes are provided for one of the weaving movements. The distinguishing difference between Type B and Type C
weave areas is the number of lane changes required for the other weaving movement. A Type C Weave Area is
characterized by:
1.
2.

One weaving movement may be accomplished without making a lane change.
The other weaving movement requires two or more lane changes.
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It should be noted that the configuration shown in Figure 6-2.06C (b) is technically a Type C; however,
per the HCM the developed weave methodology will give only a rough approximation of capacity. Generally, this
weave configuration should be avoided in cases where there is any significant ramp-to-ramp volume.
Regardless of the calculations from the HCM or HCS, the length of weaving area should not be less than
1000 ft.
Preferably, the interchanges should be designed to eliminate weaving. However, this will undoubtedly
result in higher construction costs. The user benefits must be weighed against the additional costs to determine if the
elimination of weaving is worth the expense.

CONFIGURATIONS FOR TYPE C WEAVING AREAS.
Figure 6-2.06C

6-2.07
6-2.07.01

Ramp Controls
Policy
On-ramps to freeway type facilities in the Metro Area may be metered. Some of the metered ramps which
carry buses and other High Occupancy Vehicles (HOV) may be provided with HOV bypass lanes. Ramp meters and
HOV ramp bypass lanes are the most easily implemented freeway controls. Experience in Minnesota, and various
national reports and circulars have shown that ramp metering reduces the disruptive effect of congestion and helps
freeways operate at higher capacity. The HOV ramp bypass lanes are implemented for the purpose of giving a priority
to the multi-passenger vehicles; they encourage car pooling while increasing the persons per mile use of the freeway.
6-2.08

Metered Ramps
Ramps may be metered as one lane, as two metered lanes, as two metered lanes with an HOV bypass, and
as two metered lanes with a metered HOV bypass. The single lane metering applies only to retrofit situations where
widening of a ramp or loop is not practical, and in some cases to new construction where the Traffic Management
Center decided to implement one lane metering. In all other cases, a two lane metering of the on-ramps and loops shall
be designed. All the foregoing discussion of various metered combinations is for a ramp that during the off-peak
periods operates as a single lane ramp. Any two lane on-ramps which are metered, and any ramp-street junctions of
metered ramps which receive double left turn movements are special cases requiring a special design.
6-2.08.01

System-to-System Metered Ramps
Normally, the system-to-system ramps are not metered. But if the Traffic Management Center determines
that a particularly high volume ramp or a ramp system, when metered, will have improved operation, they may request
that metering be implemented. Figure 6-2.09A shows the development of the system-to-system metered ramp and the
HOV bypass lane.

6-2(16)
6-2.08.02

ROAD DESIGN MANUAL (ENGLISH)

FEBRUARY, 2001

Operational Criteria
The recommended basis for the operational criteria for metered ramps is as follows:
1. The majority of metered ramps and loops will operate as free flowing single lane ramps during the
off-peak periods
2. During the metering phase of the operation, the majority of the metered ramps and loops should
provide two lanes of vehicle storage up to the meter location. This is done for more efficient
metering operation, maximized storage and driver expectation.
3. Generally, a six minute peak hour storage for the design hour desirably should be provided on all
metered ramps.
4. The signal heads are to be placed approximately 500 ft (350 ft minimum) from the freeway-ramp
junction nose. This distance, in conjunction with the acceleration lane portion, will allow most
vehicles to approach mainline speeds before starting to merge with the traffic in the through lane.

6-2.08.03

Design Details
Single lane ramps and loops which will operate as two lane metered facilities should preferably have the
following features in their design:
1. The roadway portion of the ramp preceding the ramp meter should be 22 ft wide. This width will
adequately provide for two lane metering and still allow for one lane operation in the off-peak
periods.
2. Rural design ramps and loops should maintain standard width shoulders in addition to the 22 ft wide
pavement.
3. A minimum of 50 ft of uniform standard 16 ft ramp width, or 18 ft in the case of widened loops,
should be provided at the ramp nose when tapering out the additional metered ramp width.
6-2.09

High Occupancy Vehicle (HOV) Ramp Bypass Lanes
HOV ramp bypasses give the HOV traffic at the ramp meters the advantage over single occupancy
vehicles. HOV bypasses should be considered on all metered ramps. To conform to driver’s expectation, HOV bypass
lanes should be developed as follows:
1. Loops – Since the majority of drivers navigate to the inside of a sharp curve, and storage is difficult to
accommodate on loops, the HOV bypass should be developed to the outside (driver’s left) of the loop.
With this design, the nose of the separating island will not be in the path of regular traffic. Therefore,
during off peak periods, loops with HOV bypass will operate the same as loops without HOV bypass.
2. Right curving ramps with 6 deg. or sharper curves – the HOV bypass should be developed on the left
side for the same reason listed in number 1 above.
3. Ramps with straight alignment, left curvature or right curvature that is flatter than 6 deg., the HOV
bypass should be developed on the driver’s right (see Figures 6-2.09A and B). This places the off
peak traffic closer to the freeway side, which is consistent with driver’s expectations.
6-2.09.01

HOV Bypass Design Criteria
1. The HOV bypass is designed to operate only during the time when the ramp is being metered. During
off peak times, all traffic should use the main portion of the ramp. For this reason, the approach to the
bypass should be designed such that a conscious effort has to be made by the driver entering the
bypass, see Figure 6-2.09A.
2. A raised island up to 8 ft wide with B4 curb shall separate the HOV bypass from the main portion of
the ramp.
3. Free right turns adversely affect the entrances to HOV bypasses. If practical, designers should
consider eliminating the free right turn when an HOV bypass is constructed. Where double left turn
lanes (to the on-ramp) and an HOV bypass are present, free right turns shall not be allowed. Figure 62.09C shows an HOV bypass lane when double left turn lanes are present.
4. The TMC should be contacted for input regarding queue length and storage.
5. If the projected peak traffic storage demand is such that an overflow from the storage area will block
the entrance to the bypass lane, the storage length should be increased and additional lane width,
striped as a diamond lane, should be provided. See Figure 6-2.09A, note 8.
6. The minimum recommended length of a ramp is 1300 ft. This length would allow entering
vehicles to approach mainline speeds.
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RAMP HOV BYPASS
Figure 6-2.09A
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RAMP HOV BYPASS AND MERGE AREA DETAILS
Figure 6-2.09B

FEBRUARY, 2001

SEPTEMBER, 2011

ROAD DESIGN MANUAL (ENGLISH)

DEVELOPMENT OF DOUBLE LEFT-TURN ON RAMP WITH HOV BYPASS LANE
Figure 6-2.09C
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RAMP DESIGN

6-3.01

Policy (Urban/Rural)
MnDOT has an urban and rural design for the ramp proper and the freeway/ramp junction. The basic
difference is the use of delineator curbs on the urban design. The presence of curbs also affects the pavement width for
the ramp. The preferred design is the rural design; however, the decision to use the urban or rural design will depend
upon the character of the project area as a whole. Designs among the same roadway segment should preferably remain
the same.
6-3.02
6-3.02.01

Types
Diagonal
Diagonal ramps are used to provide right-turn movements at cloverleaf interchanges and both right- and
left-turn movements at diamond interchanges. Figures 6-3.02A and B illustrate the diagonal ramp design at rural and
urban diamond interchanges. The individual design elements are discussed in Section 6-3.04. At cloverleaf
interchanges where a diagonal ramp may be outside of a loop, the diagonal ramp may follow a basic tangent alignment,
a flat continuous curve alignment, or a reverse curve alignment. The determining factors will likely be the availability
of right-of-way and the design speed of the ramp.
6-3.02.02

Loops
Loops are used at full or partial cloverleaf interchanges. They may serve only left-turning traffic or may
serve both left and right turns where the ramp connecting road terminal is an at-grade intersection at right angles. The
loop usually involves more indirect travel than other ramp types: the driver must travel beyond the crossing highway,
exit onto the loop ramp, and make a 270-deg turn to reach the crossroad. The restricted geometry of a loop complicates
acceleration and deceleration maneuvers onto and from the mainline.
6-3.02.03

Semi-Direct
A semi-direct ramp involves a driver initially turning right away from the intended direction, negotiating a
reverse curve, and then traveling in a curvilinear path to the left before merging with the crossing road. This ramp is
only used for left turns. It is also called a "jug-handle" ramp. In terms of travel distance, semi-direct ramps fall
between a loop and direct ramp. Its use requires at least three structures or a 3-level structure.
6-3.02.04

Direct
Direct ramps are used at directional interchanges, although in a strict sense diagonal ramps are also direct
ramps. The alignment of direct ramps is characterized by little or no deviation from the intended direction of travel.
Direct ramps involve the least travel distance and highest speed of all ramp types used to accommodate left-turning
traffic. They result in high levels of service, eliminate weaving, and offer the greatest operational safety advantage.
However, the use of direct ramps also involves the most complicated and expensive interchange structures.
6-3.03

Capacity
The capacity of a ramp depends on the free flow speed of the ramp. Refer to the Highway Capacity
Manual for guidance.
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DIAGONAL RAMP DESIGN
DIAMOND INTERCHANGE - URBAN
Figure 6-3.02B
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6-3.04
6-3.04.01

Design Elements
Design Speed
The design speed of the ramp proper should conform to the expectations of drivers and fit the
constraints and topography of each location. In practice this involves designing the curve adjoining the mainline
terminal to a certain percentage of the mainline design speed, depending on context, degree of constraint, and
construction cost. The other portions of the ramp are designed based loosely on an assumed speed profile along its
length. For ramps that terminate at an intersection, uniform deceleration to a stop condition is usually appropriate.
Direct and outer connections are most often designed for a constant speed. For semi-direct connections, the portion
between the mainline terminals is usually designed to a somewhat lower speed than the terminal curves, typically
dictated by site specifics and interchange configuration.
For a given mainline design speed, Table 6-3.04A gives the corresponding ranges of ramp design
speed and associated minimum radius, applicable to the first/last curve adjoining the mainline terminal (but not the
transitional curves to/from the main curve).
1. On diagonal ramps (such as ramps in diamond or parclo interchanges), the minimum design speed
is the value from the lower range of Table 6-3.04A. In all but the most constrained situations
(buttonhook configurations and urban core locations, for example), the desirable minimum design
speed is the value from the middle range of the same table. To avoid excessive interchange
footprints, design speeds in the high range are not recommended for diagonal ramps having
reversing curvature, particularly those in parclos.
2. For loops, AASHTO recommends a design speed no less than 20 mph (110-ft radius) for use with
high-speed highways and encourages above-minimum designs in less constrained locations. Radii
between 140 ft (22.5 mph) and 170 ft (25 mph) have exhibited good performance with typical
freeway design speeds (50 mph to 70 mph) where spiral or robust circular transition treatments are
used (see 6-3.04.02). A maximum practical radius is 250 ft (30 mph), above which space
requirements and travel times become excessive.
3. On semi-direct connections (as shown in Figure 6-1.03K) as well as outer connections in
cloverleaf and semi-directional interchanges, the minimum design speed is the value from the
middle range of Table 6-3.04A. This also applies to two-lane semi-direct connections.
4. A direct connection (as shown in Figure 6-1.03L) often carries a mainline route or has comparable
significance or traffic demand. In these cases, a uniform design speed along its entire length based
on guidelines for mainline highways may be appropriate. A value somewhat lower than for an
open-road condition is often justified, however, to fit configuration and constraint. The minimum
design speed for any direct connection is the value from the middle range of Table 6-3.04A, not
less than 40 mph.
Refer to Chapter 3 for criteria pertaining to superelevation rates and transitions. Generally apply
superelevation to the first/last curve per Table 3-3.02A and the selected ramp design speed; however, curves less
than 200 feet in length may be sloped at the normal cross slope rate to avoid near-continuous transitioning though
the curve. To simplify design, secondary curves on diagonal ramps should be superelevated only as necessary to
limit side friction to fmax, based on Figure 3-3.03A and an assumed speed at that point on the ramp. Loops should
always receive full superelevation (0.06 to 0.08 (ft/ft, m/m)).

Table 6-3.04A
RAMP DESIGN SPEEDS
Highway Design Speed (mph)
40
Ramp Design Speed (mph)
High Range (85%)
35
Middle Range (70%)
30
Low Range (50%)
20
Corresponding Minimum Radius (ft)
Based on 0.08 (ft/ft) Maximum Superelevation
High Range
350
Middle Range
250
Low Range
110

45

50

55

60

65

70

75

40
30
22.5

45
35
25

50
40
27.5

50
45
30

55
45
30

60
50
35

65
55
40

465
250
140

600
350
170

760
465
210

760
600
250

960
600
250

1,200
760
350

1,500
960
465
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6-3.04.02

Horizontal Alignment
Horizontal alignment will be largely determined by the selected design speed. The minimum radii
given in Table 6-3.04A are computed based on the values of maximum side friction for rural roadways presented in
Table 3-2.03A; the values therein should be extrapolated for design speeds under 30 mph (50 km/h). Ramps and
loops are to be designed using these rural side friction values regardless of the cross section design (rural or urban).
All ramps should be as directional and flat-curved as possible. This applies, for example, on diagonal ramps at
cloverleaf interchanges. The diagonal ramp should be as directional as possible, but may be allowed to follow a
reverse curve path around the loop if site conditions are restrictive. Loops pose particular problems. The preferred
design is to provide a 3-centered compound curve, the center curve being the minimum radius. The arrangement
may be symmetrical or asymmetrical as may be appropriate for any variance in design speed between the two
intersecting highways. A 3-centered arrangement allows for a transition between the mainline to the sharpest part of
the loop curve, and it eases the acceleration and deceleration problems at either ramp end. For ramps and loops, the
ratio of the flatter radius to the sharper one should not exceed 2:1. The length of the flatter transition curve should
allow for a desirable acceleration/deceleration rate of 2 mph/sec (3 km/h/sec), and a minimum rate of 3 mph/sec (5
km/h/sec). It is also acceptable to provide a loop of constant-radius curvature. Desirable stopping sight distances
should be used to check horizontal curvature. The values and the methodology are presented in Section 3-2.0. The
desirable first curve of an exit ramp and the last curve of the entrance ramp are described in Sections 6-2.03 and
6-2.04. See Figure 6-2.03C.
6-3.04.03

Vertical Alignment
Maximum grades for vertical alignment cannot be as definitely expressed as for highway mainline, but
preferably should not exceed 5 percent. General values of limiting gradient for ramps are shown in Table 6-3.04B,
but for any one ramp the gradient to be used is dependent upon a number of factors peculiar to that site and quadrant
alone. These factors include the following:
1. The flatter the gradient on the ramp, the longer it will be.
2. The steepest gradients should be designed for the center part of the ramp. Landing areas or
storage platforms at at-grade intersections with ramps should be as flat as possible, as discussed in
Section 5-2.02.
3. Short upgrades of 7 to 8 percent permit safe operation without unduly slowing down passenger
cars. Short upgrades of up to 5 percent do not unduly affect trucks and buses.
4. Downgrades on ramps should follow the same guidelines as upgrades. They may, however, safely
exceed these values by 2 percent, with 8 percent considered the desired maximum.
5. Ramp gradients and length can be significantly impacted by the angle of intersection between the
two highways and the direction and amount of gradient on the two mainlines.
Ramp profiles usually have vertical curves at either end, with a straight grade in the center portion.
The vertical curves should have designs which meet the criteria for desirable stopping sight distance as presented in
Section 3-4.0. If vertical curves are designed at the mainline/ramp junctions, they should meet the design speed of
the ramp.

Table 6-3.04B (U.S. Customary)
RAMP GRADIENT GUIDELINES
RAMP DESIGN SPEED (mph)
MAXIMUM GRADE (%)

15
8

20
8

25
7

30
7

35
6

40
6

45
5

60
6

70
5

80
5

Table 6-3.04B (Metric)
RAMP GRADIENT GUIDELINES
RAMP DESIGN SPEED (km/h)
MAXIMUM GRADE (%)

30
8

40
7

50
7

50
5
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6-3.04.04

Cross Section
The lane and shoulder width are determined by the ramp's urban or rural character and its horizontal
curve radius. Table 6-3.04C provides the necessary information.
Figures 6-3.04A and B illustrate the various ramp and loop cross section elements of pavement width,
curbs, cross slope, side slope, and various pavement designs. Ramp and loop superelevation rates and transition
should be as determined in Section 3-3.0. Where D4 curb and gutter is designated, the gutter slope should be the
same as the adjacent pavement slope. Striping locations should be in accordance with Chapter 7 of the current
MnDOT Traffic Engineering Manual and Part 3 of the current Minnesota Manual on Uniform Traffic Control
Device (MN MUTCD).
Table 6-3.04C (Metric)
RAMP PAVEMENT WIDTH1

1)
2)
3)
4)

RURAL2

Ramp
Loop

URBAN3

Ramp
or
Loop

Width (m)
7.8
8.4
Radius (m)
Width (m)
>150
4.8
90-150
5.4
70-<90
6.0
58-<70
6.3
48-<584
6.6
38-<484
7.2

If ramp metering is anticipated, refer to Section 6-2.08 for design details.
Includes 1.8 m right shoulder and 1.2 m left shoulder.
Face-of-Curb to Face-of-Curb Width.
Radii indicated do not satisfy the minimum criterion presented in Section 6-3.04.01 and should be
used only where constraints dictate.

Table 6-3.04C (English)
RAMP PAVEMENT WIDTH1

1)
2)
3)
4)

2

RURAL

Ramp
Loop

URBAN3

Ramp
or
Loop

Width (ft)
26
28
Radius (ft)
Width (ft)
>500
16
300-500
18
230-<300
20
190-<230
21
160-<1904
22
125-<1604
24

If ramp metering is anticipated, refer to Section 6-2.08 for design details.
Includes 6 ft right shoulder and 4 ft left shoulder.
Face-of-Curb to Face-of-Curb Width.
Radii indicated do not satisfy the minimum criterion presented in Section 6-3.04.01 and should be
used only where constraints dictate.
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TYPICAL RAMP SECTIONS – RIGID DESIGN
Figure 6-3.04A (Dual Units)
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TYPICAL RAMP SECTIONS – FLEXIBLE DESIGN
Figure 6-3.04B (Dual Units)
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RAMP AND MINOR ROAD JUNCTION

6-4.01

General
At service interchanges, the ramp or loop normally intersects the minor road at-grade at approximately
a 90 degree angle. This intersection should be treated as described in Chapter Five, "At-Grade Intersections." This
will involve a consideration of the appropriate traffic control devices, capacity, and the physical geometric design
elements such as sight distance, angle of intersection, grade, channelization, and turning lanes. Two points warrant
special attention in the design of the ramp/minor road intersection:
1. Capacity - In urban areas where traffic volumes may be high, inadequate capacity of the
ramp/minor road intersection can adversely affect the operation of the ramp/freeway junction.
In a worst case situation, the safety and operation of the mainline itself may be impaired.
Therefore, special attention should be given to providing sufficient capacity and storage for an
at-grade intersection or a merge with the minor road. This could lead to the addition of lanes at
the intersection or on the ramp proper such as free right, double left, double right or a combination
thereof. It may involve advanced signalization where the ramp traffic is given priority.
The analysis must also consider the operational impacts on the intersecting roads. The latest
Highway Capacity Manual should be used to calculate capacity and level of service for the
ramp/minor road intersections.
2. Sight distance - Section 5-2.0 discusses the procedure for addressing sight distance at the
at-grade intersections. This procedure should be used for the ramp/minor road intersection.
However, special attention must be given to the location of the bridge rail, pier or abutment
because these will present major sight distance obstacles. The Case IIIB and IIIC methodology
for left-turning vehicles presented in Section 5-2.0 should be used to determine if adequate sight
distance is available. The combination of the bridge obstruction and the needed sight distance
may result in relocating the ramp/minor road intersection to provide the needed sight distance.
The design of the minor road, if a county or municipal road, will be in accordance with the criteria and
procedures presented in the State Aid Manual where appropriate.
6-4.02

Frontage Road Intersections
The separation between the mainline and the frontage road along the length of the facility, called the
outer separation, is shown as X in Figure 6-4.02A. The desirable minimum value of X is 50 ft. However, in very
restricted R/W areas, a concrete barrier and the shoulders of each roadway may be used for separation.
The distance separating the ramp/minor road intersection from the frontage road/minor road
intersection is shown as Y in Figure 6-4.02A. Y should be wide enough to: allow the two intersections to operate
independently, and eliminate the operational and signing problems of providing the same point of exit and entrance
for the frontage road and freeway ramp.
At a minimum, a Y value of 780 ft is needed to accommodate back-to-back left turn lanes between the
mainline and the frontage road. Refer to Chapter 2, Figures 2-3.06A, C, and D, and contact MnDOT’s Access
Management Unit for additional guidance. Figure 2-3.06B illustrates a design for a “ramp acceleration and merge”
with a frontage road intersection downstream from the merge. In urban areas, when due to R/W constraints, it is not
possible to make Y wide enough to develop full right turn lanes, a minimum of 300 ft separation should be provided.
If a 300 ft separation is not available, the following design applications may be considered:
1. One-way frontage road - Figure 6-4.02B provides the basic schematic for the layout, and
Figure 6-4.02C provides the design details for the merging and the diverging operations for the
frontage road and ramp. The critical design element is the distance "A" between the
ramp/frontage road merge and the minor road. This distance must be sufficient to allow traffic
weave, vehicle deceleration and stop, and vehicle storage to avoid interference with the merge
point. No points of access can be allowed in this section. Table 6-4.02A presents general
guidelines which may be used to estimate this distance during the preliminary design phase.
A number of assumptions have been made including weaving volume, operating speeds, and
intersection queue distance. Therefore, a detailed design will be necessary to firmly establish
the needed distance to properly accommodate traffic volumes and speed, weaving, stopping, and
intersection storage.
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FRONTAGE ROAD DESIGN
Figure 6-4.02A

FRONTAGE ROAD SCHEMATICS
Figure 6-4.02B
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When there is a series of cross roads with a need for a number of on- and off-ramps along such a
corridor, it may be beneficial to consider the use of 'X' pattern ramps at diamond interchanges, see
Figure 6-4.02B. With this type of ramp pattern, the entrance occurs prior to the intersection, while
the exit occurs after the cross street. This configuration can improve traffic flow characteristics
for the through roadways around diamond interchanges. The only drawback is that the driver
expectancy may be altered slightly in comparison to a conventional diamond configuration.
The merge and diverge designs for the ramp and the frontage road will be according to Figure
6-4.02C.

Table 6-4.02A
DISTANCE “A” FROM RAMP/FRONTAGE ROAD TO INTERSECTION WITH MINOR ROAD
Frontage Road
Volume (VPH)1
200
400
600
800
1,000
1,200
1,400
1,600
1,800
2,000

Exit Ramp
Volume
(VPH)2
140
275
410
550
690
830
960
1,100
1,240
1,380

“A” (ft)
Desirable

Minimum

Absolute Minimum

500
560
630
690
760
870
970
1,070
1,180
1,300

380
460
500
540
590
640
690
770
860
970

260
360
400
430
450
480
500
530
550
580

Distance A is shown on Figure 6-4.02B.
1) Total frontage road and exit ramp volume between merge to intersection with minor road.
2) Assumed to be 69 percent of total volume in first column.
REFERENCE:
“Frontage Road Ramp To Cross-street Distance Requirements In Urban Freeway Design,” J. Michael
Turner and Carroll J. Messer, Texas Transportation Institute, January 1978.
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RAMP AND FRONTAGE ROAD ARRANGEMENTS
Figure 6-4.02C
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6-5.0

COLLECTOR-DISTRIBUTOR (C-D) ROADS

6-5.01

General
There are several advantages to constructing C-D roads:
1. Removing weaving from the mainline.
2. Providing adequate decision sight distance for all exiting traffic.
3. Providing one high-speed exit from the mainline for all exiting traffic.
4. Simplifying signing and decision-making.
5. Satisfying driver expectancy by placing exits in advance of the structure.

6-5(1)

On the other hand, C-D roads increase cost due to the added roadway and bridge lengths. C-D roads
may be provided within a single interchange, through two adjacent interchanges, or continuously through several
interchanges of a freeway segment. They are warranted when traffic volumes are so high that, without them, the
interchange cannot operate at an acceptable LOS. C-D roads are particularly advantageous when constructed to
eliminate weaving at a cloverleaf interchange with loops in adjacent quadrants.
C-D roads may be one or two lanes, depending on the traffic volumes and weaving conditions.
Lane balance should be maintained at the exit and entrance points of the C-D road. The design speed of C-D roads
should desirably be the same as the mainline. 15 mph should be the maximum difference between the two design
speeds. The separation between the C-D road and the mainline should be as wide as practicable, and not less than
the distance required to provide the proper shoulder widths and a barrier. The pavement type of the C-D road should
be the same as that of the mainline.
At some directional interchanges it may be beneficial to provide two separate exits (instead of one exit
with a C-D road). Those are the directional interchanges where the distance from the exit terminal to the bifurcation
of the two ramps is insufficient for weaving and proper signing. The situation is exacerbated at directional
interchanges with volumes large enough to warrant a two-lane exit. Such cases often lead to confusion at the
second decision point resulting in poor operation and high accident potential. In these cases it is better to provide
two separate exits.

THIS PAGE LEFT INTENTIONALLY BLANK

MAY, 2001
6-6.0

Major Forks (Diverges)
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Application
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Major forks are the divergence of:
1.
Mainline and C-D road;
2.
A terminating freeway and two multi-lane directional ramps; or
3.
A freeway separating into two freeways.
6-6.02

Design of Major Forks

The design of major forks requires that the principles of freeway design – basic number of lanes,
auxiliary lanes, route continuity, and lane balance – be thoroughly examined. To adequately examine these
principles for major forks, the designer must include a broader review of the freeway system. The broader review
should consider the freeways approaching and departing the major fork for at least one mile, and possibly longer
depending on the circumstances.
A traffic study should be conducted on any major fork design or redesign, where traffic volumes are high
and/or interchange spacing is less than one-mile. The dynamic nature of major fork areas in these situations makes
them difficult to understand and make the optimal design decisions with a less detailed analysis.
The design of major forks depends on the number of basic freeway lanes that exist prior to the
divergence. A design exception is required for designs that deviate from the guidelines for major forks found in
AASHTO’s A Policy on Geometric Design of Highways and Streets.
6-6.02.01 Major Forks on Freeways with 2 or 3 Basic Lanes Prior to the Diverge
The design of major forks should comply with Lane Balance principles. If there is adequate approaching
capacity and the total number of departing lanes is equal to approaching plus one, then operational flexibility will be
obtained. Other factors to consider in designing major forks on freeways with 2 or 3 basic lanes prior to the
divergence: interchange spacing, total traffic volumes, and weaving volumes.
Table 6-6.02A presents a design guideline for major forks based on traffic and interchange spacing.
Figure 6-6.02A is a schematic of major forks lane configuration for freeways with 3 lanes prior to the divergence.
The preferred designs are Type 1and Type 2 major forks as seen in Figure 6-6.02A. A detail design of a Type 1
major fork is shown in figure 6-6.02B.
Consideration can be given to Type 3 major forks if the minimum spacing between the major fork and
the nearest upstream entrance ramp is 3,300 feet or greater, and the right leg departing volume is less than 4,000
passenger cars per hour (pcph) during the peak design hour. The likely reason for considering this design is if the
upstream entrance ramp experiences traffic volumes over 1,000 pcph during the peak period, this high of a volume
may require a long auxiliary lane for merging traffic. The full auxiliary lane, if extended through the major fork, in
this case violates lane balance principles, however, the trade off of lowering the density in the weave area may
outweigh the loss of lane balance. Type 3 major forks will require an exception to AASHTO’s A Policy on
Geometric Design of Highways and Streets.
As traffic volumes meet and exceed the volume thresholds in Table 6-6.02A, the need for more basic
lanes or auxiliary lanes will occur. When more lanes are incorporated into the design the following section should
be used.
6-6.02.02 Major Forks on Freeways with 4 or 5 Basic Lanes Prior to the Diverge
The importance of maintaining lane balance at major forks increases where a higher number of basic
freeway lanes are present prior to the divergence. This is due to the likely fluctuations of traffic between the two
departing legs, and the number of lane changes to move between the departing legs. The fluctuations between
traffic volumes and additional lane changing requirements force the need for more flexibility. In order to make the
proper decisions, a traffic study and analysis has to be prepared to verify the appropriate configuration.
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Table 6-6.02A
MAJOR FORK DESIGN GUIDELINE MATRIX
Number of
Basic Freeway
Lanes prior to
Diverge

Upstream
Interchange
Spacing

Design Year Peak Hour Traffic
Total Volume
Upstream
Maximum
Prior to
entrance-ramp
volume of
Diverge
volume
either leg

2,500 ft or less

Design Layout
(See Figure 6-6.02A
for schematic)

At Least 3 Lanes are required a minimum distance of
1/2 mile upstream of a Major Fork Diverge

2,500 ft - 3,000 ft

2

2 lanes going into 2 + 2 unacceptable
See Criteria for 3 basic lanes

Over 3,000 feet
2,500 ft or less
2,500 ft - 3,000 ft

3

Over 3,000 feet

Traffic Study
Required
≤5,000 pcph
≤5,400 pcph
≤5,400 pcph

Traffic Study
Required
≤1,000 pcph
≤1,800 pcph
≤1,000 pcph

>5,400 pcph

N/a

2,500 ft or less
2,500 ft- 3,000 ft

4

Over 3,000 feet

Traffic Study
Required
≤4,000 pcph
≤4,000 pcph
≤4,000 pcph
More Lanes
Required

Traffic Study
Required
2
3
1
More Lanes Required

Traffic Study Required:
Freeways with 4 basic lanes are within Metro Area and typically
experience severe congestion

pcph = passenger cars per hour
6-6.02.03 Lane Drop Guidelines at Major Forks
Based on observations in the Twin Cities Metropolitan Area, lane drops located just beyond a major fork
have a negative impact on operations. Therefore, the minimum distance for a freeway lane to be dropped beyond a
major fork is one-mile. That minimum distance is necessary for properly incorporating a lane drop warning sign
that will not affect operations within the gore area of the major fork. The schematic in Figure 6-6.02C illustrates this
requirement.
The one-mile distance of the lane drop should be lengthened if the following conditions are included
within the one-mile distance:
•
•
•

Vertical or Horizontal Geometric obstructions
Other Sight obstructions
Exit-ramps

Figure 6-6.02D illustrates the required modifications to the lane drop distance if an exit-ramp occurs
within the one-mile distance. The influence of signing for vehicles exiting at the ramp beyond the major fork will
displace the warning sign for the lane drop by the length of the exit ramp location. The minimum spacing distance
for an exit-ramp followed by an exit-ramp is 1,000 feet.
Figure 6-6.02E illustrates a major fork followed by an entrance ramp. An entrance ramp has less of an
impact on operations than an exit ramp with respect to the divergence of the major fork because there are no signs
for an entrance ramp required at the major fork. Based on the minimal impact the lane drop need not be extended to
accommodate the signing. The minimum spacing distance for an exit-ramp followed by an entrance-ramp is 500
feet.
If extreme constraints exist, the ability to maintain lane balance and a one-mile distance prior to a lanedrop is not possible, then consideration should be given to not maintaining lane balance. Under this circumstance, a
traffic study must be conducted to determine if the design year condition for both morning and afternoon commute
periods will operate and will require an exception to AASHTO’s A Policy on Geometric Design of Highways and
Streets.
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MAJOR FORK LANE CONFIGURATION
FOR THREE BASIC LANES PRIOR TO THE DIVERGE
Figure 6-6.02A
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MAJOR FORKS
Figure 6-6.02B
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LANE DROP REQUIREMENT BEYOND MAJOR FORK DIVERGE
Figure 6-6.02C

MINIMUM LANE DROP DISTANCE BEYOND MAJOR FORK DIVERGE
WITH DOWNSTREAM EXIT RAMP IN BETWEEN
Figure 6-6.02D

LANE DROP DISTANCE BEYOND MAJOR FORK DIVERGE
DOWNSREAM WITH ENTRANCE RAMP IN BETWEEN
Figure 6-6.02E
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Branch Connections (Merges)
Application
Branch Connections are the convergence of:
1. Mainline and C-D road;
2. Two directional multi-lane ramps;
3. Two freeways forming a single freeway; or
4. Freeway and multi-lane ramps.

Figure 6-7.01A shows the design details of a branch connection. The design must comply with the
principle of lane balance to minimize operational problems and driver confusion. The branch connection design
shows 1,300 ft as the minimum distance to be provided before dropping a lane. Greater distances may be needed
based on an assessment of the need to sign the lane drop, projected traffic volumes in the dropped and through lanes,
sight distances, and the horizontal and vertical alignment.
If the traffic volume exceeds the capacity of the existing freeway lanes, another lane should be added.
As an alternative, the design could allow the inside lane of the minor volume route to merge into the adjacent lane of
the major route. This merge should be accomplished in a gradual design that would approximate a 1:70 taper. This
design should be selected only if a freeway analysis demonstrates that it will result in better traffic operation.
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BRANCH CONNECTIONS
Figure 6-7.02A
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CHAPTER 7
PAVEMENT DESIGN
7-1.0

INTRODUCTION
Pavement design procedures are discussed in the MnDOT Geotechnical and Pavement Manual.
This chapter covers items related to pavement design not covered in that manual.
7-2.0

RIGID PAVEMENT DESIGN

7-2.01

Cross Sections
Typical rigid pavement cross sections are shown in Figures 7-2.01A and 7-2.01B. Figure 7-2.01A
is for two-lane and multi-lane undivided roadways. Figure 7-2.01B is for interstate and other multi-lane divided
roadways. The required roadway pavement widths are shown in Table 7-2.01A.
Table 7-2.01A (Dual Units)
Pavement Widths
Outstate
2-Lane

4.1 m (13.5 ft) both lanes

Metro
All lanes are
3.6 m (12 ft) wide

Multi-lane

Undivided
4-Lane
Divided
6-Lane (or more)
Divided

4.2 m (14 ft) outside lanes
3.6 m (12 ft) interior lanes
4.2 m (14 ft) outside lane
4.0 m (13 ft) inside lane
4.2 m (14 ft) outside lane
3.6 m (12 ft) interior lanes
4.0 m (13 ft) inside lane

Design for the thickness of the pavement, base, and subbase materials are located in the MnDOT
Geotechnical and Pavement Manual.
7-2.02

Ramps and Loops with Storage Area
Standard Plans 5-297.236 and 5-297.236M provide details for concrete pavement sections of
ramps with a storage area. The normal rural ramps and loop width of 4.8 m (16 ft) jointed longitudinally at midpanel, is tapered out to two 3.6 m (12 ft) lanes at the intersection of the crossroad. For urban loops, the normal width
is 5.4 m (18 ft) jointed longitudinally at mid-panel. The center joint will be a L1TH for both rural and urban design.
The curb design will be carried through the tapered section.
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RIGID PAVEMENT DESIGN
TWO-LANE AND MULTI-LANE UNDIVIDED
Figure 7-2.01A (Dual Units)
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RIGID PAVEMENT DESIGN
MULTI-LANE DIVIDED AND FREEWAY
Figure 7-2.01B (Dual Units)
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7-2.03

Major Forks, Branch Connections, and Escape Lanes
Major forks, branch connections, and escape lanes require special consideration, especially with
relation to longitudinal joint layouts. The following items should be included in the development of the design in
Figure 7-2.03A:
1. Gore areas shall be paved with non-reinforced concrete pavement of the same thickness and
panel lengths as the mainlines. For transverse construction joints use Design C2B.
2. The merging of branch connections into one roadway may result in the concrete pavement
joints not being exactly parallel even if the joints merge at the center of the roadway.
Therefore, place E1-1 joints until the joints are at right angles to the merged roadway.
3. The longitudinal joints in the major fork shall be labeled as E1-1, L1TH or L2KTH. The
location of the E1-1, L1TH or L2KTH joint may be interchanged where required. Up to 4
lanes may be tied together with E1-1, L1TH or L2KTH joints.
4. An E1-1 or L2KTH joint may be used at the Contractor's option for the longitudinal joint in
the taper area. Construct the taper as shown in Figure 7-2.03A.
7-2.04
7-2.04.01

Bridge Approach Treatments and Panels
General
The design of bridge approach treatments and approach panels are the responsibility of the Road
Design personnel. Approaches are broken down into two groups depending upon whether or not the structure has an
abutment footing. The abutments on footing are either low abutments or high abutments. An abutment without a
footing is generally considered an integral abutment. Normally, bridge approach treatments are specified at every
bridge that has bridge approach panels unless recommendations to the contrary are provided by the District Soils
and/or Materials Engineer in conjunction with the Office of Materials Geotechnical Engineering Section.
Discussion of the use and design of bridge approach panels is found in Section 7-2.04.04.
7-2.04.02

High and Low Abutments on Footing
A low abutment is defined as an abutment whose height is less than 4.5 m (15 ft) measured from
the top of the deck to the bottom of the footing. A high abutment is defined as an abutment whose height is 4.5 m
(15 ft) and greater measured from the top of the deck to the bottom of the footing. Details for these designs are
shown in Standard Plans 5-297.233 and 5-297.233M. Additional notes of explanation are as follows:
1.

2.

3.

4.
5.

7-2.04.03

The sequence of construction is shown on the Standard Plan sheets for Bridge Approach
Treatment. Note in the Rough Grading Section, fill is placed to the full height and width of
the roadway and then later partially removed to facilitate the construction of the abutment.
Placing the fill in this manner helps insure adequate soil compaction beneath the abutment.
Note in the Final Grading Section that the removed material is replaced by various types of
grading materials. It is important that the quantities of these backfill materials be accurately
computed and shown on the plans.
A perforated drainage pipe is always placed directly behind a high abutment. This drainage
pipe is sometimes required for low abutments (see bridge plan). Additional drain pipes may
also be required if stated in the Materials Design Recommendation Report. The designer shall
provide plan details for installing and locating ALL drains and drain outlets.
On replacement bridges where new abutments are located at the old abutments, the full
treatment per Standard Plan for Bridge Approach Treatment shall be provided unless
settlements of existing approach fills and subsoils have already sufficiently occurred. The
designer shall refer to the Materials Design Recommendation Report for this information.
Temporary drainage is required during construction of the abutment.
For high abutments, special erosion protection treatments shall be required for end slopes at
river bridges. See Chapter 8 for recommendations.

Integral Abutments
An integral abutment is defined as an abutment supported on a single line of piles with the bridge
superstructure being integrally attached to the abutment. There is no footing for integral abutments. Details for this
design will be shown in Standard Plans. The notes of explanation for high and low abutments listed in 7-2.04.02
shall apply to integral abutments as well.
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LONGITUDINAL JOINT LAYOUT
MAJOR FORKS AND BRANCH CONNECTIONS
Figure 7-2.03A (Dual Units)
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7-2.04.04

Bridge Approach Panels
Bridge approach panels are used to connect the pavement structure with the bridge. They are
provided for both concrete and bituminous pavement conditions. Bridge approach panels are to be constructed
under the paving contract.
Bridge approach panels are detailed on Standard Plans 5-297.223 through 5-297.232 for concrete
and bituminous pavements. For concrete pavement the panel is designed with a 100 mm (4 in.) pressure relief joint
between the approach panel and the roadway surfacing. The other end of the panel abuts the bridge abutment. The
type of joint or connection should be coordinated with the bridge designer. A special design is required for
approach panels skewed 45 degrees or greater.

Panels are normally 6.0 m (20 ft) in length, with the width equal to the clear width of the bridge
(mainline plus shoulder). The minimum thickness of the bridge approach slab shall be 300 mm (12 in.) for both
rigid and flexible pavement design. The criteria for the use of bridge approach panels is as follows:
1.
2.

3.
4.

Bridge approach panels shall be constructed at all bridges on trunk highways.
Approach panels shall be constructed at bridges, which carry secondary road traffic over a
trunk highway where any of the following conditions exist:
a. The approach roadway on the secondary road has concrete surfacing.
b. The traffic volume on the secondary road is in excess of 750 ADT (projected).
c. There is an interchange located at the crossing.
Bridge approach panels shall be added to existing bridges on new construction and
reconstruction projects.
Plans for bridges, which will not incorporate approach panels, shall specify either an
appropriate length of bituminous curb at each corner of the bridge to reduce erosion at the
wingwalls, or a catch basin drainage system with temporary surface drainage provisions. The
roadway plans shall provide information for all adjusting rings and castings for the catch
basins.

If catch basins are required at bridge approaches (see Figure 7-2.04A for use of catch basins on
rural sections), provide the following information:
1.

2.

3.

Elevations of the flow line of pipe at the juncture with each catch basin. Provide minimum
cover to the flow line and provide 1 percent minimum cross slope for drainage. Set elevation
to incorporate the use of 50 mm (2 in.) adjusting rings with standard cones and catch basins.
Specify the type of erosion control at the end of the flume. The flume should extend the
entire length of embankment slope, i.e. do not outlet flume at midpoint of slope. For usual
grade separations, specify sod. For unusual cases (larger than normal drainage areas, flow
concentrations due to superelevation, etc.), check with the Hydraulics Section.
Locations of drainage outlets. On bridges with divided roadways and a common median
ditch, drainage should normally flow both ways from the crown.

In addition, the following should be considered in the design of bridge approach panels:
1. Surfacing on approach panels should be determined by consulting with the District Materials
Engineer and the Office of Materials.
2. Where city streets intersect at the end of a bridge, significant modifications of the panel are
required (including possible deletion of the panel). Consult with the bridge designer.
3. All transverse and longitudinal joint sealant materials shall be hot-poured joint sealant
conforming to Specification 3725.
4. All transverse and longitudinal jointsshall be designed in accordance with MnDOT Standard
Plans.
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FOR SPECIFIC LOCATIONS CONTACT HYDRAULICS.

NOTE:

•
•
•

USE CATCH BASINS ONLY ON LOW SIDE OF SUPERELEVATED ROADWAYS.
FOR CASE A, THE MINIMUM RECOMMENDED GRADE IS 0.05%. FLAT GRADES ARE UNDESIRABLE
AND ARE NOT RECOMMENDED. USE CATCH BASINS AT BOTH ENDS OF BRIDGE WHEN
ROADWAY HAS MINIMUM GRADE.
CASE C IS UNDESIRABLE. WHERE POSSIBLE ADJUST ROADWAY GRADES TO KEEP THE SAG
POINT OFF THE BRIDGE.

GENERAL GUIDE FOR USE OF CATCH BASIN AT ENDS OF BRIDGE
Figure 7-2.04A
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FLEXIBLE PAVEMENT DESIGN

7-3.01

Cross Sections
Figure 7-3.01A shows the cross sections for flexible pavements. The thickness design procedures, the
widths of the respective pavement layers (bituminous and aggregate base materials) and subsurface drainage details,
if needed, are provided in the MnDOT Geotechnical and Pavement Design Manual.

BITUMINOUS PAVEMENT DESIGN
Figure 7-3.01A (Dual Units)

THIS PAGE LEFT INTENTIONALLY BLANK

SEPTEMBER, 2006
7-4.0

ROAD DESIGN MANUAL

7-4(1)

SHOULDER STRUCTURAL DESIGN

7-4.01

Standard Shoulders
Standard shoulder designs for new construction and reconstructed rigid and flexible pavements
are shown in Figures 7-4.01A through G.
7-4.02

Widened Pavement Shoulders
Figure 7-4.02A shows typical designs for rehabilitating narrow concrete pavement structures. The
figure show the respective placement of the required widening and overlay, and shoulder design. The designer
should consult with the District Materials/Soils Engineer for recommendations concerning the various pavement
materials, thickness, and drainage details to be used in construction of the various pavement structural components.

AGGREGATE SURFACED SHOULDERS
FOR RIGID PAVEMENT
Figure 7-4.01A (Dual Units)
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BITUMINOUS SURFACED SHOULDERS
FOR RIGID PAVEMENT
Figure 7-4.01B (Dual Units)
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CONCRETE SURFACED SHOULDERS
FOR RIGID PAVEMENT
Figure 7-4.01C (Dual Units)
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AGGREGATE SURFACED SHOULDERS
BITUMINOUS PAVEMENT WITH AGGREGATE BASE
Figure 7-4.01D (Dual Units)
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BITUMINOUS SURFACED SHOULDERS
BITUMINOUS PAVEMENT WITH AGGREGATE BASE
Figure 7-4.01E (Dual Units)
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CONCRETE SURFACED SHOULDERS
RIGID PAVEMENT WITH CURB AND GUTTER
Figure 7-4.01F (Dual Units)
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BITUMINOUS SURFACED SHOULDERS
FLEXIBLE PAVEMENT WITH CURB AND GUTTER
Figure 7-4.01G (Dual Units)
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WIDENED PAVEMENT SHOULDERS
Figure 7-4.02A (Dual Units)
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CHAPTER 8
DRAINAGE DESIGN AND EROSION CONTROL
THE INFORMATION FOR THIS CHAPTER HAS BEEN INCLUDED IN THE MnDOT FACILITY DESIGN
GUIDE. REFER TO THE FOLLOWING WEBSITE:

https://roaddesign.dot.state.mn.us/facilitydesign.aspx

FOR MORE GUIDANCE ON EROSION CONTROL ISSUES REFER TO THE ENVIRONMENTAL
STEWARDSHIP OFFICE.

http://www.dot.state.mn.us/environment/erosion/index.html
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CHAPTER 9
BRIDGES AND OTHER STRUCTURES
9-1.0

GENERAL
This chapter addresses the basic geometry and design requirements for bridges, retaining walls,
large drainage structures and other structures referred to the Bridge Office for design. It is not to be a complete
coverage of the structure design process but is provided to assist the District roadway designer in coordinating the
development of these project elements.
A more detailed treatment of design requirements for bridges and other structures is contained in
the MnDOT Load and Resistance Factor Design (LRFD) Bridge Design Manual. The sections of the MnDOT LRFD
Bridge Design Manual that will be of particular interest to the roadway designer are:
Section 1 – Introduction;
Section 2 – General Design and Location Features; and
Section 13 – Railings.
The design of bridges and other structures is a centralized function within MnDOT that supports the
project delivery efforts of the District Offices. The Bridge Office provides the following design-related services:
1. Support to transportation planning efforts,
2. Assistance with project scoping,
3. Management of bridge design schedules,
4. Hydraulic design for bridges and large hydraulic structures,
5. Support to District hydraulic staff for roadway drainage and minor hydraulic structures,
6. Preliminary bridge design and plan production,
7. Final bridge design and plan production,
8. Bridge cost estimating, and
9. Maintenance of Standards for bridges and other structures.
The Bridge Office provides guidance and engineering services for all bridge/structure construction
and maintenance activities in the State. Complete information on the policies and procedures related to bridge design
can be found in the MnDOT LRFD Bridge Design Manual.
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9-2.0

BRIDGES
Minnesota State Statute (Rule 8810.8000) defines a bridge as “…a structure…having an opening
measured horizontally along the center of the roadway of ten feet or more between undercopings of abutments,
between spring line of arches, or between extreme ends of openings for multiple boxes. Bridge also includes multiple
pipes where the clear distance between openings is less than half of the smaller contiguous opening.”
The Commissioner of Transportation delegates authority to the State Bridge Engineer for approval
of preliminary bridge plans for state projects and final bridge plans for State, County and City projects. The State
Bridge Engineer must approve plans for the construction or reconstruction of any bridge meeting the following
criteria:
1. On the Trunk Highway system;
2. Crossing the Trunk Highway system; and
3. On County and City highway projects using State funds.
All bridges in the State are identified by a bridge number which is shown on bridge and roadway
design plans. The bridge number identifies the structure during project delivery and serves as a unique identifier for
ongoing bridge inspection and management efforts. The bridge numbering system is maintained by the MnDOT
Bridge Office.
The bridge types commonly used on Minnesota’s State and Local transportation system are listed
below:
1.
2.
3.
4.
5.

Beam span with prestressed concrete beams,
Beam span with structural steel beams,
Slab span with cast-in-place concrete,
Reinforced concrete box culvert, and
Precast three-sided bridge structures.

Other structure types are considered where appropriate.
9-2.01

Bridge Design Process

9-2.01.01

General
Bridge Office involvement in the project delivery process begins in the planning stage. The
Regional Bridge Construction Engineers from the Bridge Office assist the District with decision-making in regard to
preservation, improvement, rehabilitation, and replacement of District bridges. The MnDOT Bridge Preservation,
Improvement and Replacement Guidelines provide the basis for the consideration of bridge renovation or
replacement options.
When any project containing bridges is programmed, the Bridge Office should be notified so that a
Bridge Project Manager can be assigned and a design schedule established in Program and Project Management
System (PPMS).
The Preliminary Bridge Plans Unit will be the primary point of contact for project coordination
during project scoping, predesign, and the early stages of final design. During this stage, the scope of bridge and
structure work within a project is determined. Bridge survey and foundation investigations are conducted to support
the bridge design effort. The type, size, and location of bridges is established and documented on the preliminary
bridge plan, and a preliminary bridge estimate is produced.
After the preliminary bridge plan is signed, a Bridge Final Design Unit will produce the detailed
bridge plans and specifications, and the Bridge Final Design Unit leader will be the point of contact for project
coordination. The Bridge Final Design Unit also supports roadway plan production with design services for box
culverts, retaining walls, non-standard traffic barriers, and other minor structures. The production of final bridge
plans will normally coincide with the later stages of final roadway design and roadway plan preparation.
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Bridge Design Standards
The standards and policies governing bridge and structure design are contained in the following

documents:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications;
MnDOT Load and Resistance Factor Design (LRFD) Bridge Design Manual;
MnDOT Bridge Preservation, Improvement, and Replacement Guidelines;
MnDOT Bridge Standard Plans;
MnDOT Bridge Details Manual Part I;
MnDOT Bridge Details Manual Part II;
MnDOT Bridge Construction Manual;
MnDOT Bridge Maintenance Manual;
Other Parts of this Manual; and
MnDOT Drainage Manual.

9-2.01.03

Preliminary Bridge Plan
The preliminary bridge plan serves as a collaboration document for the coordination of bridge
design with other functional areas (hydraulics, roadway design, foundations, visual quality, utilities, etc.). Upon
signature by the State Bridge Engineer, the preliminary bridge plan serves to document the main features of the
bridge (location, structure dimensions, type of construction, geometrics, aesthetics, etc.). This information is used
for final bridge design, for obtaining approvals, and for preliminary cost estimating. The preliminary bridge plan is
especially important for stream crossings, railroad crossings (over or under) and structures requiring special
aesthetic treatment.
It is the responsibility of the bridge and district project managers to ensure that details are
consistent between roadway and bridge design. Some key points of coordination during preliminary design are:
1.
2.
3.
4.
5.

Depth of the structure to set grades;
Roadway classification, design speed, and forecasted traffic volumes to establish required
bridge geometrics;
Coordinates and elevation of any retaining walls that tie into abutment walls or wingwalls;
Aesthetic treatments for bridges, retaining walls, and noise walls; and
Staging considerations that impact bridge and bridge embankment construction.

9-2.01.04

Final Bridge Plan
When all approvals have been obtained, the preliminary plan is used as the basis for the
preparation of final detailed plans and specifications. Important coordination points between road design and final
bridge design are:
1.
2.
3.
4.
5.
6.
7.
8.
9-2.01.05

Footing elevations;
Locations of signals or lighting;
Bridge mounted utilities and conduits;
End of bridge stations;
Approach panel details and quantities;
Approach treatments, guardrails, and guardrail transitions to bridge rail;
Coordinates and elevation of any retaining walls that tie into abutment walls or wingwalls;
and
Aesthetic treatments for bridges, retaining walls, and noise walls.

Visual Quality
Aesthetics is an integral part of bridge and structure design. The Preliminary Bridge Plans
Engineer and the District Project Manager coordinate the process of determining the appropriate aesthetic level and
soliciting stakeholder review and input on bridge aesthetics. Three broad levels of bridge aesthetic treatment are
identified:
Level A - intended for high profile bridges with major cultural or regional significance.
Level B - used for mid-level structures, including highway corridors.
Level C - used for routine bridges.
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For many large or high-profile projects, architectural and aesthetic design guidelines are prepared
by the Landscape Architecture Unit. The result of this effort is the preparation of an “Aesthetic Design Guide” or
“Visual Quality Manual” which establishes a visual theme to be continued throughout a highway corridor or within
a specific project.
Refer to the MnDOT Aesthetic Guidelines for Bridge Design for a comprehensive treatment of
bridge aesthetics. Refer to the MnDOT Policy on Guidelines for Cooperative Construction Projects for details on
cost sharing and agreements.
9-2.01.06

Cost Estimating
The Bridge Office provides estimated bridge construction costs to the District. The Bridge Office
may also assist in estimating construction costs for other structures (retaining walls, noise walls, box culverts, etc.).
The Estimating Unit in the MnDOT Office of Technical Support is the primary resource for construction cost
estimates of all non-bridge components.
As preliminary bridge design progresses, the bridge cost estimate is adjusted to reflect any
changes to scope, layout, staging, etc. Three distinct bridge cost estimates are normally provided:
1.
2.
3.

The initial or Scoping Estimate is provided when a project is programmed. This estimate is
updated during preliminary design as design decisions are finalized.
The Preliminary Estimate is provided at the completion of the preliminary bridge plan. This
formal estimate is signed by the State Bridge Engineer.
An Engineer’s Estimate is provided at the completion of the final bridge plan and is
incorporated into the project bid documents.

On certain structures, where alternate types of construction and span arrangements may be equally
feasible, the difference in cost of the alternates cannot be readily evaluated from an assumed unit cost per square
meter (square foot) of bridge deck area. In these cases, partial designs are made in sufficient detail to develop
preliminary quantities and produce a more refined cost estimate for each alternate.
9-2.02

Bridge Geometrics – Alignment and Grades

9-2.02.01

Alignment
Alignment on bridges requires careful consideration for reasons of safety and economy. It is
desirable to simplify roadway alignments to the extent possible.
A high skew angle will increase the required bridge length and structural depth. It will also
increase substructure length, which greatly adds to the cost and complexity of the structure. Skew angle between
roadway alignment and bridge substructures should be minimized where possible.
It is desirable to maintain a tangent alignment over bridges. Ending or beginning a curve on a
bridge is of concern as the deck of a bridge can frost faster than the adjacent roadway; it also complicates bridge
design and construction. When horizontal curvature is unavoidable, the limits of the bridge should fall entirely
within the body of the flattest practical simple curve. Horizontal curves that begin or end near a bridge should
ideally be located so that no part of the superelevation transition and tangent runout extends onto the bridge. A
uniform deck section across the entire bridge (either fully superelevated or in normal crown) is the most economical
to design and construct.
When a single bridge is used for a divided roadway, one controlling alignment across the bridge is
preferred. When separate structures are used on a divided highway, the centerline alignment should be on the crown
or "hip-point" of each roadway.
If any part of a taper extends onto a bridge, some adjustment of the taper may be necessary during
preliminary bridge design. It is desirable to begin or end tapers at the centerline of piers or abutments. In some
cases, it may be desirable to extend the taper the full length of the bridge or build a wider constant width bridge with
paint stripes defining the taper.
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9-2.02.02

Grades
Final grades for roadways on a bridge or under a bridge should be established through
coordination with the Preliminary Bridge Plans Unit. The profile grade line for any bridge must consider the
required vertical clearance under the bridge plus the total thickness of the girder and deck (structural depth). For
setting rough grades during layout preparation, the depth of structure can be estimated as 5.0 percent of the span
length.
The detailed guidance on required vertical clearances can be found in the MnDOT LRFD Bridge
Design Manual. For stream crossings, the Bridge Hydraulics Unit will establish the minimum allowable low
member elevation.
For profile grades on a bridge, the drainage of stormwater from the bridge deck is an important
consideration. For bridges less than 150 m (500 ft) in length, deck drainage is usually carried longitudinally along
the structure and discharged into catch basins or flumes at the bridge ends. Steeper longitudinal slopes, steeper cross
slopes or wider shoulders may be employed to minimize the spread of stormwater onto the roadway. Intermediate
deck drains can be provided, but their use is strongly discouraged. MnDOT does not normally discharge water
directly into a river or stream and stormwater piping systems on a bridge are costly and problematic to maintain.
Consult the MnDOT Drainage Manual for additional details on deck drainage.
Some other key requirements for bridge grades are as follows:
1.
2.
3.
4.
5.

Vertical curves shall provide a minimum slope of 0.25 percent for not more than 30.0 m
(100 ft);
On tangent profiles, the desirable minimum gradient is 0.5 percent;
Low points on sag vertical curves should be located off the bridge and approach panel;
A single controlling grade is preferred when a divided roadway crosses a single bridge; and
Minimum grades should only be used where required by geometric constraints.

For pedestrian and bicycle bridges the maximum continuous grade allowed by the Americans with
Disabilities Act (ADA) is 5.0 percent. This grade can be increased to 8.33 percent if periodic level platforms are
provided.
Roadways should not have their low point located directly under bridges due to roadway icing
under the shadow of the bridge. See Chapter 3 of this manual.
9-2.03

Bridge Geometrics – Deck Sections

9-2.03.01

Mainline Bridges
Mainline bridges are those bridges that carry through traffic lanes for freeways, expressways,
primary highways, and secondary highways. The width of the bridge deck and the typical section at the bridge
undercrossing are determined by the classification and geometrics of the approaching roadway. This width should
be carried over and under the bridge to the maximum practical extent.
Rural design is considered the desirable design and will be used in all rural areas and in urban
areas where sufficient right-of-way is available or can be obtained. The geometrics of urban design (with curbed
roadways) are slightly more restrictive, and are used at locations where excessive right-of-way costs or other
unusual conditions are controlling factors.
Chapter 4 of this manual and Section 2 of the MnDOT LRFD Bridge Design Manual contain
detailed guidance and specific geometric details of bridge and highway cross sections.
9-2.03.01.01

Mainline Bridge – Deck Section
The current design standards for bridge width shall be provided for all new construction and
rehabilitation projects (where a bridge is reconstructed to conform to minimum standards). For bridge improvement
projects, minimum criteria for widening are found in the MnDOT Bridge Preservation, Improvement, and
Replacement Guidelines.
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Width
Due to economic factors, bridge widths are generally narrower than the roadway clear zone of
the approach roadway. This typically results in the bridge railing being within the roadway
clear zone. Table 9-2.03A provides typical bridge shoulder widths that strike a balance
between roadway safety and bridge cost considerations. Final bridge shoulder widths can be
adjusted to specific conditions.
Additional width criteria may be needed in the following areas:
a.

b.

Where a ramp bridge is on radius of 58.0 m (190 ft) or less, or when the truck volume is
10 percent or greater, increase the effective traffic lane from 4.8 m to 5.4 m (16 ft to
18 ft) to accommodate truck-turning movements.
For curved bridges longer than 30.0 m (100 ft), check the horizontal stopping sight
distance, and increase the shoulder width on the inside of the curve up to a maximum of
3.0 m (10 ft). See Section 2 of the MnDOT LRFD Bridge Design Manual, for the proper
shoulder width required for a continuously curving bridge to eliminate or simplify a taper
or curvature.

2.

Cross Slope
The cross slope on bridge traffic lanes is the same as the approaching roadway lanes,
normally 0.02 m/m (0.02 ft/ft). The shoulder cross slope on the bridge may continue at
0.02 m/m (0.02 ft/ft) to simplify design and construction. For improved deck drainage, the
shoulder cross slope may be 0.005 m/m (0.005 ft/ft) greater than the adjacent lane. When the
bridge deck is superelevated, the shoulders shall have the same slopes as the adjacent bridge
traffic lanes.

3.

Bridge Medians and Median Barriers
On divided highways with a separate bridge for each roadway, a minimum opening of 2.4 m
(8 ft) between bridges is normally provided for access by bridge inspection vehicles.
For roadways where a tall “glare screen” median barrier is continued across a bridge, a split
median barrier is provided on the bridge. The base width of this split median barrier is larger
than the approach barrier, and will slightly decrease inside shoulder width on the bridge.

4.

Bridge Railing
Railings should be provided at the edge of bridges for the protection of traffic on the bridge as
well as for the protection of any traffic under the bridge. Traffic railings, traffic barrier to
bridge rail transition, and end treatments must meet the requirements for crash testing of
National Cooperative Highway Research Program (NCHRP) Report 350 with the appropriate
test level.
Common standard railing types are the Type F concrete barrier adjacent to traffic lanes and
concrete parapet with ornamental metal railing adjacent to sidewalks or trails.
Careful attention must be given to the treatment of railing at the bridge ends. The ends of
bridge railing must be protected from impact for all roads with speeds 60 km/h (40 mph) and
greater. The protective device used normally is a plate-beam guardrail transition found in the
Standard Plans, Series 600. See Chapter 10 for further information.
For bridges with sidewalks spanning over roadways or railroads, protective screening (fencing
or ornamental railing) is required to discourage the dropping or throwing of objects from the
bridge.
See Sections 2 and 13 of the LRFD Bridge Design Manual for a detailed discussion of bridge
railings.

5.

Gore Areas on Bridge
Gore areas on elevated structures that result in blunt concrete surfaces or exposed bridge rail
ends present a hazard to errant vehicles. Gore areas on bridges should be avoided unless there
is adequate space for the installation of an impact attenuator. For a description of impact
attenuators and the determination of adequate space for installation, see Chapter 10.
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Bridge Sidewalks
Where warranted by pedestrian or bicycle traffic, sidewalks on one or both sides of the
traveled way may be required. Bridge sidewalks are normally elevated 200 mm (8 in.)
above deck level on a raised concrete slab. When the speed limit on the roadway is 70 km/h
(45 mph) or higher, a concrete barrier shall be provided between the roadway and the
sidewalk. In this configuration, the walkway or trail can be at deck level and a raised walk
will not be required.
A minimum sidewalk width of 1.8 m (6 ft) is required as measured at right angles to the
longitudinal centerline of the bridge from the face of concrete parapet or extreme inside
portion of the handrail to the bottom of the curb. For designated bicycle trails, a width of
3.0 m (10 ft) minimum, up to 3.6 m (12 ft) desirable, shall be provided.

When a sidewalk is included in the bridge design, the roadway design engineer may need to
provide ramping at the ends of the sidewalk off the bridge. In those cases, a berm 0.3 m (1 ft) wider than the bridge
sidewalk should be provided on the approaching roadway section.
Table 9-2.03A (Dual Units)
BRIDGE SHOULDER WIDTHS
HIGHWAY TYPE

BRIDGE SHOULDER WIDTH

RURAL

Usable shoulder width of approach roadway to a maximum of
3.6 m. (1.2 m min.) (12 ft. (4 ft min.)). Width must meet federal
appraisal rating of 6.

URBAN

Shoulder width of approach roadway. Minimum shoulder width
1.2 m (4 ft) to barrier rail, 0.6 m (2 ft) to sidewalk. Widths
shown are for low speed roadways. Increase widths by 0.6 m
(2 ft) each for high-speed roadways.

2-LANE

LEFT

1.8 m (6 ft) for 4-lane, 3.6 m (12 ft) for 6-lane or more.

RURAL
RIGHT

3.6 m (12 ft), 2.4 m (8 ft) next to auxiliary lane.

FREEWAY*
LEFT

1.8 m (6 ft) for 4-lane, 3.0 m (10 ft) for 6-lane or more.

URBAN
RIGHT
LEFT
*

MULTI-LANE
DIVIDED
(HIGH SPEED)

3.0 m (10 ft), 1.8 m (6 ft) next to auxiliary lane.
1.8 m (6 ft) for 4-lane, 3.6 m (12 ft) for 6-lane or more.

RURAL
RIGHT
LEFT

3.6 m (12 ft), 2.4 m (8 ft) next to auxiliary lane.
1.8 m (6 ft) for 4-lane, 3.0 m (10 ft) for 6-lane or more.

URBAN
RIGHT

MULTI-LANE
DIVIDED
(LOW SPEED)

URBAN

MULTI-LANE
UNDIVIDED
(LOW SPEED)

URBAN

LEFT
RIGHT
LEFT

RIGHT

3.0 m (10 ft), 1.8 m (6 ft) next to auxiliary lane.
Shoulder width of approach roadway. Minimum width is 1.2 m
(4 ft) to barrier rail, 0.6 m (2 ft) to sidewalk or raised median.
Shoulder width of approach roadway. Minimum width is 1.2 m
(4 ft) to barrier rail, 0.6 m (2 ft) to sidewalk or raised median.

*For buses on shoulders, use 3.5 m (11.5 ft) minimum, 3.6 m (12 ft) desirable. 3.6 m (12 ft) is required with new construction or
reconstruction. Buses run on right shoulders only.

9-2.03.01.02

Mainline Bridge – Underpass Section
Bridge substructure units (piers and abutments) must be located to accommodate the cross section
of the undercrossing highway. The lateral and vertical clearances and drainage of the undercrossing highway are the
primary concerns.
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Lateral Clearances
The lateral clearances for bridge underpasses should provide a clear zone recovery area beside
the roadway that is free from hazards. Normally, a clear zone of 10 m (30 ft) from edge of
lane to toe of abutment end slope is considered a practical maximum.
When piers or abutments are located within the clear zone, they shall be protected by a
suitable guardrail or barrier. In all cases, the minimum clearances stated in Section 2 of the
MnDOT LRFD Bridge Design Manual shall be provided.
Chapter 4 discusses the clear zone in detail and provides the required clear zone distances.

2.

Vertical Clearances
The vertical clearances shown in Section 2 of the MnDOT LRFD Bridge Design Manual and
RDM Chapter 3 apply to roadway design.

3.

Sight Distance
Abutments and piers along the inside of curves should be located to provide adequate sight
distances. See Chapter 3 for detailed discussion of sight distance requirements.

4.

Pier Protection
Bridge piers that are within the clear zone require protection from vehicle collision. Piers
within 10 m (30 ft) of high-speed, high-volume roadways shall be either designed for a
vehicle impact or protected with a suitable test level traffic barrier. Details of pier protection
should be coordinated with the Bridge Office.

9-2.03.02

Ramp Bridges
At certain types of interchanges bridges will be required to carry ramps or loops over the mainline
roadway or in close proximity to the mainline roadway. The design of these ramp bridges and underpasses should
follow the general design standard (urban or rural) being applied to the project.
Chapter 6 of this Manual discusses the geometric design of ramp roadways. The following
sections identify requirements for ramp bridge and underpass geometrics and give minimum dimensions for
clearances. Section 2 of the LRFD Bridge Design Manual provides design details.
9-2.03.02.01

Ramp Bridge – Deck Section
1. Width
On rural ramp bridges, the dimension from edge of lane to the gutter is reduced to prevent the
appearance of having a 2-lane bridge on a 1-lane ramp roadway. The dimension between
bridge gutters should be 7.8 m (26 ft) which provides for a 4.8 m (16 ft) traffic lane on the
approach roadway plus 1.8 m (6 ft) from edge of lane to the gutter on the right, and 1.2 m
(4 ft) from edge of lane to the gutter on the left.
When an auxiliary lane, a ramp, or a taper extends onto a mainline bridge, the basic width is
determined as for a mainline bridge decks with the following additional controls:
a. For approaching ramps or tapers without curbs, the distance from the edge of ramp or
taper to the gutter line is 2.4 m (8 ft).
b. For approach ramps with curbs, the distance from the edge of ramp or taper to gutter line
is 1.8 m (6 ft).
c. Tapers should begin or end at a pier or an abutment or may continue across the entire
length of the structure.
When a ramp bridge is on curvature of 60 m (200 ft) radius or less, the traffic lane is
increased from 4.8 m to 5.4 m (16 ft to 18 ft) in width. The horizontal stopping sight distance
for the design speed proposed should also be checked and additional inside shoulder width
added if required. Chapter 3 provides guidance on sight distance.
2.

Cross Slope
Normally a uniform cross slope between the bridge curbs, with a slope 0.02 m/m (0.02 ft/ft)
to the right is used unless the ramp is superelevated.
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9-2.03.02.02

Ramp Bridge – Underpass Cross Section
Where ramp and loop alignments extend under a bridge, it is advantageous to keep them as close
as possible to the mainline roadway to minimize bridge span length. Where possible, the beginning of a taper to a
ramp should be relocated to remove it entirely from under the bridge.
Where a ramp under a bridge is independent of the mainline roadway, bridge piers adjacent to the
ramp may be required. In most cases this will be within the ramp or mainline clear zone, and will normally require
shielding with a barrier or crash cushion. Barriers or guardrail should be placed no closer than the edge of the ramp
shoulder, normally 1.8 m (6 ft) from the edge of ramp lane.
Clear zone for the ramp is generally calculated with the assumption that the design speed is less
than the mainline.
9-2.03.03

Local Road Bridges
Bridges and underpasses that carry local road traffic are designed using the same procedures
followed for the mainline structures, with the similar requirements for safety, aesthetics, and economy. The
following sections discuss design features that are applicable to local roads.
Local bridges at an interchange with a trunk highway are designed to trunk highway standards
between the ramp terminals on the local road.
Complete coverage of local State Aid route standards are contained in the State Aid Manual and
the Chapter 8820 of the Minnesota Rules. Further guidance on State Aid Rules is available from the State Aid
Office and State Aid Bridge Unit.
9-2.03.03.01

Local Road Bridge – Deck Section
1. Width
For CSAH and other local roads, the shoulder and driver reaction dimensions are governed by
ADT. Section 2 of the MnDOT LRFD Bridge Design Manual gives geometric standards for
rural undivided Federal-Aid Secondary, County State Aid Highways, and other local roads.
For urban design, the bridge gutter lines should usually be aligned with the curb line on the
approaching roadway but not less than the minimums established in the MnDOT LRFD
Bridge Design Manual. Parking bays need not be carried across the structure.
2.

Cross Slope
Cross slopes for local road bridges will be the same as for bridges on trunk highways.

9-2.03.03.02

Local Road Bridge – Underpass Cross Section
The basic cross section of the local road should be carried through the underpass. The required
clear zone or lateral clearance to any obstructions can be determined from the procedure presented in Chapter 4 of
this manual.
Section 2 of the LRFD Bridge Design Manual provides the design details for a local road
underpass. On local urban streets, the face of piers or abutments should be located on or beyond the property lines.
This will provide for future development of the section by local authorities. A minimum distance of 1.8 m (6 ft)
from the face of curb to the face of pier or abutment must be provided.
Vertical clearances are the same as for a major road underpass unless otherwise noted in State Aid
Manual.
9-2.03.04

Railroad Bridges
For negotiation and coordination of agreements with any railroad company, the Office of Freight
and Commercial Vehicle Operations should be contacted. The coordination process can be lengthy and discussions
with the railroad company should occur as early as possible in the design process. It is desirable to submit a draft
version of the Preliminary Bridge Plan to the railroad as soon the basic bridge configuration is established.
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Staging for the construction of railroad bridges is often complicated. Detour routes for rail traffic
are not generally available and the track must remain in service for the passage of trains during construction. A
shoofly track (temporary diversion alignment) may need to be constructed before any work on an inplace railway
bridge can begin. Where a roadway crosses a railroad, bridge construction in close proximity to railway traffic
requires close coordination with railroad operations personnel.
When considering a new railroad/highway grade separation, it is usually desirable to place the
highway over the railroad. Reasons to not place a railroad over a highway include:
1.
2.
3.
4.
5.

Bottlenecks are created for railroad operators.
Widening the highway is difficult.
Controversies over cost participation in construction may develop.
Temporary tracks are usually required.
Railroad concern may develop over structure maintenance and liability.

9-2.03.04.01

Railroad Bridge – Deck Section
Because of the heavy design loading, railroad bridges generally have shorter spans and larger
structural depths than highway bridges. Although each railroad has preferred details, the superstructure system
(deck-girder) is essentially the same for most railroad bridges with steel girders supporting a concrete or steel deck.
The deck (or ballast pan) has curbed edges to retain the required depth of ballast rock and the track structure. For
cases where the required structural depth can be accommodated, this structure type can be economical for spans up
to about 30 m (100 ft).
A rule of thumb for calculating structural depth of a deck-girder railroad bridge is as follows:
span length (in feet) plus 10 = depth of structure (in inches). For example, a 90-foot span would require 90+10 =
100 inches of depth from top of rail to base of girder.
For longer spans (up to about 60 m (200 ft)) a through-girder superstructure is normally required;
with a through-girder, the main longitudinal load-carrying members extend above the track elevation. This
superstructure type can span a much longer distance with a relatively shallow structural depth; however, this type of
structures is generally discouraged by railroad companies due to the risk of damage to the girders in the event of a
derailment.
9-2.03.04.02

Railroad Bridge – Underpass Cross Section
Section 2 of the MnDOT LRFD Bridge Design Manual provides the cross section design details
for railroad underpasses. The minimum statutory horizontal opening is 5.2 m (17 ft). A minimum clearance of
5.4 m (18 ft) from the centerline of track to face of pier or abutment is normally used except in congested urban
areas where this is impractical. Typical sections will probably be wider and may have enough clearance for a 2.4 m
(8 ft) off-track access roadway for railroad maintenance vehicles.
Often the railroad will request accommodation for the potential construction of a future track. The
location and spacing between inplace and future tracks should be established early in the design process so that the
appropriate span length can be provided.
Backslopes should be 1:2, and should pass through the "backslope control point" shown in Section
2 of the MnDOT LRFD Bridge Design Manual. The dimension to the "backslope control points" indicates the
maximum extent of federal participation in the construction and should not be exceeded.
Backslopes steeper than 1:2 can be considered where the existing track is in a cut section that has
greater than 1:2 slopes. Where provision for an off-track maintenance road has been justified (as verified by the
Office of Freight and Commercial Vehicle Operations, Railroads and Waterways Section), the dimension to the
"backslope control point" can be increased by up to 2.4 m (8 ft).
Side piers are placed 1.2 m (4 ft) in from the backslope control point (5.5 m (18 ft) clear to the
centerline of track for a cut section without a maintenance road). MnDOT and FHWA have agreed to the horizontal
clearance shown in the MnDOT LRFD Bridge Design Manual, for Mainline BNRR tracks at sites meeting the
following conditions:
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When the standard will not increase the costs by more than $50,000.
When sufficient vertical clearance exists between the track and existing or proposed roadway
profile to accommodate the structure depth necessary for longer spans typically required by
the standard.

If these conditions cannot be met, a letter should be submitted by the Bridge Office to the Office
of Freight and Commercial Vehicle Operations, along with the signed plan stating the reasons the standard cannot be
met, including an estimate of the increased cost if applicable.
The minimum statutory vertical clearance between the railroad and highway is 6.7 m (22 ft). For
design purposes, a 7.0 m (23 ft) minimum should be used. This distance is measured from the top of rail to the
bottom of the superstructure on the highway bridge.
9-2.04

Water Crossing
During preliminary route determination, water crossing locations must be selected to minimize
construction, maintenance, and replacement costs. Stream characteristics such as meanders should be studied to
determine the need for channel changes, river training works and other techniques that could reduce erosion and
prevent possible loss of the structure. On wide floodplains, the lowering of approach embankments is an option that
can provide overflow sections for the passage of low frequency, catastrophic floods over the highway. If relief
bridges are required to maintain natural flow distribution and reduce backwater, the size and location of structure
must be selected with caution in order to avoid undue scour or changes in the course of the main river channel.
The determination of adequate waterway openings for trunk highway stream crossings is the
responsibility of the Bridge Hydraulics Engineer. A waterway analysis will determine the drainage area to the
crossing, compute the applicable discharges and water surface elevations, establish backwater and mean velocities
for various combinations of waterway openings and road profile elevations, and determine scour depths if
appropriate. With the use of risk assessment and/or risk analysis, the Bridge Hydraulics Engineer will recommend a
waterway opening, minimum low member elevation, and road profile elevation if appropriate, to the District and
Bridge Project Managers and establish the necessary hydraulic data to design the bridge and obtain the required
permits.
9-2.04.01

Navigable Waterways
Preliminary bridge plans are used as a basis for preparing permit drawings to accompany
applications to the U.S. Coast Guard and U.S. Army Corps of Engineers for permits to construct structures and
approaches over navigable waters of the United States. Requirements for such plans are given in Section 2 of the
MnDOT LRFD Bridge Design Manual. Correspondence to the Coast Guard or Corps of Engineers is prepared for
submission by the State Bridge Engineer.
The Preliminary Bridge Plans Engineer should be consulted when establishing vertical and
horizontal clearance requirements over navigable waterways. Generally, navigable waterways that require a
construction permit from the Coast Guard are as follows:
1.
2.
3.
4.
5.

Mississippi River downstream from the Coon Rapids Dam;
Minnesota River downstream from Chaska;
St. Croix River downstream from Taylors Falls;
International boundary waters; and
Lake Superior and the St. Louis River downstream from Oliver, Wisconsin.

These waterways generally require an 18.3 m (60 ft) minimum vertical clearance above normal
pool, except Lake Superior and the St. Louis River that require additional clearance. Refer to CFR 650 – Part H for
additional information on navigational clearances for bridges over navigable waterways.
Bridges that cross other waterways may require a certain vertical clearance to provide for local
pleasure boat traffic. Vertical clearance for these bridges will be determined on an individual basis based on local
needs. The District Office will normally make this determination based on a survey of boats using the waterway or
by consultation with the local DNR Office. As a general guideline, provide 1 m (3 ft) of vertical clearance above
the 50-year flood stage for bridges, and 1 m (3 ft) of vertical clearance above the ordinary high water level (top of
bank) for other structures.
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9-2.04.02

Non-Navigable Waterways
The waterway opening and the highway profile together determine the capacity of the system to
pass floods. The effects of the roadway profile on the adequacy of the waterway opening should be considered
when establishing the profile and when designing the bridge waterway. Several profile alternatives are available for
consideration, dependent upon site topography, traffic requirements, and flood damage potential. The alternatives
range from crossings that are designed to overtop frequently, to crossings that are designed to overtop rarely or
never. The alternative selected will depend upon the criteria established for the design: construction costs, risks,
stage-discharge-duration relations, flow distribution, flood insurance study (FIS), flood damage potential, and scour
considerations.
The most desirable profile is the one where the valley width is sufficient to utilize a profile that
allows the roadway to overtop without the superstructure of the bridge being submerged. Variations of this profile
may be used in locations where the stream channel is located on one side of the flood plain and the profile allows
overtopping of the approach roadway on only one side. The difference between the low point in the roadway profile
and low member of the bridge superstructure can be varied, within geometric constraints, to meet requirements for
maintaining clearance under the bridge and to accommodate passage of ice, debris, and drift.
The most critical profile is where the bridge is located at the low point of a sag vertical curve.
Without an adequate opening and under a large flood event, the bridge superstructure and piers will be submerged
which will accentuate scour. Floodwater, debris or ice drift can produce high impact forces on the structure,
increasing the risk of structural failure, especially if scour has affected the foundations. If a sag vertical curve
cannot be avoided, and there is even a small probability of overtopping, it is advisable to avoid solid barriers and use
open-type railing with this profile in order to minimize damage. Bridges on sag vertical curves, with low points on
the bridge, are also undesirable with regard to deck drainage, because ponding will occur on the deck if inlets have
insufficient capacity to intercept the flow or become clogged with ice or debris. Drains on bridges should only be
used if no other feasible alternative is found.
A level profile has the same disadvantages of a sag vertical for all floods with stages below the
profile elevation of the roadway and bridge deck. Variations in this profile include a slight crest vertical curve on
the bridge to establish a camber in the superstructure for deck drainage.
Freeboard clearances over non-navigable streams will depend on the high water elevation, history
of ice and debris problems, and roadway geometrics.
When hydraulically feasible, it can be advantageous to replace an existing bridge with a box or
pipe culvert. A buried structure requires less maintenance and eliminates the need for guardrail transitions and
bridge railings within the clear zone. Generally, the headwall of the culvert is located outside the clear zone of the
roadway. Wide roadways, tall embankments, and high skew angles will require additional culvert length. Future
maintenance costs, up-front construction costs, and environmental requirements, should be considered when making
this decision.
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9-3.0

LARGE HYDRAULIC STRUCTURES
Large concrete, steel, and aluminum drainage structures are suitable structure types for some
projects. These types of drainage structures include concrete or metal box culverts, large concrete or metal circular
pipe, large concrete or metal pipe arches, three-sided bridge structures, and metal long spans.
Large hydraulic structures are open-ended conduits that carry runoff and other flow under the
roadway and have a span greater than 1200 mm (48 in.). Large hydraulic structures with span width greater than or
equal to 3 m (10 ft) are considered bridges and shall be identified by a unique bridge number. The designer shall
notify the Bridge Office that a new bridge is being proposed so that a number can be assigned.
Large hydraulic structures may be classified as rigid, semi-rigid, or flexible, depending on the type
of material. Major considerations for the designer when determining the design type are: hydraulic performance,
structural stability, serviceability, durability, and economics. Discussion of these considerations and other detailed
information is presented in the MnDOT Drainage Manual, MnDOT LRFD Bridge Design Manual, AASHTO
“Highway Drainage Guidelines,” American Iron and Steel Institute (AISI) “Handbook of Steel Drainage & Highway
Construction Products,” American Concrete Pipe Association “Concrete Pipe Design Manual,” and FHWA
Hydraulic Design Series.
9-3.01

Design Responsibility
The road design engineer should prepare plans for the large hydraulic structures in a manner
similar to other hydraulic structures showing the stationing, elevations, etc. However, because of the structure size,
the road design engineer should coordinate the design of large hydraulic structures as follows:
1.
2.

3.

The hydraulics engineer will provide a hydraulic recommendation that typically includes
hydraulic data, conduit size and shape, invert elevations, and energy dissipation measures.
The structural design information is contained in the MnDOT Standard Plates Manual for the
majority of design cases. The road designer can use these plates to identify the pipe class,
gauge, and other pertinent information. If the structural criteria (fill height, size, loading, etc.)
are outside the table values, the road design engineer shall request a structural design from the
Bridge Office. The Bridge Office will prepare and submit the design plans and special
provisions to the road design engineer. Structural design responsibility for all structures is a
function of the Bridge Office. All structures shall be designed in accordance with the
MnDOT LRFD Bridge Design Manual.
A geotechnical investigation may be required for these large hydraulic structures (refer to the
MnDOT Geotechnical and Pavement Manual). The road design engineer should discuss the
geotechnical needs for the project with the district soils engineer. If a geotechnical
investigation is needed, the road designer should submit the request in a timely manner so the
information is available during the design process. Typically, three to six months are needed
to collect the soil samples, analyze the data, and prepare the report.

9-3.02

Structures
The basic types of large drainage structures used by the Minnesota Department of Transportation
are discussed below.
9-3.02.01

Box Culverts
Structure plans for all box culverts located on the trunk highway system shall be prepared by the
Bridge Office or by consultants from the approved list for inclusion in the roadway plan. This includes plans for
new box culverts and modifications or extensions to existing boxes. Structure plans developed using the design
tables and Bridge Standard Plan sheets are to be certified by the professional engineers, licensed in the State of
Minnesota, in charge of the box culvert design.
Box culverts are usually constructed of precast or cast-in-place reinforced concrete. Metal box
culverts are also available for use. For more information on these or other material types, contact the Bridge Office.
Standard precast concrete box culvert designs tables and plan sheets are located in the MnDOT
Bridge Standard Plans Manual. Refer to the Bridge Standard Plans Manual for details on maximum fill heights
since they are dependent on culvert size. Special designs for culvert sizes not found in the standard tables may be
requested from the Bridge Office.
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The road design engineer should furnish appropriate data to the bridge design engineer using the
Culvert Request Form (see Figure 9-3.02A). The most current form can be obtained from the MnDOT Bridge
Office website. Attachments to the request form should include: a roadway cross section at the roadway/box
culvert intersection, the roadway profile, and a plan view showing the box culvert length and orientation to the
roadway.
The Bridge Office will prepare a box culvert plan for inclusion in the roadway plan. The culvert
request form should be submitted 6 months prior to the contract letting. If necessary, the Bridge Design Engineer
will work with road design engineers in meeting shorter plan development schedules.
Currently, culvert plans only detail precast concrete box culverts. This is because of the greater
efficiencies in designing, detailing, and installation times that precast has over cast-in-place concrete box culverts.
If desired, the road designer may request plans for a cast-in-place concrete box culvert, however, additional time
will be needed for plan production and construction. Extension to existing culverts may require some cast-in-place
concrete. Some limitations on the use of precast concrete box culverts are:
1.
2.
3.
4.

5.

When fill height is less than 300 mm (12 in.), a cast-in-place box or other structure type is
required.
When fill height is greater than 300 mm (12 in.) but less than 600 mm (24 in.), a 150 mm
(6 in.) distribution slab is required.
When the culvert skew is greater than 45 degrees, a cast-in-place box is required.
In the case of multiple barrels, a separation of 600 mm (24 in.) of compacted embankment
shall be maintained between the barrels. Under certain conditions the minimum separation
can be reduced to 150 mm (6 in.). Contact the Bridge Office for details.
In installations where large settlements are anticipated, the joints between the barrel sections
shall be sealed and covered with geotextile.

Although the amount of steel reinforcement varies with fill height, roadway designers are
discouraged from requesting multiple designs for a single line of pipe. Any initial savings in material costs quickly
disappear if the weaker sections need to be replaced or strengthened during future widening or bypass projects. In
addition, using a single overfill design eliminates any possibility that weaker segment designs may be overlooked
during future work.
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Minnesota Department of Transportation

Memo
Transportation District 8
2505 Transportation Rd.
P.O. Box 768
Willmar, MN 56201

Office Tel: 320-231-5195
Fax No: 320-231-5168

[ date ]

To:

Kevin L. Western
Bridge Design Engineer, M.S. 610

From:

Paul Rasmussen
Design/Hydraulics Engineer

Phone:

320-214-3708

Subject:

S.P. 6420-20 (T.H. 19)

Please prepare a design for concrete box culvert. Tabulated below and attached is the
information required to prepare plans. The letting date for this project is 11/17/00. Please
submit completed plans to this office before 07/01/00.
State Project No. 6403-30
Location Description

(1)

Func. 2 Work Authority: T80057

: T.H. 19 over JD #33, 11.3 Mi. West of Redwood Falls

Reference: 59+00.83
Section: 1

Station: 342+91.07

Range: 38W

Township: 112N

Stream Crossing: Judicial Ditch #33

Township Name: Vesta

County: Redwood

Structure Type: Concrete Box Culvert Replacement
New Structure Number: 64X07
Number of Barrels:
1

Existing Structure Number:

Opening Width:
10 ft.

Range of Cover (2) : MAX . 6.8 ft
MIN xx ft.

Opening Height: Spa btwn Precast Barrels:
8 ft.
NA

Skew Angle: 0°

End Sections: Square

Inlet Elevation (new structure): 1037.34

Outlet Elevation (new structure): 1036.60

Inlet Elevation (inplace structure): 1037.34

Outlet Elevation (inplace structure): 1036.60

Extension Distances from end of inplace: NA
Plans Requested: Precast
(1)

T.H. over _____, ___ Mi. ___ of Jct. T.H. _____ & T.H. _____, ___ of ___. (modify as necessary)

(2)

Show range of cover (maximum and minimum cover).

Attachments: Sketch of Cross Section
Sketch of Plan View

Figure 9-3.02A
SAMPLE CULVERT REQUEST FORM
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9-3.02.02

Large Circular Pipe
Large circular pipe is usually either concrete or metal. Sizes are normally limited to the standard
sizes shown in the MnDOT Standard Plates Manual and MnDOT Drainage Manual, although additional special
designs can be provided by the Bridge Office.
1.

Concrete Pipe
Most concrete pipe is precast and can be provided in standard sizes, up to 2700 mm (108 in.)
(inside dimension), in increments of approximately 150 mm (6 in.). Manufacturers can make
larger sizes, but they are considered special designs. The basis for the design of all reinforced
concrete circular pipes shall be AASHTO M170. Five classes of concrete pipe are specified,
based on strength requirements in terms of D-load.
The MnDOT Standard Plates 3000 series gives detailed information pertaining to pipe
dimensions, strength test requirements, and laying length. The MnDOT Drainage Manual
provides values to be used for maximum overfill heights based upon type of bedding and
loading conditions. When reinforced concrete pipe with a gasket joint is required, refer to the
MnDOT Standard Plates 3000 series. When pipe with rubber gasket seals are required, the
tongue and groove design shall be indicated in the plans. Two types of joints are shown in the
MnDOT Standard Plates 3000 series for this purpose.

2.

Metal Pipe
Metal pipe is fabricated in a variety of diameters and corrugations. Metal pipe can also be
made from field assembled structural plates. Structural details are available in the MnDOT
Standard Plates 3000 series and in the MnDOT Drainage Manual. Maximum fill heights for
corrugated steel and aluminum pipe can be found in Chapter 2 of the MnDOT Drainage
Manual.

9-3.02.03

Pipe Arches
Pipe arches can be either metal or concrete. Details for reinforced concrete arch pipe are available
in the MnDOT Standard Plates 3000 series. Metal pipe arches are fabricated in a variety of spans and corrugations.
Metal pipe arches can also be made from field assembled structural plates. Details for fabricated corrugated steel
pipe arches or structural plate pipe arches are available in the Standard Plates 3000 series, Chapter 2 of the MnDOT
Drainage Manual, and the AISI Handbook of Steel Drainage and Highway Construction Products.
9-3.02.04

MnDOT Precast Concrete Arch
The MnDOT precast concrete arch is available in five sizes. This structure can be placed either on
spread footings or on footings with piling. The footing design will depend on the type and allowable bearing
capacity of the soil, the height of overfill, and proximity of bedrock. Scour protection for the footings will depend
on velocities through the structure. Guidelines for the use of the MnDOT precast concrete arch are provided in
Section 12 of the MnDOT LRFD Bridge Design Manual.
9-3.02.05

Three-Sided Bridge Structures
Three-sided precast concrete bridge structures offer an alternative for short span bridges. There
are two types of three-sided bridge structures: arch top and flat top. These structures can be constructed rapidly,
thus minimizing road closure time and they allow for a natural stream bottom. Potential applications include
pedestrian underpasses and stream crossings where the waterway opening requirements are on the low end of a
conventional bridge but are at the high end of box culvert capabilities. They are generally not as economical as castin-place (CIP) structures or multiple precast concrete box culverts. In general, precast three-sided structures may be
used where:
1.
2.
3.
4.
5.
6.

Design span is less than or equal to 12.8 m (42 ft). Span is measured from inside face of
sidewalls along the longitudinal axis of the unit.
Rise is less than or equal to 4 m (13 ft). Rise is measured from top of footing/pedestal wall to
bottom of top slab.
Fill height is less than or equal to 3 m (10 ft) but is greater than or equal to 0.9 m (3 ft).
Skew is less than 30 degrees.
No foundation limitations exist, such as unusually weak soil.
No site access limitations exist for transporting and erecting the three-sided structures.

APRIL, 2008

MnDOT ROAD DESIGN MANUAL

9-3(5)

Since these are vendor supplied structures, their final structural design occurs after the award of
the construction contract. The time required for final design and the subsequent review/approval period affect the
total contract length. A list of pre-qualified three-sided bridge structure vendors is posted on the Bridge Office
website.
9-3.02.06

Metal Long Span Structures
Long span structures are special shapes of any size which involve a relatively large radius of
curvature in the crown and side portions. Structure types include the horizontal ellipse, low profile arc, and high
profile arc. The span length of any of these shapes shall be limited to a maximum of 4.8 m (16 ft). Metal box
culverts are also included in as metal long span structures. Contact the Bridge Office for more details.
9-3.03

End Treatments
Culvert end structures, prebuilt or constructed in place, are attached to the ends of a culvert barrel
to reduce erosion, inhibit seepage, retain the fill, improve the aesthetics and hydraulic characteristics, and make the
ends structurally stable. Pipe end sections, sometimes called flared end sections or aprons, are prefabricated metal
or precast concrete sections, placed onto the ends of the culverts. See MnDOT Standard Plates 3000 series.
Cast-in-place end sections are also shown in Standard Plates and are to be used on large structural plate culverts.
Special design end sections are necessary for long span culverts and will be the responsibility of the Bridge Office.
Dropwalls should be included to prevent undermining of pipe end sections and the area beneath the pipe itself.
Culvert ends located within the clear zone may need to be protected for traffic safety
considerations. See Chapter 8 of this manual for guidance.
9-3.04

Energy Dissipaters
The use of energy dissipaters at the outlets of culverts may be necessary to prevent damage to the
roadway embankment and/or culvert from erosion along with preventing erosion of the downstream channel due to
high outlet velocities. Information regarding energy dissipaters is available in Chapter 6 of the MnDOT Drainage
Manual. Energy dissipaters along the roadside require the same considerations as culvert ends.
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9-4.0

WALLS
When a vertical drop in ground elevation has to be accommodated, retaining walls are built to
withstand lateral earth pressure. Conventional cantilever reinforced concrete walls are detailed in the 620 section of
the Standard Plans Manual. Many other types of retaining wall systems may be used as they become available and
are approved by the New Retaining Wall Committee.
Mechanically stabilized earth (MSE) retaining walls are another type of retaining wall which uses
extensible (polymer) or nonextensible (steel) soil reinforcement in conjunction with various types of facings to
retain the earth. In most situations, they have established significant cost advantages along with an excellent
performance record. MSE retaining wall systems may be considered as an alternative to conventional reinforced
concrete retaining walls.
MSE slopes or steepened slopes are another proven cost effective retaining option. Steepened slopes
use similar technology to MSE walls, except the facia covering consists of vegetation instead of concrete units.
Slopes up to 67 percent (1:1.5) and 60 ft in heights have been successfully used by the MNDOT Foundations Unit.
Cost savings of up to 75 percent compared to conventional reinforced concrete walls may be achieved. Steepened
slopes are minimally maintained and often blend in well with the rural type environment.
The design procedure for reinforced soil retention systems, or mechanically stabilized earth (MSE)
walls, for use in MnDOT projects is taken from the FHWA publication Reinforced Soil Structures, Volume I,
Design and Construction Guidelines, as published by the Federal Highway Administration. In addition, all retaining
walls used on MnDOT projects must incorporate certain MnDOT requirements into their design based on AASTHO
Standard Specifications for Highway Bridges. These requirements, such as type of backfill and depth of cover, are
discussed in the following sections of this manual.
If an additional live load is placed on top of a fill retained by a wall, the design procedure is to replace
the live load with an equivalent weight of earth. This additional weight is represented by an additional uniformly
distributed load on the original surface and is known as the equivalent surcharge. In general, there are four cases of
surcharge loads:
1. Point loads such as a truck wheel on backfill surface.
2. Line loads or narrow-strip loads of finite length.
3. Area loads of finite length.
4. Area loads of infinite length.
The MnDOT Standard Plans Manual 600 series provides details for a retaining wall with a 2 ft
earthload (250 pounds per square foot), live load surcharge.
9-4.01

Design Responsibility
The Office of Bridges and Structures shall have responsibility for all special designs of conventional
retaining walls not contained in Standard Retaining Wall designs found in the Standard Plans. For proprietary walls,
the Office of Bridges and Structures shall have responsibility of reviewing the structural aspects of the design and
construction plans provided to the District Designers by the wall company. The Foundations Unit shall be
responsible for global stability and soil related concerns. The Office of Technical Support, Site Development Unit,
should be contacted for aesthetic and/or rustication treatments for retaining walls. See Section 9-4.03.07 for
acceptance procedures.
9-4.02

Design Types (Conventional)
There are a number of types of conventional retaining walls which can be designed for containing
unstable material or providing a steeper slope at locations close to the roadway. The basic types used by the
Department are cantilever walls, crib walls, precast walls and, on occasion, counterfort walls. The following
sections are a brief description of the major types of conventional walls.
9-4.02.01

Cantilever Walls
A cantilever wall consists of a base slab from which a vertical wall or stem extends upward.
Reinforcement is provided in both members to supply resistance to bending and shear. Standard designs call for
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positioning the stem at about the forward third point on the base of the slab. The maximum height of cantilever
walls is 30 ft without obtaining a special design from the Office of Bridges and Structures. Cantilever walls can be
founded on spread footings or, in some cases, piling when the Foundations Unit indicates that the insitu soils will
not support a spread footing. Piling can be timber, cast-in-place concrete, or steel-H. Standard designs for
reinforced concrete retaining walls can be found in the Standard Plans Manual 600 series.
Geotechnical aspects of conventional retaining wall design and construction are detailed on
Figure 9-4.02A. The Foundations Unit has the drilling equipment and laboratory testing equipment necessary for
obtaining "undisturbed samples" and determining design parameters for the soils found at each site. The District
Soils Engineers contact the Foundations Unit whenever a retaining wall is of sufficient size to justify undisturbed
samples and laboratory testing. Specific recommendations suitable for the specific soils found at each site are
provided to the District Designer and Soils Engineer by the Foundations Unit. Design parameters for walls less than
5 ft tall are generally determined by the District Soils Engineer without involving the Foundations Unit.
9-4.02.02

Counterfort and Buttress Walls
Cantilever type walls with heights in excess of those shown in the Standard Plans are more
economically constructed when provided with brackets to assist strengthening the junction of the stem and base slab.
When the brackets are behind the stem, they act in tension and are called "counterforts". When the brackets are in
front of the stem, they act in compression and are called "buttresses". The Office of Bridges and Structures should
be consulted for the design of these wall types.
9-4.02.03

Precast Panels Walls
In many situations, precast retaining wall panels can be used where the height-of-fill is 10 ft or less.
The Standard Plans for precast retaining wall panels provide for up to a 2 ft live load surcharge. Panels can be either
reinforced or prestressed concrete. See Standard Plan 5-297.625 for details of panel construction and placement.
9-4.03
9-4.03.01

Design Types (Alternate)
General
Figure 9-4.03A shows a typical section of MnDOT’s mechanically stabilized earth retaining wall.
A considerable number of alternate, proprietary retaining wall systems are available. Table 9-4.03A provides
general information on some of the different types of alternate walls.
The FHWA classifies walls as either "small" walls (5000 ft2 or less), or "large" walls (over 5000 ft2).
They are promoting the use of alternate designs for all new walls. Correspondence from the FHWA states: "We
believe the most cost-effective contracting method is to propose a complete design by alternate bids. For large
walls, the additional preliminary engineering costs are easily justified due to the resulting increased bid competition
(and associated savings). For smaller walls, the specifications should allow Value Engineering proposals limited to
acceptable site-specific alternates. Designers should, therefore, consider alternate walls for all projects."
When alternate walls are considered, it is necessary for the designer to provide site specifics to the
alternate wall company. Site specifics would include items such as: profiles; wall heights; loading conditions; i.e.,
live loads, etc., results of foundation investigations; water conditions; utility locations; site restrictions; and desirable
wall face treatments. A flowchart of the coordination required for inclusion of alternative walls into MnDOT
projects is included for the designer's reference in Figure 9-4.03B. The designer must allow adequate time for
checking of the plans for alternate walls. (See timeline on flowchart.) Alternatively, in-house generic designs may
be done.
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NOTES:
PARAPET OR RAILING WITH FENCING MAY BE REQUIRED AT TOP OF WALL. WHEN THE
LONGITUDINAL SLOPE OF THE FOOTING BECOMES GREATER THAN 10%, THE FOOTING MUST BE
STEPPED.



PAY LIMITS FOR STRUCTURAL EXCAVATION WHEN NO SUBCUT IS REQUIRED.



SUBCUT AS DETERMINED FROM FOUNDATION RECOMMENDATIONS REPORT.



PAY LIMITS FOR STRUCTURAL EXCAVATION WHEN A SUBCUT IS SPECIFIED.



ALTERNATE POSITIONS FOR DRAINAGE SYSTEM INCLUDE WEEP-HOLES, POSITION 4A, OR
POSITIONS 4B OR 4C THAT REQUIRE PERFORATED 100 mm (4 IN.) T.P. PIPE, MnDOT 3245,
WRAP WITH A TYPE I GEOTEXTILE, MnDOT 3733. RUN PERFORATED PIPE TO DAYLIGHT OR
CONNECT TO A STORM SEWER. ALTERNATE 4C CONNECTED TO STORM SEWER IS THE
PREFERRED DRAINAGE SYSTEM.



ACTUAL EXCAVATION SLOPE IS DETERMINED BY OSHA REGULATIONS AND IN-SITU SOILS.



BACKFILL TO MEET MnDOT 3149.2B2, MODIFIED TO 10 PERCENT OR LESS PASSING THE 75 um
(#200 SIEVE). COMPACTION PER MnDOT 2105.3F1.



BACKFILL AND COMPACTION PER FOUNDATIONS RECOMMENDATIONS.

Typical Section
MnDOT Standard Cantilever Walls
Figure 9-4.02A (Dual Unit)

9-4(4)

ROAD DESIGN MANUAL (ENGLISH)

SEPTEMBER, 2001

Table 9-4.03A
Wall Type
Modular Concrete Gravity

Surface Texture
Rough sawn random width
planks; random vertical
rustication; exposed aggregate;
raised surface; fractured fin;
smooth

Precast Concrete
Facing panels

Rough sawn random width
planks; random vertical
rustication; exposed aggregate;
raised surface; fractured fin;
carved panels; glenwood
panels; smooth.

Segmental Concrete
Masonry Units

Split face; broken face; smooth
face; raked face; brick face; all
textures are available in various
colors.

Crib Wall using
Precast Concrete or
Timber Units

Smooth; exposed aggregate;
conducive to the use of various
vegetative plantings.

Large Precast
Proprietary Units

Smooth; exposed aggregate;
typical formlines allow a
variety of surface textures.

Steepened Slopes

Vegetated with crownvetch or
native grasses.

General Comments
Walls over 30 ft in height, walls
supporting bridge abutments,
and locations where substantial
settlement is anticipated are
experimental and must be
coordinated with the New
Retaining Wall Committee.
Walls which support bridge
abutments, retain more than 6 ft
of earth, or with surcharge
loadings are experimental and
must be coordinated with the
New Retaining Wall Committee.
Walls requiring earth reinforcement must be coordinated with
the New Retaining Wall
Committee.
Not allowed for walls which
support bridge abutments, except
on an experimental basis when
specifically approved by the
Office of Bridges and Structures.
Height is limited by FHWA
criteria as discussed in the
publication, “Reinforced Soil
Structures, Volume 1 – Design
and Construction Guidelines,”
and MnDOT criteria as
presented in this section of the
Road Design Manual.
Walls which support bridge
abutments, retain more than 6 ft
of earth, or with surcharge
loadings are experimental and
must be coordinated with the
New Retaining Wall Committee.
Shorter walls which do not
exceed these conditions may be
used per the proprietary
standards as supplied by the
manufacturer.
Walls over 30 ft in height, walls
supporting bridge abutments,
and locations where substantial
settlement is anticipated are
experi-mental and must be
coordinated with the New
Retaining Wall Committee.
No embedment for frost
required.
Blends into surrounding
vegetation.
Large amounts of settlement are
ok.
By far the least cost system, and
no maintentance.

Typical Suppliers
Doublewal Corporation,
Hilfilker Retaining Walls

VSL Corporation,
Reinforced Earth Company

See Section 9-4.03.08
Diamond, Keystone,
Loffelstein, Rockwood,
Anchor, Risi Stone,
Versa-lok, Allan Block

Timber Railroad ties,
Geo-concrete Systems

Tech Wall, Cretex Wall

Mirafi, Contech, Presto
Products, MnDOT
Foundations Unit
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Site Restrictions
1. Foundation Investigation
The foundation recommendations shall be determined based on sound geotechnical information,
since both internal and external stability requirements must be met. The requirements for the
foundations of mechanically stabilized earth (MSE) and many other proprietary walls may be less
stringent than those for conventional retaining walls since they generally spread their load over a
larger area. Also, many of these walls are more flexible and tolerant of settlement than a rigid
reinforced concrete wall.
The design of all retaining walls should be based on soil conditions found at the site. The District
Soils Engineer generally will provide recommendations for walls less than 5 ft tall and, the
Foundations Unit will provide recommendations for taller walls.
The Foundations Unit takes undisturbed samples and uses laboratory testing to determine the
in-situ soil properties. These properties will be used to check deep-seated shear failure, global
stability, local stability, including local bearing capacity, sliding, and overturning. Figure 9-4.03D
illustrates these geotechnical design conditions. Recommendations related to local and global
stability will be provided to the designer in the "Foundations Report."
In areas where suitable backfill is scarce or expensive, it may be possible to use native soil. The
Foundations Laboratory has a large scale direct shear box for testing a variety of soils or recycled
materials. Three months advance notice and 1 ft3 of material sample is required for testing.
The amount of differential settlement expected along the wall due to soil conditions is a major
factor which determines the type of wall that can be used at each site. Each type of wall should be
evaluated for its unique ability to deform without experiencing structural damage, such as
excessive stress on bolts or spalling of concrete corners due to the deformation of joints or
twisting of members. Even if differential settlement would not result in significant structural
distress, aesthetic considerations due to a settlement problem may eliminate some walls. A
maximum deviation from plan dimensions during construction of 1 in. in 10 ft is permitted.
An estimate of differential settlement should be supplied by the District's Soil Unit or an
investigation made by the Foundations Unit. The settlement estimate should be made while the
designer is considering various wall types because settlement tolerance may influence the
Designer's decision as to what type of wall to use at the site. The key conditions governing
differential settlement would include the presence of compressible soils, the uniformity of these
soils along the site, the proposed height of additional fill to be placed on these soils, the ground
water level at the site and proposed dewatering systems that will be installed in the area. If the
above conditions are uniform or only change gradually along the length of the wall, then it is
probable that differential settlement along the wall will only be slight. However, if portions of a
wall will bear upon firm soils and other portions bear upon highly compressible soils (with very
little transition distance), then a high amount of differential settlement could be expected and only
walls that can tolerate such deformation should be considered. A better approach is to remove
poor soils.
2.

Construction Limits
Construction limits for all walls are dependent upon whether the wall is retaining a highway
embankment or a cut slope. The construction limits for alternate retaining walls are somewhat
different than those required for conventional concrete cantilever retaining walls. In urban
construction, special consideration may be necessary when buildings and/or underground utilities
are in close proximity to the construction limits of retaining walls. Mechanically stabilized earth
(MSE) retaining walls utilize reinforcing strips or geosynthetic reinforcing that are embedded in
the backfill to a distance of approximately 70 percent of the wall height. Therefore, the
construction limits must be established to include the reinforcement embedment depth plus the
normal setback for the construction excavation slope. See Figure 9-4.03A. A proprietary crib
wall type such as the Doublewal product functions as a mass retaining wall. The required
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excavation and corresponding construction limits are similar to those required for standard crib
wall construction.
3.

9-4.03.03

Utilities
Placement of utilities behind MSE retaining walls should not be considered in the backfill area
that contains the wall reinforcement. Some proprietary wall manufacturers advise that utilities can
be placed in the reinforcement zone and that reinforcing can be cut and spliced, but this is not
allowed on MnDOT walls because of possible damage to such reinforcement during future utility
maintenance operations. However, utilities which are aligned normal to the retaining wall can
usually be spanned without any difficulty.

Design Parameters
1. General
The following requirements shall apply to all designs of alternate retaining walls. In many cases,
these requirements are more restrictive than those promulgated by some proprietary wall
companies. However, alternate walls designed for MnDOT projects must meet these
requirements. Uniform adherence to these requirements will ensure that no company receives an
unfair bid advantage and alternate walls will provide a minimum design life of 75 years. Figures
9-4.02A and 9-4.03A detail these requirements. Some independent testing is required to establish
the allowable design parameters of various combinations of facings and reinforcements for MSE
walls. Plans of alternate walls should be coordinated for checking according to the flowchart
found on Figure 9-4.03B. Special conditions such as those detailed in Figure 9-4.03C require
special consideration by the Office of Bridges and Structures and the Foundations Unit. Tiered
walls cannot replace one large wall without special analysis and changes to yield the same external
safety factors.
2.

Allowable Design Reinforcement Strength
Allowable design reinforcement strength is to be determined according to the methods contained
in the FHWA publication, "Reinforced Soil Structures, Volume I, Design and Construction
Guidelines," and pull-out testing of the reinforcement and facing combination. The facing to
reinforcement connection shall develop at least two times the full allowable design strength of the
reinforcement at an ultimate limit condition and shall develop 1.5 times the full allowable design
strength with no more than 0.75 in. deformation. The facing-to-connection strength shall be
determined by pull-out testing performed by an independent laboratory in accordance with
procedures in appendix A of the Design Manual for Segmented Retaining Walls, by Simac, et. al.
The testing is to be performed at the manufacturer's expense.

3.

Design Earth Pressures
Design earth pressures are related to the type of backfill, elasticity of the reinforcement, and both
magnitude and location of the compaction energy applied during construction. Modeling of earth
pressures for design of MSE walls is detailed in the FHWA Guidelines. Note that the passive
earth pressure from the fill in front of the wall is not normally considered in designs for any
MnDOT retaining wall. This is a conservative design philosophy which allows some excavation
in front of the wall in the future while preserving an adequate safety factor, especially for soil
shear. The minimum safety factors used in the design of MnDOT conventional and alternate
retaining walls are shown in Figure 9-4.03D.

4.

Drainage Considerations
In addition to the clean granular fill specified for all MnDOT retaining walls, provisions for
removal of the water from the fill behind the wall is also required. Walls with a sealed face
require a drainage system located near the bottom of the footing behind the wall. This drain
system should be designed to carry any water which it collects out from behind the wall.
Mechanically stabilized earth walls with open faces generally have their drain located at the base
of the fill behind the reinforced zone to ensure that the fill does not become saturated. As shown
on Figure 9-4.03A, additional drains may be required to intercept drainage from water-bearing soil
seams to prevent the soil in the reinforced zone of MSE walls from becoming saturated.
Water-bearing seams are usually apparent only after a cut slope has been excavated for

SEPTEMBER, 2001

ROAD DESIGN MANUAL (ENGLISH)

9-4(7)

construction of the wall. The joints of walls with open faces need to be backed with a Type I
geotextile designed to allow the passage of water while retaining the backfill. MnDOT’s
experience with MSE walls indicates that an additional layer of coarse backfill adjacent to the
back of the facing is not necessary and, in some cases, hinders construction of the wall. Therefore,
only the Type I geotextile is required behind and against the facing.
5.

Backfill Design Parameters
Design parameters of the backfill are related to the soil type, drainage conditions, and degree of
compaction. MnDOT requires that compaction be in accordance with Section 2105.3F1 of the
MnDOT Specifications, which requires 95 or 100 percent maximum density depending upon the
location behind the wall. Section 7.3C of the Federal publication, Reinforced Soil Structures Design and Construction Guidelines should be followed for additional details on compaction
control. Note that only light compaction equipment is to be used within 3 ft of the wall and that
no sheepsfoot rollers are allowed anywhere behind the wall. The backfill for retaining walls must
meet the requirements given in Figures 9-4.02A and 9-4.03A. An angle of internal friction of
35-degrees may be used to model the MnDOT select granular modified backfill. Contact the
MnDOT Foundations Unit for large scale direct shear testing of proposed soils.
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NOTES:



MINIMUM DEPTH OF BLOCK EMBEDMENTS IS 2 FT.



MINIMUM REINFORCEMENT LENGTH IS 0.7H OR AS REQUIRED BY ANALYSIS. ALL REINFORCEMENT TO
BE THE SAME LENGTH.



4 IN. T.P. DRAIN, MnDOT 3245, WITH A TYPE I GEOTEXTILE, MnDOT 3733. PROJECT ENGINEER SHOULD
HAVE ADDITIONAL DRIANS PLACED TO INTERCEPT ANY WATER-BEARING SOIL STRATA DISCOVERED
DURING CONSTRUCTION.



PAY LIMITS OF STRUCTURAL EXCAVATION.



BACKFILL TO MEET 3149.2B2 MODIFIED TO 10 PERCENT OR LESS PASSING THE #200 SIEVE. 100 PERCENT
MUST PASS THE 2 IN. SIEVE. BOTTOM OF FROST PAD TO BE 4.5 FT BELOW GROUND SURFACE.



ANY SUITABLE BACKFILL.

⑦

ACTUAL EXCAVATION SLOPE IS DETERMINED BY OSHA REGULATIONS AND IN-SITU SOILS;
EXCAVATION BEYOND “LIMITS OF STRUCTURE EXCAVATION” AT CONTRACTOR’S EXPENSE.



TYPE I GEOTEXTIE TO BE PLACED ON BACK SIDE OF FACING BLOCKS.

⑨

OPTIONAL UNREINFORCED, 6 IN. LEAN CONCRETE LEVELING PAD IN LIEU OF AGGREGATE LEVELING

PAD.
PARAPET OR RAILING WITH FENCE MAY BE REQUIRED AT THE TOP.

TYPICAL SECTION
MnDOT MECHANICALLY STABILIZED EARTH RETAINING WALL
Figure 9-4.03A
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ALTERNATE WALL APPROVAL FLOW CHART
Figure 9-4.03B
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EXAMPLES OF WALLS WHICH REQUIRE ADDITIONAL ANALYSIS
Figure 9-4.03C
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MSE WALL EXTERNAL SAFETY FACTORS
Figure 9-4.03D
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9-4.03.04

Material Properties
For alternate retaining walls, the following specifications will govern the materials used in the
construction of the walls. These specifications are established as MnDOT requirements and may be more restrictive
than those required by the wall companies. However, as stated above, applying these requirements for all alternate
walls is in the best interest of MnDOT.
1.

Concrete and Minimum Cover
The minimum concrete cover over reinforcing steel shall be 2 in. on the exposed face and 1.5 in.
on other faces, except for faces cast against earth where the minimum cover is 3 in. The concrete
mix used for concrete footing shall be 1A43 or equivalent. The mix for all exposed concrete shall
be 3Y43 or equivalent.

2.

Wall Backfill
The backfill for conventional retaining walls shall meet the requirements of Spec. 3149.2B2,
granular backfill modified so that not more than 10 percent, by weight, of the portion passing the
1 in. sieve will pass the number #200 sieve. Salvaged bituminous material or crushed concrete
shall not be allowed in the backfill. An additional requirement is placed upon the backfill for
MSE walls; i.e., MnDOT Specification 3149.2B2 modified so that 100 percent passes the 2 in.
sieve and not more than 10 percent, by weight, of the portion passing the 1 in. sieve shall pass the
#200 sieve. Compaction shall be per Specification 2105.3F1. All MSE walls shall have at least
3.5 ft of cover above the bottom of the subcut for frost protection. Unreinforced segmental block
walls less than 6 in. in height without live load surcharge used for landscape applications shall
have at least 4.5 ft of cover above the base course. Other types of retaining walls, such as
reinforced concrete retaining walls, shall have at least 4 ft of cover. Specific design details for
MSE walls are shown in Figure 9-4.03A.

3.

Steel Strap or Bar Stock (Reinforcing Strips)
Steel strap or bar stock shall meet the requirements of Grade 300, ASTM A36 or Grade 50, ASTM
A588 or Grade 65, ASTM A572.

4.

Wire Fabric
Wire fabric shall meet the requirements of ASTM A82 and ASTM 185.

5.

Deformed Bars
Deformed bars shall meet the requirements of ASTM A615 and ASTM A185, Grade 420.

6.

Threaded Fasteners
All threaded fasteners shall meet the requirements of ASTM A276 Type 304 stainless steel or as
approved by the Engineer.

7.

Coil Embed Steel Wire
Coil embed cold drawn steel wire shall meet the requirements of ANSI C1035. The wire shall be
galvanized per ASTM B633.

8.

Coil Bolts
Coil bolts shall be 80-55-06 ductile iron per ASTM A536. They shall be galvanized per ASTM
B633.

9.

Galvanizing
All metal materials shall be galvanized per ASTM A123, unless noted otherwise in the above
requirement.

10. Joint Materials
Type 1 geotextiles, MnDOT 3733, shall be used to cover all joints on the rear face of panels and
applied using pressure sensitive tape. As an alternate, 2 in. x 2 in. foam may be placed in the
panel joints.
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11. Polymer
Polymer reinforcements for reinforcing the soil behind MSE walls shall be reviewed and approved
by the New Retaining Wall Committee (NRC) on a case by case basis. Allowable design strength
shall be established according to the FHWA publication, Reinforced Soil Structures, Volume I. Design and Construction Guidelines, and upon pull-out testing to check the facing to
reinforcement connection strength, which shall have a safety factor of 1.5. Only reinforcements
approved by the NRC may be used in MnDOT retaining walls. Discontinuous geosynthetic sheets
(reinforcement coverage ratio RC <1.0) are not allowed without special approval from the
Foundations Unit, and then only for justifiable reasons and with detailed field inspection.
12. Concrete Masonry Retaining Wall Units
Units shall meet ASTM C 90 Load-Bearing Concrete Masonry Units, Type I modified such that
the minimum required compressive strength shall be 3000 psi for the average of 3 units and
2500 psi for an individual unit. The maximum absorption shall be 6 percent by weight.
9-4.03.05

Retaining Wall Aesthetics
1. General
Retaining walls are one of the key road design elements which provide corridor continuity by
linking together land forms and other highway structures. Therefore, the designer must be aware
of the total impact of retaining walls within the roadway corridor and determine how to treat them
aesthetically so that they blend into their surrounding environment. In addition, the designer
should be conscious of the traveler's view of the walls and the view by those adjacent to the
corridor.
To achieve a visually pleasing transportation corridor, each highway design element should be
coordinated in a complimentary manner. Retaining walls should be designed to reflect good
proportion and balance, paying particular attention to the surrounding environment. Material
selection, color, texture and detailing of wall caps, parapets and railings can enhance retaining
walls. Architectural texturing of surfaces available to the designer range from custom and
standard form liners to individual block units and concrete panels of various shapes and colors,
including entirely vegetated faces. Once designed, the wall system should be uniformly repeated
throughout the highway corridor to establish a strong sense of continuity and balance.
The Site Development Unit of the Office of Technical Support, should be contacted to provide
design recommendations for aesthetic treatments of retaining wall structures.
2.

Design
The design of retaining walls should reflect the public inputs and concerns which are generated
from public meetings during the preliminary design and environmental documentation process.
Retaining wall design or the selection of a retaining wall system should consider the following
design criteria:
a. Corridor continuity
A specific retaining wall system which will physically, visually and aesthetically address the
requirements of a project or design should be identified for each corridor and then be repeated
uniformly throughout the corridor.
b. Engineering
The retaining wall design, or the selection of a proprietary wall system, should be aligned and
structured so that engineering principles are not compromised. Material selection and surface
treatments should be considered to enhance the aesthetic quality of the structure. Cost, while
important in the overall context of a project, should not prohibit or minimize aesthetic
treatments.
c. Proportion
To achieve a strong sense of three dimensional beauty, good proportions between various
parts of a wall are necessary. Height, width and length dimensions should exhibit a balanced
relationship. Textured surfaces and resulting light and dark patterns should reflect visual
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harmony. Surface treatments should convey an impression of balance throughout the
corridor.
Color
A very important aesthetic consideration in the design of retaining walls is color, which lends
a sense of cohesiveness throughout the corridor and stimulates driver and viewer interest.
Color can also be used to relieve monotony, provide contrast and soften harsh looking
structures. Color selection should be based upon color coordination of various design
elements within the highway corridor. It should also allow the wall structures to subtly blend
into the surrounding environment.

The critical factor each designer should be aware of is that from the viewpoint of the traveling public,
retaining walls are often the dominant design feature of a highway corridor. This is particularly true in high density,
urban areas. Retaining wall placement and their aesthetic treatment is a significant design relationship which the
designer must consider if the highway is to be visually pleasing.
9-4.03.06

Traffic Safety Aspects
Although retaining walls are constructed with a primary function to retain earth slopes, thereby
reducing right of way requirements, traffic safety must also be considered. A number of factors should be
considered when designing retaining walls to provide for the safety of the motorist. Factors to be considered are:
- Location of the wall along the roadway
- Wall terminals
a. Along mainline and ramps
b. In gore areas
- Wall facings
- Earth slopes in front of walls
- Guardrail
- Plantings
1.

Location of Wall Along the Roadway
Since retaining walls are located to retain earth slopes in areas of restricted right-of-way, they
generally are located within the clear zone of the roadway. Clear zone is defined as the roadside
border area, starting at the edge of the traveled way, available for safe use by errant vehicles.
Clear zones are discussed in Section 4-6.04. Because the walls are generally located within the
clear zone, care should be taken not to place walls in potentially hazardous conditions.
When steps in the horizontal alignment are used in the wall design, the steps should face away
from traffic. This will avoid protruding angles or pockets facing approaching traffic. If these
obstructions cannot be avoided within the clear zone or where they can be reached by an
out-of-control vehicle, guardrail or other impact attenuators are necessary.
The face of the wall should be capable of deflecting vehicles. If this is not possible, traffic barriers
should be provided. See Item 3 below for a further discussion of wall facings.

2. Wall Terminals
The end of a retaining wall can be a hazard to approaching traffic. To reduce the hazard of the end
of a wall, the designer should consider the following:
a. Along the mainline
When the end of a wall is exposed to approaching traffic within the clear zone area, it should
be considered as another fixed object and protection provided. The protection may be either
in the form of guardrail or a crash cushion.
b. Gore Area
When the end of a wall is located in a gore area, a crash cushion will generally be required.
Since the recovery area is very limited, guardrail is generally not appropriate.
Refer to Chapter 10 for guidance.
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3.

Wall Facing
A smooth surface along a low retaining wall may not be considered a hazard. However, a tall wall
or rough or irregular surface can be a hazard. When it is necessary to provide this type of surface,
protection should be provided in the form of a concrete safety shape (incorporated into the bottom
of the wall) or guardrail should be installed. Wide and deep vertical rustication schemes should be
avoided in the lower 3 ft of the wall. Horizontal stepping that creates corners and protrusions of 3
in. or more are considered hazards.

4.

Earth Slopes and Curbs in Front of Walls
Slopes in front of retaining walls should be as flat as possible. A 1:4 slope will provide a slope that
can be readily maintained and provide a traversable slope to a wayward motorist. A 1:3 slope
should be considered as the steepest slope that should be used. See Section 4-6.0 for a further
discussion of roadside slopes.
The use of curbs is discussed in Section 4-4.04. Curbs in front of retaining walls should be
avoided whenever possible. As discussed in Section 4-4.04, vehicles striking a curb may vault
and become unstable prior to impacting the wall.

5.

Guardrail
When a guardrail is to be installed in front of a retaining wall, the designer should consider the
design deflection of the guardrail and provide enough distance between the guardrail and wall to
absorb the design deflection. Also, if curbs are located in front of the wall, the guardrail should be
placed flush with the face of curb.
When transitioning from a guardrail to the end of a retaining wall, the same type of problem as
transitioning to a bridge rail occurs. The same transition treatment used at a bridge should be used
at the retaining wall. See Chapter Ten for further details on guardrail installations.

6.

9-4.03.07

Plantings
Although plantings in connection with a retaining wall may be desirable to improve the aesthetic
effect of the wall, safety must also be considered. Large plantings, i.e., trees which may become a
hazard to traffic, should either be avoided or located where an errant vehicle cannot reach them.
Sight distance restrictions also apply to plantings. Plantings should not be located in critical areas
such as sight distance corners and gores. Planting receptacles should also be located away from
traffic (outside of the clear zone). Plantings requiring considerable maintenance should be
avoided since the maintenance crew and their vehicles may become a hazard to traffic.

Acceptance Procedure
1. Wall Selection Procedure for Specific Projects
a. The flowchart in Figure 9-4.03B delineates the procedure for inclusion of alternate retaining
walls into MnDOT projects. The intent of this procedure is to use the principles of Total
Quality Management by empowering the District Designers to control the selection of
retaining walls for their projects. The Office of Bridges and Structures, the Site Development
Unit of the Office of Technical Support, and the Foundations Unit of the Office of Materials
and Road Research will serve as resources to support the District Designers. When the
District Designers determine that an alternate retaining wall is desirable on a project, the
District should assemble specific project information into a packet to be supplied to the
retaining wall companies and to the personnel within MnDOT who will be providing review
services to the District. This packet should include site considerations such as: (1) proposed
wall height, (2) soil conditions, (3) ground water levels, (4) wall alignment, (5) plan views of
location of walls on project, (6) slopes, (7) anticipated loading conditions, (8) utilities behind
and under walls, (9) aesthetic requirements, and (10) any other criteria pertinent to the design
of the walls. The District should clearly indicate their design criteria.
b. The retaining wall companies may then submit designs for alternate walls to the Districts.
The retaining wall companies must prepare their plans in accordance with the design criteria
established in this section of the manual. The Districts should forward designs which meet
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their design criteria to the Office of Bridges and Structures for structural checking. The
packet of information supplied to the manufacturers should accompany the design submittals
to the Office of Bridges and Structures. The Office of Bridges and Structures needs complete
plans and shop drawings to check the designs. The designs will be checked in accordance
with the FHWA Guidelines for Reinforced Soil Structures and other appropriate design
standards such as the AASHTO Manual and MnDOT design criteria shown on Figures
9-4.02A and 9-4.03A.
After the plans and shop drawings have been checked for structural adequacy, the plans for
alternate retaining structures can be incorporated into the project plans by the District prior to
the letting.
Note that inclusion of plans for alternate walls into project plans requires at least 6 months
prior to the letting. The District and manufacturers of alternate retaining wall systems are
encouraged to make the required plan submittals and necessary changes in a timely manner.
The NRC in cooperation with the District personnel will follow-up after completion of the
project with performance reviews to monitor the long-term performance of the alternate
retaining wall designs.
In the case where MnDOT is designing an alternate style of wall for a special situation, the
District should submit the packet of project information directly to the Office of Bridges and
Structures.

New Types of Walls
In order to provide a uniform, structured approach to the Department's evaluation of new retaining
wall products, a New Retaining Wall Committee (NRC) has been established to recommend
actions to be taken regarding the use of proprietary retaining walls. The NRC is charged with the
responsibility of providing a general and fair evaluation of any new proprietary retaining wall
product that is brought to the attention of the Department. The composition of the NRC and its
general operating procedures are described as follows:
a. Composition of Committee
1) Structural Standards Engineer, Chairman
2) Foundations Engineer
3) Bridge Design Engineer
4) Design Standards Engineer
5) Site Development Landscape Architect
6) District Design Engineer
7) Bridge Design Unit Engineer
b. Technical Assistance for NRC
The technical expertise that exists in any of the offices in the Department is available to the
NRC on an as-needed basis and may be called upon by the Chairman of the NRC to
participate in a review and/or investigation.
c. General Operating Procedures
1) Information received from any source (whether internal or external) concerning a new
retaining wall product shall be referred to the Chairman of the NRC.
2) The Committee shall meet on a periodic basis as appropriate to hear presentations by
vendors regarding new retaining wall products and systems.
3) The Chairman shall decide on the need for a task force review, office review or other
type of review,and will take the necessary steps to initiate the appropriate review of the
retaining wall products.
4) After hearing presentations by vendors and receiving recommendations from appropriate
Department experts, the Committee shall determine the appropriate use and limitations, if
any, for use of the retaining wall system on MnDOT projects.
5) The NRC will develop design assumptions and guidelines for use of the acceptable
proprietary walls.
6) The NRC shall make its findings known by reporting to the Final Design Advisory
Committee, Bridge Research & Development Committee and publish findings in the
Design Scene and, if appropriate, in this manual.
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Approved MSE Retaining Wall Systems
Presently, a considerable amount of testing has been performed for the manufacturers of segmental
retaining wall blocks and earth reinforcements. These tests have been submitted to the NRC for review. Most tests
meet the criteria set by the NRC; these retaining wall systems are included in the list of approved systems
maintained by the Assistant Foundation Engineer. Other MSE retaining wall systems will be approved on a
case-by-case basis. The same tests will be required for approval on a case-by-case basis. All tests are to be
performed at the manufacturer's expense by an independent laboratory or University approved by the NRC.
Designers are encouraged to select alternate retaining wall systems from the approved list because the
checking and approval process will be much simpler for all parties. Designers are also encouraged to include at
least three alternate MSE systems in their plans when they choose to allow the use of alternate walls on MnDOT
projects.
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9-5.0

MISCELLANEOUS STRUCTURES
Certain other structures which are designed by the Office of Bridges and Structures include foundations,
tunnels, utility bridges, vaults and other underpass structures. Discussion here is limited to those subjects which are
used with regularity. Other subjects which are designed by the Office of Bridges and Structures are discussed in
Chapter Eleven, "Special Designs."
9-5.01

Foundations for Signs, Signals, and Illumination Poles
The steel structures for major signs, luminaires, and traffic signals are usually standard items, designed
by the manufacturers and approved for use by the FHWA and the appropriate Department offices. Most foundations
for these appurtenances and standard designs are approved for the usual conditions. These are shown in the Standard
Plates Manual in the 8000 series.
Foundation structures for high-mast lighting, large signs or other heavy steel supports are usually
designed by the Office of Bridges and Structures. The designer should be aware of the dimensions to avoid conflicts
with new or existing underground installations and the potential hazards for vehicles if the foundation is within the
clear zone.
9-5.02

Utility Bridges and Vaults
A bridge or underground conduit is occasionally required for a utility crossing the roadway. These
structures should conform in appearance, location, excavation and markings to the bridge and culvert practice of
MnDOT. If there is a possibility that several utility crossings will be required, the cost of a bridge or tunnel may be
less than for several untrenched or separately encased pipelines.
If a tunnel or bridge is constructed to provide a crossing for more than one type of utility, provisions
shall be made to isolate mutually hazardous utilities, such as fuel and electric lines, by compartmentalizing or by
auxiliary encasement of incompatible carriers.
To the extent possible, utility line crossings of the highway should cross on a line normal to the
highway alignment. Bridges should be designed to conform with the clear zone policies applicable for the system,
type of highway, and specific conditions for the particular highway section involved. Minimal vertical clearance
requirements shall be the same as for other overhead crossings based upon the type of highway involved.
Utility vaults may be required within the right of way for underground connections, valving and
monitoring equipment. Vaults are underground enclosures which contain utility equipment which must have ready
access. When these facilities are required, the utility company will design the vaults in accordance with their needs
and meeting the design criteria of the Department. When these vaults are located underneath or in close proximity to
the roadway, they must be designed to withstand the design loading for the roadway.
General requirements and policies governing utility coordination and design are found in Section 11-7.0.
9-5.03
9-5.03.01

Tunnels
General
The development of a highway may require the design of segments in tunnels to carry the highway
under or through a natural obstacle or to minimize the impact on the immediate area. Areas which warrant the
consideration of tunnels include:
1. Long, narrow ridges where a cut section may be costly because of the difference in elevation.
2. Limited rights of way where most of the surface area is required for other purposes.
3. Large intersection areas or a series of adjoining intersections on an irregular or diagonal street
pattern.
4. Railroad yards, airport runways, ship channels or similar facilities.
5. Parks or major buildings, either existing or planned.
Two types of tunnels can be constructed. Tunnels constructed by mining methods do not remove the
overlaying rock or soil and can be classified according to the character of material to be excavated (e.g., hard rock or
soft ground). The second type of tunnel is constructed using either the cut-and-cover method or the trenching
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method. The most common type of tunnel construction in urban areas is the cut-and-cover method because it is
generally the most economical for shallow depths.
9-5.03.02

Design Considerations
Tunnels are very expensive structures to build and maintain. Because of their cost, they should be
designed to be as short as possible. Keeping the tunnel on a direct alignment will minimize its length and improve
operating efficiency.
Grades in tunnels should be determined on the basis of driver comfort. If the grade is too steep, the
driver will feel uneasy and drive at a slower speed. However, in most cases grade will also determine the total length
of the tunnel. Because cost varies directly with length, an economic balance must be established.
The designer should try to eliminate conditions within the tunnel which distract the driver. For
example, guide signs within a tunnel should be avoided. Exit ramps should be located a sufficient distance
downstream from the tunnel exit portal to permit any required signs to be placed between the exit portal and the exit
ramp. There should be no merging, divergence or weaving in a tunnel. Forks and exit and entrance ramps should be
avoided within any tunnel.
Tunnels which carry divided highways should be provided with median crossings. These crossings
should be spaced at appropriate intervals, depending on the length of the tunnel, to allow emergency vehicles access
from the opposite lane. Other emergency services should also be provided in the tunnel as well as at the entrances.
Such facilities should include fire hydrants, fire alarms, emergency lighting, and 2-way communication systems.
In terms of clearances, tunnels are similar to grade separation structures. The same standards for
alignment and profile should be followed wherever practical. However, tunnel construction is so infrequent and
costly that the width of pavement and horizontal clearance should be considered on an individual basis. Normally,
the minimum horizontal clearance on high-volume multi-lane roadways in urban areas shall be the full approach
width plus a 2.5 ft safety walk. Consideration should be given to providing additional lateral space for emergency or
disabled vehicles. The minimum vertical clearance shall be 16 ft-4 in. at any point over the traveled way.
9-5.04

Underpass Structures
There are two types of underpass structures besides tunnels which may be required to provide crossing of
the roadway. Livestock underpasses are provided at locations where the roadway divides contiguous agricultural
areas. Pedestrian underpasses are constructed in urban or rural areas where pedestrian/roadway grade separations are
required and pedestrian overpasses are not possible.
9-5.04.01

Livestock Underpasses
In rural areas where the roadway has divided farms or pasture areas, cattle and horse passes will be
designed to provide farm access in accordance with the right of way agreement. The standard design for a cattle pass
should consist of either a reinforced precast concrete culvert with an opening 4 ft wide by 5 ft or 6 ft high or a
deformed metal culvert 4.5 ft wide by 6 ft high. The standard design for a horse pass should be a deformed metal
culvert approximately 5 ft wide by 6.5 ft high. However, the designs should be in accordance with the 3000 series of
the Standard Plates.
If unusual conditions clearly indicate the need for a larger cattle or horse pass, full details concerning
the proposed clearance requirements, right of way considerations, drainage conditions, comparative costs and any
other pertinent data shall be submitted to the Office of Bridges and Structures for their design. No design effort
should be expended for any size cattle pass greater than the standard without approval of the Office of Bridges and
Structures.
9-5.04.02

Pedestrian Underpasses
A pedestrian underpass may provide thoroughfare for walkers, bikers, skaters, and/or snowmobilers.
The standard design should consist of a 14 ft wide by 12 ft high precast concrete box culvert.
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CHAPTER 10
TRAFFIC CONTROL DEVICES AND TRAFFIC BARRIERS
10-1.0

INTRODUCTION
The purpose of traffic control is to promote highway safety by providing for orderly and
predictable movement of all traffic throughout the State's highway transportation system. Traffic control devices,
barriers, etc., are used to direct and assist vehicle operators in safely traversing any facility open to public travel.
There are a number of behavioral characteristics and situations which can be controlled to enhance safety.
10-1.01

Vehicle Path
Vehicle path is controlled directly by the driver, aided visually by signs and markings and physically
by curbs, islands and barriers.
10-1.02

Vehicle Speed
Vehicle speed is controlled by the driver, but is standardized to fit the location by regulatory and
warning signs, laws and enforcement. While road segment speed is regulated by coordinated signs, road condition
and enforcement generally prevail.
Speed regulations and speed limits restrain a driver's freedom to drive at any speed he wishes. If
drivers do not recognize particular speed limits as being reasonable, the limits will be disregarded and will become
ineffective.
10-1.03

Vehicle Conflict
Vehicle conflict areas occur when driver indecision, speed and traffic volume combine to raise the
potential for collision. The objective of traffic control devices and roadway design is to minimize conflict.
10-1.04

Operational Controls

10-1.04.01

After Construction
After construction is completed, the control devices installed as part of the project should move
traffic safely through intersections or on an open road. The operational characteristics of the completed project
should be observed and adjustments made to signal timing or signing, as necessary. These latter functions are the
responsibility of the District Traffic Engineer.
10-1.04.02

During Construction
During construction, traffic control devices are generally the responsibility of the Contractor, or
the Maintenance Engineer if the project is being constructed by maintenance forces. The control devices used
during the construction phase are prescribed by the references listed in Section 10-10.0.
10-1.05

Traffic Laws and Regulations
Laws are official statutes of the State and are necessary for the proper functioning of traffic control
devices. A regulation is an enforceable rule promulgated by the Commissioner. Specific laws pertaining to traffic
control can be found in the revised Minnesota Code.
10-1.05.01

Rules and Regulations
The most common rules and regulations of concern to the Department are those regarding;
1. Signs, signals and markings,
2. Speed restrictions,
3. Passing restrictions,
4. Parking prohibitions,
5. Through highways,
6. Load limits,
7. Lane-use controls,
8. Advertising restrictions,
9. Restrictions of certain classes of traffic such as pedestrians, bicycles and animals,
10. Right-of-way and access control, and
11. Rules of the road.
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Warranting Procedure for the Use of Explicit Controls
To be effective, a traffic control device should meet five basic requirements. They are to:
1. Fulfill a reasonable need,
2. Command attention,
3. Convey a clear, simple message,
4. Command respect, and
5. Give adequate time for a proper response.

For regulatory devices, the actions required of vehicle operators and pedestrians are specified by
State statute, local ordinances or resolutions that are consistent with national standards. Specific warrants for
installation of explicit controls are prescribed in the Minnesota Manual on Uniform Traffic Control Devices (MN
MUTCD).
10-2.0

RULES OF THE ROAD

In addition to explicit controls, there are driver behavior patterns which have become typical in
this country. Most drivers expect other drivers to behave in a predictable manner according to the rules of the road.
Designers should be aware that the rules of the road influence driver expectancy, and the use of traffic control
devices should reinforce that expectancy.
10-2.01

Vehicle Position
The running position for a vehicle on a two-lane roadway will be in the right-hand lane except for
maneuvers. A maneuver is a passing maneuver, change in direction at an intersection or an evasive movement to
avoid contact with anything in its path. On a multi-lane facility the usual running position for a vehicle will be in
the right-hand lane except for passing maneuvers.
10-2.02

Yield Conditions
A driver will normally yield the right-of-way to:
1. Vehicles approaching from the right at uncontrolled intersections,
2. Overtaking vehicles,
3. Pedestrians in crosswalks, and
4. Emergency vehicles.

10-2.03

Speed Factors
The driver's choice of speed will be affected by:
1. Roadway geometrics,
2. Weather,
3. Traffic (motor vehicular, pedestrians and other modes),
4. Roadway conditions,
5. Vehicle characteristics, and
6. Posted speed zones.
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MARKINGS AND DELINEATORS
There are five general types of markings in-use;
1. Pavement markings,
2. Object markings,
3. Delineators,
4. Colored pavements, and
5. Barricades and channelizing devices.

The Minnesota Manual on Uniform Traffic Control Devices (MN MUTCD), the MnDOT Traffic
Engineering Manual and Technical Memoranda set forth allowable limits, alternatives and specific standards for
these markings. The District Traffic Engineer’s office can provide guidance.
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SIGNS

Signing standards and guidelines for permanent and temporary signs are contained in the
Minnesota Manual on Uniform Traffic Control Devices (MN MUTCD), the MnDOT Traffic Engineering Manual
and the MnDOT Standard Signs Manual.
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SIGNALS

10-5.01

Vehicular Traffic Control

10-5(1)

10-5.01.01

General
Highway traffic signals are generally grouped into traffic control signals, pedestrian signals and
other highway traffic signals. Signals can operate to the advantage or disadvantage of the vehicles and persons
controlled. Traffic control signals should control traffic only at the intersection or mid-block location where the
installation is placed. There are two types of traffic control signals, pre-timed and traffic-actuated. Signal warrants
are discussed in the MN MUTCD in the signal section.
10-5.01.02

Signal Design and Coordination
The selection, location and placement of traffic signals and related equipment such as loop
detectors, cabinet and service equipment pads, hand holes, conduit and cable are determined by the use of manuals
[MN MUTCD, MnDOT Traffic Engineering Manual, MnDOT Signal Design Manual (latest edition; web address:
http://www.dot.state.mn.us/trafficeng/publ/index.html)] and by the expertise and current practices of traffic
engineering design, operations and field personnel.
Signal equipment design, installation and maintenance are the responsibility of the Office of
Traffic Engineering, the District Traffic Engineer, or the Electrical Services Section..
A thorough engineering study of roadway and traffic conditions, resulting in an Intersection
Control Evaluation (ICE), is made prior to any signal installation.
Although road designers do not generally become involved in the selection and location of signals,
they should keep the possibility or presence of signals in mind during the design process because:
1.
The need for signalization at an intersection affects the design of islands, channelization, curb
cuts (pedestrian ramps), corner radii and other features.
2.
During construction, temporary signals may be needed to control traffic, either on the route being
constructed or along a route to which traffic is being diverted.
3. Minor signal work may be required by mill and overlay, bridge re-deck and bridge approach
panel projects. This normally consists of loop detector replacement and the possible adjustment
or relocation of hand holes (pull boxes).
4. Roadway construction may provide the opportunity to lay conduit or place other signal
equipment easily and inexpensively to meet future signalization needs.
Any questions regarding signalization should be referred to the District Traffic Engineer.
Designers must be in contact with signal design personnel in order to incorporate signal-related
work into their plans.
10-5.02

Pedestrian Signals
Pedestrian signal indications are traffic signal indications used to control pedestrian traffic. They usually
consist of pedestrian push buttons and indications with a steady walking person symbol, a flashing upraised
hand with a countdown timer, and a steady upraised hand. MnDOT installs accessible pedestrian stations
(APS) at all new and reconstructed signals to be ADA compliant. Pedestrian signals are usually installed in
conjunction with vehicular traffic signals.

10-5.03

Other Signals
Other types of signals include flashing beacons, pedestrian hybrid beacons, advanced warning
signals, lane-use control signals, movable bridge signals, emergency-traffic control signals, railroad crossing signals,
one-lane, two-way facility signals, freeway entrance ramp control signals and portable signals.
10-5.03.01

Flashing Beacons
Flashing beacons can provide traffic control when used in an intersection, be used at mid-block
crosswalks, at non-signalized intersection, to supplement certain regulatory signs, and to warn of obstructions in or
adjacent to the roadway.
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10-5.03.02

Advanced Warning Flashers (AWF)
AWF's are part of the intersecton traffic control signal and alert drivers when the green indication
of the traffic control signal they are approaching is about to terminate.
10-5.03.03
Lane-Use Control Signals
Lane-use control signals are special overhead signals with indications used to permit or prohibit
the use of specific lanes. Supplementary signs are often used to explain their meaning. The common indications are
a downward green arrow, a yellow "X" and a red "X".
10-5.03.04

Movable Bridge Signals
Movable bridge signals and gates are used to stop traffic for temporary roadway closures, rather
than to alternately assign right-of-way to conflicting traffic movements. They are controlled by the bridge tender in
coordination with the movable span.
10-5.03.05

Emergency Traffic Signals and Hybrid Beacons
Emergency traffic signals is typically in front of or near a building where there wouldn’t normally
be a signal, but where one is needed to allow emergency vehicles to safely access to the road by giving them the rightof-way. An emergency hybrid beacon is a special type of traffic signal system used to warn travelers and assist the
emergency vehicles with safely entering the roadway. These systems are typically installed mid-block and because
they go dark when at rest, they are not considered a traffic control systems.
10-5.03.06

Railroad Crossing Signals
Railroad crossing signals and gates are used to stop traffic at railroad-highway grade crossings
during the approach or presence of a train. These signals may be coordinated with nearby intersection control
signals.
10-5.03.07

One-Lane, Two-Way Facilities
One-lane, two-way facility signals are used to alternately allow opposing flow vehicular
movements onto a shared single lane. Some permanent locations exist, but many are temporarily created due to
construction or maintenance activities on bridges or other roadway sections.
10-5.03.08

Freeway Entrance Ramp Control
Freeway entrance ramp control signals (ramp meters) are used on ramps to limit or meter the rate
at which vehicles are allowed onto the freeway and to provide bypass advantages to buses and car pools. The
purpose is to increase freeway capacity and flow and to reduce merging accidents.
10-5.03.09

Portable Signals
Portable signals are used for temporary conditions such as in a construction zone where a
temporary bypass is located.
10-5.04

Emergency Road Closing Gates
Emergency road closing gates are being employed in some areas of the State to be used in the event
of major winter storms or natural disasters such as floods and tornados. MnDOT has not established standards for
these devices. Contact the Office of Maintenance for guidelines on emergency road closings and for information on
areas using emergency road closing gates.
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LIGHTING

10-6.01

Roadway Lighting
Roadway lighting guidelines are found in the Traffic Engineering Manual, Chapter 10.
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10-6.02

Pedestrian and Pedestrian/Roadway Illumination
Pedestrian walkway and bikeway lighting may not increase the capacity of pedestrian facilities,
but its value to the safety and security of pedestrians is considerable. Pedestrian walkway and bikeway illumination
guidelines are found in An Informational Guide for Roadway Lighting, published by AASHTO and the American
National Standard Practice for Roadway Lighting, published by the Illuminating Engineering Society of North
America.
Consult the Office of Traffic Engineering or the District Traffic Engineer with questions regarding
lighting.
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10-7.0 TRAFFIC BARRIERS

The following is a discussion of the MnDOT design guidelines for roadside and median barriers. For
further information, refer to the current AASHTO Roadside Design Guide.
10-7.01

Roadside Barriers

10-7.01.01

Service Requirements and Performance Criteria
Roadside barriers are protective devices for redirecting an errant vehicle from a dangerous path. The term
"guardrail" refers to those barriers normally installed along the side of the road to prevent a vehicle from colliding with an
obstruction or taking a perilous, off-roadway course where recovery of vehicle control is not reasonably possible. Briefly
summarized, guardrails should effectively perform the following functions:
1. Prevent a "standard" vehicle from climbing over, breaking through or wedging under the installation.
2. Prevent or reduce the severity of a collision with a fixed object.
3. Minimize the departure angle of a redirected errant vehicle to reduce the likelihood of a secondary
collision with following or adjacent vehicles.
4. Achieve these objectives while minimizing damage to the vehicle and injury to the occupants.
5. Protect abutting property owners and users from vehicle encroachment where there is a high
likelihood of vehicles leaving the roadway.
Performance criteria for guardrail systems are established by AASHTO. The current criteria are found
in the Manual for Assessing Safety Hardware (MASH) and National Cooperative Highway Research Program (NCHRP)
Report No. 350, Recommended Procedures for the Safety Performance Evaluation of Highway Features. These reports
establish the tests required to evaluate the occupant risk and structural integrity of the systems as well as the post-impact
behavior of the vehicle for a variety of vehicle masses at various speeds and impact conditions. Systems must meet the
current criteria in order to be used on our Trunk Highway System.
10-7.01.02

Project Considerations for Guardrail
There is no analytical way of precisely determining whether guardrail is needed in a given situation.
Some guidelines and methodologies have been developed, but these must be supplemented with good engineering
judgment. Remember that guardrail itself is a formidable hazard and should not be installed unless it will reduce accident
severity. Guardrail should be installed discriminately and only when it is not feasible to remove or relocate the hazardous
condition or when it is determined that the object is more of a hazard than the barrier itself.
When highway improvement projects are being designed for existing highways, an effort should be
made to reduce the number of hazards in order to reduce the amount of guardrail. While it may not always be feasible to
eliminate guardrail along existing highways by flattening side slopes to create a recovery area, this technique should
receive consideration in designing safety improvement projects. Another suggested method for eliminating guardrail is to
lengthen culverts so that the culvert end is outside of the clear zone. When considering the need for guardrail, the
following questions should be considered:
1.
2.
3.
4.
5.

Can the hazard be removed?
Can the hazard be relocated?
Can the hazard be made with a breakaway design?
Can a crash cushion be used rather than guardrail to protect the hazard?
Is the guardrail a greater hazard?

If the answer is "no" to all of these questions, then guardrail should be used.
Hazards that may warrant guardrail fall into these general categories: adverse geometrics such as sharp
curves, high embankments and steep side slopes existing alone or in combination; fixed objects such as bridge piers,
abutments, footings, walls, head walls, posts and trees; and other roadside hazards such as rock cuts, large boulders,
permanent water over 2 ft deep, drop-offs and trees along the roadside. Where hazards exist within the median of divided
highways, guardrail installations are as important as those along the outside of the roadway.
Guardrail is generally not required where speeds are less than 40 mph. Engineering judgment must be
exercised in the application of this guideline with regard to hazardous locations in these areas.
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The use of guardrail with curb is discouraged. Crash tests have shown that the use of guardrail over
curb where high-angle, high-speed impacts are likely can result in a vehicle vaulting the guardrail due to the trajectory of
the vehicle and the dynamic deflection of standard line barrier. Even at moderate speeds and shallow impact angles, these
curbs can induce vehicle vaulting which can result in the vehicle striking the guardrail while it is airborne. If guardrail
must be installed where there is a curb, the curb should be a mountable type, as defined by AASHTO, and not over 4 in.
high, and the guardrail, ideally, should be placed parallel to the face of the curb with the front face of the barrier at the
front face of the curb.
Guardrail should be located as close to the hazard as possible while maintaining the required distance
between the guardrail and the hazard. See Section 10-7.02 for design deflections or working widths for various barriers.
In addition, the slope criteria in Section 10-7.01.03 and 10-7.03 should be maintained in front of the guardrail.
10-7.01.03

Adverse Geometrics
Height of embankments, steepness of side slopes and sharpness and direction of curvature are all
elements contributing to the consequences of accidents involving vehicles inadvertently leaving the roadway. The need
for guardrail depends on the extent to which these factors contribute to crash severity. The need for shoulder guardrail
along embankments must be rationalized by evaluating whether the chance of "riding out" an over-the-embankment path
would be less damaging than striking the guardrail. As a guideline, the equal severity curve shown in Figure 10-7.01A
should be used for embankment slopes. Combinations of embankment height and slope plotting above and to the right of
the curve indicate a need for guardrail. Combinations plotting below and to the left of the curve indicate conditions are
less likely to be severe without guardrail. However, other factors contributing to accident severity, such as hazards
located either on or at the toe of the slope, should be taken into consideration.
As a general rule, a roadside barrier should not be placed on slopes. However, it is acceptable if
guardrail is warranted on broken-back or barn roof slopes (1:6 or flatter slopes and then a steeper slope) to locate the
guardrail near the break point between 1:6 and steeper slopes to provide more recovery area. However, the barrier should
not be located between 2 ft and 14 ft from the edge of the shoulder because of possible vaulting due to the slope break.
See Figure 10-7.01B.
Horizontal curves alone normally do not warrant shoulder guardrail. Guardrail protection, however,
should be considered along the outside edge of curves that are minimally acceptable for the design speed or for isolated
curves of 3 degrees or sharper when there is an inadequate run-out area beyond these curves. Curves in conjunction with
high embankments and steep slopes are potentially more dangerous than curves alone.
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WARRANTS FOR GUARDRAIL ALONG FILL SECTIONS
Figure 10-7.01A
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ROADSIDE BARRIER LOCATION ON TYPICAL BARN TOP SECTION
Figure 10-7.01B
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10-7.01.04

Fixed Objects
Guardrail is warranted in advance of any fixed object located within the clear zone, provided the object
is potentially more damaging than the guardrail if struck by a vehicle and the object cannot be feasibly removed or
relocated. Objects such as supports for lights and sign posts equipped with breakaway devices do not require guardrail.
Likewise, minor wood posts (less than 50 in2) or other objects likely to inflict less damage than guardrail do not require a
guardrail installation. Table 10-7.01A summarizes guidelines for protecting fixed objects.
Traffic signals are considered to be fixed objects. However, the potential hazard of fallen traffic signals,
cables or mast arms may be as serious a safety problem as non-yielding roadside obstructions. Therefore, supports for
overhead signals, either mast arms or span wire, should not be breakaway. Overhead signal supports should be located as
far as practicable from the roadway. Signal design criteria established by the MN MUTCD must take precedence. Traffic
signals are usually not protected by guardrail against collision. The decision to protect must be based on engineering
judgment. Remember, the installation of a roadside barrier greatly increases the target area for an errant vehicle, reduces
the lateral clearance and poses special problems at its’ terminal ends.
Another fixed object for which it may not be appropriate to provide guardrail protection is a railroad
signal installation. It is questionable whether guardrail protection for all railroad signals is in the best safety interest of the
traveling public for several reasons; the guardrail itself is an obstacle, it could possibly prevent a driver from taking last
second evasive action into the shoulder area to avoid hitting a train, it cannot be placed across the tracks to protect errant
vehicles approaching the signal from opposing lanes and it is difficult to provide a crash-worthy end on the track side of
the installation (i.e., it can create a blunt-end hazard to traffic from opposing lanes). Therefore, in many cases it may not
be appropriate to install signal protection unless guardrail placement is deemed necessary for other hazards such as high
embankment, poor alignment, etc. However, on divided highways where there will be more exposure and the need for a
crash-worthy end at the tracks does not present a problem, guardrail may be justified on a site-by-site basis.
Table 10-7.01A
GUIDELINES FOR PROTECTION OF FIXED OBJECTS
Fixed Objects Within Clear Zones1

Traffic Barrier Warranted
Yes

2

Sign, traffic signal and luminaire supports
a) Breakaway or yielding design with linear impulse:3
1) less than 1,100 lb-sec
2) greater than 1,100 lb-sec

X
X4

b) Concrete base extending 4 in. or more above ground
Fixed sign bridge supports

X
X

Bridge piers and abutments at underpasses
Bridge barriers on overpasses

X

Retaining walls and rock cuts (if wall is not smooth) and
culverts
Trees with diameter greater than 6 in. or lines of trees
Wood poles or posts with area of 50 sq. in. or greater
1.
2.
3.
4.
5.

No

3

X
X4
X4, 5

Fixed object should be removed or relocated so that a barrier is unnecessary, if practical.
See write-up on signals, Section 10-7.01.04.
Breakaway or yielding design is desirable regardless of distance from through lane.
A judgment decision.
In addition, consideration should be given to drilling wood poles to reduce the cross section of the posts with area
greater than 30 sq. in. but less than 50 sq. in.

10-7(6)

MnDOT ROAD DESIGN MANUAL

BRIDGE APPROACH BARRIER CRITERIA
Figure 10-7.01C
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10-7.01.05

Clear Zones
The roadside clear zone is the distance from the edge of the traveled way or traveled lane, including the
shoulders, a recoverable slope and/or a clear zone runout area, which should be free of any non-traversable hazards or
fixed objects. In general, hazards within the clear zone which cannot be removed, relocated or made breakaway will
warrant guardrail. A detailed description of clear zones is given in Chapter 4.
A bridge barrier is one object that cannot be removed or relocated outside of the clear zone. A bridge
barrier normally warrants guardrail. The standard plate-beam guardrail approach treatment used at bridges is detailed in
the Standard Plans Manual, series 600. These designs should normally be used for approach ends of bridges on divided
highways and both ends of bridges on two-way highways, see Figure 10-7.01C, unless the bridge is located at a site that
meets all the following criteria:
1. The bridge is located within the limits of a municipality.
2. The bridge site is located where design speeds are less than 40 mph.
3. The roadway is either an urban section with curbs and sidewalk berm or a rural section in which the
bridge width equals or exceeds the width of the roadway inclusive of shoulders.
Wherever semi-rigid barrier joins a rigid bridge barrier, a crash worthy transition is needed. This
produces a gradual stiffening of the approach to the bridge barrier to protect against vehicle pocketing, snagging or
penetration of the system and is accomplished by double-nesting of the guardrail and gradually reducing the post spacing.
Crash-worthy transitions are required at all new bridges, as well as at bridges on which the bridge barriers
are reconstructed, when the design speed is 40 mph or greater. For preservation projects, consult TM 17-07-TS-02 “WBeam Guardrail Upgrade Considerations for Preservation Projects” for guidance on evaluating the existing transition.
Approved transitions are shown in the Standard Plans Manual, series 600.
Bridges in high-speed locations with pedestrian traffic require special consideration. If possible, where
positive separation of pedestrians and vehicles is provided, the pedestrian traffic should be routed away from the guardrail
terminal. If rerouting pedestrian traffic is not possible, a non-extruding end treatment should be considered.
Guardrails should also be provided at approaches to barrier walls that are within the clear zone. The
criteria used for design is the same as that used in providing guardrails at bridge approaches.
10-7.01.06

Roadside Hazards
Roadside hazards are non-traversable features usually flanking the roadway for some distance and are
potentially damaging for out-of-control vehicles. Examples are rough rock cuts, large boulders, permanent water of 2 ft
or more in depth. Guardrail should be provided along the shoulder or off the shoulder and closer to the hazard whenever
such hazards are located within the clear zone. Where such parallel hazards exist in the proximity of the roadway but
outside of the clear zone, guardrail may be warranted if the relative risk is high, such as being a hazard located on the
outside of a curve.
10-7.02

Selection of Barrier Type
Certain types of barrier are selected for specific purposes. The standard types in use by MnDOT and
their general areas of application are discussed below.
10-7.02.01

Structural Plate-Beam Guardrail
The W-beam is the most commonly used plate-beam guardrail or barrier in Minnesota and the rest of
the nation. It derives its name from the shape of the plate beam. W-beam guardrail is a semi-rigid system on steel posts.
In this type of system, impact is resisted by a combination of bending and tension of the rail acting with the posts and
limiting lateral deflections. Reduced deflections can be achieved by methods such as nesting of the rail, which consists of
two stacked pieces of plate beam, and/or reduced post spacing. (See Table 10-7.02A).
The Type 31 Guardrail System (MGS) is a non-proprietary steel post, W-beam guardrail system that has been successfully
crash tested per MASH TL-3 criteria. The Type 31 Guardrail System uses a typical W-beam guardrail with:
• 31 in. top of rail mounting height with a 2 in. up tolerance and a 1 in. down tolerance.
• 6 ft long W6 × 9 steel posts.
• 6 in. × 12 in. routed or non-routed wood blockouts or composite blockouts.
• 12-gauge rail with rail splices at the center of the span location.
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Table 10-7.02A ESTIMATED WORKING WIDTH *
FOR
TYPE 31 W-BEAM GUARDRAIL
Type 31 with 6 ft-3in. post spacing
Modified 3 ft-1½ in. post spacing
Modified 1 ft-6¾ in. post spacing
Type 31 with 6 ft-3 in. post spacing at the break point of the 1V:2H slope
and 9 ft long posts.

5 ft.
3 ft-7 in.
3 ft.
5 ft-3 in.

*Working width is defined in MASH as the distance between the traffic side of the guardrail before the impact and the
maximum lateral position of any major part of the guardrail system or vehicle after impact.
Thrie beam is another type of structural plate beam that has one corrugation in addition to those of the
W-beam. It is currently only used in bullnose crash cushion and transition design in Minnesota. For further details about
the thrie beam guardrail, check the Roadside Design Guide.
10-7.02.02

3-Cable Guardrail (Low Tension)
This is a flexible system with either weak wood posts or steel posts. With this system, impact is resisted
by cable tension and end anchorage. The posts and cable hook bolts are designed to give way under impact conditions
and not interfere with the redirection of the colliding vehicle. Deflections of 10 ft or greater can be expected within the
contact area; for design purposes, use 11 ft. This type of guardrail may be used for installations where the design
deflection is not a constraint. Cable guardrail should not be installed along embankments steeper than 1:2, around the
inside of a curve greater than 4 degrees, or any place where the installation does not develop tension in the cable upon
impact.
10-7.02.03

High-Tension Cable Guardrail
This is a flexible system with steel posts. These systems are generally used in median applications, but
can also be used as roadside barriers. High-tension cable guardrail is installed with significantly more tension than a lowtension system, thus the deflection of this system is reduced to 6 to 10 ft, dependent on post spacing. All available systems
are proprietary. Technical Memorandum 15-08-TS-04 includes design guidance for the systems currently available.
10-7.02.04

Box Beam Guardrail
Box beam guardrail is a semi-rigid system consisting of a rectangular box beam mounted on steel posts.
The typical installation consists of a 6 in. x 6 in. steel tube mounted on S3 x 5.7 steel posts on 6 ft centers.
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Deflection distance for box beam guardrails fall between the W-beam and the cable systems and can be expected to be up
to 5 ft.
The box beam system has only been used in select applications in Minnesota. It offers less of a cross
section to windblown snow and may reduce the formation of snow drifting when used. However, the cost is as much or
more than the strong post W-beam system, and, although the box beam system provides good impact performance, a
strong post system with less dynamic deflection can be more cost effective.
For further details about the box beam guardrail check the Roadside Design Guide.
10-7.02.05

Concrete Barrier
Concrete barriers are rigid barriers with minimal deflection. In addition to being used as a median
barrier, it may be used along the roadside to protect vehicles from hazards such as rough rock cuts, noise barriers, etc.
Several barrier designs are available for consideration.
10-7.02.06
Transitions between Barrier Types
1.
Cable to Plate-Beam - The change from cable to plate-beam should be accomplished by overlapping the cable in
front of the plate-beam. There should be no direct connection of the two, and each should be anchored independently.
An appropriate end treatment is still required for the plate-beam.
On one-way roadways when changing from plate-beam to cable at the downstream end of the platebeam, the plate-beam should overlap the cable. There should be no direct connection of the two,
and each should be anchored independently. The cable terminal post should be located behind the
plate-beam and approximately in-line with the anchor post of the plate-beam terminal end (left end
of the plate-beam on Standard Plate 8307).
2.
Plate-Beam to Bridge Abutment or Bridge Barrier - To prevent pocketing, the post spacing for the plate- beam is
reduced for the 25 ft just prior to the bridge end. These transitions also require the use of two nested, steel plate-beam
sections for the first 12 ft-6 in. adjacent to the abutment or bridge barrier that are anchored directly to the abutment or
bridge barrier. Curb transitions and rub rail may also be required dependent on the transition design and shape of bridge
barrier or end post. Available transitions are shown in the Standard Plans Manual, Sheets series 600.
10-7.02.07

End Treatments for Roadside Barriers
Exposed approach ends of plate-beam guardrail installations are a hazard in themselves and must have
end treatments that meet the crash-worthiness criteria of MASH. End treatments that meet the criteria of NCHRP 350
may be used on preservation projects in accordance with TM 17-07-TS-02 “W-Beam Guardrail Upgrade Considerations
for Preservation Projects”. Approved end treatments are listed in the Approved Products List.
End terminals have not been tested in conjunction with curb. If an existing curb cannot be removed, it
can be replaced with 4 in. curb as described in 10-7.01.02. On overlay projects, no correction of the curb is necessary if
the thickness of the overlay at the curb face is such that no more than 4 in. of curb remains exposed. The curb may also
be ground down to a height of 3 in. beginning at a point 20 ft in advance of the terminal nose and continuing to Post No.
8, a total distance of 58 ft.
At locations where curb height is reduced (by grinding or replacement), the area between the curb and
the guardrail shall be made as smooth and level as possible; a 1:10 transverse slope is required.
Regardless of which end treatment is used, it is important that the system be properly installed and that proper grading be
provided in order for a terminal to function as intended. Placement and grading standards for tangent and flared end
treatments are shown on Standard Plan Sheet 5-297.601.
10-7.03

Length-of- Need
The designer determines the desirable placement of the roadside barrier before making a final selection
of the barrier type. The placement determines the installation length upstream and downstream of the hazard, sometimes
called the "length-of-need". The length-of-need of the guardrail should extend far enough upstream from the hazard to
prevent an errant vehicle from getting behind the guardrail and striking the hazard. On two-way roadways, the length-ofneed should prevent an errant vehicle from the opposing traffic from getting behind the barrier and striking the hazard.
The location where the barrier is placed in relation to the hazard is determined by using the following
four variables; LR, LH, L2 and LS. Using the first three variables in the following formula, the designer can compute the
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Figures 10-7.03A and B indicate the variables involved in the determination of the layout of a required
guardrail installation. Table 10-7.03A gives the design parameters for roadside barrier layout based upon design speed.
The variables are explained below:
LC =
LH =

L2 =
L3 =
LR =
X =
LS =

Clear zone width (see Figure 4-6.04A)
Distance from edge of the through lane to the far side of the hazard or the outside edge of the
clear zone. This is a critical element of the design and requires some judgment on the part of
the designer.
Distance from the edge of the through lane to the barrier.
Distance from the edge of the through lane to the near edge of the hazard.
Run-out length or theoretical distance needed for a vehicle that has left the roadway to come to
a stop before hitting the hazard (see Table 10-7.03A).
Distance from the hazard to the end of the barrier (length-of-need).
Shy line offset (distance beyond which a roadside object will not be perceived by the driver as
a threat, guardrail should be placed outside shy line offset) (see Table10-7.03A).

Normally, the barrier is placed as far from the edge of the traveled lane as possible, L2, while maintaining
the required deflection distance between the barrier and the hazard, L3-L2. The deflection distance between the barrier and
the hazard influences the designer's selection of barrier type. On roadways with side slopes steeper than 1:10, this lateral
placement may need to be adjusted to prevent a vehicle from striking the face of the barrier at a point too high or too low,
which can cause vaulting or snagging. See Figure 10-7.01B for proper placement.

Table 10-7.03A
DESIGN PARAMETERS FOR ROADSIDE BARRIER LAYOUT
Design

Runout Length (LR) Given Traffic Volume (ADT)

Shy Line

Speed

Offset LS
Under 1,000

vehicles/day

ft (m)
5,000 to
1,000 to 5,000
10,000
vehicles/day
vehicles/day

mph (km/h)

Over 10,000

ft (m)

vehicles/day

80

(130)

470

(143)

430

(131)

380

(116)

330

(101)

12

(3.7)

75

(120)

420

(127)

380

(116)

340

(102)

290

(89)

10

(3.2)

70

(110)

360

(110)

330

(101)

290

(88)

250

(76)

9

(2.8)

65

(105)

330

(101)

290

(89)

250

(76)

230

(69)

8.5

(2.6)

60

(100)

300

(91)

250

(76)

210

(64)

200

(61)

8

(2.4)

55

(90)

270

(81)

220

(67)

190

(57)

180

(54)

7

(2.2)

50

(80)

230

(70)

190

(58)

160

(49)

150

(46)

6.5

(2.0)

45

(70)

200

(60)

160

(49)

140

(42)

130

(38)

6

(1.7)

40

(60)

160

(49)

130

(40)

110

(34)

100

(30)

5

(1.4)

35

(55)

140

(42)

110

(34)

100

(29)

90

(26)

4.5

(1.3)

30

(50)

110

(34)

90

(27)

80

(24)

70

(21)

4

(1.1)
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BARRIER LAYOUT FOR ADJACENT TRAFFIC
Figure 10-7.03A

MARCH, 2020
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BARRIER LAYOUT FOR OPPOSING TRAFFIC
Figure 10-7.03B
Example for adjacent traffic:
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Assume a fixed object 20 ft long, measured parallel to the roadway, and 3 ft wide, measured
perpendicular to the roadway, located 15 ft from the edge of the 12 ft through lane on a 60 mph road
with over 5,000 ADT and a 10 ft bituminous shoulder then;
L2
L3
LH
LR

=
=
=
=

𝑋𝑋 =

10 ft (bituminous shoulder)
15 ft
18 ft (L3 + 3 ft object width)
250 ft (from Table 10-7.03A)
18−10
18
� �
250

8

= 0.072 = 111.1ft

For a two-way roadway the hazard must also be checked for opposing traffic. Figure 10-7.03B presents
this case.
Example for opposing traffic:
Assume the same conditions used before:
L2 =
L3 =
LH =
LR =

𝑋𝑋 =

22 ft (previous 10 ft plus 12 ft lane)
27 ft
30 ft (L3 + 3 ft width)
250 ft (from Table 10-7.03A)
30−22
�

30
�
250

8

= 0.12 =

66.7 ft

Thus the total length-of-installation required for the two-way condition is 111.1ft upstream of the barrier
to shield traffic adjacent to the barrier, 66.7 ft downstream of the hazard to shield traffic in the opposing lane, a 20 ft length
of barrier to equal the dimension of the hazard parallel to the roadway for a total of 197.8 ft, minimum, plus two crash
worthy terminal sections.
Normally plate beam should be installed in multiples of 12 ft-6 in. or 25 ft (typical rail lengths). Thus,
in the above example, the length to install would be 200 ft.
Portions of end treatments can be included in the length-of-need. Since the length of end treatments
varies, this must be determined for each end treatment that will be used.
On one-way facilities, the guardrail should extend downstream past the hazard a sufficient length to
provide a terminal section for anchorage. When determining the location of the terminal section in relation to the hazard,
assume that the last 4 posts have no retaining or redirective capabilities. Thus, the next-to-last post should be located
beyond the area of guardrail need. This may require the installation of one extra section of guardrail to ensure that the
motorist is fully protected from a collision with the hazard.
This mathematical determination of the installation length of traffic barrier is applicable to a straight
section of highway alignment. A vehicle that leaves the road on the outside of a curve will tend to follow a tangential
run-out path. Therefore, instead of using the theoretical distance, LR, to determine the length of need of barrier, a tangent
line from the curve to the outside edge of the hazard or to the clear zone should be used to determine the length of barrier
needed. In this way, the barrier length becomes a function of the distance that it is located away from the edge of the
driving lane. This can be readily obtained by scaling it graphically, see Figure 10-7.03C. A graphical approach to the
determination of the installation length can also be applied to tangent sections of roadway by assuming an appropriate
departure angle, normally 15 degrees, from the edge of the traveled way. This departure path would be similar to the
dashed line in Figures 10-7.03A and B. This can be done on a plan sheet. Examples are given in the Roadside Design
Guide.
The lateral placement of the approach rail should also satisfy the criteria on embankment slopes in
Section 10-7.01.03. If the existing slope is steeper than 1:10, fill should be provided to flatten the slope to 1:10,
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as illustrated in Figure 10-7.03D.
The placement of guardrail at bridge ends will vary depending upon the potential hazards that may exist
at individual sites and where the guardrail is located. These hazards may be fixed objects such as trees or culverts; nontraversable features such as slopes at the bridge approach or extending a distance from the bridge; or other features such
as rivers, railroads and crossing roadways. On undivided highways, the opposite roadside will require consideration of the
length-of-need and location of the bridge approach rail.
The length-of-need for guardrail at bridge ends normally includes the 25-ft transition to the bridge
barrier as well as the standard line rail “L” (See Figure 10-7.03E). Also the standard line rail may include any portion of
the end treatment that has redirective capabilities, as explained earlier.
In general, short intermittent sections of any roadside barrier are undesirable. Gaps of less than 200 ft
are to be avoided, unless roadside topography will permit very desirable terminal layouts, in which case safety and
economics might justify shorter gaps.
10-7.04

Vertical Adjustment
Guardrail should be built according to specifications and the appropriate Standard Plates and Plans.
Existing guardrail to be left in place after pavement improvements, should be evaluated as to its effectiveness if the
pavement elevation has been changed. Distance from the edge of pavement, shoulder type, shoulder cross slope and
characteristics of the existing guardrail must be considered carefully before calling for vertical adjustment on the plans.
Generally, a variation of -1 in. or +2 in. from the nominal height is acceptable.

EXAMPLE OF BARRIER DESIGN FOR FIXED OBJECT ON HORIZONTAL CURVE
Figure 10-7.03C

SUGGESTED ROADSIDE SLOPES FOR APPROACH BARRIERS
Figure 10-7.03D
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BRIDGE APPROACH RAILINGS
(WITH AND WITHOUT SHOULDERS)
Figure 10-7.03E
10-7.05

Median Barriers

10-7.05.01

Service Requirements and Performance Criteria
A median barrier is a longitudinal traffic barrier primarily used in "narrow" medians to prevent acrossthe-median, head-on collisions between vehicles in opposing traffic. The barrier shall be designed, using established
criteria, to perform several functions:
Restrain the design vehicle and not allow the vehicle to climb over or wedge under the installation.
Stop or redirect the vehicle in such a manner that passengers restrained by seat belts can survive,
preferably uninjured.
Redirect or stop the vehicle in such a manner to minimize the hazard to following or adjacent traffic.
Ideally, the vehicle should remain close to the barrier and not be directed back into the traffic
stream.
Function so that barrier fragments do not endanger vehicle occupants or other traffic.

Generally, while crash severity and fatalities decrease after a traffic barrier has been installed in a
median, the crash frequency increases. This increase is attributed to the decrease in maneuvering space for run-off-theroad vehicles. Thus, the barrier must not only be structurally adequate to prevent penetration through the barrier, it must
also provide for the safety of the occupants of impacting vehicles. These two interdependent factors, structural strength
and occupant safety, must be considered simultaneously in order to achieve optimum barrier performance. The safety of
the maintenance crews that must repair damaged barriers must also be considered. The design should not inhibit general
maintenance of the barrier, particularly in narrow medians where high-speed traffic would be impeded and traffic would
endanger the repair crew.
Median barriers may be divided into three major types according to lateral stiffness. These are rigid,
semi-rigid and flexible barriers. The rigid barrier is used where no lateral deflection is acceptable. Rigid barriers are
typically made of concrete with a shape that meets safety criteria. The most common shapes are the F-shape, single slope,
and the vertical wall barrier. The most common semi-rigid barrier is the strong-post/strong-beam system (the W-beam
guardrail system). This type is used where small lateral deflections are allowable. The flexible barrier, represented by the
cable barrier, is used where large lateral deflections can be tolerated. Median barriers must meet the same performance
criteria applied to other roadside barriers. Rigid barriers are discussed in Section 10-7.05.03. The semi-rigid and flexible
barriers are discussed in Section 10-7.02.

10-7.05.02

Project Considerations for Median Barriers
As a general rule, a median barrier should be installed only when it has a potential of significantly
reducing the occurrence of cross-median crashes and the overall severity of median related crashes. It should be kept in
mind that the barrier is a hazard itself and should be used only where a collision with the barrier is of less consequence
than the collision potential beyond the barrier.
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mind that the barrier is a hazard itself and should be used only where a collision with the barrier is of
less consequence than the collision potential beyond the barrier.
The terminal points in barrier systems are generally critical elements in the performance of the system.
An unprotected median barrier terminal is essentially a fixed-object hazard to a motorist. For this reason the use of
median barriers are generally restricted to full access-controlled facilities where there are no median crossings requiring
discontinuities in the barrier. Special designs may be required where at-grade crossings are permitted and median barrier
is used. Crash cushions or energy-absorbing end terminals are typically used to shield median barrier ends.
The main considerations for median barriers are median width and traffic volume. An additional
consideration is the design speed of the highway. On existing roads, crash history may also be a factor. Figure 10-7.05A
presents the need for a median barrier based on median width and traffic volume for high-speed roadways.
Figure 10-7.05A indicates that median barrier:
1. Is Recommended - when Average Daily Traffic (ADT) is 20,000 or greater for medians 30 ft.
or narrower.
2. Is Considered - when ADT is 20,000 or greater and median widths are greater than 30 ft. and
less than or equal to 50 ft. wide.
3. Is Optional - when ADT is below 20,000 or when median widths are greater than 50 ft.wide.

MEDIAN BARRIER CRITERIA
FOR HIGH SPEED FULLY CONTROLLED ACCESS ROADWAYS
Figure 10-7.05A
When considering the placement of barrier, a cost/benefit analysis or an engineering study evaluating
such factors as traffic volumes, vehicle classifications, median crossover history, crash incidents, vertical and horizontal
alignment relationship, and median/terrain configurations may be conducted to determine the appropriate application for
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For any divided highway, the median roadside must also be examined for other barrier-warranting
factors such as hazards and lateral drop-offs.

10-7.05.03

Rigid Median Barriers
The preferred rigid barrier for median installations is the Single Slope barrier. Three height options for
single slope barriers are detailed in the Standard Plans Manual, series 600. In general, the middle height option of 42” will
allow more flexibility for future preservation projects. The 54” option should be used when glare screen is desired.
Additional placement criteria, for special conditions, are discussed in the AASHTO Roadside Design Guide, Chapter 6.
10-7.05.04

Sloped Medians
As mentioned previously, a level median is necessary for optimum barrier performance. A rigid or semirigid barrier must have an adjacent graded median with slopes of 1V:10H or flatter, to facilitate vehicle stability
prior to impact. Where these conditions do not exist, special placement is necessary as discussed in the AASHTO
Roadside Design Guide, Chapter 6. Some flexible barrier systems can be installed on steeper slopes. Refer to the
specific flexible barrier type to determine slope design guidance.

10-8.0

CRASH CUSHIONS

10-8.01

General
Crash cushions are protective systems that prevent errant vehicles from impacting hazards by either
smoothly decelerating the vehicle to a stop after a frontal impact, or by redirecting it away from the hazard after a side
impact. Crash cushions are adaptable to many roadside hazard locations where longitudinal barriers cannot practically be
used. In addition, crash cushions may prove to be more cost effective at many fixed-point hazards than barriers because
of their smaller target area. Many studies have documented the effectiveness of crash cushions, generally concluding that
their benefits far exceed their costs.
Side impacts on the crash cushion can result in a severe collision if the vehicle is not protected from
contacting the corner of the obstacle the cushion is shielding. Sufficient distance and energy-absorbing material usually
cannot be provided to stop the vehicle before it impacts the obstacle in this manner. On many crash cushions, fender
panels (hard, stiff, smooth panels) are provided along the sides to re-direct the vehicle; see Figure 10-8.01A. For
non-redirective crash cushions, the designer must give careful consideration to the cushion's placement and design in the
transition zone between the cushion and the fixed object.
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SIDE IMPACTS
Figure 10-8.01A
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Project Considerations for Crash Cushions

On new highway designs every effort should be made to eliminate the need for attenuation devices.
Where a crash cushion must be provided, the installation location should be designed to be level and free of curbs. In
off-ramp gore areas on new highway designs, the design should provide a crash cushion reserve area as presented in Figure
10-8.02A and Table 10-8.02A. This design usually applies to elevated structures. It will allow sufficient space to install a
crash cushion should it become warranted for unforeseen reasons in the future.
Table 10-8.02A suggests the area that should be made available for the installation of a crash cushion.
Although a gore location is depicted, the recommendations in the table can be applied to other fixed objects that require
shielding. The preferred conditions should be considered to be the optimum for any location. The unrestricted conditions
represent the minimum requirements for all locations with the exception of sites where it can be demonstrated that these
dimensions, as opposed to the dimensions of the restricted condition, are unattainable. The information in the table is
generic. It may not apply to some proprietary systems. It is recommended that the designer investigate the systems
available that will adequately protect the hazard and then determine the requirements from the manufacturers’
specifications.
Crash cushions are most often warranted at fixed-point locations. Typical highway features that may
warrant an installation are:
1. Exit gore areas, particularly on structures;
2. Area between twin bridges where guardrail cannot be adapted;
3. Bridge barrier ends, piers or abutments;
4. Non-breakaway sign and signal supports;
5. Retaining wall ends or culvert head walls; and
6. Median barrier exposed ends.

RESERVE AREAS FOR GORES
Figure 10-8.02A
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Table 10-8.02A
RESERVE AREAS FOR GORES
Dimensions for Crash Cushions
(ft)

Design
Speed
on
Mainline
(mph)
30
40
45
50
55
60
70
80

Reserve Area
(ft)

Minimum
Preferred
Restricted Conditions
N
6
6
6
6
6
6
6
6

L
8
11
14
17
20
24
28
31

Unrestricted Conditions
F
2
2
2
2
2
2
2
2

N
8
8
8
8
8
8
8
8

L
11
16
21
25
31
37
45
49

F
3
3
3
3
3
3
3
3

N
12
12
12
12
12
12
12
12

L
17
23
28
33
29
46
55
61

F
4
4
4
4
4
4
4
4

Note: This table should be used only for preliminary design purposes. For final design, contact the manufacturer.
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10-8.03

Types
Many types of crash cushions have been developed and tested. Approved proprietary crash cushions for
permanent applications are listed on the Roadside Barriers Approved Products List. The Bullnose crash cushion is a nonproprietary option for certain situations, detailed in the Standard Plans Manual, series 600. Approved temporary crash
cushions are listed on the Temporary Traffic Control Approved Products List.
10-8.04

Selection

10-8.04.01

Site Considerations
In selecting the proper crash cushion, the following site characteristics must be considered:
1. The width of the obstacle.
2. The available space. For a given design speed and acceptable vehicle deceleration, each crash
cushion type will require a specific length. The site under consideration may be restricted in
what is available without unduly interfering with traffic or other obstructions in the vicinity.
3. The nature of the obstacle. This may make it highly desirable or necessary to provide a redirective
crash cushion. Also, the highway geometry approaching the site may increase the likelihood of a
side impact, further enhancing the desirability of a redirective type.

10-8.04.02

Placement
Several factors should be considered in the placement of a crash cushion:
1. Level terrain:
All crash cushions have been designed and tested for level conditions. Vehicle impacts on devices
placed on a non-level site could result in an impact at the improper height and/or undesirable
vehicle behavior. Therefore, the cushion should be placed on a level surface or on a cross slope not
to exceed 5 percent.
2. Curbs:
Curbs in front of or along the side of a crash cushion can induce vehicle vaulting. This may result
in impact at the improper height and/or other undesirable vehicle behavior. Therefore, no curbs
should be present on new projects at proposed crash cushion installations. On existing highways,
all curbs should be removed at proposed installations.
3. Surface:
A concrete pad must be provided under the crash cushion.
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Elevated structures:
There is some concern that the unanchored inertial systems may “walk” or crack due to
the vibration of an elevated structure. This could adversely affect its performance. The
manufacturer’s installation instructions should be followed carefully, and the manufacturer
should be consulted if questions arise.
Orientation:
The crash cushion should be oriented to accommodate the probable impact angle of an encroaching
vehicle. This will maximize the likelihood of a head-on impact. This angle will depend upon the
design speed, roadway alignment and lateral offset distance to the cushion. For most roadside
conditions, an angle of approximately 10 degrees as measured between the highway and crash
cushion longitudinal centerline is considered appropriate.
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10-9.0

TRAFFIC CONTROL IN WORK ZONES
Standards for traffic control in work zones are contained in the Minnesota Manual on Uniform Traffic
Control Devices, Part VI and in the Field Manual section of part VI, which has been printed as a separate document.
10-10.0

REFERENCES
1.

Traffic Engineering Manual - The Traffic Engineering Manual issued by the Office of Traffic
Engineering is the Department reference for policy and procedures

2.

Minnesota Manual on Uniform Traffic Control Devices - The MN MUTCD sets forth the basic
principles that govern the design and usage of traffic control devices. These principles appear
throughout the manual, and it is important that they be given primary consideration in the selection
and application of each device.
The manual presents traffic control device standards for all streets and highways open to public
travel regardless of type or class or the governmental agency having jurisdiction. Where a device is
intended for only limited application or for a specific system, the text specifies the restrictions on
its use.

3.

Work Zone Traffic Control - The MN MUTCD, Part VI sets uniform standards for traffic control
during construction and maintenance operations. Part VI contains the principles and procedures for
providing safety for motorists and workers in the vicinity of traffic control zones. Sample layouts
for both long term and short term temporary traffic control zones are illustrated.
The Field Manual is a section of Part VI of the MN MUTCD and has been reprinted as a separate
document for use in field operations of temporary traffic control zones for periods of up to three
days. For longer periods of time, a traffic control plan should be developed.

4.

Minnesota Statute - Minnesota Statutes, Chapters 160-173, include most of the State laws
affecting roads and highways in Minnesota. Chapter 169, Highway Traffic Regulation, is most
important to traffic engineers.

5.

Roadside Design Guide - The Roadside Design Guide is a document developed by AASHTO that
presents information and operating practices related to roadside safety.
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CHAPTER 11
SPECIAL DESIGNS
11-1

INTRODUCTION

Design elements which have special significance in the design process, but may not be applicable to every
project, are presented in this chapter of the Road Design Manual. The importance of these design elements should be
integrated into the design process so that they become an automatic part of the project development.
Measurements are presented in this chapter in both U.S. customary units and metric and were developed
independently within each system. The relationship between the U.S. customary and metric values is neither an exact
(soft) conversion nor a completely rationalized (hard) conversion. The U.S. customary values are those that would
have been used had the requirements been presented exclusively in U.S. customary units. The metric values are those
that would have been used had the requirements been presented exclusively in metric units; Therefore, the user is
advised to work entirely in one system and not attempt to convert directly between the two.
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11-3.0 PEDESTRIAN FACILITIES
THE INFORMATION FOR THIS SECTION HAS BEEN INCLUDED IN THE MnDOT FACILITY DESIGN
GUIDE. REFER TO THE FOLLOWING WEBSITE:
https://roaddesign.dot.state.mn.us/facilitydesign.aspx
11-4.0

BICYCLE TRAFFIC

THE INFORMATION IN SECTION 11-4 HAS BEEN INCLUDED IN THE MnDOT BICYCLE FACILITY
DESIGN MANUAL.
THE MnDOT BIKEWAY FACILITY DESIGN MANUAL CAN BE VIEWED AT:
https://www.dot.state.mn.us/bike/bicycle-facility-design-manual.html
11-6.0

Railroad-Highway Crossings

THE INFORMATION FOR THIS SECTION HAS BEEN INCLUDED IN THE MnDOT FACILITY DESIGN
GUIDE. REFER TO THE FOLLOWING WEBSITE:
https://roaddesign.dot.state.mn.us/facilitydesign.aspx
11-7.0

UTILITIES

THE INFORMATION ON PAGES 11-7(1) TO 11-7(6) HAS BEEN INCLUDED IN THE UTILITIES MANUAL.
THE UTILITIES MANUAL CAN BE VIEWED ON THE MnDOT OFFICE OF TECHNICAL SUPPORT WEBSITE
http://www.dot.state.mn.us/utility/files/pdf/policy/utilities-manual-web.pdf
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ROADSIDE APPURTENANCES

11-11.01

Mailbox Supports
MnDOT has developed this policy regarding mailbox supports on the Trunk Highway System.
Minnesota Rules Chapter 8818, "Mailbox Installation and Support Standards" is used as a reference to the MnDOT
policy.
This policy provides guidance to location and installation of accepted mailbox supports on highways
with speed limits of 40 mph (65 km/h) or greater.
11-11.01.01

Policy
1. Mailbox installations and supports that have been accepted by the FHWA as meeting the
NCHRP Report 350 crash worthiness criteria, meet Minnesota Rules Chapter 8818, U.S. Post
Office recommendations, and are in compliance with MnDOT Policy are acceptable. To
obtain a drawing with an example of a crash tested mailbox support, which satisfies the above
requirements, contact the Design Standards Unit, Office of Technical Support.
2. All mailbox supports should be a breakaway design and support a standard mailbox size T2
with a 10 lb (4.5 kg) load.
3. Mailbox supports should consist of corrosion resistance materials, which, in accordance with
project/site specific conditions, may be required to include, but not limited to, the following:
a) Post, pipes and other steel components galvanized per Spec. 3392.
b) Pipes conforming to Spec. 3362, Schedule 40 of ASTM A53/A53M.
c) All fasteners conforming to Spec. 3391.
4. The installation should include the following:
a) Location of the face of mailbox should be 8 in. to 12 in. (200 mm to 300 mm) outside the
edge of the shoulder or 6 in. to 12 in. (150 mm to 300 mm) behind the face of the curb.
b) The height of the mailbox bottom should be 42 in. to 48 in. (1 m to 1.2 m) above the
pavement in rural and urban areas. Postal Service regulations will determine the height.
The local mail carrier post office should be consulted to determine if any changes need to
be made to the installation regarding height and offset distances.
c) Adequate embedment depths of the mailbox support should be provided so that the
structure does not sag or fall over. The embedment depths will vary from each
installation by the type of support, the location of the structure on inslope, the steepness
of the inslope, and soil condition or type. The details for the supports should include the
proper embedment depths in the plans or have provisions in the plans for the embedment
depth to be decided in the field. Preferably, the embedment depth shall not be less than
48 in. (1.2 m).
d) The spacing between mailboxes should be a minimum of 30 in. (760 mm) from center to
center of the supports. A multiple mailbox support can be considered if two or more
mailboxes are at one location.
5. Alternate support designs may be approved by the Design Standards Engineer or the Project
Engineer in consultation with the Design Standards Engineer.

11-11.01.02

Unlawful Supports

The following mailbox installations and supports are considered a road hazard, and a danger to the
safety of the traveling public.
1.

An installation that contains more than one vertical support;

2.

A single support containing more than two mailboxes;

3.

A wooden support with a cross-sectional area greater than 16 in.2 (100 cm2 ) at any aboveground point along the support (for example, the maximum allowable square and round support
dimensions are 4 in. x 4 in. (100 mm x 100 mm) and 4.5 in. (114 mm) in diameter, respectively),
except that larger wooden supports are acceptable if, at a height 4 in. (100 mm) above the
ground, the support cross-sectional area is altered in some fashion so as to reduce the crosssectional area at that point to 16 in.2 (100 cm2 ) or less;
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4.

A metal support of a weight of 4 lb/ft (6 kg/m) or more for any 1 ft (300 mm) of vertical
measurement above ground (for example, a standard steel pipe of up to 2 in. (50 mm) inner
diameter would be acceptable), except that larger metal supports are acceptable if, within the
first 3 in. (75 mm) above ground the metal support is less than 4 lb/ft (6 kg/m), or less than
1 lb (0.45 kg) for the 3 in. (75 mm) length;

5.

Adjacent mailbox installations whose respective supports are spaced closer than 30 in.
(760 mm), as measured from center of support to center of support;

6.

Neighborhood delivery and collection box units, whether or not United States Postal Service
approved;

7.

A support comprised of material other than solely wood or metal posts that either exceeds
16 in.2 (100 cm2 ) in total cross-sectional area at a height of 4 in. (100 mm) above ground or a
weight of 4 lb/ft (6 kg/m) or more for any 1 ft (300 mm) of vertical measurement above
ground, unless within the first 3 in. (75 mm) above ground the support is less than 4 lb/ft
(6 kg/m), or less than 1 kb, (0.45 kg) over the 3 in. (75 mm) distance. Examples of such
nonconforming supports could include supports such as filled milk cans, brick structures,
plows, and concrete-filled pipe, etc.; and

8.

An installation, whether a support or closed mailbox, that encroaches the usable roadway or
its airspace.
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BICYCLE TRAFFIC

THE INFORMATION ON PAGES 11-4(1) TO 11-4(2) HAS BEEN
INCLUDED IN THE MnDOT BIKEWAY FACILITY DESIGN MANUAL.
THE MnDOT BIKEWAY FACILITY DESIGN MANUAL CAN BE
VIEWED ON THE MnDOT BICYCLE TRANSPORTATION WEBSITE
AT http://www.dot.state.mn.us/bike/bikewaysdesignmanual.html.
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Railroad-Highway Crossings

THE INFORMATION FOR THIS SECTION HAS BEEN INCLUDED
IN THE MnDOT FACILITY DESIGN GUIDE. REFER TO THE
FOLLOWING WEBSITE:
https://roaddesign.dot.state.mn.us/facilitydesign.aspx
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UTILITIES

THE INFORMATION ON PAGES 11-7(1) TO 11-7(6) HAS BEEN
INCLUDED IN THE UTILITIES MANUAL.
THE UTILITIES MANUAL CAN BE VIEWED ON THE MnDOT
OFFICE OF TECHNICAL SUPPORT WEBSITE
http://www.dot.state.mn.us/utility/files/pdf/policy/utilities-manual-web.pdf
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ROADSIDE APPURTENANCES

11-11.01

Mailbox Supports
MnDOT has developed this policy regarding mailbox supports on the Trunk Highway System.
Minnesota Rules Chapter 8818, "Mailbox Installation and Support Standards" is used as a reference to the MnDOT
policy.
This policy provides guidance to location and installation of accepted mailbox supports on highways
with speed limits of 40 mph (65 km/h) or greater.
11-11.01.01

Policy
1. Mailbox installations and supports that have been accepted by the FHWA as meeting the
NCHRP Report 350 crash worthiness criteria, meet Minnesota Rules Chapter 8818, U.S. Post
Office recommendations, and are in compliance with MnDOT Policy are acceptable. To
obtain a drawing with an example of a crash tested mailbox support, which satisfies the above
requirements, contact the Design Standards Unit, Office of Technical Support.
2. All mailbox supports should be a breakaway design and support a standard mailbox size T2
with a 10 lb (4.5 kg) load.
3. Mailbox supports should consist of corrosion resistance materials, which, in accordance with
project/site specific conditions, may be required to include, but not limited to, the following:
a) Post, pipes and other steel components galvanized per Spec. 3392.
b) Pipes conforming to Spec. 3362, Schedule 40 of ASTM A53/A53M.
c) All fasteners conforming to Spec. 3391.
4. The installation should include the following:
a) Location of the face of mailbox should be 8 in. to 12 in. (200 mm to 300 mm) outside the
edge of the shoulder or 6 in. to 12 in. (150 mm to 300 mm) behind the face of the curb.
b) The height of the mailbox bottom should be 42 in. to 48 in. (1 m to 1.2 m) above the
pavement in rural and urban areas. Postal Service regulations will determine the height.
The local mail carrier post office should be consulted to determine if any changes need to
be made to the installation regarding height and offset distances.
c) Adequate embedment depths of the mailbox support should be provided so that the
structure does not sag or fall over. The embedment depths will vary from each
installation by the type of support, the location of the structure on inslope, the steepness
of the inslope, and soil condition or type. The details for the supports should include the
proper embedment depths in the plans or have provisions in the plans for the embedment
depth to be decided in the field. Preferably, the embedment depth shall not be less than
48 in. (1.2 m).
d) The spacing between mailboxes should be a minimum of 30 in. (760 mm) from center to
center of the supports. A multiple mailbox support can be considered if two or more
mailboxes are at one location.
5. Alternate support designs may be approved by the Design Standards Engineer or the Project
Engineer in consultation with the Design Standards Engineer.

11-11.01.02

Unlawful Supports

The following mailbox installations and supports are considered a road hazard, and a danger to the
safety of the traveling public.
1.

An installation that contains more than one vertical support;

2.

A single support containing more than two mailboxes;

3.

A wooden support with a cross-sectional area greater than 16 in.2 (100 cm2 ) at any aboveground point along the support (for example, the maximum allowable square and round support
dimensions are 4 in. x 4 in. (100 mm x 100 mm) and 4.5 in. (114 mm) in diameter, respectively),
except that larger wooden supports are acceptable if, at a height 4 in. (100 mm) above the
ground, the support cross-sectional area is altered in some fashion so as to reduce the crosssectional area at that point to 16 in.2 (100 cm2 ) or less;
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4.

A metal support of a weight of 4 lb/ft (6 kg/m) or more for any 1 ft (300 mm) of vertical
measurement above ground (for example, a standard steel pipe of up to 2 in. (50 mm) inner
diameter would be acceptable), except that larger metal supports are acceptable if, within the
first 3 in. (75 mm) above ground the metal support is less than 4 lb/ft (6 kg/m), or less than
1 lb (0.45 kg) for the 3 in. (75 mm) length;

5.

Adjacent mailbox installations whose respective supports are spaced closer than 30 in.
(760 mm), as measured from center of support to center of support;

6.

Neighborhood delivery and collection box units, whether or not United States Postal Service
approved;

7.

A support comprised of material other than solely wood or metal posts that either exceeds
16 in.2 (100 cm2 ) in total cross-sectional area at a height of 4 in. (100 mm) above ground or a
weight of 4 lb/ft (6 kg/m) or more for any 1 ft (300 mm) of vertical measurement above
ground, unless within the first 3 in. (75 mm) above ground the support is less than 4 lb/ft
(6 kg/m), or less than 1 kb, (0.45 kg) over the 3 in. (75 mm) distance. Examples of such
nonconforming supports could include supports such as filled milk cans, brick structures,
plows, and concrete-filled pipe, etc.; and

8.

An installation, whether a support or closed mailbox, that encroaches the usable roadway or
its airspace.
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CHAPTER 12
DESIGN GUIDELINES FOR MODERN ROUNDABOUTS
THE INFORMATION FOR THIS CHAPTER HAS BEEN INCLUDED IN THE MnDOT FACILITY DESIGN
GUIDE. REFER TO THE FOLLOWING WEBSITE:

https://roaddesign.dot.state.mn.us/facilitydesign.aspx

