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PREFACE

Each year Mississippi invests heavily in highway construction. How
Mississippi plans and designs its highway projects is critical to the return received
on this investment. This Design Manual provides uniform design criteria and
procedures for the Roadway Design Division of the Mississippi Department of
Transportation and for other Department personnel to use when approaching
highway design projects and preparing contract plans. The information contained
in this Design Manual reflects years of experience as well as the most recent
national guidelines which have evolved along with the automobile and various
types and classifications of roads. In earlier days, while automobiles had more
power, they were heavier and traveled at lower speeds on roads that were built
along the contour of the terrain. Today vehicles are lighter and faster. Also, earth
moving equipment that is larger and more reliable is readily available to build
higher classification roads.

With a modern transportation system in place, the on-going challenge for the
Mississippi Department of Transportation is to identify ways to improve that
system. Of course one way to make the system better is to make it safer. Safety

is a primary objective on many of the Department’s highway projects and, in
all instances, is a concern. The Department seeks to improve safety by a variety
of measures including, but not limited to, providing greater sight distances,
greater clear zones, improved horizontal alignment, improved vertical alignment,
and better anticipation of driver expectations.

However, there are other important goals as well. Due to changes in Federal
Regulations, the Department of Transportation is increasing the weight it gives to
avoiding environmentally sensitive areas (e.g., wetlands, historic districts,
archaeological sites, etc.). In some cases, concerns of reducing potential
relocatees, minimizing right-of-way acreage acquired, and limited funding are
factors influencing the design of projects. Consequently, although the Design
Manual is an important guide, its application must be flexible. The Design
Manual’s design criteria cannot envision every project’s unique concerns. Above
all, designers using the Manual must apply good judgment and innovation in their
approach to highway design.



EXCERPT FROM THE MINUTES OF THE MEETING OF THE
MISSISSIPPI TRANSPORTATION COMMISSION, SEPTEMBER 11,2001

WHEREAS, the Commission proposed to revise and update the Roadway Design
Manual adopted on April 15, 1988, and recorded in Book 106, Page 94, of the
Commission Minutes. This manual incorporates in one document safety criteria and
design standards or reference to such standards recommended for use in highway
design; and

WHEREAS, the revised Roadway Design Manual has been reviewed and
recommended for approval by the Chief Engineer and approved by the Director; and

WHEREAS, the Commission has considered and determined and now confirms
that the publication and adoption of the revised Roadway Design Manual is proper and
necessary.

NOW, THEREFORE, upon motion duly made and seconded, and Commissioners
Wayne H. Brown, Zack Stewart and Dick Hall, each voting yes, under the authority of
the Commission, in conformity with and as spread on its minutes, the revised Roadway
Design Manual is hereby adopted as an official document of the commission and further
that the design of highways shall conform to policies, procedures, and standards
promulgated by said Roadway Design Manual.

STATE OF MISSISSIPPI
COUNTY OF HINDS

I, Linda 0. Ferrell, Secretary, Mississippi Transportation Commission, do hereby certify that
the above and foregoing is a true and correct copy of an Order of the Mississippi Transportation
Commission of record in Minute Book 8, Page 784, of the Official Minutes of said Commission
on file in its offices in the City of Jackson, Mississippi, duly adopted on the 11" day of
September, A.D., 2001.

e
Witness my hand and official seal this the - day of é&MMI A.D., 2001.

LINDA 0. FERRELL, SECRETARY

TRANSPORTATION COMMISSION
STATE OF MISSISSIPPI
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Chapter 1

GENERAL DESIGN CONSIDERATIONS

The basic objective of roadway design is to arrange the physical elements of the
facility to meet the typical characteristics of drivers and vehicles. The geometric
design of a highway addresses the elements of location, functional class, alignment,
profile, cross section, intersections and control of access. Roadside safety, drainage,
traffic control and aesthetic qualities are also incorporated into roadway design. The
use of these elements in proper combination is the task of the roadway designer. The
design should properly reflect driver safety, comfort and convenience. Inadequate
design may cause early obsolescence or other financial loss through remedial
reconstruction or maintenance.

1-1.0 SAFETY CONSIDERATIONS

1-1.01 Roadside Design

Special attention must be directed to the safety characteristics of the roadside to
ensure a deliberate design rather than an unpredictable by-product of construction.

1. Slopes. Fill and cut slopes should be as flat as practical so that a vehicle
leaving the roadway will have some chance for recovery. Where economically
feasible, 6:1 or flatter slopes should be provided.

2. Obstructions. The area adjacent to the edge of traveled way should be free
of physical obstructions which might prevent safe vehicular recovery.

3. Gore Areas. Avoid heavy structures and unyielding sign supports in the area
at the divergence of two roadways.
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4. Signs. Avoid unnecessary signs. Use breakaway supports. Review signing
locations to ensure maximum effectiveness and safety.

5. Guardrail. The objective of guardrail is to lessen the hazard of run-o'f-the-

road accidents. Guardrail should only be used when the result of striking an
object or leaving the roadway would be more severe than striking the rail.

Roadside safety is discussed in detail in Chapter 9.

1-1.02 Roadway Geometrics

Geometric design criteria for most roadway elements, such as lane and shoulder
widths, slopes, grades, curvature, clearances, etc., have been established. Tables
of geometric values are presented in Chapters 2, 11, 13 and 14 for various functional
classes and urban/rural locations.

1. Design Criteria. Design criteria more liberal than the indicated minimums or
maximums will often increase safety and in some instances may not
significantly increase the cost.

2. Consistency. Geometric design consistency is important to safety For
example, a sharp curve at the end of a long tangent or between two relatively
flat curves can be hazardous.

3. Sight Distance. Adequate sight distance is critical to safety. Evaluate: each
vertical curve, intersection, median crossover and driveway to make certain
that sight distance is not restricted below the minimum criteria.
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4. Critical Areas. Particular attention should be given to the geometric adequacy
of certain critical areas. These locations include weaving areas, exit and
entrance ramps, at-grade intersections, transitions from new facilities to
existing facilities, and any locations where there is potential for wrong-way
travel on a one-way facility.

1-1.03 Driver Expectancy

Driver expectancy relates to the readiness of a driver to successfully respond to
common situations. Design features of a roadway should be similar to create
expectancies related to common geometric, operational and route characteristics.
Drivers should be able to perceive information and safely modify the speed and
accuracy of their responses.

The FHWA publications A User’s Guide to Positive Guidance, December 1981, and
Driver Expectancy in Highway Design and Traffic Operations, May 1986, discuss
driver expectancy in detail. It will familiarize the designer with the characteristics of
a “typical” driver and how the highway system should communicate with the driver.

1-2.0 DESIGN RESPONSIBILITIES

The basic responsibilities of the Roadway Design Division are to prepare the detailed
design for road projects and the roadway contract plans. Individual projects are
assigned to specific squad leaders who perform and coordinate the design and the
development of plans.

Supplementary expertise is provided within the Roadway Design Division by
specialists in photogrammetry, roadside development, environmental considerations,
pavement design, roadway lighting, hydraulics and geometric design. During the
design process, the Roadway Design Division exchanges information with other
divisions of the Department as illustrated in Figure 1-3A.
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The principal purpose of this Manual is to guide designers in the use of uriform
criteria and procedures that will consistently result in good quality road desigh and
contract plans.

1-3.0 SOURCES OF INFORMATION

This Manual is a principal source of information for designers. Other source:s are
described below.

1-3.01 Technical Assistance

The District Engineers furnish designers with field survey notes and sketches, soils
information and recommendations related to the design of specific projects.
Designers will receive guidance and assistance from persons with training and

competence in specialized fields as indicated by the relationships shown in Figure 1-
3A.

1-3.02 Department Publications

Designers will frequently need to refer to the following materials published by the
Department:

1. Standard Specifications. The Mississippi Standard Specifications for Road
and Bridge Construction describes the various construction work items and
the Department’s relationship with contractors.

2. Special Provisions. A file of Special Provisions is maintained to identify
current amendments (additions, deletions and revisions) to the Standard
Specifications.
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3. Standard Roadway Design Drawings and Bridge Design Drawings. These are
drawings of standardized details suitable for use in contract plans. For
reference purposes, they have been bound in two separate volumes.

4. Standard Operating Procedures. These volumes present official Department

policies and operating procedures for all functions. Roadway Design Division
procedures are found in the section entitled “RWD.” Additional responsibilities
and procedures are found in the sections entitled “ADM” and “ENV.”

5. Policy Memorandums. Designers will receive copies of memoraridums
defining new or revised policies and procedures. Periodically, the policies will
be incorporated in revisions to the Design Manual.

1-3.03 AASHTO Publications

MDOT design criteria and policies adhere closely to policies established by AASHTO.
This Manual has tailored the design criteria specifically for application in Mississippi,
and it has addressed design issues not covered in the national publications. The
intent is to provide a single source of information which will answer the vast majority
of questions for the designer. However, the national publications provide much of the
theory and background which is built into geometric design and roadside safety.
Therefore, designers should be thoroughly familiar with the two publications listed
below. These sources should be referenced for explanation of the concepts which
serve as the basis for much of the design criteria:

1. A Policy on Geometric Design of Highways and Streets, 1994 (commonly
known as the “Green Book”).

2. Roadside Design Guide, 1996.

Many other AASHTO publications are available to provide authoritative guides and
policies in specific areas such as pavement design, drainage design, landscaping,
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rest areas, lighting, utilities, etc. Copies of these publications are available in the
Roadway Design Division office.

1-3.04 FHWA Publications

This Manual is consistent with applicable FHWA requirements related to geometric
design and roadside safety. Many of these directives have been formally published
as FHWA Notices, Orders, Technical Advisories, etc., which are kept on file in the
Roadway Design Division office.

The Manual on Uniform Traffic Control Devices for Streets and Highways (MUTCD),
1988, presents information on the type, location and design of traffic control devices
approved by FHWA for highway use. The MUTCD is continually updated, and the
designer should be aware of these revisions.

1-3.05 TRB and NCHRP Reports

The National Cooperative Highway Research Program (NCHRP) reports and various
Transportation Research Board (TRB) publications, including the Highway Capacity
Manual, cover the entire field of highway and traffic engineering. TRB publications
before 1974 are identified as Highway Research Board (HRB) reports.

Copies of these reports are available in the Department’s library.

1-3.06 Supplier Publications

Information on special design problems are often available through the suppliers of
various construction materials. Literature may be useful in the design of drainage
facilities, retaining walls, traffic barriers, traffic control devices, etc. Upon request,
engineers from the Materials Division and the Construction Division will furnish the
designer with information related to specific design problems.
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1-4.0 PROJECT FILE

The designer will be given a file folder containing pertinent project inforriation
compiled to date including:

1. Form RWD-200, “Field Notes and Sketches.” This sheet documents the
inventory of all field data survey notes, right-of-way notes, incidental notes and
miscellaneous maps, plans and sketches.

2. Soils Data. A report on the testing of soil samples and a graphical ske:tch of
the soil profile throughout the proposed project is prepared and submitted by
the District. :

3. Form RWD-600, “Project Design Data.” This sheet documents basic design

data instructions for highway construction projects as prepared by the District
Engineer and approved by the Roadway Design Division Engineer.

4, Special Location and Design Recommendations. Sometimes there is ¢ need
for special consideration of problems unique to a particular project. The

designer will be advised of the problem, and recommended procedures and
solutions will be documented.

5. Justification for Deviations from Criteria. Designers are obligated to cdhere
to established design criteria. Chapter 2 discusses the design exception
process required when the established criteria cannot be met. The written
justification becomes part of the project file.

After receiving the initial file package, the designer should maintain a current project
record file with information including the field inspection reports and the miscellaneous
project memorandums. The designer should also maintain a project estimate file for
quantity calculations.
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Upon completion of the design and contract plans, the project record file shall be
retained in the Roadway Design Division for later transfer to Central File. The project
estimate file may be discarded after final contract payment.

1-5.0 QUANTITY ESTIMATES

The quantity of all contract bid items shall be estimated in terms of the units of
measurement in the Standard Specifications. Uniform criteria for degree of accuracy
and rounding of computations are shown in Table 1-5A.

All computations should be documented with quantity calculations in the project
estimate file.

Detailed analysis of estimated quantities are included in the contract plans for certain
pay items. Examples are shown in the model plans in Chapter 15. The Summary of
Quantities in the contract plans shall include all pay items to be included in the
contract.

1-6.0 CONTRACT PLANS

To ensure an accurate and consistent interpretation of contract plans, it is important
that the format, content and placement of information be consistent. Model contract
plans are described and illustrated in Chapter 15. Designers should adhere to this
format when preparing the drawings and assembling the plans.

To minimize detailing and drafting work, the Standard Drawings are used extensively
for those design features which may be common to many projects. Each designer
is provided with a bound set of currently available Roadway Design Standard
Drawings. Applicable Standard Drawings should be selected during the design
process and identified in the plan index so that they may be printed and bound with
each set of contract plans.

Table 1-5A

UNIT ROUNDING OF PRELIMINARY QUANTITY ESTIMATES

Nearest Unit

Measurement Unit Description Estimated Quantity *Summary of
Sheets (Recap) Quantities
bale bale all items 1 bale 1 bale
cubic yard yd® all items 1yd® 1 cubic yard
except:
filter material, timber,
structural excavation and
masonty; 0.1 yd® 1 cubic yard
concrete 0.01 yd® 1 cubic yard
each unit all items 1 unit 1 unit
acre acre all items 0.1 acre 1 acre
pound b all items 1ib 1 pound
mile mi all items 0.001 mi 1 mile
gallon gal all items 1 gal 1 galion
1000 gallons 1000 gal | all items 0.1-1000 gal 1-1000 gallors
linear foot LF all items 1LF 1 linear foot
except:
pipe culvert 4’ increment 1 linear foot
guardrail 12.5" increment 1 linear foot
ton ton all items 1ton 1 ton
square foot ft2 all items 0.1 1 square foot
square yard yd? all items 1 yd? 1 square yarc|
station sta all items 1 sta 1 station
station yard sta-yd all items 1 sta-yd 1 station yarc
thousand 1000 all items 0.1-1000 1 thousand

*Note: When quantities are smaller than one unit, round quantity to one unit.
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Chapter 2

BASIC DESIGN CONTROLS

Several overall highway design controls provide the framework which establish the
geometric characteristics of a proposed highway facility. These controls will have a
significant impact on the operational efficiency, safety and cost effectiveness of the
highway investment. This chapter addresses the following basic design controls:

highway systems,
highway speed,
highway capacity,
control of access, and
project scope of work.

o0~

This chapter also provides the geometric design criteria applicable to rural highways
on the State highway system and to urban freeways. Design criteria for urban streets
involves special considerations. These are discussed in detail in Chapter 14. Design
criteria for State Aid roads are discussed in detail in Chapter 13.

The American Association of State Highway and Transportation Officials (AASHTO)
is the recognized authority on highway design policies and criteria. Since 1938,
AASHTO has been developing and publishing design policies for use by highway
agencies, and it continues to update policies and criteria to reflect new findings and
the current state of knowledge. The AASHTO publication A Policy on Geometric
Design of Highways and Streets (the Green Book) provides the principal source of
information and design criteria contained in this Manual. The AASHTO criteria have
been tailored to be consistent with the prevailing conditions within Mississippi.

2-1.0 HIGHWAY SYSTEMS

The Mississippi highway network has been divided into several classification systems
for applying design criteria and for determining which sources of funds can be used.
The Planning Division maintains and updates the maps for the functional classification
system, Federal-aid system and the various jurisdictional systems.

2-1.01 Functional Classification

The Department’s highway design criteria are based on the functional classification
concept. In this system, highways are grouped by the character of service they
provide. The two major considerations in classifying the public highway network are
access to property and travel mobility. Each highway or street will provide varying
levels of these two functions. In the functional classification scheme, the overall
objective is that the highway system, when viewed in its entirety, will yield an optimum
balance between its access and mobility purposes.

2-1.01.01 Arterials

Ideally, arterial highways are characterized by a limited access to abutting properties
and a capacity to quickly move relatively large volumes of traffic. In rural areas
arterials provide connections between the major urban areas and provide a level of
service suitable for Statewide or interstate travel. In urban areas the arterial system
serves the major centers of activity within the urban area, carries the highest traffic
volumes and longest trip movements, and serves both major intracity and through
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trips. The rural and urban arterial systems are connected to provide continuous
through movements at approximately the same level of service. For highway design,
arterial highways are divided into the following categories:

1. Freeways. The freeway is the highest level of arterial. These facilities are
characterized by full control of access, high design speeds and a high level of
driver comfort and safety. Freeways are considered a special type of highway
within the functional classification system, and separate design criteria have
been developed for these facilities.

2. Principal and Minor Arterials. In both rural and urban areas, the principal
arterials provide high traffic volumes and the greatest trip length. Many of
these are divided facilities which may have partial control of access. Minor
arterials will provide a mix of interstate and intercounty travel service in rural
areas and will provide intracommunity connections in urban areas. Minor
arterials, as compared to principal arterials, provide relatively lower travel
speeds, trip lengths and traffic volumes, but they provide more access to
property than the principal arterial system.

2-1.01.02 Collectors

Collector routes are characterized by an approximately even distribution of their
access and mobility functions. Traffic volumes and speeds will typically be somewhat
lower than those of arterials. In rural areas collectors serve intracounty travel needs
and provide connections to the arterial system. In urban areas collectors act as
intermediate links between the arterial system and points of origin and destination.

2-1.01.03 Local Roads and Streets

All public roads and streets not classified as arterials or collectors are classified as a
local facility. Local roads and streets are characterized by their many points of direct
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access to adjacent properties and their relatively minor value in accommodating
mobility. Speeds and volumes are usually low and trip lengths short.

2-1.02 Federal-Aid System

The Federal-aid system consists of those routes within Mississippi which are eligible
for the categorical Federal highway funds. The Department, working with the local
governments and in cooperation with FHWA, has designated the eligible routes.
United States Code, Title 23, describes the applicable Federal criteria for establishing
the Federal-aid system.

The Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991, as amended
by the National Highway System Act of 1995 and the Transportation Efficiency Act for
the 21 Century, implemented a major realignment of the Federal-aid system.
Previously, the system had been divided into Interstate, primary, secondary and urban
Federal-aid systems, which were based on the relative importance of the highway
route and its anticipated functional classification 5 to 10 years in the future. Separate
categories of Federal funds were available for eligible Federal-aid projects on each
system. The following sections briefly describe the Federal-aid system created by
ISTEA.

2-1.02.01 National Highway System

The National Highway System (NHS) is a system of those highways determined to
have the greatest national importance to transportation, commerce and defense inthe
United States. It consists of the Interstate highway system, logical additions to the
Interstate system, selected other principal arterials, and other facilities which meet the
requirements of one of the subsystems within the NHS. The NHS represents
approximately 4% - 5% of the total public road mileage in the United States.
Specifically, the NHS includes the following subsystems (note that a specific highway
route may be on more than one subsystem):
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1. Interstate. The current Interstate system of highways retains its separate
identity within the NHS. There are also provisions to add miles to the existing
Interstate subsystem.

2. Other Principal Arterials. These are highways in rural and urban areas that
provide access between an arterial and a major port, airport, public
transportation facility or other intermodal transportation facility.

3. Strategic Highway Network. This is a network of highways that are important
to the United States' strategic defense policy and which provide defense
access, continuity and emergency capabilities for defense purposes.

4. Major Strategic Highway Network Connectors. These are highways that
provide access between major military installations and highways which are

part of the Strategic Highway Network.

To properly manage the NHS, ISTEA initially mandated that each State highway
agency develop and implement several management systems for those facilities on
the NHS. These include management systems for pavements, bridges, traffic
congestion, safety, public transportation facilities/equipment and intermodal
transportation facilities/systems. However, the NHS Act of 1995 has relaxed the
requirements for these management systems.

2-1.02.02 Surface Transportation Program

The Surface Transportation Program (STP) is a program which provides Federal-aid
funds for any public road not functionally classified as a minor rural collector or a local
road or street. The basic objective of the STP is to provide Federal funds for
improvements to facilities not considered to have significant national importance with
a minimum of Federal requirements for funding eligibility. The STP replaced a portion
of the former Federal-aid primary system and replaced all of the former Federal-aid
secondary and urban systems, and it includes some collector routes which were not
previously on any Federal-aid system. Collectively, these are called Federal-aid
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Roads. In addition, bridge projects using STP funds are not restricted to Federal-aid
roads but may be used on any public road or street. Transit capital projects are also
eligible under the STP program.

2-1.02.03 Highway Bridge Replacement and Rehabilitation Program
Because of the nationwide emphasis on bridges, the Highway Bridge Replacement
and Rehabilitation Program (HBRRP) has retained its separate identity within the

Federal-aid program. HBRRP funds are eligible for work on any bridge on any public
road or street regardless of its functional classification.

2-1.03 Jurisdictional Systems

The State of Mississippi contains approximately 72,000 miles of public roads. The
network has been classified into several systems based on the responsible
organization for highway and street improvement, for maintenance and for traffic
enforcement.

2-1.03.01 State Highway System

The State highway system consists of all highways under the jurisdiction of the
Mississippi Department of Transportation. The system equals approximately 15
percent, or 10,500 miles of all public highways in Mississippi. In general, these routes
are the most important highways in the State, carry the greatest traffic volumes and
operate at the highest speeds. Six State highway districts conduct maintenance work
on the State system.
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2-1.03.02 County Road System

Mississippi has 82 counties. The county governments are responsible for all rural
roads within their boundaries which are not on the State highway system. There are
53,000 (x) miles of county-maintained roads in Mississippi. Of the county-maintained
roads, approximately 50 percent are paved.

The Office of State Aid Road Construction is responsible for administering both State
and Federal-aid funds, which are available for highway improvements on part of the
county road system. The Office has adopted specific design criteria for these
projects. Chapter 13 discusses in detail the State Aid program and the design criteria
used for these projects.

2-1.03.03 Municipal System

The municipal system consists of most urban roads and local city streets within the
corporate limits. The extension of these routes outside the corporate limits, but still
within the urban area, are generally the responsibility of the county.

2-2.0 SPEED

2-2.01 Design Speed

For each proposed highway project, a design speed is selected which establishes
basic criteria for certain design elements. These include horizontal and vertical
curvature, superelevation and sight distances. Design speed, perhaps more so than
any other design control, will have a major impact on geometric design. The designer
should evaluate the following information when determining the project design speed:

1. Project Scope of Work. Section 2-5.0 identifies the various project scopes of
work. For new construction and reconstruction, the design speeds are
determined from the tables of geometric design criteria in Section 2-7.0 for
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State highways; Section 13-3.0 for State Aid projects; and Section 14-2.0 for
urban street projects. These criteria should be supplemented by the
discussion on design speed in this section.

The design speeds for 3R projects (freeways and non-freeways) and for spot
improvements are determined by the criteria in Chapter 11.

Range. Design speeds typically range between 30 mph and 70 mph
depending upon urban/rural location and functional classification. For design
applications, the selected design speed is typically in a 10-mph increment up
to 50 mph, although 5-mph increments are acceptable (i.e., 35 mph and 45
mph). Depending upon the project application, 5-mph increments are used
for design speeds from 50 mph to 70 mph.

Posted/Regulatory Speed Limit. For all projects, the selected design speed
should equal or exceed the anticipated posted or regulatory speed limit of the
completed facility. This requirement recognizes the relationship between likely
operating speeds and highway design. It also recognizes that posted speed
limit creates a driver expectation of safe operating speed. Section 2-2.04
discusses the Department’s policy on determining the posted speed limit.

Balance. The selected design speed should be a reasonable balance
between topography, urban and rural character, and the functional class of the
highway. A highway in level terrain may justify a higher design speed than
one in rolling terrain, and a highway in a rural area may justify a higher design
speed than one in an urban area.

Driver Expectancy. The element of driver expectancy should be considered
when selecting the design speed. This is reflected in Comment #3 on
posted/regulatory speed limit. Another application of driver expectancy is the
design of horizontal curves at the end of long tangent sections. The overall
design speed of a highway segment may be less than the top speeds on
tangents within that segment. This suggests that, to accommodate driver
expectancy, horizontal curves at the end of tangents should be flatter than the
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maximum degree of curvature allowed by the design speed. This design
practice will provide a transition for the driver back to the overall design speed
for the highway segment.

6. Traffic Volumes. Traffic volumes may impact the selection of design speed.
A highway carrying a large volume of traffic may justify a higher design speed
than a less important facility in similar topography. However, a low design
speed should not be automatically assumed for a low traffic volume road
where the topography is such that drivers are likely to travel at high speeds.
Drivers do not adjust their speeds to the importance of the highway but to the
physical limitations and traffic using the facility.

Although the selected design speed establishes the criteria for highway alignment, the
designer should always attempt to provide flatter horizontal curves and longer sight
distances if practical.

2-2.02 Running Speed

Running speed is the average speed of a vehicle over a specified section of highway.
It is equal to the distance traveled divided by the running time (the time the vehicle is
in motion). The low-volume average running speed (ARS) is often used in design,
which is the distance summation for all vehicles divided by the time summation. The
relationship between design speed and ARS is provided in Table 2-2A.

The ARS has an important application in design, and it is reflected in several
geometric design values including lengths of acceleration and deceleration lanes and
minimum stopping sight distance values.
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Table 2-2A
DESIGN SPEED VS. AVERAGE RUNNING SPEED
Design Speed Average
(mph) Running Speed (mph)
70 58
65 55
60 52
55 48
50 44
40 36
30 28

2-2.03 85th Percentile Speed

Many geometric design values are targeted to accommodate between 80 and 90
percent of all highway users. The most common application of the 85th-percentile
value is its use as one of the factors for determining the posted, legal speed limit
along a highway section (see Section 2-2.04). The Traffic Engineering Division is
responsible for conducting field studies to determine the 85th percentile speed.

2-2.04 Posted Speed Limit

As discussed in Section 2-2.01, the selected design speed should equal or exceed
the anticipated posted or regulatory speed limit of the completed facility. The Traffic
Engineering Division is responsible for determining the posted speed on all State
highways. This is based on an engineering and traffic investigation conducted after
each project is completed. The following factors are considered in the evaluation:

1. road surface characteristics, shoulder condition, grade, alignment and sight
distance;

2. the 85th-percentile speed and pace speed;
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7.

8.

roadside development and cultural/roadside friction;

safe speed for curves or hazardous locations within the zone;
parking practices and pedestrian activity;

reported accident experience for a recent 12-month period;
the design speed used for the project design; and

the functional classification and type of area.

The selection of a posted speed limit should be based on all of these factors, although
the 85th-percentile speed will serve as the maximum speed limit. The Traffic
Engineering Division does not have the authority to conduct traffic investigations on
non-State highways. This is the responsibility of the local government.

2-3.0 HIGHWAY CAPACITY

Highway capacity and geometric design are interrelated. Therefore, the designer
should be familiar with the basic terminology in highway capacity and should be aware
of the interrelationship between the two. The following sections discuss these factors.

2-3.01 Definitions

1.

Capacity. The maximum number of vehicles which can reasonably be
expected to traverse a point or uniform section of a roadway during a given
time period under prevailing roadway, traffic and control conditions. The time
period most often used for analysis is 15 minutes.

Level of Service. A qualitative concept which has been developed to charac-
terize acceptable degrees of congestion. In the Highway Capacity Manual, the
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qualitative descriptions of each level of service (A to E) have been converted
into quantitative measures for the capacity analysis for each highway element
(freeway mainline, signalized intersection, etc.). The tables of geometric
design criteria in the Mississippi Design Manual present guidelines for
selecting the level of service for highway design. These apply to all highway
elements (mainline, intersections, weaving areas, etc.)

Average Annual Daily Traffic (AADT). The total yearly volume in both direc-
tions of travel divided by the number of days in the year.

Average Daily Traffic (ADT). The calculation of average traffic volumes in both
directions of travel in a time period greater than one day and less than one
year and divided by the number of days in that time period. Although incorrect,
ADT is often used interchangeably with AADT.

Hourly Volume. The total number of vehicles that pass over a given point or
section of a lane or roadway during a hour.

Peak Rate of Flow. The highest equivalent hourly rate at which vehicles pass
over a given point or section of a lane or roadway during a given time interval
less than one hour, usually 15 minutes.

Peak-Hour Factor (PHF). A ratio of the total hourly volume to the maximum
15-minute rate of flow within the hour.

Design Hourly Volume (DHV). The 1-hr volume in both directions of travel in
the design year selected for determining the highway design. Section 2-3.02
discusses the Department's policy for selecting the DHV for highway design.
The 30th highest hourly volume is normally used for design.

Directional Design Hourly Volume (DDHV). The 1-hr volume in one direction
of travel in the selected design year.
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10. Design Service Volume or Flow Rate. The maximum hourly vehicular volume
which can pass through a highway element at the selected level of service.
The basic intent of a highway capacity analysis is to ensure that the DHV does
not exceed the calculated design service volume of the highway element when
considering the prevailing roadway, traffic and control conditions.

11. Density. The number of vehicles occupying a given length of lane, averaged
over time. It is usually expressed as vehicles per mile (vpm).

12. Delay. A critical performance measure on interrupted flow facilities, especially
at signalized intersections. For this element, average stopped-time delay is
measured, which is expressed in seconds per vehicle.

18. Directional Distribution (D). The division, by percent, of the traffic in each
direction of travel during the design hour.

14.  Traffic Composition (T). A factor which reflects the percentage of heavy
vehicles (trucks, buses and recreational vehicles) in the traffic stream during
the DHV. The poorer operating capabilities and larger size of heavy vehicles
must be reflected in the capacity analysis.

2-3.02 Selection of Design Year and DHV

A highway should be designed to accommodate the traffic volume that might occur
within the life of the facility under reasonable maintenance. This involves projecting
the traffic conditions for a selected future year. For new construction and
reconstruction, traffic volume projections are usually made for the 15- to 25-year
range, with 20 years from the expected construction completion date the typical
selection. For 3R projects, the designer should normally provide a highway facility
which will accommodate the DHV for 10 years beyond the construction completion
date at the selected level of service.
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The Planning Division maintains current records on traffic data for all roads and
develops projections of expected future traffic volumes including the DHV, AADT,
directional distribution and traffic composition. The design traffic data should be
included in the contract plans.

2-3.03 Impacts on Geometric Design

The following briefly discusses the interrelationship between highway capacity and
geometric design. These factors are discussed in detail in the Highway Capacity
Manual.

1. Number of Lanes. This is the principal design element affected. The DHV
combined with the selected level of service will determine the number of lanes
on the highway facility. However, in some cases, a multilane facility may be
constructed when not justified by a capacity analysis alone. This may be for
safety, economic development or other reasons which indicate that the
economic investment is justified. The decision on the number of lanes is
normally made during the planning process before projects are assigned to
individual squad leaders.

2. Traffic Composition. As the percentage of heavy vehicles increases, the
highway capacity decreases. The standard procedure is to convert the
volume of trucks and recreational vehicles to a passenger car equivalent.

3. Lane and Shoulder Width. As lane and shoulder widths decrease, the
highway capacity decreases. Narrow lanes force drivers closer to vehicles in
opposing lanes. Restricted shoulders force drivers to “shy” away from
roadside obstructions. Adjustment factors are used to calculate the influence
of narrow pavement widths.

4. Alignment. Horizontal and vertical alignment may affect highway capacity.
The frequency and sharpness of curves and grades can be significant factors.
For example, this will determine the frequency of adequate passing sight
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distances. The capacity of a highway is reduced when there is limited
opportunity for overtaking and passing slow-moving vehicles. Adjustment
factors based on the “average travel speed” are used to calculate the
influence of grades on passing opportunities.

5. Auxiliary Lanes. The presence or absence of auxiliary lanes may affect the
capacity of the highway. These include truck-climbing lanes, turn lanes at
intersections, weaving lanes at interchanges and continuous two-way left-turn
lanes. Universal adjustment factors are not applicable, and individual
analyses are necessary to determine their impact on capacity.

6. At-Grade Intersections. At-grade intersections, including driveways, may have
a major impact on the capacity of the highway. In many cases, their influence
on service volumes is so great that they govern the capacity of the entire
highway segment. Therefore, intersections are evaluated individually.

7. Urban Area Development. Roadside development and adjacent land use
along an urban arterial may reduce the capacity of the highway. The factors
associated with development, including parking, driveways and pedestrians,
will influence the traffic flow.

8. Freeway Interchanges. Weaving sections and ramp terminals at interchanges
may impact the capacity of the freeway mainline. By definition these are the
only allowable points of access onto a freeway. The design details of
interchanges to provide sufficient capacity should be considered separately.

2-3.04 Capacity Analyses

The capacity analysis is the responsibility of the highway designer. Therefore, the
designer should be familiar with the detailed methodologies presented in the Highway
Capacity Manual. Where unusual or complex capacity situations exist, the designer
may request assistance from the Traffic Engineering Division.
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The highway mainline, intersection or interchange should be designed to
accommodate the design hourly volume (DHV) at the selected level of service. This
involves adjusting the various highway factors which affect capacity until a design is
found that will accommodate the DHV. In capacity analyses, the designer should
calculate the design service volume of the facility. Capacity assumes a level of
service E; design service volume is the maximum volume of traffic that a projected
highway of designed dimensions is able to serve without the degree of congestion
falling below a preselected level. The designer should design for the level of service
as specified in the appropriate Geometric Design Criteria table of this Manual.

2-4.0 CONTROL OF ACCESS

Access control is defined as the condition where the public authority fully or partially
controls the right of abutting owners to have access to and from the public highway.
The functional classification of a highway (see Section 2-1.0) is partially determined
by the degree of access it allows. Access control may be exercised by statute,
zoning, right-of-way purchases, driveway controls, turning and parking regulations or
geometric design (e.g., grade separations and frontage roads). Section 6-10
discusses access control at interchanges. Sections 6-9.0 (rural driveways) and 14-
2.0 (urban driveways) discuss procedures and criteria which may be used for access
control. Additional information on control of access is presented in S.0.P. No. ADM-
23-01-00-000 “Types of Highways.”

The following provides definitions for the basic types of access control:

1. Type 1— Full Control (Freeway). Full control of access is achieved by
providing access only at interchanges with selected public roads. No at-grade
crossings or private driveway connections are allowed.

2. Type 2 — Partial Control. Partial control of access is an intermediate level
between full control and regulatory restriction. Priority is given to through
traffic, but a few at-grade intersections and private driveway connections may
be allowed. The two types of partial control of access are:
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a. Type 2A. Access to through traffic lanes permitted only at designated
exits and entrances. Frontage roads may be provided for abutting
property owners.

b. Type 2B. Access to through traffic lanes permitted only at designated
exits and entrances.

3. Type 3 — Control by Regulation. All highways warrant some degree of
access control. If access points are properly spaced and designed, the
adverse effects on highway capacity and safety will be minimized. These
points should be located where they can best suit the traffic and land-use
characteristics of the highway under design. Their design should enable
vehicles to enter and exit safely with a minimum of interference to through
traffic. In Type 3, access to traffic lanes is permitted directly from the abutting
property. Special permits are required for new access points after
construction. The following Department policies will apply:

a. SOP No. MND-03-00-00-000 “Processing of Permit Applications.”

b. SOP No. MND-03-03-01-000 “Driveway Connections.”

C. SOP No. MND-03-04-01-000 “Construction and Maintenance of
Driveway, County Road and Municipal Street Connections to State

Highways.”

d. SOP No. MND-04-03-01-000 “Driveway and Street Connections,
Median Openings, Frontage Roads.”

Designers will be provided the type of access control which applies on each project.
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2-5.0 PROJECT SCOPE OF WORK

The scope of work for the proposed highway project is a major control in highway
design. The Location/Design Committee is responsible for recommending the project
scope of work. A general description of the Committee and its procedures is
presented in S.0.P. No. ENV-03-01-00-000.

The project scope of work will reflect the basic intent of the highway project and will
determine the overall level of improvement. This decision will determine which criteria
in the Design Manual apply to the project. The following descriptions are intended to
provide general definitions for the project scope of work.

2-5.01 New Construction

The Department’s geometric design criteria for new construction are presented in
Tables 2-7B through 2-7D (rural State highways and urban freeways), Tables 13-3A
and 13-3B (State Aid roads), and Tables 14-2B through 14-2D (urban streets). New
construction is defined as horizontal and vertical alignment on new location. In
addition, any intersection which falls within the project limits of a new highway
mainline or is relocated to a new point of intersection is considered new construction.
Chapter 6 presents the Department’s design criteria for the new construction of at-
grade intersections.

2-5.02 Reconstruction

Due to the significant level of work for reconstruction, the design of the project should
be determined by the criteria for new construction. Reconstruction of an existing
highway mainline will typically include the addition of travel lanes and/or
reconstruction of the existing horizontal and vertical alignment, but essentially within
the existing highway corridor. These projects will usually require right-of-way
acquisitions. The primary reason to perform reconstruction of an existing highway is
often because the existing facility cannot accommodate its current or future traffic
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demands or because the existing alignment is significantly deficient. In addition, any
intersection which falls within the limits of a reconstruction project will be
reconstructed as needed (Chapter 6). This could include the:

addition of through and auxiliary lanes for all approaches;
relocation and flattening of turning radii;

addition of turning roadways;

flattening the approach and intersection gradients;
realigning the angle of intersection;

rechannelizing the intersection; and/or

significant right-of-way acquisition.

Noo ks~

2-5.03 3R Projects (Non-Freeways)

Chapter 11 presents the Department’s critetia for 3R projects (resurfacing, restoration
and rehabilitation) on non-freeway facilities. 3R projects are primarily intended to
extend the service life of the existing facility and to enhance highway safety. In
addition, 3R projects should make cost-effective improvements to the existing
geometrics, where practical. 3R work on the mainline or at an intersection is work
essentially within the existing alignment. Right-of-way acquisition is usually not
involved, although small takings are sometimes justified. Typical improvements for
3R projects include:

1. pavement resurfacing,

2. lane and shoulder widening,

3. flattening an occasional horizontal or vertical curve,
4. widening the roadside clear zone,

5. flattening side slopes,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
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converting an existing median to a continuous two-way left-turn ( CTWLT)
lane,

adding a CTWLT lane,
converting an uncurbed urban street into a curbed street,

revising the location, spacing or design of existing driveways along the
mainline,

adding or removing parking lanes,

adding sidewalks,

relocating utility poles,

upgrading guardrail to meet current criteria,

geometric and/or safety improvements to existing bridges within the project
limits,

drainage improvements,

widening the approach width at an intersection,
adding or lengthening an auxiliary lane,
improving the corner sight distance,

flattening an existing turning radii,

minor realignment of an intersection angle,
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21.  widening an existing turning roadway, and/or

22. minor intersection rechannelization.

2-5.04 3R Projects (Freeways)

Chapter 11 presents the Department’s criteria for 3R projects (resurfacing, restoration
and rehabilitation) on existing freeways. 3R projects are primarily intended to extend
the service life of the existing facility and enhance highway safety. In addition, these
projects should make cost-effective improvements to the existing geometrics, where
practical. Typical improvements include:

1. pavement resurfacing or reconstruction (including shoulders),
2. widening the roadside clear zone,

3. flattening side slopes,

4. improvements to interchange gore areas,

5. regrading median ditch plugs,

6. upgrading guardrail to meet current criteria,

7. geometric and/or safety improvements to existing bridges within the project
limits,

8. drainage improvements,

9. addition of auxiliary lanes,

10. lengthening existing acceleration or deceleration lanes, and/or

11. realigning or widening an existing ramp.

Where extensive reconstruction is deemed necessary (realignment, significant right-
of-way acquisition, adding lanes, etc.), new construction criteria for freeways should
be applied.

2-5.05 Spot Improvements (Non-Freeways)

Spot improvements are intended to correct an identified deficiency at an isolated
location. The deficiency may be related to structural, geometric, safety, drainage or
traffic control problems. These projects are not intended to provide a general
upgrading of the highway, as are projects categorized as new construction,
reconstruction or 3R. Two types of spot improvements are:

1. safety improvements funded from the Federal-aid safety set-aside funds; and

2. bridge improvement projects funded by the Highway Bridge Replacement and
Rehabilitation Program.

Chapter 11 discusses the Department’s criteria for the geometric design of spot
improvement projects.

2-6.0 OVERALL BASIS FOR DESIGN CRITERIA

2-6.01 Based on Functional Classification

The functional classification of the highway is the basic control for the Department’s
geometric design criteria. The classification system, discussed in Section 2-1.0,
establishes the general type and character of the highway. For example, a freeway
indicates relatively high design speeds, control of access, surfaced shoulders and
wide clear zones. Collector roads usually have lower design speeds, access control
by regulation and graded shoulders.
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2-6.02 Based on Selected Design Speed

The following geometric design criteria are directly related to the design speed:

1.

Horizontal Curvature and Superelevation. [n the design of horizontal
alignment, it is necessary to establish the proper relationship between design
speed, the degree of curvature and superelevation. For a given design speed
the maximum superelevation rate and side-friction factor determine the
maximum degree of curvature. The maximum superelevation rate depends
on several factors including climate, terrain and urban/rural area. The
Department has adopted e,,., = 10.0% for the design of rural highways and
urban freeways. For urban streets and urban highways with a design speed
of 50 mph or less, e, = 6.0%. The maximum degree of curvature for various
design speeds and e, = 10.0% are presented in Table 2-7A. Chapter 3
presents the details for horizontal curvature and superelevation.

Vertical Curvature. The required sight distance, which is based on design
speed, is the major control in the design of vertical curves. The line of sight
should not be obstructed by the crest of a vertical curve. Sag vertical curves
are designed to provide headlight sight distance equal to the stopping sight
distance. Chapter 4 discusses the length of vertical curves based on the sight
distance requirements and design speed.

Stopping Sight Distance. Sight distance is the length of highway ahead visible
to the driver. The minimum distance available should be sufficient to enable
a vehicle traveling at the average running speed to stop before reaching an
object in its path. Stopping sight distance is the sum of two distances — the
brake reaction distance and the braking distance. A Policy on Geometric
Design of Highways and Streets discusses the concepts and procedures in
detail.

Sight distance may be restricted by vertical alignment, horizontal alignment,
roadside obstructions or any combination of these elements. The stopping
sight distance values are provided in Table 2-7A. The use of stopping sight
distance in the design of horizontal and vertical curves is discussed in
Chapters 3 and 4.
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The designer should always try to provide greater sight distance than the
values in Table 2-7A. Stopping sight distance is measured from the driver’s
eye 3.5 ft above the pavement to a 6-in. height of object.

Decision Sight Distance. Drivers frequently are required to make decisions
where information is difficult to perceive or where unexpected maneuvers are
required. These are areas of concentrated demand where the roadway
elements, traffic volume and traffic control devices all compete for the driver's
attention. Examples of these locations where vehicular control errors might
occur include interchanges, complex intersections and changes in cross
sections (e.g., lane drops). In these cases, decision sight distance may be
warranted to allow the driver more time to evaluate the roadway condition and
to select a course of action.

Table 2-6A provides values for decision sight distance. The distance is
measured from a 3.5-ft height of eye to a 6-in. height of object.

Table 2-6A
DECISION SIGHT DISTANCE

Design Speed Decision Sight Distance for Avoidance Maneuver (ft)
(mph) A B C D E
30 220 500 450 500 625
40 345 725 600 725 825
50 500 975 750 900 1025
60 680 1300 1000 1150 1275
70 900 1525 1100 1300 1450

Note: Avoidance Maneuvers are:

A: Stop on rural road

B: Stop on urban road

C: Speed/path/direction change on rural road

D: Speed/path/direction change on suburban road
E: Speed/path/direction change on urban road
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5. Passing Sight Distance. Passing sight distance considerations are limited to
two-lane, two-way highways on which vehicles frequently overtake slower
moving vehicles and the passing must be accomplished on a lane used by
opposing traffic. Passing sight distance values provided in Table 2-7A are
based on the distance needed to safely complete a normal passing maneuver.
The designer, where practical, should provide passing sight distance over a
high proportion of the highway length. This may involve adjustments to the
horizontal and vertical alignment, or additional lanes may be necessary in
restricted areas. Passing sight distance is measured from a 3.5-ft height of
eye to a 4.25-ft height of object.

The passing sight distance values presented for design should not be
confused with distances used for no-passing zone pavement markings.
Values provided in the MUTCD are substantially less than AASHTO passing
sight distances and are derived for traffic operating control needs which are
based on assumptions different from those for geometric design. The
Department’s criteria for no-passing zones for pavement markings is
presented in Section 9-7.0.

6. Grades. Maximum grades for each design speed are based on the functional
classification of the highway and the terrain conditions. The maximum grades
provided in Tables 2-7B through 2-7D should be used only where absolutely
necessary.

2-6.03 Cross Section Elements

Cross section elements are usually determined by the functional class and capacity
requirements. Figure 2-7A illustrates a typical highway cross section. The geometric
design criteria for the following cross section elements are provided in Tables 2-7B
through 2-7D:

1. Lane Width. The portion of the roadway for the movement of vehicles
exclusive of shoulders is called the traveled way. For safety, efficiency and
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ease of operation, lane widths for the traveled way in the range of 10 ftto 12
ft are used. The use of 12-ft lanes is predominant on high-speed highways.

Auxiliary Lane Width. Auxiliary lanes are the portion of the roadway adjoining
the traveled way intended for purposes supplementary to the through traffic
movement. Auxiliary lanes include truck-climbing lanes and turning lanes at
intersections. Desirably, these lanes should be as wide as the through lane.

Usable Shoulder Width. The shoulder is that portion of the cross section
contiguous to the traveled way. It is available for stopped vehicles,
emergencies and lateral support of the pavement structure. Shoulders also
provide a recovery area for vehicles which inadvertently leave the through
lanes. The usable shoulder width is measured from the edge of the traveled
way to the intersection of the shoulder slope and the foreslope (or safety
slope) planes.

Surfaced Shoulder Width. Surfaced shoulders provide a better all-weather
riding surface and load support than afforded by native soils or stabilized
materials. Therefore, they should be provided on all freeway facilities and
sometimes on other multilane arterials.

Median Width. The median on a divided highway separates opposing traffic,
reduces headlight glare and assists in the safe operation of crossing vehicles
at intersections and crossovers. The median width is measured between the
inside edges of the two traveled ways of the opposing roadways. On
freeways, the median width is typically 64 ft. On rural multilane highways, the
median width is typically 101 ft with, perhaps, an independent grade design
of each roadway. In urban areas with right-of-way restrictions, it may not be
practical to provide a median width of 64 ft on freeways. With a concrete
median barrier (CMB), the minimum median width is 22 ft assuming a 10-ft
inside shoulder. Desirably, a 12-ft inside shoulder will be used, and the
median width will be 26 ft.
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10.

Right-of-Way Width. The right-of-way width is the sum of all cross section
elements, including traveled way width, median width, side slopes and border
widths. The right-of-way border width is defined as the distance between the
right-of-way lines inward to the toe of fill slopes or top of cut slopes. See
Figure 2-7A. Each situation must be evaluated individually considering the
existing conditions and economic factors.

Bridge Width. The bridge width refers to the clear width measured between
the gutter lines or bridge rails, whichever is less. Tables 2-7B through 2-7D
provide the Department’s bridge width criteria for new and reconstructed
bridges. Chapter 11 discusses the Department’s criteria for bridge widths
within the limits of 3R projects and for bridge work which is limited to the
bridge itself (e.g., bridge deck replacement).

Roadway Width at Bridge Ends. The Department’s policy is to install guardrail
protection at bridge ends on all projects. In some cases it will be necessary
to widen the embankment of the bridge ends to facilitate guardrail installation.
The approach roadway width at bridge ends should be at least 2 ft on each
side (or 4 ft total) wider than the clear width of the bridge. The transition
between normal roadway width and the roadway width at bridge ends should
be according to the design of the guardrail installation. See the Roadway
Design Standard Drawings for details.

Roadside Clear Zone. An adequate clearance between the edge of traveled
way and roadside obstructions is an important safety design element.
Vehicles leaving the roadway should have a reasonable distance to recover
and return to the roadway without colliding with roadside objects. These
include trees, retaining walls, drainage structures and fences. Breakaway
light poles and sign posts are permitted within the lateral clearance zones.
Clear zones are discussed in detail in Section 9-1.0.

Vertical Clearance. The vertical clearance is measured between overhead
structures and the finished roadway surface. The designated clearance must
be provided over the entire roadway width, including shoulders. For all State

11.

12.
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highways, the minimum vertical clearance should be 16.5 ft. This will ensure
a minimum clearance of 16 ft after a 6-in. future resurfacing. The minimum
vertical clearance is 17.5 ft for the highway passing under a pedestrian bridge
or sign truss and, for structures over railroads, the minimum vertical clearance
between the top of rail and bottom of the highway structure is 23 ft.

Travel Lane and Shoulder Cross Slope. The cross slope on tangent
alignment is related to the type of surface. The pavement surface should be

sloped sufficiently to ensure proper drainage and not affect vehicular
operation. Cross slopes for travel lanes on tangent sections should be 2.0%
for both concrete and bituminous pavements. All shoulder cross slopes
should be 4.0% on tangent sections, except on curbed facilities where the
shoulder width is less than 4 ft. In this case, the shoulder slope will match the
travel lane slope.

Side Slopes. Roadway excavation and embankment slopes are part of the
graded highway supporting or maintaining the roadway. The rate of slope
depends on the terrain, the depth of excavation or embankment and the type
of material encountered. Safety considerations, maintenance, type of highway
facility and aesthetics further influence side slope rates.

In cut sections, the definitions of cross section slopes are (see Figure 2-7A):

a. Foreslope. The slope extending outward and downward from the
shoulder to the ditch line.

b. Backslope. The slope extending upward and outward from the ditch
line to intersect the natural ground line.
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In fill sections, the definitions of cross section slopes are (see Figure 2-7A):

a. Safety slope. The slope extending outward and downward from the
shoulder point to a horizontal distance equal to the clear zone
reguirements (see Section 9-1.0).

b. Fill slope. The embankment slope extending outward and downward
from the outer limit of the safety slope to intersect the natural ground
line.

Rounding of the cross section should be provided at the ditch bottoms and
tops of backslopes. All side slopes should be vegetated. Erosion control and
ditch treatment are discussed in detail in Chapter 8.

2-7.0 GEOMETRIC DESIGN CRITERIA

This section presents the Department’s criteria for the design of new construction and
reconstruction projects on rural State highways and urban freeways. Geometric
design criteria based on design speed are provided in Table 2-7A. Figure 2-7A
illustrates the typical cross section elements for both undivided and divided highways.
Design criteria for cross section and alignment elements are presented in Table 2-7B
(freeways), Table 2-7C (rural arterials) and Table 2-7D (rural collectors). The
Department’s geometric design criteria for State Aid projects is presented in Chapter
18. Chapter 14 presents the criteria for urban streets.
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Table 2-7A
GEOMETRIC DESIGN CRITERIA BASED ON DESIGN SPEED
(New Construction/Reconstruction)
Design Speed (mph)
Design Element
30 40 50 55 60 65 70

Maximum Degree of 24°45' 13°15’ 8°15’ 6°30’ 5°15" | 4°15' | 3°30’
Curvature (1)

Minimum Stopping Sight 185’ 275/ 3807 435’ 505’ 550’ 615’
Distance

Passing Sight Distance 1100’ 1500/ 1800’ 2000’ 2100’ | 2300’ | 2500’

(1) Values based on e,,,= 10.0%. See Table 3-4A for other combinations of design speed, degree of
curvature and superelevation rates. The values in Table 2-7A apply to all rural highways (all design
speeds) and urban highways (V > 50 mph). See Chapter 14 for maximum degree of curvature on

urban facilities where V < 50 mph.
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TYPICAL SECTION NOMENCLATURE
Figure 2-7A
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Table 2-7B

GEOMETRIC DESIGN CRITERIA FOR FREEWAYS

(New Construction/Reconstruction)

Manual
DESIGN ELEMENT Section Rural Urban
“ Design Forecast Year 2-3.04 20 Years 20 Years
5 ;8 *Design Speed 2-2.01 70 mph 60 mph - 70 mph
g & [ Control of Access 2-4.0 Full (Type 1) Full (Type 1)
Level of Service 2-3.04 B Desirable: B Minimum: C
*Lane Width 2-6.03 12’ 12’
: . *Usable 12’ 12’
Outside Shoulder Width (1a) FSuraced 2-6.03 o o
#*Usable 8’ 8’
Medi Width(1b)(1 2-6.03
edian Shoulder Width(1b)(1c) Fourtaced e g
Travel Lane 2% 2%
4 2-6.03
*Cross Slope Shoulder 6 % 4%
Lane Width 12’ 12’
ili 2-6.03
@ Audliary Lanes Shoulder Width Surfaced: 10’ Usable 12° Surfaced: 10’ Usable 12’
S Depressed 64’ Minimum 64’
5 Median Width : : 2:6.03 26" Desirable; 22 Minimum
% Concrete Median Barrier N/A 26" Desirable: 25’ Minimum
_‘é %New and Reconstructed Structural Capacity 2-6.03; HS-20 HS-20
3 Bridges Minimum Width 11-4.0 Traveled Way + 12’ (Outside Shoulder) + 6’ (Median Shoulder) Traveled Way + 12’ (Outside Shoulder) + 6’ (Median Shoulder)
2 | %Existing Bridges to Structural Capacity 2-6.03; HS-20 HS-20
§ Remain in Place Minimum Width (2) 11-4.0 Traveled Way + 10’ (Outside Shoulder) + 4’ (Inside Shoulder) Traveled Way + 10’ (Outside Shoulder) + 4’ (Inside Shoulder)
Minimum Right-of-Way Width 2.6.03; 300° 3)
Desirable R/W Border Width (Beyond toe/top of fill/cut slope) 10-1.02 30’ 15'
. Guardrail 9-4.03; Usable Shoulder Width Usable Shoulder Width
Roadside Clear Zone 50
' Obstruction (4) 9-2.0 30 30
Foreslope (within clear zone) 6:1 6:1
Slope Cut Depth of Ditch 4 4
Schedule Backslope 2-6.03 31 31
®) Fil Safety Slope (within clear zone) 6:1 6:1
Fill Slope (outside clear zone) 3:1 3:1
DESIGN SPEED 60 mph 65 mph 70 mph
#*Minimum Stopping Sight Distance 2-6.02 505’ 550’ 615’
s*Maximum Degree of Curvature (e = 10%) 3-3.0 5°15' 4°15' 3°30’
©® *Superelevation Rate 3-4.01 See Table 3-4A (e,E_, = 10%)
é s#*Horizontal Sight Distance 3-5.0 (6)
K Level 3% 3% 3%
w #*Maximum Grades (7, 4-3.01
= m % Rolling 4% 4% %%
§ Minimum Grades 4-3.02 Desirable: 0.4% Minimum: 0.0%
%’ *Vertical Curve (K-values) 4-4.0 Crest; 192 Sag: 118 Crest: 228 Sag: 131 Crest; 285 Sag: 149
seMinimum Vertical New/RecoAnstructed Bridges (8) 16.5°
Slejrance (Freeway Existing Bridges 2-6.03 16’
nder) Sign Truss (8) 17.5’
Vertical Clearance (Freeway Over Railroad) 2-6.03 23’

*Controlling design criteria. See Section 2-8.0.
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GEOMETRIC DESIGN CRITERIA FOR FREEWAYS
(New Construction/Reconstruction)

Footnotes to Table 2-7B

Shoulder Width. For 3 or more lanes in each direction, the following will apply:

a. QOutside Shoulder. Where the truck volume exceeds 250 DDHV, a
12-ft surfaced shoulder should be considered.

b. Median Shoulder (Depressed Median). Where the two roadways are
separated by a depressed median, provide a 12-ft usable shoulder
and a 10-ft surfaced shoulder. Where the truck volume exceeds 250
DDHYV, a 12-ft surfaced shoulder should be considered.

c. Median Shoulder (Concrete Median Barrier). Where the two roadways
are separated by a CMB, the desirable surfaced median shoulder
width is 12-ft; the minimum surfaced median shoulder width is 10 ft.
Where the truck traffic exceeds 250 DDHV, the 12-ft width merits
stronger consideration.

Bridge Width. For existing bridges to remain in place which are considered
major structures (i.e., lengths greater than 200 ft), the minimum clear width is
the width of the traveled way plus 3.5 ft on each side.

Minimum Right-of-Way Width (Urban). The right-of-way limits in urban areas
will be determined by build up, property values, etc.

Roadside Clear Zone. The recommended clear zones are for design speeds
of 60 mph - 70 mph, for 6:1 fill slopes or foreslopes and for an ADT > 6000.
See Section 9-2.0 for other roadside conditions. All values are measured from
the edge of traveled way or auxiliary lane, if present.
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Slopes. If high-volume change soil is present, see Section 12-2.04.

Horizontal Sight Distance. The necessary middle ordinate will be based on
the design speed and maximum degree of curvature. See Section 3-5.0 for
the applicable criteria.

Maximum Grades. Grades 1 percent steeper may be used on 1-way down-
grades. Grades 1 percent steeper may also be used in restricted urban areas
where development precludes the use of flatter grades.

Minimum Vertical Clearances. Table values include an additional 6-in.
allowance for future resurfacing.
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Table 2-7C

GEOMETRIC DESIGN CRITERIA FOR RURAL ARTERIALS
(New Construction/Reconstruction)

2-Lane
DESIGN ELEMENT Design ADT | Manual Under 400 400 and Over Multilane
Design DHV 100 - 200 201 - 400 Over 400
Design Forecast Year 2-3.04 20 Years 20 Years
c 2 *Design Speed 2-2.01 65 mph 65 mph
5 2 ; Desirable: Partial e 2A or 2B
§ § Control of Access 2-4.0 Control by Regulation (Type 3) Minimum: Control by e)g)ulation (T yp)e 3)
Level of Service 2-3.04 B B
*Lane Width 2-6.03 12’ 12’
) ) #Usable 6’ | 6’ | 8’ | 10’ 10’
Outside Shoulder Width Surfaced 2-6.03 &) )
" ’ *Usable N/A 8’
Median Shoulder Width Surfaced 2-6.03 NA 0
Travel Lane 2% 2%
*#Cross Slope Shouldor 2-6.03 ym o
- Lane Width 12/ 12’
g | AudliaryLanes Usable Shoulder Width 26.03 3 I 3 T 3 ] 0 Same Usable/Surtaced Width Adjacent to Travel Lane
é Median Width 2-6.03 N/A 101’ Typical (2)
& | #New and Reconstructed Structural Capacity 2-6.03; HS-20 HS-20
< Bridges Minimum Width (3) 11-4.0 36’ | 36’ | 44" | 44’ Traveled Way +10 (outside shoulder) +6° (median shoulder)
'—g'; #Existing Bridges to Structural Capacity 2-6.03; HS-20 HS-20
(0] Remain'in Place Minimum Width (3) 11-4.0 28’ Traveled Way + 4’ (Each Roadway)
2 | Minimum Right-of-Way Width 2.6.03; 100’ 110’ 120’ 130’ 240’
G | Desirable RAW Border Width (Beyond toe/top of fill/cut slope) 10-1.02 10’ 10’ - 15' 15'- 20’ 20 30’
. CGuardrail 9-4.03: Usable Shoulder Width Usable Shoulder Width
Ri lear Zs Yy
oadside Clear Zone Obstruction 9-2.0 See Note (4) See Note (4)
Foreslope (within clear zone) 6:1 6:1
Cut Depth of Ditch 3’ 4'
Slope
Sschedule Backslope 2-6.03 3:1 3:1
©) Fill Safety Slope (within clear zone) 6:1 6:1
Fill Slope (outside clear zone) 31 31
DESIGN SPEED 65 mph
*Minimum Stopping Sight Distance 2-6.02 550"
#*Maximum Degree of Curvature (e = 10%) 3-3.0 4°15'
. *Superelevation Rate 3-4.01 See Table 3-4A (e, = 10%)
S | sHorizontal Sight Distance 3-5.0 (6)
5 Level 3%
2 | *Maxi -3,
w Maximum Grades (7) Roling 4-3.01 %
é Minimum Grades 4-3.02 Desirable: 0.4% Minimum:_0.0%
s *Vertical Curve (K-values) 4-4.0 Crest: 228  Sag: 131
< $Minimum Vertical New/Reco.ns.tructefj Bridges (8) 16.5
Sleé:xrance (Arterial Existing Bridges 2-6.03 16
nder) Sign Truss (8) 175
Vertical Clearance (Arterial Over Railroad) 2-6.03 23’

*Controlling design criteria. See Section 2-8.0.
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GEOMETRIC DESIGN CRITERIA FOR RURAL ARTERIALS
(New Construction/Reconstruction)

Footnotes to Table 2-7C

Shoulder Surface Type (2-lane and Shoulder on Multilane). Generally, these
shoulders will not be surfaced except as approved in special conditions.

Median Width. The 101-ft typical median width applies to new construction or |

to the dualization of an existing two-lane, two-way facility. Exceptions to this
width may be considered for the following:

a. areas with environmental restrictions,
b. facilities with Type 1 access control,
C. facilities where full-width bridges have already been constructed at a

lesser width, or
d. other areas with justification.

For a reconstruction project on an existing divided facility, the existing median
width may be retained.

Bridge Width. Bridges which are considered major structures (i.e., lengths
greater than 200 ft) are subject to individual economic, traffic and safety studies.
See Section 11-4.0 for bridge projects performed as a spot improvement.

Roadside Clear Zone. The recommended clear zones are based on design
speed, side slopes and traffic volumes. See Section 9-2.0. All values are
measured from the edge of traveled way or auxiliary lane, if present.

Slopes. If high-volume change soil is present, see Section 12-2.04.
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Horizontal Sight Distance. The necessary middle ordinate will be based on the
design speed and maximum degree of curvature. See Section 3-5.0 for the
applicable criteria.

Maximum Grades. Grades 1 percent steeper may be used on 1-way
downgrades.

Minimum Vertical Clearances. Table values include an additional 6-in.

allowance for future resurfacing.
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Table 2-7D

GEOMETRIC DESIGN CRITERIA FOR RURAL COLLECTORS
(New Construction/Reconstruction)

2-21

Manual 2-Lane -
DE ELEMEN H Multil
SIGN T Design ADT | Section Under 400 400-1500 | 15002000 ] __ Over 2000 uiane
Design Forecast Year 2-3.04 20 Years 20 Years
5§ | *Design Speed (1) 2201 56 mph Folig: g i 65 mph
§ é Control of Access 2-4.0 Control by Regulation (Type 3) Control by Regulation (Type 3)
Level of Service 2-3.04 Desirable: B Minimum: C B
*Lane Width 2-6.03 12’ 12’
*Usable 4’ | 5’ ] 6' ] 8’ 10’
i r Wi 2-6.03
QOutside Shoulder Width Surfaced A 2)
*Usable N/A 8’
i i 2-6.03
Median Shoulder Width Surtaced A 2)
Travel Lane 2% 2%
*C Si -6.03
088 Slope Shoulder 26.0 4% 4%
Lane Width 11’ 12’
iliary Lanes 2-6.03
2 Auxiliary Usable Shoulder Width 2 I 5 I 6 | 8 Same Usable/Surfaced Width Adjacent to Travel Lane
g Median Width 2-6.03 N/A 101'Typical (3)
@ | #New and Reconstructed Structural Capacity 2-6.03; HS-20 HS-20
§ | Bridges Minimum Width (4) 11-4.0 28’ | 30’ ] 32’ ] 44 Traveled Way +10’ (outside shoulder) +6’ (median shoulder)
§ *Existing Bridges to Structural Capacity 2.6.03; HS-20 HS-20
o Remain’in Place Minirmum Width (4) 11-4.0 24 | 28’ 28’ (Each Roadway)
g Minimum Right-of-Way Width 2-?(.)03; 80’ 100 120’ 240’
Desirable R/W Border Width (Beyond toe/top of fill/cut slope) 1.02 5 -10 10 - 15’ 15 - 20" 30’
. Guardrail 9-4.03; Usable Shoulder Width Usable Shoulder Width
Roadside Clear Zone A
! Obstruction -2.0 See Note (5) See Note (4)
Foreslope (within clear zone) V < 55mph 41 V>55mph 6:1 6:1
Slope Cut Depth of Ditch 3 4
(gfhedu!e Backslope 2-6.03 31 31
Fill Height of Fill <5’ — 4:1 Height of Fill < 10’ — 4:1 6:1_(Within Clear Zone)
Height of Fill > 5" — 3:1 Height of Fill > 10’ — 3:1 3:1 (Outside Clear Zone)
DESIGN SPEED 55 mph 60 mph 65 mph
*Minimum Stopping Sight Distance 2-6.02 435’ 505’ 550"
a *Maximum Degree of Curvature (e = 10%) 3-3.0 6°30' 5°15' 4°15'
[ *Superelevation Rate 3-4.01 See Table 3-4A (€. = 10%)
§ *Horizontal Sight Distance 3-5.0 (7)
- Level 5.5% 5% 4.5%
S #*Maxi Grad 4-3.01
g aximum faraces Rolling 6.5% 6% 5.5%
__r_fm Minimum Grades 4-3.02 Desirable: 0.4% Minimum: 0.0%
< *Vertical Curve (K-values) 4-4.0 Crest; 143 Sag: 99 l Crest: 192 Sag: 118 I Crest: 228 Sag: 131
*Minimum Vertical New/Reconstructed Bridges (8) 16.5
Clearance - - 2-6.03 -
__(Collector Under) Existing Bridges 14.5
Vertical Clearance (Collector Over Railroad) 2-6.03 23’

skControlling design criteria. See Section 2-8.0.
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GEOMETRIC DESIGN CRITERIA FOR RURAL COLLECTORS
(New Construction/Reconstruction)

Footnotes to Table 2-7D

Design Speed. A rural collector may pass through a relatively built-up area
where the posted speed limit is below 55 mph. In these sections, a design
speed as low as the posted speed limit may be used.

Shoulder Surface Type (Shoulder on Multilane). Generally, these shoulders
will not be surfaced except as approved in special conditions.

Median Width. The 101-ft typical median width applies to new construction or
to the dualization of an existing two-lane, two-way facility. Exceptions to this
width may be considered for the following:

a. areas with environmental restrictions,
b. facilities with Type 1 access control,
c. facilities where full-width bridges have already been constructed at a

lesser width, or
d. other areas with justification.

For a reconstruction project on an existing divided facility, the existing median
width may be retained.

Bridge Width. Bridges which are considered major structures (i.e., lengths
greater than 200 ft) are subject to individual economic, traffic and safety
studies. See Section 11-4.0 for bridge projects performed as a spot
improvement.
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Roadside Clear Zone. The recommended clear zones are based on design
speed, side slopes and traffic volumes. See Section 9-2.0. All values are
measured from the edge of traveled way or auxiliary lane, if present.

Slopes. If high-volume change soil is present, see Section 12-2.04.
Horizontal Sight Distance. The necessary middle ordinate will be based on
the design speed and maximum degree of curvature. See Section 3-5.0 for
the applicable criteria. ‘

Minimum Vertical Clearances. Table values include an additional 6-in.
allowance for future resurfacing.
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2-8.0 EXCEPTIONS TO GEOMETRIC DESIGN CRITERIA

2-8.01 Controlling Design Criteria

Controlling design criteria are those highway design elements which are judged to be
the most critical indicators of a highway’s safety and its overall serviceability.
Obviously, not every piece of design information in the Department’s Design Manual
meets this definition. Therefore, the Department and FHWA have identified those
design elements which qualify as controlling design criteria. Any proposed design
that does not provide at least the minimum design value must pass through the formal
documentation process and be approved by the Chief Engineer and, where
applicable, FHWA.

The design exception process only applies to the highway mainline; i.e., it does not
apply to auxiliary lanes (e.g., climbing lanes, turn lanes) nor to interchange ramps.
The following identifies those highway mainline design elements which require
approval when the Department’s values are not met:

1. design speed,

2. travel lane width,

3. shoulder width,

4. bridge width,

5. structural capacity,

6. maximum degree of curvature for horizontal curves,

7. K-values for minimum stopping sight distance at crest and sag vertical curves,
8. maximum grades,
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9. middle ordinate values for minimum stopping sight distance around horizontal
curves,

10. cross slopes for travel lanes and shoulders,

11. superelevation rates,

12. vertical clearances, and

13. horizontal clearances to obstructions on curbed facilities.

The tables for new construction/reconstruction projects are presented in Sections 2-

7.0, 13-3.0 and 14-2.0. On all of these tables, an asterisk has been placed beside
each controlling design element.

2.8.02 Procedures for Exceptions

This Section discusses the Department’s policies and procedures for identifying and
justifying exceptions to geometric design criteria. This applies to new construction,
reconstruction and 3R projects on the State highway system and to all Federal-aid
projects.

In general, designers are responsible for meeting or exceeding all design criteria in
the Manual. This policy is intended to ensure that the Department will provide a
highway system which meets the transportation needs of the State and provides a
reasonable level of safety, comfort and convenience for the traveling public.

2-8.02.01 Department Procedures

The following establishes the procedures the highway designer must follow for
proposed exceptions to any of the controlling design criteria:
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The designer will investigate the impacts of meeting the minimum design
criteria. Factors to evaluate include but are not limited to:

a. amount and character of the current and design year traffic;

b. number and type of traffic accidents, fatal accident rate and fatal
accident rate on a comparable system;

c. project's compatibility with adjacent sections of roadway (e.g.,
comparisons of lane widths, shoulder widths, slopes, curvature);

d. probable timing for any scheduled future improvements within the
proposed project limits;

e. cost analysis (maximum service and safety benefits for dollar
invested);

f. right-of-way costs and impacts;

environmental considerations; and
assessments of the structural and functional adequacy of existing
bridges.

Ta

Once the designer has determined that the minimum design criteria cannot
reasonably be satisfied after evaluation of the factors in Comment #1, a report
will be prepared that identifies the required design value, as provided within
the tables of this Manual, and the proposed deviation from that value. The
report will also fully document the basis for an exception request. Any safety
enhancement measures to be undertaken as part of the proposed project
should also be described within the report.

The report will be submitted to the Roadway Design Division Engineer for
review and action.

The documentation for the design exception will become part of the project file
(see Section 1-5.0).
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2-8.02.02 Additional Procedures for Exceptions Requiring Federal Action

All proposed exceptions to the AASHTO values or approved State 3R values for the
controlling criteria on all Interstate projects (regardless of project type, cost or class
of funding (Federal, State, local or private)) and on all NHS non-Interstate projects if
the estimated cost equals or exceeds $5,000,000 (regardless of project type or class
of Federal-aid funds) must be submitted to the FHWA Division Office for review and
approval. Various factors must be considered, fully evaluated, documented and
submitted to the Roadway Design Division Engineer by the designer, as discussed
in Section 2-8.02.01, for completion of the Department’s internal process prior to the
submission of an exception request and evaluation report to the FHWA Division
Office.

The Department has full approval authority for design exceptions for all projects not
listed in the preceding paragraph.

2-9.0 QUALIFYING WORDS

Many qualifying words are used in geometric design and in this Manual. For

consistency and uniformity in the application of various design criteria, the following
definitions apply:

1. Shall, require, will, must. A mandatory condition. Designers are obligated to
adhere to the criteria and applications presented in this context or to perform
the evaluation indicated. For the application of geometric design criteria, this
Manual limits the use of these words.

2. Should, recommend. An advisory condition. Designers are strongly
encouraged to follow the criteria and guidance presented in this context,
unless there is reasonable justification not to do so.
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10.

May, could, can, suggest, consider. A permissive condition. Designers are
allowed to apply individual judgment and discretion to the criteria when
presented in this context. The decision will be based on a case-by-case
assessment.

Desirable, preferred. An indication that the designer should make every
reasonable effort to meet the criteria and that he/she should only use a
“lesser" design after due consideration of the "better" design.

Ideal. Indicating a standard of perfection (e.g., traffic capacity under "ideal”
conditions).

Minimum, maximum, upper, lower (limits). Representative of generally
accepted limits within the design community but not necessarily suggesting
that these limits are inviolable. However, where the criteria presented in this
context will not be met, the designer will in many cases need approval.

Practical, feasible, cost-effective, reasonable. Advising the designer that the
decision to apply the design criteria should be based on a subjective analysis
of the anticipated benefits and costs associated with the impacts of the
decision. No formal analysis (e.g., cost-effectiveness analysis) is intended,
unless otherwise stated.

Possible. Indicating that which can be accomplished. Because of its rather
restrictive implication, this word will not be used in this Manual for the
application of design criteria.

Significant, major. Indicating that the consequences from a given action are
obvious to most observers and, in many cases, can be readily measured.

Insignificant, minor. Indicating that the consequences from a given action are
relatively small and not an important factor in the decision-making for road
design.

11.

12.

13.

14.

15.

16.

17.

18.
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Warranted, justified. Indicating that some well-accepted threshold or set of
conditions has been met. As used in this Manual, "warranted" or “justified"
may apply to either objective or subjective evaluations. Note that, once the
warranting threshold has been met, this is an indication that the design
treatment should be considered and evaluated not that the design treatment
is automatically required.

Standard. Indicating a design value which cannot be violated without severe
consequences. This suggestion is generally inconsistent with geometric
design criteria. Therefore, "standard" will not be used in this Manualto apply
to geometric design criteria.

Guideline. Indicating a design value which establishes an approximate
threshold which should be met if considered practical.

Criteria. A term typically used to apply to design values, usually with no
suggestion on the criticality of the design value. Because of its basically
neutral implication, this Manual frequently uses “criteria” to refer to the design
values presented.

Typical. Indicating a design practice which is most often used in application
and which is likely to be the "best" treatment at a given site.

Target. If practical, criteria the designer should be striving to meet. However,
not meeting these criteria will typically not require a justification.

Acceptable. Design criteria which do not meet desirable values, but yet is
considered to be reasonable and safe for design purposes.

Poliéy. Indicating MDOT practice which the Department generally expects the
designer to follow, unless otherwise justified.
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Chapter 3

HORIZONTAL ALIGNMENT

This Chapter discusses the details for the proper design of horizontal alignment.
Much of the criteria is equally applicable to rural and urban roads. However, the
horizontal alignment for low-speed urban streets (design speed of 45 mph and below)
involves special considerations. These are discussed in detail in Section 14-2.0.

3-1.0 LOCATION SURVEYS

Most location surveys for State highways in Mississippi are the responsibility of the
Districts and are performed by District personnel. Completed surveys and design
recommendations are submitted to the Roadway Design Division.

The designer will normally adhere to the alignment established by the Districts. If
unusual circumstances are encountered during the design process, office projections
may be computed for variations from the surveyed line, or additional field surveys may
be requested if the departure from the survey line is significant.

The ultimate quality of the horizontal alignment is thus influenced by decisions of both
District and Roadway Design personnel. Horizontal alignment decisions should be
governed by the criteria set forth in this Chapter.

3-2.0 GENERAL CRITERIA

Many design criteria for horizontal alignment (e.g., design speed, maximum degree
of curvature, superelevation rates) are specific and can be measured. Other factors
cannot be defined and require the designer’s judgment and consideration of existing
conditions. General criteria for horizontal alignment include:

1. Alignment should be as directional as possible consistent with physical and
economic constraints. Avoid a winding alignment composed of short curves.

2. Alignment should be consistent. Avoid sharp curves at the ends of long
tangents and sudden changes from areas of flat curvature to sharp curvature.
Where sharp curvature must be introduced, it should be approached by
successively sharper curves from the generally flat curvature.

3. Avoid sharp curves for small deflection angles. Curves should be sufficiently
long enough to preclude the appearance of a kink. Curves should be at least
500 ft long for a central angle of 5 degrees or less. On high-speed controlled
access facilities, a desirable length of curve should be about 30 times the
design speed, or L = 30V, where V is in mph.

4, Avoid sharp curves on long, high fills. Under these conditions it is difficult for
drivers to perceive the extent of horizontal curvature.

5. Avoid abrupt reversals in alignment (S curves). There should be a sufficient
tangent distance between the curves to ensure proper superelevation
transition for both curves and sufficient distance for required signing.
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Avoid “broken-back curves” (short tangent between two curves in the same
direction). This arrangement is not pleasing in appearance. The preferred
approach is to use spiral transition curves which provide the needed
smoothness and continuity.

Avoid sharp horizontal curvature near crest or sag vertical curves. These
combinations of curvature can cause sight distance problems. Horizontal
alignment should be carefully coordinated with profile design.

Avoid horizontal curves on bridges. These may cause design, construction
and operational problems. Where a curve is necessary on a bridge, a simple
curve should be used on the bridge, and any curve or superelevation
transitions should be placed on the approaching roadway.

3-3.0 HORIZONTAL CURVES

3-3.01 Curve Types and Selection

Deflectional changes in alignment may be accomplished by using a simple curve or
by using a spiral curve leading into and out of a simple curve.

3-3.01.01 Simple Curves

The following applies to simple curves:

1.

Layout. A simple curve is that portion of the arc of a circle which achieves the
desired deflection without using an entering or exiting transition. The degree
of curvature is used to define a horizontal curve. The degree of curvature (D)
(arc definition) is defined as the central angle which subtends an arc length
of 100 ft. Figure 3-3A illustrates a typical simple curve layout. The maximum
degree of curvature for various design speeds is discussed in Section 3-4.01.
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Computations. Usually for simple curves, the Pl station, the deflection angle
(A) and the degree of curvature (D) are established. The remaining curve
data can be computed using the formulas in Figure 3-3A.

Stationing. Curve stationing should be determined as follows:

a. PC Station = P| Station-T
b. PT Station = PC Station + L

Figure 3-3A defines the terms.

Accuracy (For Closure Purposes). Curve data should be calculated and
recorded to the following level of accuracy:

a. the degree of curvature (D) to the nearest minute for new horizontal
curves,
b. the deflection angle (A) to the nearest one thousandth of a second

(i.e., three decimal places), and

C. all linear distances to the nearest one thousandth of a foot (i.e., three
decimal places).

Alignments which incorporate a previously defined horizontal curve will use the
existing degree of curvature.
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ARC
DEFINITION

PC
PT
PI
PRC
PCC

nwonon o

Point of Curve (Beginning of Curve)
Point of Tangency (End of Curve)
Point of Intersection of Tangents
Point of Reverse Curve

Point of Compound Curve

o '*-eomgcr—)omo:ur”-ib

LC = 2R (sin (A/2) = 2T (cos A/2)
M = R(1-cos (A/2)) = E cos (A/2)

a = 2000)@TA) _ (@)(TA)

¢ =2R (sin -(-W) = 2R (sin —9—93)

L L | | | T 1A (A T | O (A 1A [

Deflection angle, degrees

Tangent distance, ft. T = distance from PC to Pl or distance from Pl to PT
Length of curve, ft. L = distance from PC to PT along curve
Radius of curve, ft

Degree of curvature (100’ arc definition)

External distance (Pl to mid-point of curve), ft

Intersection of radii at center of circular arc

Length of long chord (PC to PT), ft

Middle ordinate, ft (mid-point of arc to mid-point of long chord)
Length of arc to any point on a curve, ft

Length of chord from PC to any point on curve, ft

Deflection angle from tangent to any point on curve, degrees
Distance along tangent from PC to any point on curve, ft
Tangent offset to any point on curve, ft

90a
360/21) o =
=100 (360/2m) 5729.577951/D

D (@)TR)

Attan (A/2)) = R SN (82) cos ¢ = (R - 0)/2R
cos (A/2)
—é—2TTF?=1OOA/D t=Rsin2¢p = (c) cos ¢
360
-—~—ﬁ——-—~R=Ttan (0/4) 0 = () sin ¢
cos (A/2)
o=R-{R? -t

o = R - (R cos 2¢)

Qo
1t

R(1 - cos 2¢)

100(360) 90

3.141592654

=
u

(200)(2TR)

TYPICAL SIMPLE CURVE LAYOUT

Figure 3-3A
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3-3.01.02 Spiral Curves

The following applies to spiral curves:

1.

Layout. Spiral curves provide a gradual vehicular transition into and out of
circular curves without a sharp break from the tangent sections. The spiral
also provides a convenient arrangement for the superelevation runoff length.
Typical design practice is to use this length for the length of the spiral curve
(Lg). Superelevation runoff lengths are discussed in Section 3-4.02. Figure
3-3B illustrates a typical spiral curve layout.

Warrants. Table 3-4A indicates the recommended threshold for the use of
a spiral curve. On rural State highways, the designer should use a spiral
curve where the degree of curvature for a given design speed vyields a
required superelevation rate greater than 5.0%. This includes all curves
below the heavy lines in Table 3-4A.

Computation. Usually for spiral curves, the Master Pl station, the deflection
angle (A) and the degree of curvature (D) are established. The length of the
spiral curve (L,) will be set equal to the length of the superelevation runoff
(Table 3-4A). Based on the values of A, Lg and D, 8, can be calculated as
indicated in Figure 3-3B, and the p and k values can be read from Table Il in
Transition Curves for Highways by Joseph Barnett. The tangent length (T),
the external distance (E;) and the remaining spiral curve data can be
computed as described in Figure 3-3B.

Stationing. Curve stationing should be determined as follows:

Master PI Station - T, = TS Station
TS Station + L, = SC Station
SC Station + L, = CS Station
CS Station + L = ST Station

oo op
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5. Accuracy. The accuracy of curve data for simple curves also applies to spiral
curves. See Section 3-3.01.01

3-3.01.03 Compound Curves

Compound curves are appropriate for interchange ramps, turning roadways and
intersection curb returns. Occasionally, they may be used on highway mainlines but
only where some physical control prevents the use of a spiral curve or simple curve.
Where a compound curve is used on a highway mainline, the degree of curvature of
the flatter circular arc (D,) should not be more than 50 percent greater than the
degree of curvature of the sharper circular arc (D,); i.e., D, > 0.67 D,.

3-3.02 Traveled Way Widening

Traveled way widening may be necessary on the inside edge of horizontal curves for
the following reasons:

1. Vehicles (especially trucks) occupy a greater effective width because rear
wheels track inside of front wheels when rounding a curve.

2. Where lane widths are less than 12 ft, drivers may experience difficulty in
steering within the traffic lane on curves.

Table 3-3A presents design values for traveled way widening on highway curves.
Traveled way widening will be applied on the inside edge of pavement, and transition
distances will be attained over the superelevation runoff length. See Section 3-4.02.

On existing facilities with narrow lanes and sharp curves, there may be a need for
traveled way widening on curves as part of a 3R project design. 3R projects are
discussed in detail in Chapter 11.
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Notes:

1. This figure is consistent with the nomenclature in Transition Curves for Highways Layout for Any Point on Spiral
by Public Roads Administration (Joseph Barnett).

2. See next page for definition of terms.

TYPICAL SPIRAL CURVE LAYOUT
Figure 3-3B
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CURVE FUNCTIONS
SPIRAL TRANSITION CURVE NOMENCLATURE 1. 8, =(LJR,) (90/AT) = L D/200 4. T, = (R +p)tan (A2) +k
Master Pl = Point of intersection of the main p = Offset distance from the main tangent to 2. A =4 -20 5. E;=(R. +p)(l/cos(&/2)-1)+p=
tangents. the PC or PT of the circular curve A R+
PC = Pointatwhich the circular curve extended produced, ft 38 L= 36?) 2mR, _(__c__p) -(R, +p)+p
becomes parallel to the line from TS to the k = Distance from TS to point on main tangent cos(8/2)
Master PL. opposite the PC of the circular curve . " .
PT = Pointatwhich the circular curve extended produced, f 6. g :r';i tlt< are obtained from Transition Curves for Highways by
becomes parallel to the line from ST to the A = Total deflection angle between main )
Master Pl tangents of the entire curve, degrees
Plc = Point of intersection of circular curve AC = Deflection angle between tangents at the SPIRAL FUNCTIONS
tangents. SC and the CS or the central angle of the
Pl, = Point of intersection of the main tangent circular curve, degrees o
and tangent of circular curve. 8; = Central angle between the tangent of the Corrections for C in Formula: ¢ = 3
TS = Tangent to spiral; common point of spiral complete curve and the tangent at the SC;
and near transition. i.e., the “spiral angle,” degrees
. . ; ’ ’ i ree
SC = Spiraltocurve; common point of spiral and ds = Spiraldeflection angle from tangents at TS 8, in Degrees 15 20 25 30 35 40 45 S0
circular curve of near transition. to SC or from ST to SC, degrees C in Minutes 0.2 0.4 0.8 1.4 2.2 3.4 4.8 6.6
CS = Curve to spiral; common point of circular Xys = Coordinates of SC from the TS or of CS
curve and spiral of far transition. from ST. 7. @ (approx.) = 2, if 8, < 15°00" 12, LT =x, - ( Ys )
ST = Spiral to tangent; common point of spiral L = Length of spiral arc from the TS or ST to 3 tan 6,
and tangent of far transition. any point on the spiral, ft e) X
. ' 8. =2 - j °00’ 13. LC = z
D. = Degree of circular curve (SC to CS) xy = Coordinates toany pointon the spiral from ¢ (approx.) 3 C, if 8 > 15°00 3 cos @
R; = Radius of the circular curve (SC to CS), ft TS or ST.
Ls = Length of spiral, ft ¢ = Spiral deflection angle from TS or ST to 9 6,12 14. x, = LCcos o,
L = Length of circular curve, ft any point on spiral, degrees "3 “L“
Ts = Tangentdistance Master Pito TS or ST, ft 8 = The central angle of spiral arc L to any y 15.  y, = LC sin g,
T, = Tangentdistance from SC or CS to Pi, ft point on the spiral, degrees. 6 equals 6, .
. L ' ) s . by c : 2
Es = External distance Master Pl to midpoint of when L equals L,. Note that the 6 referred 10. Exact value of ¢ by coordinates 16. O = L° .
circular curve, ft toin Table Il of Transition Curves for High- tan @ = ¥ L
LT = Longtangent of spiral only, ft ways is actually 8,. Note: For Equations X
ST = Short tangent of spiral only, ft 17 and 18, 8is in radians. — e o* gf 68
LC = Long chord of spiral, ft 11. ST = .yse 7 x= "30 216 9360 685440
sin 6,
3 5 7 9
18.% y= L _6_ - .9__. + 0 - 0 + 8
3 42 1320 75600 6894720
PP .
R = 100 —-—36%2" - 5729.577951/D 0 s in radians

Note:

TYPICAL SPIRAL CURVE LAYOUT
Figure 3-3B
(continued)

These equations are based on Transition Curves for Highways by Barnett.
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Table 3-3A Table 3-3B
DESIGN VALUES FOR TRAVELED WAY WIDENING INCREASED WIDTHS FOR SEMITRAILERS
WAY CURVE
ON H|GH(Feet)CU S WB-50/WB-60 WB-62
Degree of Increased Width Degree of Increased Width
Curvature (ft) Curvature (ft)
22-ft Traveled Way 20-ft Traveled Way
Degree of . . 17°>D > 10° 0.5 9°> D24° 0.5
Curvature Design Speed (mph) Design Speed (mph) D:>17° 1.0 12°> D > 9° 1.0
21°> D > 12° 1.5
30 40 50 60 70 30 40 50 60 589> D 5 21° 20
1 05 | 05 | 05 1.0 1.0 1.5 15 15 | 20 D > 28° 25
2 1.0 1.0 1.0 1.5 1.6 2.0 2.0 2.0 25
3 1.0 1.0 1.5 1.5 2.0 2.0 2.0 25 2.5 Note: These values should be added to those obtained in Table 3-3A.
4 1.0 1.5 1.5 2.0 2.0 2.0 25 2.5 3.0
5 1.5 1.5 2.0 2.0 25 25 2.5 3.0 . . I
6 15 | 20 | 20 | 25 25 | 30 | 30 | 35 3-3.03 Equations in Stationing
7 ;-5 gg gg gg gg (33?, Departures from the line surveyed in the field usually involve changes in the length
g 2‘8 55 30 30 35 4.0 of alignment. To avoid revising the stationing throughout the project, equations in
stationing are introduced. The equation identifies two station numbers — one that is
} 2-11 gg gg gg 3(5) correct when measuring on the line back of the equation and one that is correct when
-14.5 . . . . : : :
1518 30 10 measuring on the line ahead of the equation.
19-21 3.5 4.5 For parallel construction projects with base lines that are not common, the tangent
32'35 4.0 gg sections of the base lines should have stationing that is equal and opposite to each
6265 45 . other. To accomplish this, an equation should be added at the PC or PT of horizontal
. curves, but not at both the PC and PT.
Notes:
1. Extra width to be added on the inside of curve. The specified extra width should be Typical equations in stationing are illustrated in Figure 3-3C.

added at a uniform rate throughout superelevation runoff. Centerline stripe should
equally divide widened traveled way.

3-3.04 Divided Highways

2 On 4-lane roadways, multiply table values by 2.

3. Where there are significant semitrailers, increase the roadway widths in the table by the Where the median width of a divided highway is a constant distance of 64 ft or less,
values listed in Table 3-3B. the stationing and all other alignment computations are based on a single survey base
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line, normally the center of the median. A common profile grade and one set of curve
data established from the base line will serve both roadways.

Where the median width on a divided highway exceeds 64 ft, each roadway should
have separate horizontal and vertical controls independent of a single survey base
line. Each roadway will have its own separate profile grade and horizontal curve data.

3-3.04.01 Parallel Curves

The most common practice for horizontal curvature on divided highways is the use of
parallel curves (common center on radii) as illustrated in Figure 3-3D. The deflection
angle (A) and PC stationing will be identical for the survey line, inside roadway and
outside roadway. The remaining curve data including D, L and T will vary for each
line. Equations in stationing will re-establish common stationing from the PT on both
roadways as discussed in Section 3-3.03.

3-3.04.02 Non-Parallel Curves

Desirably, use parallel curves for horizontal curvatures on divided highways. Non-
parallel curves can be used where field conditions warrant. These are illustrated in
Figure 3-3E. A reasonable approximation to parallel conditions is attained if the
degree of curvature (D) is the same for the inside and outside roadways and for the
survey line. The basic curve data including A, L and T will be identical for all three
lines. Stationing of the PC, Pl and PT will differ for each line. An equation for
stationing should be placed at the PT of the inside roadways to reestablish common
stationing from that point ahead and opposite the PT of the inside roadway to
reestablish common stationing for the outside roadway.

3-4.0 SUPERELEVATION

Table 3-4A provides the designer with the:

3-9

superelevation rate (discussed in Section 3-4.01);

superelevation runoff length (discussed in Section 3-4.02);

impacts of the axis of rotation (discussed in Section 3-4.03); and

the maximum degree of curvature for each design speed and e = 10.0%.

o=

Table 3-4A applies to rural highways (all design speeds) and urban facilities (V > 55
mph). Superelevation for other urban highways and streets is discussed in detail in
Section 14-2.0.

3-4.01 Superelevation Rate

The Department has adopted e, = 10% for the design of rural highways (all design
speeds) and urban facilities (V > 55 mph). For other urban highways and streets,
€,.ax = 6%. See Section 14-2.0.

Table 3-4A provides superelevation rates for various combinations of curve for each
design speed; the designer should provide flatter curvature where the maximum
degree of curvature will not provide the necessary stopping sight distance for
horizontal curves. See Section 3-5.0.

The indicated superelevation rates are applicable regardless of the number of lanes.

A horizontal curve with a small degree of curvature does not require superelevation.
For a given design speed, the normal crown section (NC) used on tangents (2.0%
slope typical) can be maintained throughout a very flat curve. On successively
sharper curves for the same design speed, a point is reached where a slope equal to
the cross slope across the total traveled way width is necessary (RC). As the
curvature increases, it becomes necessary to provide a superelevation grater than
2%. At this point, the designer will use the superelevation rates in Table 3-4A for the
horizontal curve. Table 3-4B provides the maximum degree of curvature for a normal
crown slope and reverse crown slope at various design speeds.



3-10

Table 3-4A
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SUPERELEVATION RATE AND LENGTH OF RUNOFF
(Rural Highways (All Design Speeds) and Urban Facilities (V >55 km/h))

V =30 mph V =40 mph V =50 mph V =55 mph V =60 mph V =65 mph V =70 mph
D* L (it) L (f) L {ft) L (ft) L (f) L (ft) L (ft)
e A B e A B8 e B e e A B ] A B e A B
015 INCl o Jofncjo] o]ncjofjofncfjofofn]o]ofn]jo]jo]fn]olfo
030 |nc]l o] oncjo] o fnc]o o fnc)o o |{Rrcf{17s]|175]|RC|190]190| RC { 200200
0°45' {nc| o f o |Nc]o] o {Rrclts0]150| RC]160]160).023f175] 175 |.025] 190 | 190 | .028] 200 § 200
1°00' | NC] o | o Inc) o] o J.o21)150 | 150 ).025] 160 | 160 |.030} 175 } 175 }.033} 190 | 190 }.037 ] 200 ] 200
1230 | NC ] 0o ] o J.021)125] 125 }.031} 150 | 150 }.037 | 160 ] 160 | .043 ] 175 | 190 | .048} 190 | 220 | .054 | 200 | 260
2°00' | RC | 100 | 100 }.028} 125 | 125 }.040] 150 | 150 | .048] 160 } 180 | .055] 175 | 230 | .062 | 190 | 290 | .070 | 220 | 330
2°30' }.021] 100 | 100 {.034} 125 | 125 |.049] 150 | 180 | .056 | 160 | 210 | .067 | 190 | 280 |.075] 220 | 330 | .085] 260 | 390
3°00° |.025] 100 | 100 §.040} 125 | 125 {.057] 150 | 210 | .067 ] 170 | 250 | .077 { 210 | 320 | .087 | 250 | 380 | .096 | 280 | 420
3°30° |.029] 100 | 100 J.046} 125 ] 140 |.065| 160 | 240 | .075] 190 | 290 | .086 { 230 | 350 {.095] 270 | 400 | .100 300 | 450
4°00’ |.033] 100 | 100 |.051] 125 | 160 |.072] 180 | 260 |.083 | 210 | 320 |.093 | 250 { 380 |.099 | 280 | 420 | Dpnax = 3°30"
5°00’ |.040] 100 { 110 {.061} 130 { 190 |.083{ 200 | 300 | .094 | 240 | 360 {.098§ 270 | 400 { Dpmax=4°15'
6°00" |.046] 100 { 120 | .070} 150 | 220 |.092] 220 | 330 | .099} 250 | 380 | Dpax=5°15'
7°00° |.053} 100 | 140 | .078] 160 | 240 |.098] 240 | 350 | Dppax = 6°30'
8°00' |.058} 110 ] 160 ].084} 180 | 260 ].100] 240 | 360 € = 10%
9°00° }.063] 120 | 170 | .089] 190 | 280 | Dpmax=8°15"
10°00" |.068 | 120 | 180 |.094 | 200 | 290
11°00" |.072 | 130 | 200 |.097 | 200 | 310
12°00" |.076 | 140 | 210 | .099] 210 | 310
13°00" |.080 ] 140 | 220 | .100| 210 | 320
14°00" |.083 | 150 | 220 | Dmax = 13°15’
16°00' |.089 | 160 | 240
18°00" |.093 } 170 { 250
20°00" }.097 | 170 § 260 Key: D = Degree of curvature
22°00° |.099 § 180 | 270 vV = Design speed, mph
24°00° |.100 | 180 | 270 e = Superelevation rate, %
Dmax = 24°45" L = Minimum length of superelevation runoff
(from adverse crown removed to full super), ft
A = "L"for 1-lane width of rotation
B = "L"for 2-lane width of rotation
NC =  Normal Crown (2% cross slope)
RC = Reverse Crown; superelevate at normal crown slope (2%)

* For degree of curvature intermediate between table values, use a straight-line interpolation to determine the superelevation rate.

Notes:

Superelevation runoff length (L) is: L = W x %,subject to minimum design values,

where: w
e
S

width of pavement rotation (12-ft lanes assumed)
superelevation rate, decimal
maximum longitudinal slope compared to normal highway profile

2. Maximum longitudinal slope:
Design 30 40 50 55 60 65 70
Speed mph mph mph mph mph mph mph
S 0.0067 0.0058 0.0050 0.0047 0.0045 0.0041 0.0040
3. The equation for superelevation runoff length is used directly for rotation of a 1-lane
width (i.e., two 12-ft lanes rotated about the centerline), subject to minimum design
values. These lengths are listed in Column A. Column B lists the lengths for rotation
of a 2-lane width (i.e., a 2-lane pavement rotated about the edge of traveled way, or
a 4-lane undivided pavement rotated about the centerline). The Column B lengths are
computed by:
L = 15xWxe
S
For greater widths of rotation:
L(CTWLTL) = 1.2 x L (Column B) Note: Assuming that the axis of rotation is about
centerline of 5-lane section.
L (3 lanes) = 1.33 x L (Column B)
L (4 lanes) = 1.67 x L (Column B)
4. Total superelevation transition (from “NC” to “e”) = superelevation runoff length (L) +
tangent runout length. Tangent runouts will be 100 ft.
5. See Table 3-4B for a more precise range for using “NC” and “RC” to superelevate the
roadway.
6. Spiral transition should be used below heavy line.
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Table 3-4B
DEGREE OF CURVATURE RANGE FOR NORMAL CROWN
AND REVERSE CROWN SLOPE
(2.0% Typical)
Design Speed Degree of Curvature
(mph) Normal Crown Reverse Crown See Table 3-4A
30 D < 1°39’ 1°39' < D < 2°15’ D>2°15’
40 D < 1°01’ 1°01' <D < 1°22’ D> 1°22’
50 D < 0°42’ 0°42' <D < 0°57’ D > 0°57'
55 D < 0°36’ 0°36' <D < 0°48’ D >0°48'
60 D < 0°30’ 0°27' < D < 0°41’ D >0°41’
65 D < 0°27’ 0°27' <D < 0°36' D >0°36’
70 D < 0°24’ 0°24' <D < 0°32’ D >0°32’

Note: e, = 10%

3-4.02 Superelevation Transition Length

The superelevation transition length is the distance required to transition the roadway
from a normal crown siope to the full superelevation needed. Superelevation should
be introduced and removed uniformly over a length adequate for a given design speed.
The total transition length is a function of the amount of superelevation, the rate of
transition and the width of rotation.

3-4.02.01 Rate of Transition

The rate of transition is the relative longitudinal slope (S) between the outside edge of
the traveled way and the point about which the pavement is rotated. Note 2 in Table
3-4A provides the maximum S for the rotation of a 1-lane width at various design
speeds.

3-4.02.02 Width of Rotation

Note 3 in Table 3-4A discusses width of rotation. A lane width of 12 ft has been
assumed.

3-4.02.03 Segments

The total superelevation transition length consists of two segments — the length of
tangent runout and the length of superelevation runoff.

1. Tangent Runout. Tangent runout is a gradual change from a normal crown section
to a point where the adverse cross slope of the outside lane or lanes is removed and
that portion of the cross section is level. A distance of 100 ft is provided for the
length of tangent runout for all design speeds.

2. Superelevation Runoff. Superelevation runoff is a gradual change from the end of
the tangent runout to a cross section that is fully superelevated. Table 3-4A
provides the minimum length of superelevation runoff for a given design speed,
degree of curvature and rotation width. The caiculated lengths are subject to
minimum design values.

3-4.02.04 Application of Transition Length

Typical applications of the superelevation transition length are shown in Figure 3-4A for
the simple curve and spiral curve.

On simple curves approximately 70 percent of the superelevation runoff length should
occur along the tangent section (before the PC and after the PT), and about 30 percent
of the superelevation runoff length should occur within the circular curve. This is a
compromise between placing all of the transition on the tangent section (where
superelevation is not needed) and placing all of the transition within the curve (where
full superelevation is needed throughout the entire length.) These values may be
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SIMPLE CURVE

SPIRAL TRANSITION CURVE

APPLICATION OF THE SUPERELEVATION TRANSITION LENGTH
Figure 3-4A

January 2001

adjusted for the convenience of making the runoff coincide with 25-ft increments of
stationing.

On spiral curves, the length of superelevation runoff is coincident with the length of
spiral (TS to SC or CS to ST), and full superelevation is provided between SC and CS.

At the outer limits of the superelevation runoff sections, a tangent runout distance of
100 ft is provided.

3-4.03 Superelevation Axis of Rotation

The superelevation axis of rotation is the line about which the pavement is revolved to
superelevate the roadway. This line will maintain the normal highway profile throughout
the curve and its transitions. The designer should follow the criteria in the following
sections to determine the proper axis of rotation.

Angular breaks occur in the vertical profile at points where the transition begins and
ends. These should be smoothed by inserting a short vertical curve at the breaks. The
length of curve in feet should approximately equal the design speed in miles per hour.

Additional details for superelevation transitions are provided in the Roadway Design
Standard Drawings.

3-4.03.01 Case I: Superelevation Rotated About the Centerline

The roadway is normally rotated about the centerline profile for 2-lane roadways and
multilane undivided roadways. Rotation about the centerline profile is illustrated in
Figure 3-4B. On a 2-lane roadway with an auxiliary lane, such as a turning lane, the
axis of rotation will be the centerline of the twothrough'lanes. - ‘ ‘
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However, on 2-lane highways, it may occasionally be desirable to rotate the roadway
about the inside edge of the traveled way. This may be preferable where the lower
edge profile is a major control, as for drainage. In these cases, the designer will use
the values in Column B of Table 3-4A for the superelevation runoff lengths.

Where the median width on a divided highway exceeds 64 ft, each roadway is rotated
separately about its centerline profile. On a 6-lane divided highway (3 lanes in each
direction) with a median width greater than 64 ft, each roadway is typically rotated about
one of the edges of its inside lane.

3-4.03.02 Case lI: Superelevation Rotated About the Median Edge

On divided highways separated by a median width of 64 ft or less, a significant elevation
differential may occur between the median edge shoulders of two roadways rotated
independently. To minimize the elevation differential, the highway is typically rotated
about its two median edge profiles, and the median is held in a horizontal plane as
illustrated in Figure 3-4C.

Where a divided highway is separated by a concrete median barrier, the designer may,
as an option, consider rotating about the two barrier edge profiles. The concrete barrier
is held in a horizontal plane, and the shoulder adjacent to the barrier will be
superelevated at the same rate as the traveled way. This option is also presented in
Figure 3-4C.

3-4.04 Shoulder Superelevation

The maximum algebraic difference between the traveled way slope and shoulder slope
(“rollover”) is 7.0%. For example, where the superelevation rate for the outside travel
lane equals 6.0%, the adjacent shoulder will slope away from the travel lane at a rate
of 1.0%. Where the superelevation rate for the outside travel lane equals 10.0%, the
adjacent shoulder will slope toward the travel lane at a rate of 3.0%. Details of shoulder
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superelevation are illustrated for various points along the superelevation transition
length in the Roadway Design Standard Drawings.

3-5.0 HORIZONTAL SIGHT DISTANCE

Sight obstructions on the inside of a horizontal curve are obstacles of considerable
length which interfere with the line of sight on a continuous basis. These include walls,
median barriers, bridge rails, cut slopes, wooded areas, buildings and high farm crops.
In general, point obstacles such as traffic signs and utility poles are not considered sight
obstructions. The designer must examine each curve individually to determine whether
it is necessary to remove an obstruction or adjust the horizontal alignment to obtain the
required sight distance.

3-5.01 Middle Ordinate for Stopping Sight Distance

The designer must provide a “middle ordinate” (M) between the center of the inside
travel lane and the sight obstruction. Figure 3-5A provides the criteria to determine the
middle ordinate at various design speeds for minimum stopping sight distance values.
See Table 2-7A for sight distance values. For application, the height of eye is 3.5 ft and
the height of object is 6 in. The line-of-sight intercept with the obstruction is at the
midpoint of the sight line and 2 ft above the center of the inside travel lane.

The M values from Figure 3-5A only apply to that portion of the curve between the PC
and the PT. In addition, the figure does not apply to curves whose lengths are less than
SSD. The following two sections describe how to address these conditions.

3-5.01.01 Length of Curve > Stopping Sight Distance
Where the length of curve (L) is greater than the stopping sight distance (SSD) used

for design, the needed clearance on the inside of the horizontal curve is calculated as
follows:
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LENGTH OF CURVE > STOPPING SIGHT DISTANCE
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M= 5730 1 - cos SSD(D) (Equation 3-5.1)
D 200

Where:
M = Middle ordinate, or distance from the center of the inside travel lane

to the obstruction, ft
D = Degree of curvature, ft
SSD =  Stopping sight distance, ft

(SSD)(D)

= Angle, degrees
200 9 S

The M values from Equation 3-5.1 and Figure 3-5A apply between the PC and PT. In
addition, some transition is needed in advance of and beyond the horizontal curve. The
designer should use the following steps:

Step 1: Locate the point which is on the outside edge of shoulder and a distance
of SSD/2 before the PC.
Step 2: Locate the point which is a distance M measured laterally from the center

of the inside travel lane at the PC.

Step 3: Connect the two points located in Steps 1 and 2. The area between this
line and the roadway should be clear of all continuous obstructions.

Step 4: A symmetrical application of Steps 1 through 3 should be used beyond the
PT. '

The Example on Figure 3-5B illustrates the determination of clearance requirements
before and after a horizontal curve. et




January 2001

CENTER OF INSIDE LANE

SHADED AREA SHOULD BE
FREE OF SIGHT OBSTRUCTIONS

Example 3-5.1

Given:

Problem:

Solution:

Design Speed = 65 mph
D=4°

Determine the horizontal clearance requirements for the horizontal curve to meet
the SSD.

Table 2-7A yields a SSD = 550 ft. Using Equation 3-5.1 for horizontal clearance
(L > SSD):

Y - 5750 (1 ~ cos SSD(D))

m = 5730 |4 —cos@l(i‘l) - 263 ft
2 200

The above figure also illustrates the horizontal clearance requirements before and after the
horizontal curve. :

SIGHT CLEARANCE REQUIREMENTS FOR HORIZONTAL CURVES

(L > SSD)

Figure 3-5B
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3-5.01.02 Length of Curve < Stopping Sight Distance

Where the length of curve is less than the stopping sight distance used in design, the
M value from Equation 3-5.1 will never be reached. As an approximation, the horizontal
clearance for these curves should be determined as follows:

Step 1:  For the given D and S, calculate M assuming L > SSD.

Step2:  The maximum M’ value will be needed at a point of L/2 beyond the PC. M’
is calculated from the following proportion:

M 121
M SSD
, 1.2 (L(M) _
M T T eaep -
SSD (Equation 3-5.2)
w
here: M’ <M

Step 38:  Locate the point which is on the outside edge of shoulder and a distance of
SSD/2 before the PC.

Step4:  Connect the two points located in Steps 2 and 3. The area between this line
and the roadway should be clear of all continuous obstructions.

Step 5: A symmetrical application of Steps 2 through 4 should be used on the
exiting portion of curve.

The Example on Figure 3-5C illustrates the determination of the clearance requirements
where L < SSD.
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CENTER OF INSIDE LANE

SHADED AREA SHOULD BE
FREE OF SIGHT OBSTRUCTIONS

Example 3-5.2

Given:

Problem:

Solution:

Design Speed = 70 mph
D =8°
L =400 ft

Determine the horizontal clearance requirements for the horizontal curve.

Figure 2-7A yields a SSD of 615 ft for 70 mph. Therefore, L < SSD (400
ft < 615 ft), and the horizontal clearance is calculated as follows:

M (L > Ssp) = 3730 (1 - cos i@l@—@-) - 247 ft
3 200

2 (400)(24.7)

M (L < SSD) = - L

M =193 ft

Therefore, a maximum clearance of 19.3 ft should be provided at a
distance of L/2 = 200 ft beyond the PC

SIGHT CLEARANCE REQUIREMENTS FOR HORIZONTAL CURVES

(L < SSD)
Figure 3-5C
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3-5.01.03 Longitudinal Barriers

Longitudinal barriers can cause sight distance problems. These include guardrail,
median barriers and bridge rails. The problem results because barriers are placed
relatively close to the traveled way (often, 10 ft or less) and because their height is
greater than 2 ft. However, barrier location is determined by factors other than sight
distance considerations, and there are usually no practical alternatives to their location.
Therefore, where barriers interfere with the line of sight, it will not be necessary to seek
a design exception.

3-5.02 Decision Sight Distance

Table 2-6A provides values for decision sight distance. If the designer chooses to use
decision sight distance at a horizontal curve, the applicable values should be used in
Equation 3-5.1 to determine the “clearance requirements” on a horizontal curve.

3-5.03 Passing Sight Distance

On high-volume, 2-lane roadways it may occasionally be warranted to provide passing
sight distance to maintain capacity. Table 2-7A provides values for passing sight
distance.

Generally, it is impractical to provide passing sight distance on horizontal curves.
These values yield very large middle ordinates for the required clearance. In addition,
many drivers will not pass on horizontal curves regardless of the available sight
distance. Where passing sight distance is used, the des:gner should use Equation 3-
5.1 to calculate the clearance requirements.
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3-6.0 REFERENCES
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2. Transition Curves for Highways, Barnett.
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Chapter 4

4-1

VERTICAL ALIGNMENT

Many of the important decisions regarding horizontal alignment are made during the
planning process and the location survey. However, the vertical alignment is primarily
established by the judgments and decisions of the designer which, in turn, affect the
costs, aesthetics and safety characteristics of the facility.

4-1.0 GENERAL CRITERIA

Several general criteria should be considered in the design of vertical alignment:

1.

The designer should provide smooth and gradual changes in a grade line that
are consistent with both the highway type and the character of terrain. Grade
lines with numerous breaks and short tangent lengths should be avoided.

“Roller coaster’ or “hidden dip” profiles should be avoided. They are

~ hazardous and aesthetically undesirable.

A “broken back” grade (i.e., two crest or two sag vertical curves separated by
a short tangent) should be avoided. One long vertical curve is more desirable.

On long grades, it is preferable to place the steepest grade at the bottom and
flatten the grade near the top.

Moderate to steep grades should be reduced through intersections. This
benefits turning vehicles and minimizes the hazard potential.

Vertical sight distance restrictions will reduce passing opportunities. On high-
volume, 2-lane roads, the designer should consider maximizing the passing

opportunities to ensure adequate capacity. In extreme cases, it may be
necessary to introduce passing lanes.

The terrain designation has a significant impact on several of the geometric
design elements (e.g., maximum allowable grades and design speed). The
following general definitions apply:

a. Level. Highway sight distances are either long or could be made long
without major construction expense.

b.  Rolling. The natural slopes consistently rise above and fall below the
roadway grade. Occasionally, steep slopes present some restriction to
the desirable highway alignment.

¢c. Mountainous. Longitudinal and transverse changes in elevation are
abrupt. Benching and side hill excavation are frequently required to
provide a desirable highway alignment.

For design applications, Mississippi’s terrain will be considered either level or
rolling.

Care should be taken to avoid placement of intersecting roadways at or near
the VPC or VPT of crest vertical curves.

Placement of sag vertical curves in cut sections should be avoided unless
adequate drainage can be provided.
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4-2.0 DEFINITIONS

Figure 4-2A illustrates the various elements of vertical alignment. The following
defines each of the elements shown in Figure 4-2A:

1. Vertical Point of Curvature (VPC). The point at which the tangent grade ends
and the vertical curve begins.

2. Vertical Point of Tangency (VPT). The point at which the vertical curve ends
and the tangent grade begins.

3. Vertical Point of Intersection (VPI). The point where the extension of two
tangent grades intersect.

4. Grade Slopes (G, or G,). The rate of slope between two adjacent VPI’s is
expressed as a percent. The numerical value for percent of grade is the
vertical rise or fall in feet for each 100 ft of horizontal distance.

TANGENT GRADE
L
/ —
It :
,(G\ ‘c PROFILE
VPC XN Q0 GRADE E VPT
PROFILE 74
GRADE ~c ~ _ A:,Cn
u
= TANGENT GRADE -9

CREST VERTICAL CURVE SAG VERTICAL CURVE

SCHEMATICS OF VERTICAL CURVE
Figure 4-2A
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5. Sign Convention. Upgrades in the direction of stationing are identified as plus
(+). Downgrades are identified as minus (-).

6. External Distance (E). The vertical distance between the VPl and the roadway
surface along the vertical curve.

7. Algebraic Difference (A). The value of A is determined by the deflection, in
percent, between the two tangent grades.

8. Length of Vertical Curve (L). The horizontal distance, in feet, from the VPC
to the VPT.
4-3.0 GRADES

The vertical alignment of a highway is referenced to a profile grade line that consists
of a series of tangents which are connected by vertical curves.

4-3.01 Maximum Grades

Chapters 2, 11, 13 and 14 present the Department’s criteria for maximum grades
based on functional classification, urban/rural location, project scope of work, type of
terrain and design speed. The maximum grades should be used only where
absolutely necessary. Normally, grades much flatter than the maximum should be
used.

4-3.02 Minimum Grades

On highways and streets with curb and gutter, the minimum longitudinal gradient
should be 0.4%. This is necessary to facilitate longitudinal drainage.
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On highways without curb and gutter, level gradients are acceptable on pavements
which are adequately crowned to drain laterally. However, it is desirable to provide
a 0.4% minimum longitudinal grade because the original lateral crown slope may
degrade as a result of swell, consolidation, maintenance operations or resurfacing.

For adequate drainage, roadside ditches and median swales require a steeper
gradient than that required for roadway surfaces. This is discussed further in Chapter
7 “Drainage.”

4-3.03 Critical Length of Grade

The upgrade gradient in combination with its full length will determine the resulting
truck speed reduction. Figure 4-3A provides the critical length of grade for a given
percent grade and an acceptable truck speed reduction. This figure should be used
for 2-lane roadways, and it is applicable to any design speed. For design, the 10-mph
speed reduction curve should be used. If this value is exceeded, the grade should
be flattened, or the designer should evaluate the need for a climbing lane (Section
4-3.04).

Examples 1 and 2 illustrate how to use Figure 4-3A to determine the critical length of
grade.

4-3.04 Climbing Lane

Climbing lanes offer a comparatively inexpensive means of increasing capacity on
highly traveled upgrades where congestion is caused by slow trucks. A 2-lane
highway with climbing lanes may be a more cost-effective solution than providing a
multilane highway section. o

The warrants for a climbing lane should be used as follows: -
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Figure 4-3A
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Example 1
Given: G, =0%
Gz = +4%
L, = 1200 ft (VPI to VPI)

Problem: Determine if the critical length of grade is exceeded.

Solution: Figure 4-3A yields a critical length of grade of 1000 ft for a 10-mph
speed reduction. The length of grade (L,) exceeds this value, and the
designer should flatten the grade, if practical, or evaluate the need for
a climbing lane.

Example 2

Given: G,=0%

G2 = +5°//0
L, = 400 ft (VPI to VPI)
G3 = +2%
L, =600 ft (VPI to VPI)

Problem: Determine if the critical length of grade is exceeded for the
combination of grades G, and G,.

Solution: Using Figure 4-3A, G, yields a truck speed reduction of approximately

5 mph. G, yields approximately 3 mph. The total reduction in speed
of 8 mph is less than the allowable 10 mph. Therefore, the critical
length of grade is not exceeded.
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1. Critical Length of Grade. Figure 4-3A provides the criteria for critical length
of grade. If this value is exceeded, the designer should determine if a
momentum grade can be assumed.

2. Momentum Grade. Where an upgrade is preceded by a momentum grade
(i.e., a downgrade), trucks often increase speed to make the climb. Speed
increases of 5 mph on moderate downgrades (3%-5%) and 10 mph on
steeper grades (6%-8%) of sufficient length are reasonable adjustments.
These values can be applied to Figure 4-3A to allow the use of a higher speed
reduction curve. [f the critical length of grade is still exceeded, the designer
should conduct a capacity analysis.

3. Capacity. The Highway Capacity Manual (HCM) presents the detailed
methodologies to conduct a capacity analysis on a grade.

When conducting a capacity analysis, the designer must first select a desired level-
of-service (LOS). The functional classification tables in Chapters 2, 11, 13 and 14
present LOS criteria for each highway class and urban/rural location. [f the capacity
analysis determines that the grade will operate below the desired LOS for the DHV,
then the designer should consider providing a climbing lane if the construction costs
and associated impacts are reasonable. If the anticipated LOS is less than “D,” then
a climbing lane is almost always warranted.

Figure 4-3B illustrates the design and pavement markings of a typical climbing lane.
If a climbing lane is warranted, the following criteria should be used in design:

1. Lane widths should be 12 ft wide.

2. The shoulder width should be the same as the width of a normal section, but
not less than 6 fi.
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3. The cross slope of the climbing lane will be the same as the adjacent travel
lane.
4. The full width of the climbing lane should be attained where the truck speed

reduction equals 10 mph or less.

5. The full width of the climbing lane should be extended to at least the point
where the truck speed is within 10 mph of the highway design speed.

6. Both the entering and exiting taper of the climbing lane should be 300 ft.

4-4.0 VERTICAL CURVES

4-4.01 Characteristics of Vertical Curves

Vertical curves have the properties of a simple parabolic curve. The vertical offset
from the tangent at any point varies as the square of the horizontal distance from the
end of the curve. Figure 4-4A illustrates a symmetrical vertical curve. Curves which
are offset below the tangents are called crest vertical curves; those which are offset
above the tangents are sag vertical curves.

The rate of change of grade per foot (R) along a vertical curve is constant. It is
measured by dividing the algebraic difference between the grades (A) in percent by
the length of the curve (L) in feet (i.e., A/L). This value gives the percent change in
grade per horizontal foot of curve.

The reciprocal of this value (i.e., L/A) represents the horizontal distance required to
produce a 1% change in the gradient along the curve. The expression L/A is
designated K and is useful for determining minimum lengths of vertical curves. Based
on the geometrics of each sight distance condition, formulas are used to compute
values of K for each design speed. The minimum length of vertical curve is:
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The computation of an offset at any given point on the vertical curve is determined by:
Y =RX?/200

where:

the vertical offset to the tangent grade from any given point on the vertical curve
(feet)

horizontal distance from VPC to any given point on the vertical curve (feet)
AlL=[(G,-Gy)/L]

the rate of change of grade along the vertical curve (% per foot)

the tangent grade beyond the VPI (%)

the tangent grade before the VPI (%)

(G; - G,) = the algebraic difference between tangent grades (%)

the total length of vertical curve (feet)

-

l"‘>G)“§D DX <
L T TR TR | I | I 1

The computation of the horizontal distance to the high point (crest) or low point (sag) of a vertical
curve is determined by:

Xhigh/low = [LG1 /(Gr - Gz)]

SYMMETRICAL VERTICAL CURVE COMPUTATION
Figure 4-4A
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L = KA
where:
L = the minimum length of vertical curve (feet)
A = the algebraic difference between tangent grades (%)
K = a constant value for the design speed

Values of K are presented in the following sections for crest and sag vertical curves.

4-4.02 Crest Vertical Curves

The minimum length of a crest vertical curve, regardless of sight distanceis L, =4V,
where V equals the design speed in miles per hour.

4-4.02.01 Stopping Sight Distance

A driver should be able to see an object on the road in time to stop. The line of sight
should not be obstructed by the crest of a vertical curve. A 3.5-ft height-of-eye and
a 6-in. height-of-object are used in the equation for crest vertical curves. Table 4-4A
and Figure 4-4B provide the criteria to determine the length of a crest vertical curve
at various design speeds and minimum stopping sight distance values.

4-4.02.02 Decision Sight Distance

Table 2-6A presents the values for decision sight distances. These distances provide
the driver with more time to detect a hazard and decide what course of action to take.
At some highway locations, a crest vertical curve may obstruct the line-of-sight to an
obstacle which may be unexpected or difficult to perceive. For example, an exit gore
from a freeway may be located just beyond a crest vertical curve.
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Once the determination has been made to use decision sight distance as a design
control, the applicable values should be used in the equation for crest vertical curves
to yield the necessary curve length at the site.

4-4.02.03 Passing Sight Distance

On 2-lane highways, the use of passing sight distance as a design control for crest
vertical curves may be warranted. Table 4-4B and Figure 4-4C provide the criteria to
determine the length of a crest vertical curve at various design speeds and minimum
passing sight distance values. The height of object is 4.25 ft.

Generally, it is impractical to design crest vertical curves to provide for passing sight
distance because of the high cost and the difficulty of fitting the required long vertical
curves to the terrain. In addition, drivers may be reluctant to pass on vertical curves
even where sufficient sight distance is available. Ordinarily, passing sight distance
will be provided only at those locations where combinations of horizontal alignment
and vertical profile do not require the use of crest vertical curves.

The Department’s criteria for striping no-passing zones is presented in Section
9-9.01. These criteria differ from the passing sight distance criteria and are based on
different operating assumptions.
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4-4.03 Sag Vertical Curves

The minimum length of a sag vertical curve, regardless of sight distance
requirements, is L, = 3V, where V equals the design speed in miles per hour.

4-4.03.01 Headlight Sight Distance

Nighttime driving conditions govern for sag vertical curves. The designated sight
distance should be illuminated by the headlight beam with an assumed upward
divergence of 1°. The height of the headlights is 2 ft and the height of object is 0 in.
(i.e., the pavement surface). Table 4-4C and Figure 4-4D provide the criteria to
determine the length of a sag vertical curve at various design speeds and minimum
stopping sight distance values.

4-4.03.02 Comfort Criteria

In lighted areas on urban streets, the comfort criteria may be used for sag vertical
curves. This is discussed in Chapter 14.

4-5.0 ESTABLISHING PROFILE GRADE

The profile grade normally will represent the finished surface elevation at the
centerline of the roadway or at the median edge of the pavement for divided highways
with a raised median. Profile grades may be computed manually or by a computer.
Manual computation procedures are described in the following sections to ensure
understanding of the concepts.
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4-5.01 Grade Computations

Initial efforts for establishing the profile grade are recorded on a working profile.
Using recommendations from the field and adhering to criteria in this Manual, the
designer plots a tentative grade line on the working profile with the stationing and
approximate elevation of each VPI clearly defined.

Starting at the beginning of the project, the designer should compute a grade which,
when extended forward, will check reasonably close to the plotted elevation of the first
VPI. The rate of grade (in percent) is computed by dividing the vertical difference by
the horizontal distance and multiplying by 100. If practical, the percent grade should
be computed and recorded to two decimal places.

For ease of computation, it is desirable to locate VPI's at multiples of 25 ft within the
stationing (e.g., 5 + 75). VPI elevations should always be recorded to the nearest
0.01 ft.

After the first grade and VPI elevation have been established, the process is repeated
between subsequent VPI's. Each grade and VPI elevation is recorded on the working
profile.

Frequently, it is necessary to adjust a grade line after the initial grade computations
have been made. When making this adjustment, it may be necessary to compute the
new grade to five decimal places to accurately check-in to a previously established
VPI elevation.

4-5.02 Vertical Curve Computations

After the tangent grades have been established, appropriate vertical curves must be
designed for each VPI. The designer should comply with the criteria for sight distance
and minimum curvature.
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Table 4-4C

K-VALUES FOR SAG VERTICAL CURVES
(Minimum SSD Values)

S = HEADLIGHT BEAM DISTANCE = STOPPING SIGHT DISTANCE IN FEET (ft)

, Minimum SSD K-Values 16 i T/ T 7
Des:(?rr\) ?‘p))eed Rounded for Design Rounded for Design fl-H Ay any
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2
where: i
S = the sight distance for the design speed (feet) 0
L = the length of vertical curve (feet) ] 500 1000 1500 2000 2500
A = the algebraic difference between grades (%) LENGTH OF cazsr( f:/)eancm. CURVE (L)
K = the horizontal distance required to produce a 1% change in gradient

LENGTH OF SAG VERTICAL CURVE
(Minimum SSD Values)

Figure 4-4D
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Vertical curve profile grade elevations are established by computing vertical offset
distances between the tangent grade and the vertical curve at various points along the
stationing. For crest vertical curves, these offset distances are subtracted from the
tangent grade elevations; for sag vertical curves, the computed offsets are added to the
tangent elevation.

Figure 4-4A illustrates a crest vertical curve; however, the formulas also are applicable
to a sag vertical curve. Itis important to recognize the plus or minus characteristics of
the grades when computing algebraic differences and whether the offset distances will
be added to or subtracted from the tangent elevations.

4-5.03 Recording Profile Grades

The established profile grade elevations should be recorded to the nearest 0.01 ft on
the cross-section sheets and along the bottom of the plan profile sheets. In addition,
the profile sheet should show the stationing and elevation at each VPC, VPI and VPT,
the gradients between VPI's and the length of each vertical curve.

4-6.0 SPECIAL CONSIDERATIONS
4-6.01 Field Recommendations

Recommendations for the design of profile grades may accompany the field survey
data. Special considerations may be required for items such as high-water levels, ditch
flow lines, unusual soil conditions, road intersections, adjacent property development
or other unusual conditions which may control profile grade elevations.

Profile grades should be designed to ensure adequate elevation above high-water
levels for the selected design storm frequency (see Section 7-3.0). Freeboard
clearance above the high-water level for the design storm frequency should be at least
4 ftfor Interstate highways and 3 ft for all other roads. Also, the design storm frequency
for the through lanes of an Interstate highway is 50 years.

January 2001

4-6.02 Ties with Adjoining Projects

A smooth transition is needed between adjoining projects. Existing grade lines should
be considered for a sufficient distance beyond the beginning and ending stations of a
project to ensure adequate sight distance. Connections should be made which are
compatible with the design speed of the new project and which can be used when the
adjoining road section is reconstructed.

4-6.03 Balancing Earthwork

Unless there are circumstances which preclude this objective, the profile grade should
be designed to achieve a balance of earthwork. Excavation from the normal cut
sections should be adequate to construct the fills without a need for borrow material.
Wasting excess material should also be minimized. Wherever practical, earthwork
should be balanced at bridge ends, railroad crossings and major highway intersections.

Normally, balance points should not exceed a distance of approximately 3 miles. A
reasonable earthwork balance usually can be attained by minor adjustments in the
grade line, such as:

1. raising or lowering a tangent grade between two VPI’s;
2. raising or lowering a VPI and adjusting the gradients to adjacent VPI’s; or
3. lengthening or shortening a vertical curve.

When the excess or deficiency of excavation is known, the required amount of grade
adjustment can be estimated reasonably close on the basis of average cross-section
widths (outside limits of cuts and fills) and the length of grade that will be impacted.
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4-6.04 Drainage Structures

Where there are special controls impacting drainage flow lines, consideration must be
given to a profile grade design that will ensure at least minimum cover over drainage
structures. Criteria for minimum cover are discussed in Chapter 7 “Drainage.”

4-6.05 Major Structures

The design of profile grades must be carefully coordinated with bridge design and with
the vertical clearance and high-water controls. The designer must adhere to the vertical
clearances presented in Chapters 2, 11, 13 and 14.

Following the completion of the bridge design, there should be verification that the

required clearance actually will be provided and that the grade controls shown on the
bridge plans and on the road plans are identical.

4-6.06 Railroad Grade Crossings

The finished surface grade line must match the top of the rails at railroad grade
crossings. In most instances, minor warping of the surface cross slopes will be
required.

4-6.07 Adjacent Multilane Roadways

Normally, a common profile grade line is used for both roadways of divided highways
where the median width is 64 ft or less.

For median widths in excess of 64 ft, independent profile grade lines may be desirable
because of the natural terrain. However, an appreciable grade differential between the
roadways should be avoided at crossovers for at-grade intersections. Traffic entering
from the crossroad may make a wrong-way movement if the pavement of the fag
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roadway is obscured because of grade differential. Required safety slopes in the
median will place further restrictions on the grade differential.

This problem is further complicated when a divided highway will be provided by using
the existing two lanes for one direction of travel and constructing two new lanes for the
other direction. For safety, it is desirable to have approximately the same elevation on
both roadways at crossroads and crossovers. However, in many instances, the existing
two lanes may have poor vertical alignment, and attempts to match the elevations would
sacrifice the desirable vertical alignment of the two new lanes. The location of
crossovers may be adjusted slightly to improve the safety characteristics, but usually
it is difficult to relocate a crossroad.

As a general rule in these situations, the grade of the crossover connections should not
exceed 6%. Even without a crossover connection, large differences in elevation can
cause problems in providing proper safety slopes. Table 4-6A suggests the maximum
elevation differential between adjacent roadways for various horizontal distances
between centerlines.

Profile grades at or near the maximum differential should be avoided where practical.
Consideration should be given to reconstructing portions of the existing roadway at
such locations.
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Table 4-6A

ELEVATION DIFFERENTIAL BETWEEN ADJACENT ROADWAYS

Maximum Profile Grade Differential

Horizontal

Distance (ft)

¢ to & (ft) With Crossover Without Crossover
64 1.0 1.0
88 2.0 2.0
125 4.2 11.3
150 5.7 17.5
200 8.7 30.0
250 11.7 42.5
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Chapter 5

CROSS SECTIONS AND EARTHWORK

In combination with the horizontal alignment and vertical alignment, the cross section
forms the third dimension of the highway. Cross-sectional views taken at right angles
to the centerline present a visual relationship between the existing ground line and the
typical section of the highway to be constructed. Cross sections also serve as a
means for computing the earthwork quantities and designing the drainage. This
chapter discusses guidelines for:

1. plotting the existing ground line;
2. plotting the roadway templates; and
3. earthwork computations.

5-1.0 PLOTTING THE EXISTING GROUND LINE

Before the detailed design of a highway can begin, the basic cross section sheets
providing the shape and elevation of the existing ground lines must be prepared.
Cross section notes from the field survey are used for this purpose. Cross sections
are normally taken at 100-ft intervals and at other locations required by abrupt
changes in terrain. Cross sections may be plotted manually or by the computer using
the Roadway Design Software package.

5-1.01 Field Survey Notes

Typical field survey cross section notes are illustrated in Figure 5-1A. Complete
survey information is necessary to assure accurate representation of the existing field

conditions and, therefore, an accurate design. The following information is provided
in Figure 5-1A:

1. The elevation control is from bench mark #1, a railroad spike in the base of a
10-in pine tree, 100 feet right of station 174+25. The bench mark elevation
is 311.171 ft.

2. The first column provides the stationing of the cross sections and identifies

bench marks (BM) and intermediate survey turning points (TP).

3. The second column provides backsight rod readings from an instrument set
uptoaBMoraTP.

4. The third column provides the height of instrument (HI) computed by adding
the backsight rod reading to the established elevation for the BM or TP.

5. The fourth column provides the foresight rod readings from the HI to a
subsequent BM or TP.
6. The fifth column provides the actual elevation of the TP computed by

subtracting the foresight from the HI elevation.

7. The sixth column provides the BM elevation and notes to identify special
features.
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DATE_T-10-07 Reb_WGEETE _WERTRER__FAIE____ib ] 8. ;l;}he cross section measurements_ are provided in the double rows adjagent to
NGTES. REEVES —TAPE —— OURKS e station number. The bottom figures of each double row are the horizontal
BM. * H - ELEV. AL a— distances left and right of the centerline, and the top figures are the rod
o «1 | 416 |s15.35] l | 5111715188 100 1. RY. GTA. 174-25 readings at those points. The actual elevation of the centerline is usually
“ written above the rod reading.
26
r.e. | 279 |309.95] e.21 |307.14 Ln: ) The actual ground elevation at each point is calculated by subtracting the rod reading
% from the HI elevation. For example, the centerline elevation at station 181 + 72 is
= 101+72 L2110 405 39 97 [O-9N3 300.6 (309.93-9.3) and 150 feet left of centerline, the elevation is 302.7 ft (309.93-
' I 150 lnoo 50 l o | 30 |100 | 150 7.2).
I "
3 0.5 |ezolerolcanlto 0.7 [6.9 6.9 0.5 |10.5]11.3 The accuracy required for the computed height of instrument (HI) shall be to the
%‘O%OO 150 {60 |40 | 27 |17 |6 | |17 |50 [100]150 nearest 0.01 ft, and ground elevations shall be rounded to the nearest 0.1 ft. The

elevation of bridges, the elevation of the existing roadway pavement, the flow line
elevation of drainage structures, etc. shall be recorded to the nearest 0.01 ft.

204
PUJLO

1.6 |2.4 |6.3 |7.7 4.2 {10.1

S5
g5
g

m 109100 TARE 2% 5-1.02 Preparation for Computer Plotting
| | | I |
B u7v27-26 Teslrs Most often, it is desirable to use computer plotting of cross sections. Cross section
= 184+00 ‘55; 3‘:0 '}Zz - ;0 l'H 1'50 data is entered directly into the computer from the field survey notes. The computer
0 will convert the recorded rod readings to ground line elevations which are then plotted.

l | | | LM L F-L. OF DITCH

Before submitting the field survey notes to the computer section, the designer should:
FLOW

LINE 4.0 {6.7 19.5 [11.9]14.0
"l -7 150 | 75 | 4 |75 | 150 1. Check the accuracy of all HI elevations.

T.7. 6.22 312.38| 3.77 306. 16 . . . . .
F} sl 721721056075 1 7.4 1 7.4 2. Repeat all Hl elevations with a red pencil in the third column at the top of each
7 165+00 page.

150 | 100 { 50 . 50 {100 } 190
) 3. Circle with a red pencil and mark “omit” or “do not punch” any data which
Notes: © Edge of Pavement should not be plotted or included for earthwork calculations.
TYPICAL FIELD SURVEY NOTES FOR CROSS SECTIONS 4, Identify with a red pencil the beginning and ending limits.

Figure 5-1A
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5-1.03 Preparation for Manual Plotting

Manual plotting may be more convenient than computer plotting for special conditions.
When cross sections are to be plotted manually, field survey data should be adjusted
to facilitate the plottings. Each rod reading in the field survey notes is subtracted from
(or, when a plus rod reading is used, added to) the applicable HI. The actual ground
line elevations are recorded in the notes immediately above the corresponding rod
reading. The designer should check the accuracy of all HI elevations and BM ties
before computing the ground elevation at each point.

5-1.04 Scales

Cross sections will normally be plotted to a scale of 1 inch = 10 feet, both horizontally
and vertically. In urban areas involving greater detail of design, the horizontal and
vertical scales should be 1 inch = 5 feet. Other scales may be used in special
situations. Any scale other than 1 inch = 10 feet should be provided below the project
number block in the upper right corner of each cross section sheet.

5-1.05 Sheet Layout

The layout of a cross section sheet depends on the width of cross sections to be
plotted and the horizontal scale selected. Figure 5-1B illustrates various options for
cross section sheet layout and the total width of cross section, W. These layout
options provide the best utilization of space on a sheet and, therefore, keep the total
number of cross section sheets to a minimum.

5-3
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CROSS SECTION SHEET LAYOUT
Figure 5-1B
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5-1.06 Plotting

Figure 5-1C illustrates a typical cross section sheet with plotted sections of the
existing ground line. Guidelines for the designer to follow in the plotting of a cross
section sheet are listed below:

1. Cross sections should be plotted so that the survey stationing increases from
the bottom to the top of each sheet.

2. Initial plotting should be with a sharp, hard pencil, and all plotted information
should then be inked.

3. A zero (0) is placed on the bottom border of each sheet to identify the vertical
line selected for the centerline of the cross sections.

4, Horizontal distances to the left and right of the centerline should be provided
on the bottom border of the sheet at 10-ft intervals.

5. The accuracy required for the existing ground elevation at the centerline
should be to the nearest 0.1 ft (0.01 ft in the case of existing pavement) and
recorded immediately below the plotted cross section. The stationing of each
cross section is recorded in larger size numerals directly below the centerline
elevation.

6. The vertical spacing between plotted cross sections should be sufficient to
avoid overlapping. The spacing will depend on the vertical scale used and on
the height of fills or depth of cuts which must eventually be plotted on the
cross section. Designers should refer to the working profile while plotting
cross sections so that deep cuts or high fills can be anticipated and
appropriate spacing may be provided between sections.

7. When an occasional cross section extends horizontally beyond the edge of
the sheet, the slope line may be continued by an offset match line as
illustrated in Figure 5-1D.
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5-1.07 Sheet Identification

Each cross section sheet should be identified with the project number in the space
provided in the upper right corner and with a sheet number in the space provided in
the lower right corner of the sheet. Sequential sheet numbers, beginning with 901,
should be assigned as cross section sheets are plotted. The entire mainline cross
sections are sequentially plotted from beginning to end without interruption. Any
supplemental cross sections, including ramps, channel changes, etc., should be
grouped at the end of the mainline cross sections with each sheet clearly labeled in
the lower right corner to identify the purpose and the location of the supplemental
c r o] s s s e c t i o n s

|
| 26.4_ 4 264
1 150
__— 22.5
182+00

I

I

|

6.4 l

150 |

l

l

I

EDGE OF SHEET—]

CROSS SECTION OFFSET MATCH LINE
Figure 5-1D
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ROADWAY DESIGN
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TYPICAL PLOTTED CROSS SECTIONS OF EXISTING GROUND LINE
Figure 5-1C
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5-2.0 PLOTTING THE ROADWAY TEMPLATE

The roadway template is a graphical representation of the proposed roadway typical
section superimposed on the plotted ground line cross section. The roadway
template establishes the basis for computing the earthwork quantities. When
earthwork is computed manually, the roadway templates should be initially plotted
with a soft pencil because adjustments to the profile grade may be necessary to attain
the desired balance of earthwork. When the computer is used for earthwork
calculations, the roadway templates should not be plotted until all adjustments have
been made and the final grades have been established.

5-2.01 Typical Section Controls

The proposed typical section, or sections, for a project define the basic geometric
criteria of the roadway template and include:

cross slopes,

safety slopes,

cut and fill slopes,

location of ditch line, and

vertical distance from profile grade to subgrade (structure thickness).

o wbh

5-2.02 Elevation Controls

The elevation of each roadway template is controlled by the computed profile grade
elevation for the corresponding station. For 2-lane roadways and for symmetrical
multilane roadways having common profile grades, the elevation should be recorded
vertically above the point representing the profile grade point of the template. In the
case of multilane roadways having separate profile grades, the elevation should be
recorded above the profile grade point of each roadway template. The accuracy of
the grade elevation shall be to the nearest 0.01 ft.
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5-2.03 Plotting

Atypical plotted roadway template is illustrated in Figure 5-2A. The principal objective
in plotting the roadway template is to define the shape and limits of roadway
excavation and embankment sections relative to the existing ground line. It is
desirable to plot the surfacing elements of the template (broken line) to clearly
illustrate the conditions of pavement width transition, superelevation, intersections,
ramps, etc. In urban areas, the roadway surface is plotted to define relationships
between the curbs and the adjacent ground lines and to define drop inlets and other
drainage structures. It is not mandatory to plot the structure portion of the template
(solid line) although, to assist in the computation of earthwork quantities, the top of
the subgrade should be plotted directly at an elevation equal to the profile grade
minus the structure thickness.

PROFILE GRADE ELEVATION
(FINISHED SURFACE)

|

-

PLOTTED SURFACE\

U

i 7/4{‘101& STRUCTURE THICKNESS

PLOTTED TOP OF SUBGRADE

TYPICAL PLOTTED ROADWAY TEMPLATE
Figure 5-2A
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5-2.04 Drainage Structures

All minor drainage structures will be plotted to scale on the appropriate cross sections
to assist the designer in the physical design of the drainage facility. The cross
sections are used to establish flow lines and estimate lengths of culverts, ends of
structures, connecting side ditches, etc. The design criteria and physical standards
for drainage structures are discussed in Chapter 7.

5-3.0 EARTHWORK COMPUTATION

5-3.01 Computsr CoOmputations

The Department’s instruction manual provides the designer with the required input for
computer earthwork programs. Computer computations of earthwork volumes are
performed based on data entered from the field survey cross section notes and from
data entered by the designer relative to profile grades and typical sections. The
printed output from the computer consists of:

profile grade elevations,

profile gradients in percent,

superelevation rates,

descriptions of each roadway template including slope stakes,
cut and fill areas of each roadway template,

earthwork volumes,

mass ordinates,

plot of the mass ordinates, and

plot of the slope stakes.

©®NOOTAWN =

When the desired earthwork balance has been attained and the final profile grades
have been established, the roadway templates should be plotted and the earthwork
volumes recorded on the cross section sheets. A typical cross section with computer
earthwork volumes recorded is illustrated in Figure 5-3A. Fill volumes should be
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Figure 5-3A
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placed on the left, and cut volumes should be placed on the right of the corresponding
cross sections.

5-3.02 Manual Computations

Manual computations of earthwork volumes are performed based on the end areas
calculated between the prepared existing ground line and information plotted by the
designer relative to the profile grade and typical sections. The end areas of each
cross section can be measured with a planimeter or computed mathematically by
breaking the area into several smaller geometric shapes or by the coordinate method
(see Section 5-3.02.01). The concept of average end areas is illustrated in Figure
5-3B.

5-3.02.01 Coordinate Method for End Areas

A typical cross section illustrating the coordinate method for end areas is presented
in Figure 5-3C. Vertical and horizontal coordinates are identified for each irregular
breakpoint of the area. The upper figure at each point is the elevation, and the lower
figure is the horizontal distance from the reference line (usually the centerline).

The principle of the coordinate method is to multiply the difference in elevation of two
adjacent points by the sum of the horizontal distances of the points from the reference
line. The sign of the computation is plus (+) if the grade slopes upward and minus (-)
if the grade slopes downward. The end area of the section is one-half of the algebraic
sum of the individual computations.

A convenient procedure is to start at the ground elevation at the centerline and
perform the computations in a counterclockwise direction returning to the reference
line. The process is then repeated in a clockwise direction for the left portion of the
area. This sequence isillustrated by the arrows in the figure. Example 5-3.1 provides
the end area computation based on the information presented in Figure 5-3C.

January 2001

EXISTING GROUND
LINE

A
V= D( ’ B) +27 orV = Q—L’—Agfﬂ (Equation 5-3.1)
Where: V = Volume between sections (yd *)
A and B = End areas of adjacent sections (ft?)
D = Distance between sections (ft)

AVERAGE END AREAS
Figure 5-3B
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COORDINATE METHOD FOR END AREAS
Figure 5-3C

5-3.02.02 Strip Stick Method for Volumes

A commonly accepted technique within the Department for earthwork computation is
the “strip stick” method. This method maintains the basic concept of the average end
area; however, the design of the strip stick permits measurements of irregular
sections so that the cumulative readings on the sticks may be converted to volumes
without the intermediate step of recording the actual end areas.

Two “strip sticks” are available to the designer. One applies to cross sections with a
horizontal and vertical scale of 1 inch = 10 ft, and the other applies to cross sections
with a horizontal and vertical scale of 1 inch = 5 ft. If scales other than these are
used, conversion factors must be applied to the strip stick readings to reflect the
proportionate difference in actual end areas.
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Example 5-3.1
Given: See Figure 5-3C for the appropriate vertical and horizontal coordinate
values.
Problem: Determine the end area of the given cross section by the coordinate
method.
Solution: From Figure 5-3C:

A= 0.5[(0.8)(15)-(1.7)(42)+(13.3)(46.9)+(0.6)(19.9)]+
0.5[-(0.8)(13)-(1.2)(34)+(0.2)(50)+(14.2)(48.9)+(0.6)(19.9)]

= 0.5[12-71.4 + 623.27 + 11.94] +
0.5[-10.4 - 40.8 + 10.0 + 694.38 + 11.94]

= 288.16 + 332.56
= 620.72ft

End areas computed by the coordinate method can be used in Equation 5-3.1
of Figure 5-3B to compute volumes between the cross sections.

5-3.03 Balance Factor

The designer should apply a balance factor to the earthwork computations to account
for the conditions of shrinkage and swell. If these conditions are not considered, the
theoretical volumes of cut and fill when balanced on paper will not balance during field
construction. For shrinkage, there are two methods of applying the balance factor:
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1. increase the computed embankment quantity by the balance factor to
determine the amount of excavation actually needed to construct the
embankments; or

2. decrease the computed excavation quantity by the balance factor to determine
the quantity of embankment that will be produced.

The first method is used when a project is to be balanced with excavation from within
the roadway prism. The second method is generally used when the roadway prism
cannot be balanced and other borrow excavation must be obtained.

The balance factor will vary with location and soil characteristics. A recommended
balance factor should be provided by the District.

5-3.04 Earthwork Calculations

The cuts and fills will be shown on the plan/profile sheets. Any special borrow or
excess excavation due to unsuitable material or high-volume change soil will be
shown on cut and fill lines. The sheet totals will include cut, fill, borrow and/or excess.
Special borrow and excess amounts will not be included in cut and fill totals. The
borrow and/or excess that results from cuts and fills will be shown on the estimated
quantity sheet. Figures 5-3D and 5-3E illustrate example earthwork calculations of
excess and borrow conditions, respectively. The last plan/profile sheet will include a
block listing the cumulative totals from previous plan/profile sheets.

Earthwork quantities will be shown on plan/profile sheets whenever practical.
However, if plan/profile sheets cannot be used to show earthwork, then separate
earthwork sheets may be developed. Original and finish grade lines must be provided
on both the plan/profile sheets and the earthwork sheets if separate earthwork sheets
are utilized.

When less than approximately 15% of the required embankment material is available
from excavation within the right-of-way, the excavation is identified as Estimated State
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Furnished Excavation (ESFE) and becomes the property of the contractor. It must
be excavated, used in the embankment if suitable, and paid for as borrow excavation
(i.e., Furnished Material Excavation or FME). The embankment volume is normally
totaled every 1000 ft and no balance factor is applied.
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ESTIMATED EARTHWORK QUANTITIES

ESTIMATED EARTHWORK QUANTITIES
Work Plan & Profile Borrow Excess |Unclassified
Sheet Excavation | Excavation | Excavation Remarks
Number |Cut (yd®) [Fill (yd®)| (yd®) (vd®) (yd®)
3 206,111} 67,257 4,4420 51,5500 High-Volume Change Soil
4 78,8861 129,291 3,3220 31,4460 High-Volume Change Soil
5 172,436 8,925 11,1850 127,6270 High-Volume Change Soil
Subtotal | 457,433] 205,473 18,9490 210,6230 High-Volume Change Soil
(Cut)-(Fill)(1+SF)=Excess
(457,433)-(205,423)(1.25)= 314,950 From Cuts & Fills
(Fil)(1+SF)=Unclassified
(205,433)(1.25)= 256,841 From Cuts & Fills
PROJECT TOTAL 18,949 525,673 256,841
Notes:

@ Due to the removal and replacement of high-volume change soil.

EXAMPLE EARTHWORK CALCULATION
(Excess Condition)

Figure 5-3D

Work Plan & Profile Borrow Excess |Unclassified
Sheet Excavation | Excavation | Excavation Remarks
Number | Cut (yd®) |Fill (yd®)| (yd%) (yd®) (vd®)
3 32,209| 147,116| 4442®| 51,5500 g:glh-Volume Change
4 20,706 155,872 3,3200| 31,4460 gg:"v"'“me Change
5 15,614| 26,106 11,1850| 127,627® g:)%h'v"'“me Change
Subtotal | 68,549 329,094] 18,9400| 210,6230 gg{"\’m”me Change
Cut = Unclassified = 68,549 From Cuts & Fills
(Fill)-(Cut)/(1+SF) = Borrow
(329,094)-(68,549)/(1.25) = 274,255 From Cuts & Fills
PROJECT TOTAL 203204 | 210623 68,549
Notes:

@ Due to the removal and replacement of high-volume change soil.

EXAMPLE EARTHWORK CALCULATION
(Borrow Condition)

Figure 5-3E
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Chapter 6

AT-GRADE INTERSECTIONS/INTERCHANGES

This Chapter discusses the geometric criteria incorporated into the design of at-grade
intersections and grade-separated interchanges. Intersections and interchanges are
important elements of the highway system. The operational efficiency, the capacity,
the safety and the cost of the system depend largely upon their design. The primary
objective of intersection and interchange design is to reduce potential conflicts
between vehicles, bicycles and pedestrians while providing for the convenience, ease
and comfort of those traversing the intersection or interchange.

6-1.0 GENERAL DESIGN CONTROLS

6-1.01 Design Vehicles

The shape and sharpness of turns at intersections and the widths of turning roadways
must be designed to accommodate the characteristics of vehicular operation. The
designer should select the design vehicle based on the largest vehicle that will
regularly use the intersection. The basic design vehicles used for intersection design
are:

P — Passenger car and light panel and pickup trucks.

SU — Single-unit truck or small bus.

BUS — Transit bus.

WB-40 — Semitrailer combination with an overall wheelbase of 40 ft.
WB-50 — Semitrailer combination with an overall wheelbase of 50 ft.
WB-62 — Semitrailer combination with an overall wheelbase of 62 ft.

ok =

The SU vehicle is generally the smallest vehicle used in the design of intersections.
This reflects that, even in residential areas, delivery trucks will be negotiating turns

with some frequency. On facilities accommodating regular truck traffic, one of the
semitrailer combinations should be used for design. The selection of the design
vehicle is also based on the area type and functional classification of the intersecting
highways. Section 6-2.01 discusses the selection of a vehicle specifically for the
turning radii designs.

6-1.02 Horizontal Alignment

Roadways should intersect on tangent sections. The intersection of roadways on
sharp curves should be avoided wherever practical because superelevation
complicates the intersection design and the curvature may contribute to sight distance
problems.

Roadways should also intersect at right angles. Roads intersecting at acute angles
are undesirable for several reasons:

1. Vehicular turning movements become more restricted.

2. The accommodation of large trucks may require additional pavement and
channelization.

3. The exposure time to vehicles and pedestrians crossing the main traffic flow
is increased.
4. The driver’s angle of sight for one of the sight triangles becomes restricted.
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Desirably, the angle of intersection will be within 10° of perpendicular; the maximum
will be 30°. This amount of skew can often be tolerated. The impact on sight lines
and turning movements will not be large. However, intersections outside of this range
may warrant geometric improvements such as realignment or greater corner sight
distance. Figure 6-1A illustrates various angles of intersection and potential
improvements to the alignment.

Avoid constructing short radii horizontal curves on side road approaches to achieve
right-angle intersections. These curves result in increased lane infringements
because drivers tend to smooth out curves by encroaching into a portion of the
opposing travel lane. Also, the traffic control devices at the intersection may be
obscured resulting in the need for advance signing.

6-1.03 Profile

Avoid combinations of grade lines that make vehicular control difficult at intersections.
Substantial grade changes should be avoided, but it is not always practical to do so.

The gradients of intersecting highways should be as flat as practical on those sections
that will be used for storage space for stopped vehicles. This is sometimes referred
to as the storage platform. Most vehicles with either manual or automatic shifts must
have the brakes applied to stand still while the motors are running, unless they are
stopped on a gradient flatter than 1 percent.

Intersections with stop control should maintain the profile and cross section of the
major road through the intersection. In these cases, the minor road should be
transitioned (or warped) to fit the profile of the major road. At signalized intersections
or atintersections where the roadways are nearly equal in importance, transition both
roadways to a plane section. Where compromises are necessary between the two,
the smoother riding characteristics should be provided for the roadway with higher
traffic volumes and operating speeds.
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6-1.04 Capacity and Level of Service

A capacity analysis should be performed before performing the detailed design of any
intersection. This analysis will influence several geometric design features including
number of approach lanes, lane widths, channelization and number of departure
lanes. The designer should select a level of service and a future design year, typically
20 years for new construction and reconstruction. Level-of-service recommendations
are provided in the Department’s tables of geometric design criteria in Chapters 2, 11,
13 and 14. Once the level of service and design traffic volumes are determined, the
designer should use the Highway Capacity Manual for the detailed capacity analysis.

6-1.05 Types of Intersections

Intersections at-grade are usually the 3-leg (T- or Y-shape) or the 4-leg design.
Individual intersections may vary in size and shape and may be non-channelized,
flared or channelized. The principal factors which affect the selection of intersection
type and its design characteristics are the DHV, turning movements, the character or
composition of traffic, the design speed and the angle of intersection.

6-1.06 Intersection Spacing

Short distances between intersections should be avoided if practical because they
tend to impede traffic operations. For example, if two intersections are close together
and require signalization, they may need to be considered as one intersection for
signalization purposes. To operate safely, each leg of the intersection may require
a separate green cycle, thereby greatly reducing the capacity for both intersections.
To operate efficiently, signalized intersections should be a minimum of 1325 ft apart.

In addition, short gaps between opposing “T” intersections should be avoided. Drivers
tend to encroach into the opposing lanes (corner cutting) so that they can make their
turning maneuvers in one movement. In general, all new intersections should
preferably be at least 400 ft apart.

6-3

6-2.0 TURNING RADII DESIGN

Turning radii treatments for intersections at-grade are important design elements.
They influence the operation of the intersection, safety and construction costs.
Turning radii design often does not receive sufficient attention; therefore, the designer
should ensure that the design is compatible with the intersection operations.

6-2.01 Selection of Design Vehicle

In general, the turning radii at an intersection should be based on the largest vehicle
that will regularly use the intersection. Types of design vehicles are discussed in
Section 6-1.01. The designer should evaluate the area type and functional
classification of intersecting highways. Table 6-2A presents the desirable and
minimum design vehicle selection for rural intersections; Table 6-2B provides the
criteria for urban intersections. Selection of the applicable design vehicle should be
based on the functional class of the highway which the vehicle is turning onto. For
example, in an urban area a collector and an arterial highway may intersect. The
desirable design vehicle turning from the collector to the arterial is a WB-50; from the
arterial to the collector, it is a WB-40.

The WB-62 design vehicle (large truck) is allowed on the Interstate highway system
and other roads as designated on the National Truck Network. These trucks must
have reasonable access to truck facilities near designated highways. Therefore, the
WB-62 may be allowed to make right turns at some at-grade intersections, and the
designer should consider this possibility. The designer should exercise judgment
when deciding which intersections should be designed according to the turning
characteristics of the large truck. Some intersections (e.g., those near truck stops)
are obvious candidates. The designer should also consider whether or not an
intersection may in the future need to accommodate the large truck.
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Table 6-2A

SELECTION OF DESIGN VEHICLE
(Rural Intersections)

Design Vehicle
Functional Class
Desirable Minimum
Freeway Ramps WB-62 WB-50*
Arterials WB-50 WB-50
Collectors WB-50 WB-40
Local Roads WB-40 SuU
* WB-62 must be physically able to make the turn.
Table 6-2B
SELECTION OF DESIGN VEHICLE
(Urban Intersections)
Design Vehicle
Functional Class
Desirable Minimum
Freeway Ramps WB-62 WB-50*
Arterials WB-50 WB-40
Collectors WB-40 SuU
Local Roads SuU P

* WB-62 must be physically able to make the turn.

Note: On bus transit routes, a BUS is the desirable design vehicle for turning

radil.
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Some portions of an intersection may be designed with one design vehicle and other
portions with another vehicle. For example, it may be desirable to design physical
characteristics (curbs, islands) for one design vehicle but provide painted
channelization for a smaller vehicle. This will provide a positive indicator for the more
frequent turning vehicles.

6-2.02 Turning Design Criteria

6-2.02.01 Rural

For rural intersections, the design for right turns will normally provide a simple curve
with a taper offset onto the major road. Figure 6-2A illustrates a typical design for
both a 90° and a skewed rural intersection. These designs provide a relatively easy
maneuver for vehicles exiting or entering the major road.

6-2.02.02 Urban

For urban intersections, the designer will normally use a simple curve radius for the
design of the pavement edge or for the curb line. Table 6-2C provides the curb radii
recommendations for various design vehicles. These criteria are adequate for low-
speed turning movements. The designer should check all proposed designs with the
applicable vehicular turning template. Where it is desirable for vehicles to turn at a
higher speed, such as for high-volume turns or turns off high-volume streets, larger
radii or turning roadways may be warranted. Turning roadways are discussed in
Section 6-7.08.
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Table 6-2C
RECOMMENDED CURB RADII
(Urban Intersections)
Design Vehicle Radius
P 20 ft*
SuU 35 ft
WB-40 40 ft
BUS 45 ft
WB-50 50 ft
WB-62 65 ft
*In residential areas, a radius of 15 ft is acceptable.
Notes:
1. Criteria in the table are applicable to intersections where:
a. very little encroachment onto adfacent lanes can be tolerated (see Section 6-2.03
for further discussion),
b. the angle of turn is 90° + 20 °, and
c. parking lanes or shoulders are not available to provide additional width for the

turning maneuver (see Section 6-2.04 for further discussion).

2. Where a simple radius is considered inadequate for the intersection turn, the designer

should consider using the alternative criteria presented in A Policy on Geometric Design
of Highways and Streets (e.g., simple radius with taper offsets, 3-centered curves).

3. For large radii, the designer should consider providing a turning roadway; see Section

6-3.0.
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6-2.03 Encroachment

The criteria in Table 6-2C may not be attainable at some intersections. In these
cases, the designer must consider the encroachment which can be tolerated and the
frequency for which this encroachment is acceptable. Several factors will influence
this assessment including traffic volumes, truck traffic, functional classification, 1-way
or 2-way operation, available roadway width and traffic control.

Table 6-2D provides guidelines for determining the encroachment that can be
tolerated for various conditions. Figure 6-2B provides the information necessary to
determine the amount of encroachment by a turning vehicle. The value will vary with
the angle of turn, the design vehicle and the radius of the curb line.

6-2.04 Other Intersection Factors

Where on-street parking is allowed, the additional roadway width will decrease the
turning problems for large vehicles at intersections with small radii. Parking must be
restricted in advance of the PC and beyond the PT for the simple curve radius design.
The designer shouid evaluate each intersection on a case-by-case basis. For turning
movements, parking should generally be prohibited for approximately 15 ft before the
PC and approximately 30 ft beyond the PT. Even for radii as small as 15 ft, a WB-50
can negotiate the turn with little encroachment into the adjacent lane, provided the
parking restrictions are enforced. For truck maneuvers, the presence of a shoulder
8 ft to 12 ft in width will have the same impact as a parking lane.

Pedestrians are affected by the selection of the turning radii. The greater the radius,
the further pedestrians must walk in the roadway. This may lead to, for example, the
decision to use a turning roadway to provide a pedestrian refuge. Smaller turning
radii, typically less than 30 ft, can substantially reduce the vehicular turning speed and
reduce the open pavement area for pedestrians crossing the road. This is especially
important to handicapped individuals. However, these radii may cause encroachment
problems. These trade-offs must be considered when designing the intersection.

PATH OF

PATH OF

_ ( FRONT OVERHANG
—

x

INNER REAR
WHEEL

CASE A

VEHICLE TURNS FROM
PROPER LANE AND SWINGS
WIDE ON CROSS STREET

dp IS VARIABLE

d = 12*
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TURNING VEHICLE
SWINGS EQUALLY WIDE
ON BOTH STREETS

dy = d BOTH VARIABLE

di = MAXIMUM DISTANCE BETWEEN THE PAVEMENT EDGE (BEFORE THE TURN) AND THE VEHICLE OVERHANG.
d2 = MAXIMUM DISTANCE BETWEEN THE PAVEMENT EDGE (AFTER THE TURN) AND THE VEHICLE OVERHANG.

d, ft) for Cases A and B Where:
Angle Design
of Turn Vehiol R=151t R=20ft R=251ft R=30ft R=40ft
A cle
A B A B A B A B A B
30° SuU 14 13 14 13 13 13 13 13 13 13
BUS 22 17 19 17 19 17 19 17 18 17
WB-40 14 14 14 14 14 14 14 14 14 14
WB-50 20 17 20 17 20 17 19 16 18 16
WB-62 — — —_ — — — —_ — 27 17
60° SU 19 16 19 16 17 16 16 15 14 14
BUS 28 21 26 20 24 20 23 19 22 18
WB-40 24 19 22 19 21 19 19 18 17 16
WB-50 31 22 27 21 28 20 25 19 22 18
WB-62 — — — — — — — —_ 30 22
90° SuU 26 20 23 18 19 16 17 15 13 13
BUS 38 23 33 22 30 22 25 21 22 18
WB-40 31 22 27 21 23 21 19 18 17 16
WB-50 42 22 37 24 32 22 29 21 22 18
WB-62 - — — — — — — — 39 23
120° SuU 34 22 27 19 21 18 17 16 13 13
BUS 46 28 40 25 32 23 26 19 19 18
WB-40 37 23 29 22 24 22 19 18 17 16
WB-50 50 29 43 28 36 27 30 26 22 18
WB-62 — -— _ —_ — — — — 26 22
150° SU 40 25 32 21 22 19 17 16 12 12
BUS 48 28 40 25 32 23 22 18 17 16
WB-40 39 24 29 22 23 22 19 18 17 16
WB-50 53 31 46 28 36 27 28 26 22 18
WB-62 — — — — — — — — 20 18

Note: P design vehicle turns within 12-ft width where R = 15 ft or more. No parking on either street.

CROSS STREET WIDTH OCCUPIED BY A TURNING VEHICLE

Figure 6-2B
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Table 6-2D

GUIDELINES FOR ENCROACHMENT FOR RIGHT TURNS

6-7

Turn Made From

Turn Made Onto

Acceptable Encroachment for Design Vehicle for Road/Street Onto Which Turn Made

Arterial No encroachment into opposing lanes of travel

Arterial Collector 1 ft encroachment into opposing lanes of travel
Local 2 ft encroachment into opposing lanes of travel

Arterial No encroachment into opposing lanes of travel

Collector Collector 2 ft encroachment into opposing lanes of travel
Local 3 ft encroachment into opposing lanes of travel

Arterial No encroachment into opposing lanes of travel

Local Collector 3 ft encroachment into opposing lanes of travel
Local 4 ft encroachment into opposing lanes of travel

Notes:

See Tables 6-2A and 6-2B for the design vehicle selection. The encroachment criteria refer to the desirable design vehicle.

Before the turn is made, the design vehicle is assumed to be in the outermost through travel lane or exclusive right-turn lane, whichever applies. It is assumed that the vehicle
does not encroach onto adjacent lanes on the road/street from which the turn is made (i.e., Case “A” in Figure 6-2B).

When determining the acceptable encroachment, the designer should also consider turning volumes, through volumes and the type of traffic control at the intersection. In
all cases, the desirable encroachment will be zero into the opposing lanes of travel.

Check all proposed designs with the applicable vehicular turning template.
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6-3.0 TURNING ROADWAYS

Itis often desirable to design at-grade intersections to allow turning vehicles to operate
at above minimum speeds. Turning roadways are channelized areas (separated by an
island) which allow a moderate-speed right turn away from the intersection area.
Section 6-7.03 discusses the design guidelines and warrants for turning roadways.

6-4.0 AUXILIARY LANES

Drivers leaving a highway at an intersection are usually required to reduce their speed
before turning. Drivers that enter a highway at an intersection accelerate until the
desired open-road speed is reached. Where deceleration or acceleration occurs in the
through travel lanes, it disrupts the flow of through traffic. To minimize the potential
hazard, the use of auxiliary lanes may be warranted for at-grade intersections to
improve the level of service of the highway.

6-4.01 Warrants for Right-Turn Lanes

The use of right-turn lanes at intersections can significantly improve operations.
Exclusive right-turn lanes should be provided:

1. at any unsignalized intersection on a 2-lane urban or rural highway which
satisfies the criteria in Figure 6-4A;

2. at any intersection where a capacity analysis determines a right-turn lane is
necessary to meet the level-of-service criteria; or

3. at any intersection where the accident experience, existing traffic operations or
engineering judgment indicates a significant hazard related to right-turning
vehicles.
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Note:  For highways with a design speed below 50 mph and a DHV < 300 and Right Turms > 40, an
adjustment should be used. To read the vertical axis of the chart, subtract 20 from the actual

number of right turns.
Example
Given: Design Speed = 45 mph
DHV = 250 vph

Right Turns = 100 vph
Problem: Determine if a right-turn lane is warranted.

Solution:  To read the vertical axis, use 100 - 20 = 80 vph. The figure indicates that a right-turn lane
is not warranted unless other factors (e.g., high accident rate) indicate a lane is needed.

RIGHT-TURN LANE WARRANTS AT UNSIGNALIZED INTERSECTIONS
ON 2-LANE HIGHWAYS

Figure 6-4A
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6-4.02 Warrants for Left-Turn Lanes

The accommodation of left turns is often the critical factor in proper intersection design.
Left-turn lanes influence both the level of service and intersection safety. Exclusive left-
turn lanes should be provided:

1. at all median openings (cross overs) on divided urban and rural highways with
a median wide enough to accommodate a left-turn lane;

2. at any unsignalized intersection on a 2-lane highway which satisfies the criteria
in Figures 6-4B, 6-4C or 6-4D;

3. at any unsignalized intersection on a 4-lane undivided highway which satisfies
the criteria in Figure 6-4E;

4. at any intersection where a capacity analysis determines a left-turn lane is
necessary to meet the level-of-service criteria; or

5. at any intersection where the accident experience, existing traffic operations,
adverse geometrics (e.g., restricted sight distance) or engineering judgment
indicate a significant hazard related to left-turning vehicles.

The following example illustrates how to use Figures 6-4B through 6-4D to determine
the need for a left-turn lane based on volume warrants.

6-4.03 Length of Auxiliary Turning Lanes

The length of a right- or left-turn lane at an intersection should allow safe deceleration
and storage of turning vehicles outside of the through lanes. This improves safety and
the intersection level of service. The length of auxiliary lanes will be determined by a
combination of its taper length (L;), deceleration length (L;) and storage length (Lg).
The following sections discuss the application of these elements. The minimum overall
length of an auxiliary turn lane should be 200 ft.

6-9

Figure 6-4F illustrates typical auxiliary lanes at an intersection and their segments.
Note that, in the Figure, L starts at the beginning of the taper.

6-4.03.01 Taper Length
Tapers should be as long and as smooth as practical so that drivers will be encouraged
to use the full length of the taper. At restricted sites, the taper length may be shortened

to provide a greater full-width length of the auxiliary lane.

The recommended taper length (L;) for deceleration lanes is 150 ft. In restricted urban
areas, this may be reduced to 75 ft.

Example 6-4.1

Given: Design Speed = 60 mph

V, =400 vph

Vo =200 vph

Left turns in V, = 10%
Problem: Determine if a left-turn lane is warranted.
Solution:

Step 1:  Use the 10% curve on Figure 6-4B.

Step2: Read V, (400 vph) and Vo, (200 vph) into the chart and locate the
intersection point.

Step 3:  The point in Step 2 is located to the right of the curve in Step 1. Therefore,
a left-turn lane is warranted.
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Instructions:
Instructions:

1.

The family of curves represent the percent of left turns in the advancing volume (V,). The designer
should locate the curve for the actual percentage of left turns. When this is not an even increment of
5, the designer should estimate where the curve lies.

Read V, and V, into the chart and locate the intersection of the two volumes.

Note the location of the point in #2 relative to the line in #1. If the point is to the right of the line, then
a left-turn lane is warranted. If the point is to the left of the line, then a left-turn lane is not warranted
based on traffic volumes.

VOLUME WARRANTS FOR LEFT-TURN LANE AT UNSIGNALIZED
INTERSECTIONS ON 2-LANE HIGHWAYS (60 mph)
Figure 6-4B

1.

The family of curves represent the percent of left turns in the advancing volume (V,). The designer
should locate the curve for the actual percentage of left turns. When this is not an even increment of
5, the designer should estimate where the curve lies.

Read V, and V,, into the chart and locate the intersection of the two volumes.

Note the location of the point in #2 relative to the line in #1. If the point is to the right of the line, then
a left-turn lane is warranted. If the point is to the left of the line, then a left-turn lane is not warranted
based on traffic volumes.

VOLUME WARRANTS FOR LEFT-TURN LANE AT UNSIGNALIZED
INTERSECTIONS ON 2-LANE HIGHWAYS (50 mph)
Figure 6-4C
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Instructions:

1.

The family of curves represent the percent of left turns in the advancing volume (V,). The designer
should locate the curve for the actual percentage of left turns. When this is not an even increment of
5, the designer should estimate where the curve lies.

Read V, and V,, info the chart and locate the intersection of the two volumes.

Note the location of the point in #2 relative to the line in #1. If the point is to the right of the line, then
a left-turn lane is warranted. If the point is to the left of the line, then a left-turn lane is not warranted Note:
based on traffic volumes.

VOLUME WARRANTS FOR LEFT-TURN LANE AT UNSIGNALIZED
INTERSECTIONS ON 2-LANE HIGHWAYS (40 mph)
Figure 6-4D

2000

150

LEFT-TURN LANE WARRANTED
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500 |

EFT-TURN LANE
NOT WARRANTED

Vo~ OPPOSING VOLUME (VPH) DURING DESIGN HOUR

5 10 15 20 25
V| ~ LEFT-TURNING VOLUME (VPH) DURING DESIGN HOUR

When V,, <400 vph (dashed line), a left-turn lane is not normally warranted unless the advancing
volume (V,) in the same direction as the left-turning traffic exceeds 400 vph (V, > 400 vph).

VOLUME WARRANTS FOR LEFT-TURN LANE
ON 4-LANE UNDIVIDED HIGHWAYS
Figure 6-4E
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Note:  The schematic of the major road (free flowing) also applies to all legs of a signalized intersection.

Key: L; = TaperLength
L, = Deceleration Length
L = Storage Length

TYPICAL AUXILIARY LANES AT AN INTERSECTION
Figure 6-4F
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6-4.03.02 Application of Deceleration Length

Table 6-4A presents criteria for the application of the deceleration length for turning
lanes at an intersection. The intersection must add the appropriate storage length (Ls)
to the deceleration length (L) to obtain the full length for design of the turning lane.
The minimum lengths are more appropriate on facilities with low traffic volumes, in
restricted areas or on 3R projects.

Table 6-4A
RECOMMENDED LENGTHS OF TURNING LANES
FOR DECELERATION (L,)
Highway Design L (ft)
Speed (mph) Desirable Minimum
30 235 120
40 315 165
50 435 265
55 480 310
60 530 370
70 615 465

Notes:

1. The desirable condition assumes that deceleration starts as the vehicle enters the taper.
The initial speed is equal to the average running speed.

2. The minimum condition assumes that the vehicle has decelerated to 5 mph below the
average running speed in the through lane before entering the taper.

3. L, values from the table include the taper length (L;).
4. L, values from the table do not include the storage length (L;).

5. The L, component of the turning lane only applies to signalized intersections (except the
truncated leg of a T-intersection) and the free-flowing legs of a stop-controlled intersection.
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500 1 U T T
6-4.03.03 Storage Length CYCLE LENGTH = 75 SEC.
- v/C = 0.80 .
The storage length (L) for turning lanes should be sufficient to store the number of < 400 // rgﬁgegMENDED
vehicles likely to accumulate in the design hour. The storage length is determined by z i 2 X MEAN //
the type of traffic control governing the turning movement and the requirement for g _\
bypassing stopped vehicles. Recommended storage length criteria are as follows: : 300 // 5
Q
< - / / ]
1. Signalized Intersections. The designer should consider the following in § B/ /"\
determining the recommended storage length for signalized intersections: w 200 < \
! i 47 1 1.5 X MEAN
[72]
- e
a. The storage length should be based on 1.5 (minimum) to 2.0 - 100 ) V4
(desirable) times the average number of vehicles that would store per A “
cycle during the design hour. /7
o L L I L
b. Figure 6-4G illustrates an alternative method to determine the O D200 300 400
) URNING VOLUME (IN PCE, VPH)
recommended storage length for left-turn lanes, or right-turn lanes
where right-turn-on-red is prohibited, at a signalized intersection when
the v/c ratio is known. The values obtained from the figure are for a Storage Length Adjustment Factors
cycle length of 75 seconds and a v/c ratio of 0.80. For other values, vic RQTIO, CYCLE LENGTH, C (SEC)
the designer should multiply the length obtained in the figure by an 60 70 80 20 100
adjustment factor found in the accompanying table with Figure 6-4G. gjgg o.70 578 0.84 089 954
ioi i i i ibed i . 0.73 0.79 0.87 0.92 0.97
Tr)e v/cratio is qetermmed by a capacity analysis as described in the 088 oge 081 oae ooz 20
Highway Capacity Manual. 0.70 0.77 0.84 0.92 0.98 1.03
0.75 0.82 0.88 0.98 1.03 1.09
0.80 0.88 0.95 1.05 1.11 1.17
c. Where right-turns-on-red are permitted or where separate right-turn o8 9.99 198 118 122 13
signal phases are provided, the length of the right-turn lane may be 0.95 1.61 174 1.92 2,03 2.14
reduced due to less accumulation of turning vehicles. Notes: 1. Figure applies to exclusive left-turn lanes and exclusive right-turn lanes where right-turns- on-
red are not allowed.
2. Uns'lqnahze'd lnte.rsectlons. .Thg storage length shquld be tr_te numper of 2. See minimum storage length discussion in Section 6-4.03.03,
turning vehicles likely to arrive in an average two-minute period within the
design hour. Table 6-4B provides recommended storage lengths for right and 3. To determine the v/c ratio and the passenger car equivalent (PCE) values, see the Highway

Capacity Manual.
RECOMMENDED STORAGE LENGTH FOR SIGNALIZED INTERSECTIONS
Figure 6-4G

left turns at an unsignalized intersection.
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Table 6-4B

RECOMMENDED STORAGE LENGTHS (L,) FOR
UNSIGNALIZED INTERSECTIONS

DHV

< 60 50-75
61-120 100
121 -180 150

> 180 200 or greater
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Example 6-4.2

Given:

Problem:

Solution:

Signalized 4-leg intersection

Left-turn volume = 150 vph (DHV)
Cycle Length = 80 sec; v/c ratio = 0.70
Design speed of highway = 40 mph

Determine the length of a left-turn lane

The total length of the turn lane including taper equals L + L.

Note: See minimum storage length discussion in Section 6-4.03.03.

3. Minimum Length. The minimum storage length for turning lanes should be
sufficient to store at least two vehicles. Where the truck traffic is 10 percent
or less, 50 ftis the minimum storage length. Where the truck traffic is greater
than 10 percent, 100 ft is the minimum. However, for right-turn lanes at
unsignalized intersections in low-volume areas, the driver will likely be able to
turn without delay. In these cases, the storage length may be assumed to be
zero. At signalized intersections with the right-turn-on-red allowance, the
minimum storage length of a right-turn lane is 25 ft.

Example 6-4.2 illustrates the use of Table 6-4A and Figure 6-4G to determine the total
length of a left-turn lane at a signalized intersection.

From Table 6-4A (40 mph), L, = 165 ft (including taper).

The minimum Lg is based on 1.5 x mean, or Lg = 120 ft unadjusted. From
Figure 6-4G, the storage length adjustment factor = 0.92. Therefore, Lg =
0.92 (120) = 110 ft.

L + Lg = 165 ft + 100 ft = 275 ft

6-4.03.04 Design Length for Extension of Through Lanes

Intersections are sometimes widened to meet the level-of-service criteria, especially
at signalized intersections. Any additional through lanes or combination turning and
through lanes should be extended beyond the intersection. The distance (Lg) should
be sufficient for vehicles to return to the through lanes without affecting the highway
operation. Figure 6-4H provides the recommended lengths (L) for vehicles to return
to the through lane beyond a widened intersection. For through lanes extended
beyond the intersection, the recommended taper is 150 ft for design speeds of 45
mph and below and 300 ft for design speeds greater than 45 mph.
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55 1170 50 mph or greater.
60 1590
70

EXTENSION OF ADDITIONAL THROUGH LANES

Figure 6-4H

6-4.03.05 Additional Design Considerations

The designer should consider several other factors when designing an auxiliary
turning lane:

1.

Channelized Left-Turn Lane. If a left turn is required on a two-lane highway,

it should desirably be designed as a fully channelized left-turn lane. A typical
channelized left turn is illustrated in Figure 6-4l. Generally, left-turn
deceleration and storage bays will be designed symmetrically about the
highway centerline.

Dual-Turn Lanes. Where the proper length of a turn lane cannot be provided
or becomes prohibitive, the designer may consider a dual-turn lane. Generally,
a dual-turn lane, approximately 50 percent as long as a single-turn lane, will
operate comparably. However, to operate properly, the intersecting road must
have two lanes of traffic to accept the turning vehicles.

Offset Left-Turn Lanes. For medians wider than 18 ft, it is desirable to align
the left-turn lane so that it will reduce the width of the divider to 4 ft to 8 ft
immediately before the intersection, rather than to align it parallel and adjacent
to the through lane. This alignment will place the vehicle waiting to make the
turn as far to the left as practical, thus providing improved visibility to the
opposing through traffic. The advantages of aligning the left-turn lanes are:

a. better visibility to opposing through traffic;

b. decreased probability of a conflict between opposing left-turn move-
ments within the intersection; and

C. more left-turn vehicles served in a given period of time, especially at a
signalized intersection.
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The taper distance is calculated from:

L=WS (S > 45), or L = WS%60 (S < 40)

Where:
L = taperlength (ft)
W = transition width (ft)
S = design speed (mph)

Ls = storage length (ft)
L, = deceleration length (ft)
L = taperlength:

» 150 ft (desirable)
» 75 ft (restricted urban areas)

CHANNELIZED LEFT-TURN LANE FOR TWO-LANE HIGHWAYS

Figure 6-41
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Offset designs may be either a parallel or taper design; see Figure 6-4J. The
parallel design may be used at signalized and unsignalized intersections.
However, the taper design is primarily only used at signalized intersections.
Offset turn lanes should be separated from the adjacent through traveled way
by painted or raised channelization.

4. Parking Restrictions. A right-turn lane in an urban area may require parking
restrictions beyond the usual restricted distances from the intersection as
discussed in Sections 6-2.04 and 14-2.06.03.

5. Width. The width of the turn lane should be according to the functional class
and urban/rural location of the intersection. Chapter 2 presents criteria for
rural highways; Chapter 14 presents criteria for urban streets.

6. Intersection Sight Distance. See Section 6-6.05 for intersection sight distance
criteria for a left-turning vehicle.

7. Median Openings. Median openings should be designed according to the
criteria in Section 6-8.0. :
Ssmsg FSSS5553 5SS ess &m
=]
8. Pavement Markings. Typical development and pavement markings of a left- @ m\\\\\\\_\_\\\\}n\@r—

turn lane are illustrated in Figure 6-4K. The MUTCD should also be used to
determine the proper pavement markings.

b) TAPERED-OFFSET TURN LANE

OFFSET TURN LANES
Figure 6-4J
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L =WS (S > 45), or L = WS%60 (S < 40)

Ly = storage length (ft)
L, = deceleration length (ft) Where:
L; = taperlength:
» 150 ft (desirable) L = t length (ft
» 75 ft (restricted urban areas) W = t?::sritii;gwiéth) (ft)
S = design speed (mph)

TYPICAL PAVEMENT MARKINGS
(Left-Turn Lanes)
Figure 6-4K
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6-5.0 CONTINUOUS TWO-WAY LEFT-TURN LANES

Continuous two-way left-turn lanes (CTWLTL) are used as a cost-effective method
to accommodate a continuous left-turn demand and to reduce delay and accidents.
These lanes typically reduce conflicts on roadways which were originally intended to
serve the through movement but are now used to serve the demand for accessibility
created by changes in adjacent land use. The designer should evaluate the
information presented in the following sections when considering the implementation
of a CTWLTL.

6-5.01 Guidelines for Application

6-5.01.01 Typical Sites

The typical sites where a CTWLTL should be considered include:

1. areas with a high number of driveways per block,
2. areas of high-density commercial development, and
3. areas with substantial midblock left turns.

The applicability of the CTWLTL is a function of the traffic conditions resulting from
the adjacent land use. The designer should evaluate the area to determine the
relative benefit of a CTWLTL as compared to alternative access techniques. For
example, a CTWLTL may encourage more strip development. If this is not desirable,
a raised median is an alternative treatment.

6-5.01.02 Functional Class

An undivided 2-lane or 4-lane urban arterial is the most common type of highway
selected for the implementation of a CTWLTL.
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6-5.01.03 Traffic Volumes

Through traffic volumes and the capacity of major intersections should be investigated
to determine the through requirements at the midblock area of the highway. For
application, the design year for the project should be used to determine the traffic
volume. As general guidance, the following should be used:

1. On existing 2-lane roadways, a CTWLTL should be advantageous for traffic
volumes between 5,000 and 12,500 ADT.

2. On existing 4-lane highways, a CTWLTL should be advantageous for traffic
volumes between 10,000 and 25,000 ADT.

3. For traffic volumes greater than 25,000 ADT, a raised median may be a more
appropriate treatment than a CTWLTL. The designer will need to consider the
extent of development, number of traffic signals, number of driveway
entrances, gaps available in the oncoming traffic and the use of dual left-turn
lanes at intersections to determine the appropriate selection.

4, Pedestrian crossing volumes are also a consideration because of the large
paved area which must be traversed.

6-5.01.04 Design Speed

The design speed on a highway facility is a critical factor for consideration in CTWLTL
applications. General criteria dictates that design speeds up to 50 mph will
accommodate a CTWLTL. Design speeds higher than 50 mph should be investigated
more carefully considering the number of accidents, number of driveways, traffic
signals, etc. The designer should also contact the district for further guidance.
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6-5.02 Design Criteria

6-5.02.01 Lane Width

Recommended lane widths for a CTWLTL are presented in Table 6-5A.

Table 6-5A
RECOMMENDED LANE WIDTHS FOR A CTWLTL

Desirable Minimum

14 ft 12 ft

Note: In industrial areas with heavy truck traffic, the desirable lane width is 16 ft.

Existing highways that warrant the installation of a CTWLTL are often located in areas
of restricted right-of-way. Conversion of the existing cross section may be difficult;
however, narrow lane widths should be avoided except for low traffic volumes. To
obtain the necessary lane width, the designer may have to consider several
alternatives including:

1. removing an existing raised median,
2. reducing the width of existing through lanes,
3. reducing the number of existing through lanes,
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4. eliminating existing parking lanes,
5. eliminating or reducing the width of existing shoulders, and/or
6. acquiring additional right-of-way to expand the pavement width by the amount
needed for the CTWLTL.

6-5.02.02 Intersection Treatment

At all intersections with public roads, a CTWLTL must either 1) be terminated in
advance to allow the development of an exclusive left-turn lane, or 2) be extended up
to the intersection area. The preferred treatment is to terminate the CTWLTL and
provide an exclusive left-turn lane. Consideration may be given to extending the
CTWLTL up to the intersection under the following conditions:

1. Signals. At signalized intersections, a CTWLTL should be terminated because
these intersections will typically warrant an exclusive left-turn lane. At
unsignalized intersections, the CTWLTL may be extended through the
intersection because an exclusive left-turn lane is usually not required.

2. Turning Volumes. The left-turn demand into the intersecting road is a factor in
determining the proper intersection treatment. The following may be used as
general guidance: If the minimum storage length will govern (Section 6-4.03.03),
then it may be warranted to extend the CTWLTL up to the intersection (i.e.,
provide no exclusive left-turn lane).

3. Minimum Length of CTWLTL. The CTWLTL should have sufficient length to
operate properly, and the intersection treatment will determine the length of the
CTWLTL. The minimum length will be influenced by through traffic volumes,
turning volumes and operating speeds on the highway. The following guidance
may be used:
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a. On facilities with lower speeds and/or lower traffic volumes, the
minimum length of a CTWLTL shouid be 500 ft.

b. On facilities with higher speeds and/or higher traffic volumes, the
minimum length of a CTWLTL should be 1000 ft.

4. Operational/Safety Factors. Extending the CTWLTL up to an intersection
could result in operational or safety problems. Some drivers may, for
example, pass through the intersection in the CTWLTL and turn left beyond
the intersection into a driveway. [f operational or safety problems are known
or anticipated at an intersection, this is a factor in determining the proper
intersection treatment.

6-5.02.03 Traffic Control

A CTWLTL requires proper signing and marking to reduce indecision and misuse.
Criteria for signing and marking have been developed and are presented in the
MUTCD and in Figure 9-9C.

6-6.0 INTERSECTION SIGHT DISTANCE (ISD)
6-6.01 General

At each intersection the potential exists for vehicles to conflict with one another when
entering, exiting or crossing the intersection. The designer should provide sufficient
sight distance for a driver to perceive these potential conflicts and to perform the
necessary actions needed to negotiate the intersection safely.

Because all intersections on State highways are either stop controlled or signalized,
no guidelines are provided for no control or yield-controlled intersections. For these
types of intersections, the designer is referred to the AASHTO A Policy on Geometric
Design of Highways and Streets for guidance.
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6-6.02 Background
6-6.02.01 Basic Criteria

The Department uses gap acceptance as the conceptual basis for its intersection
sight distance (ISD) criteria at stop-controlled intersections. The intersection sight
distance is obtained by providing clear sight triangles both to the right and left as
shown in Figure 6-6A. The length of legs of these sight triangles are determined as
followings:

1. Minor Road. The length of leg along the minor road is based on two parts.
The first is the location of the driver’s eye on the minor road. This is typically
assumed to be 15 ft from the edge of traveled way for the major road and in
the center of the lane on the minor road; see Figure 6-6A. The second part is
based on the distance to the center of the vehicle on the major road. For right-
turning vehicles, this is assumed to be the center of the closest travel lane from
the left. For left-turning vehicles, this is assumed to be the center of the
closest travel lane for vehicles approaching from the right. See Figure 6-6A.

2. Major Road. The length of the sight triangle leg or ISD along the major road
is determined using the following equation:

S=1.467 Vo t; (Equation 6-6.1)
where:
length of sight triangle leg along major road (ft)

maior = design speed of major road (mph)
critical gap for entering the major road (sec)

<W
h

o
I

The critical gap time (t,) varies according to the design vehicle, the grade on
the minor road approach, the number of lanes on the major roadway, the type
of operation and the intersection skew. Section 6-6.07 presents several
examples on the application of 1SD.
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Within this clear sight triangle, if practical, the objective is to remove or lower any
object that obstructs the driver’s view. These objects may include buildings, parked
or turning vehicles, trees, hedges, tall crops, unmowed grass, fences, retaining walls
and the existing ground line. In addition, where an interchange ramp intersects the
major road or crossroad near a bridge on a crest vertical curve, objects such as
bridge parapets, piers, abutments or the crest vertical curve itself may restrict the
clear sight triangle.

6-6.02.02 Sight Flare Criteria

In addition to the ISD criteria based on gap acceptance, the driver on the major
roadway should have sufficient sight distance to see vehicles approaching the stop
sign to avoid a collision if the approaching vehicle violates the traffic control. The
sight flare criteria apply to intersections which exceed the Department’s threshold
traffic volumes. See Section 6-6.06.

6-6.03 Application (Stop-Controlled Intersections)

Where traffic on the minor road of an intersection is controlled by stop signs, the
driver of the vehicle on the minor road must have sufficient sight distance for a safe
departure from the stopped position assuming that the approaching vehicle comes
into view as the stopped vehicle begins it departure. The following sections discuss
the application of the Department’s ISD methodology at stop-controlled intersections.

6-6.03.01 Vehicle Entering Major Roadway

To determine the intersection sight distance for vehicles turning left or right onto the
major road, the designer should use Equation 6-6.1 and the critical gap times (t,)
presented in Table 6-6A. Table 6-6B, which solves Equation 6-6.1, provides the ISD
values for all design vehicles on two-lane, level facilities. The designer should also
consider the following:
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Table 6-6A

GAP ACCEPTANCE TIMES
(Right or Left Turn From Minor Road)

Design Vehicle

Gap Acceptance Time (t;) (sec)

Passenger Car
Single-Unit Truck

Tractor/Semitrailer

7.5

9.5

11.5

Table 6-6B

TWO-LANE INTERSECTION SIGHT DISTANCES

(Right or Left Turn from Minor Road)

Design Speed I1SD (ft)
Vma'or
((mpiq)) Passenger Cars | Single-Unit Trucks | Tractor/Semitrailers
20 225 280 340
25 280 350 425
30 335 420 510
35 390 490 595
40 445 560 675
45 500 630 760
50 555 700 845
55 610 770 930
60 665 840 1015
65 720 910 1100
70 775 980 1185

Note: These ISD values assume a minor road approach grade < +3%.
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Turn Maneuver. There is only a minimal difference in the gap acceptance
times between the left- and right-turning drivers. Therefore, only one critical
gap time is provided.

Multilane Facilities. For multilane facilities, the gap acceptance times
presented in Table 6-6A should be adjusted to account for the additional
distance required by the turning vehicle to cross the additional lanes or
median. The following will apply:

a. Left-Turns. For left turns onto multilane highways, add 0.5 seconds
for passenger cars or 0.7 seconds for trucks for each additional lane,
in excess of one, to be crossed by the turning vehicle. Assume that
the left-turning driver will enter the left travel lane on the far side of the
major road. For example, the gap acceptance time for a passenger
car turning left onto an undivided six-lane facility would be 7.5 seconds
plus 0.5 seconds for each of the two additional lanes needed to be
crossed. The total gap time required is therefore 8.5 seconds.

b. Right Turns. Because the turning vehicle is assumed to be turning
into the nearest right through lane, no adjustments to the gap times
are required.

C. Medians. Depending on the median width, additional time may need
to be added to the base gap time; see Comment #3 below.

Medians. For a multilane facility which does not have a median wide enough
to store a stopped vehicle, divide the median width by 12 ft to determine the
corresponding number of lanes, and then use the criteria in Comment #2a
above to determine the appropriate time factor.

On multilane facilities with a median wide enough to store a stopped vehicle,
the designer should evaluate the move in two steps (see Figure 6-6B):
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a. First, with the vehicle stopped on the minor road (the bottom portion
in Figure 6-6B), use the gap acceptance times and distances for a
vehicle turning right (Tables 6-6A and 6-6B) to determine the
applicable ISD. Under some circumstances, it may be necessary to
check the crossing maneuver to determine if it is the critical
movement. Crossing criteria are discussed in Section 6-6.03.02.

b. Then, with the vehicle stopped in the median (top portion in Figure 6-
6B), assume a two-lane roadway design and use the gap acceptance
times and distances for vehicles turning left (Tables 6-6A and 6-6B) to
determine the applicable ISD.

Approach Grades. If the approach grade on the minor road exceeds +3%,
add the following times to the basic gap acceptance times in Table 6-6A:

a. Left Turns. Multiply the percent grade on the approach by 0.2 and add
this to the base time gap.

b. Right Turns. Multiply the percent grade on the approach by 0.1 and
add this to the base time gap.

Use the adjusted t, in Equation 6-6.1 to determine S.

Trucks. At some intersections (e.g., near truck stops, interchange ramps,
grain elevators), the designer may want to use the truck as the design vehicle
for determining the ISD. The gap acceptance times (t,) for single-unit and
tractor/ semitrailer trucks are provided in Table 6-6A. ISD values for level,
two-lane roadways are presented in Table 6-6B.

Height of Eye/Object. The height of eye for passenger cars is assumed to be
3.5 ft above the surface of the minor road. The height of object (approaching
vehicle on the major road) is also assumed to be 3.5 ft. An object height of
3.5 ft assumes that a sufficient portion of the oncoming vehicle must be visible
to identify it as an object of concern by the minor road driver. [f there is a
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sufficient number of trucks to warrant their consideration, assume an eye
height of 8 ft for a tractor/semitrailer and 6 ft for single-unit trucks and buses.
If a truck is the assumed entering vehicle, the object height will be 3.5 ft for
the passenger car on the major road.

7. Skew. At skewed intersections where the intersection angle is less than 60°,
adjustments may need to be made to account for the extra distance the
vehicle needs to travel across opposing lanes. Using the procedures
discussed in Comment #2 in Section 6-6.03.01 and/or Section 6-6.03.02,
determine the appropriate ISD value based on this extra travel distance.

8. Examples. For examples on the application of ISD, see Section 6-6.07.

6-6.03.02 Straight Through Crossing Vehicle

In the majority of cases, the intersection sight distance for turning vehicles typically

will provide adequate sight distance to allow a vehicle to cross the major road. -

However, in the following situations, the crossing sight distance may be the more
critical movement:

1. where left and/or right turns are not permitted from a specific approach and
the crossing maneuver is the only legal or expected movement (e.g., indirect
left turns);

2. where the design vehicle must cross more than six travel lanes or, with

medians, the equivalent distance; or

3. where a substantial volume of heavy vehicles cross the highway and there are
steep grades on the minor road approach.

Use Equation 6-6.1 and the gap acceptance times (1,) and the adjustment factors in
Table 6-6C to determine the ISD for crossing maneuvers. Where medians are
present, include the median width in the overall length to determine the applicable gap
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time. Divide this width by 12 ft to determine the corresponding number of lanes for
the crossing maneuver.

Table 6-6C

GAP ACCEPTANCE TIMES
(Crossing Maneuvers)

Design Vehicle Gap Acceptance Time (t.) (sec)
Passenger Car 6.5
Single-Unit Truck 8.5
Tractor/Semitrailer 10.5
Adjustments:
1. Multilane Highway. Where the design vehicle is crossing a major road with

more than two lanes, add 0.5 seconds for passenger cars or 0.7 seconds for
trucks for each additional lane in excess of two. See the discussion in Section
6-6.03.02 for additional guidance.

2. Approach Grade. If the approach grade on the minor road exceeds +3%,
multiply the percent grade of the minor road approach by 0.2 and add it to the
base gap acceptance time.

6-6.03.03 All-Way Stop

Atintersections with all-way stop control, provide sufficient sight distance so that the first
stopped vehicle on each approach is visible to all other approaches. The ISD criteria
for left- or right-turning vehicles as discussed in Section 6-6.03.01 are not applicable in
this situation. Often, intersections are converted to all-way stop control to address
limited sight distance at the intersection. Therefore, providing additional sight at the
intersection is unnecessary.
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6-6.04 Signal-Controlled Intersections Table 6-6D
At signalized intersections, provide sufficient sight distance so that the first vehicle on GAP ACCEPTANCE TIMES
each approach is visible to all other approaches. Traffic signals may be used at high- (Left-Turning Vehicles from Major Road)

volume intersections to address accidents related to restricted sight distances.
Therefore, the 1SD criteria for left- or right-turning vehicles as discussed in Section
6-6.03.01 is typically not applicable at signalized intersections. However, where right- Design Vehicle Gap Acceptance Time (t,) (sec)
turn-on-red is allowed, ensure that the ISD as presented in Section 6-6.03.01 for a stop-
controlled, right-turning vehicle is available to the left. If not, this may warrant restricting
the right-turn-on-red movement. In addition, if the traffic signal is placed on two-way Single-Unit Truck 6.5
flash operation during off-peak or nighttime conditions, provide the ISD criteria as
discussed in Section 6-6.03.01 for a stop-controlled intersection. Tractor/Semitrailer 7.5

Passenger Car 5.5

6-6.05 Stopped Vehicle Turning Left
Table 6-6E

At all intersections, regardless of the type of traffic control, the designer should consider
the sight distance needs for a stopped vehicle turning left from the major road. This is 'NTERS_EC“ON SIGHT D|ST{°‘NCES

ilustrated in Figure 6-6C. The driver must see straight ahead for a sufficient distance (Left-Turning Vehicles from Major Road))
to turn left and clear the opposing travel lanes before an approaching vehicle reaches

the intersection. In general, if the major highway has been designed to meet the _ ’SD_(ﬂ)
stopping sight distance criteria, intersection sight distance only will be a concern where Des'(%,” ?‘;eed Passenger Cars Single-Unit Trucks Tractor/Semitrailers
the major road is on a horizontal curve, where there is a median, or where there are (mph) Crossing | Crossing | Crossing | Crossing | Crossing | Crossing
p
. . . . . 1 lane 2 lanes 1 lane 2 lanes 1 lane 2 lanes
opposing vehicles making left turns at an intersection.
20 165 180 195 215 220 240
. . . 25 205 220 240 265
Use .Equa‘a.on 6-6.1 gnd ’{he gap acceptance times (t;) f.rom Taple 6-6D to determine 'fhe 30 245 265 290 320 ggg ggg
applicable intersection sight distances for the left-turning vehicle. Where the crossing 35 285 310 335 370 385 425
vehicle must cross more than one lane, add 0.5 seconds for passenger cars or 0.7 :g ggg igg 228 323 zgg gig
seconds for trugks for .each additional lane i-n excess of one. Where med.ians are 50 405 440 480 530 550 605
present, the designer will need to consider their effect in the same manner as discussed 55 445 485 525 585 605 665
in Section 6-6.03. Table 6-6E provides the ISD values for all design vehicles and two 60 485 530 575 635 660 725
R 65 525 575 620 690 715 785
common left-turning situations. 70 565 620 670 740 770 845
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6-6.06 Sight Flare Criteria

6-6.06.01 General

Figure 6-6D illustrates the sight flare criteria for undivided and divided highways. These
criteria apply to intersections where the DHV of the major highway exceeds 300 and the
current ADT of the intersecting roadway exceeds 300. These criteria will determine a
sight triangle which should be free of all sight obstructions. These include buildings,
large trees, etc. Right-of-way at the intersection should be acquired to avoid the future
introduction of sight obstructions. However, at existing intersections it may be
impractical to remove existing obstructions within the sight triangle, especially in urban
areas.

6-6.06.02 Urban Signalized Intersections

At urban signalized intersections, a sight flare is desirable but not required. The
designer should consider the following:

1. Improvements. Do not show a sight flare in any quadrants that contain some
type of improvement (e.g., house, gas station). However, include a normal
construction flare on the plans if there is no right-of-way restriction. The
construction flare will be labeled No Access. It is desirable to extend the No
Access along the right-of-way line to the end of the taper where the site
investigation determines this is feasible.

2. No Improvements. Show a sight flare on the plans for any quadrants that do not
contain improvements. The construction flare will be labeled No Access and
(Design Speed) Sight Flare; see Figure 6-6D.

6-6.07 Examples of ISD Applications

The following three examples illustrate the application of the ISD criteria.
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Example 6-6.1

Given: Minor road intersects a 4-lane highway with a CTWLTL.
Minor road is stop controlled.
Design speed of the major highway is 50 mph.
All travel lane widths are 12 ft.
The CTWLTL width is 14 ft.
Trucks are not a concern.

Problem: Determine the intersection sight distance to the left and right from the minor
road.

Solution:  The following steps will apply:

1. For the vehicle turning right, the ISD to the left can be determined directly from
Table 6-6B. For the 50 mph design speed, the ISD to the left is 555 ft.

2. For the vehicle turning left, the ISD must reflect the additional time required to
cross the additional lanes; see Comment #2 in Section 6-6.03.01. The
following will apply:

a. First determine the extra width required by the one additional travel lane
and the CTWLTL and divide this number by 12 ft:

(12 + 14)
12

= 2.2 lanes

b. Next, multiply the number of lanes by 0.5 seconds to determine the
additional time required:

(2.2 lanes)(0.5 sec/lane) = 1.1 seconds
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Note: Design speed for sight flare must be shown on the plans (e.g., 60 x 40 mph SIGHT FLARE).

SIGHT FLARE CRITERIA AT INTERSECTIONS
Figure 6-6D
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3.

C. Add the additional time to the basic gap time of 7.5 seconds and insert
this value into Equation 6-6.1:

S = (1.467)(50)(7.5 + 1.1) = 631 ft
Provide an ISD of 635 ft to the right for the left-turning vehicle.

Check the crossing vehicle, as discussed in Section 6-6.03.02. The following
will apply:

a. First determine the extra width required by the two additional travel lanes
and the CTWLTL and divide this number by 12 ft:

(12 + 12 + 14)
12

= 3.2 lanes

b. Next, multiply the number of lanes by 0.5 seconds to determine the
additional time required:

(3.2 lanes)(0.5 sec/lane) = 1.6 seconds

C. Add the additional time to the basic gap time of 6.5 seconds and insert
this value into Equation 6-6.1:

S = (1.467)(50)(6.5 + 1.6) = 594 ft

The 594 ft for the crossing maneuver is less than the 635 ft required for
the left-turning vehicle and, therefore, is not the critical maneuver.

Example 6-6.2

Given:

Minor road intersects a 4-lane divided highway.
Minor road is stop controlled.

Problem:
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Design speed of the major highway is 60 mph.
All travel lane widths are 12 ft.

The median width is 125 ft.

Trucks are not a concern.

Determine the intersection sight distance to the left and right from the
minor road.

Solution:

1.

For the vehicle turning right, the ISD to the left can be determined directly from
Table 6-6B. For the 60 mph design speed, the ISD to the left is 665 ft.

2. Determine if the crossing maneuver is critical; see Section 6-6.03.02. No
adjustments are required to the base time of 6.5 seconds. Therefore, use
Equation 6-6.1 directly:

S = (1.467)(60)(6.5) = 572 ft
The crossing maneuver is less than the right-turning maneuver and, therefore,
is not critical.

3. For the vehicle turning left, assume the passenger car is stopped in the median;
see Figure 6-6B. The ISD to the right can be determined directly from Table 6-
6B. For the 60 mph design speed, the ISD to the left is 665 ft. The crossing
manuever will not be critical.

Example 6-6.3

Given: Minor road intersects a 2-lane highway.

Minor road is stop controlled.
Design speed of the major highway is 60 mph.
All travel lane widths are 12 ft.
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The approach grade on the minor road is 4.5%. 6-7.0 CHANNELIZATION
Tractor/semitrailer trucks are a concern.
6-7.01 Type
Problem: Determine the intersection sight distance to the left and right from the
minor road. Most at-grade intersections with low-volume roads will be simple, non-channelized
intersections. As the significance of the intersecting road increases, there may be a
Solution: The following steps will apply: need for various channelization treatments. Note that turning roadways are a part of
channelized intersections. Table 6-7A presents general criteria which may be used to
1. For the left-turning vehicle, the base gap acceptance time from Table 6-6A is make an initial determination for channelization needs. The designer must evaluate
11.5 seconds. Add the additional time due to the approach grade (0.2 seconds each intersection to determine the applicability of the criteria in Table 6-7A.
per percent grade) to the base gap time; see Comment #4 in Section 6-6.03.01:
(0.2)(4.5) + 11.5 = 12.4 seconds Table 6-7A
Then, using Equation 6-6.1: CHANNELIZATION WARRANTS
S =(1.467)(60)(12.4) = 1091 ft Current Channelization Treatment
ADT
. L . - C d Crossroad Main High
2. The ISD for the right-turning vehicle is determined similarly: (Crossroad) o an Toney
Under 300 No Channelization Left-turn lanes on 4-lane divided only
(0.1)(4.5) + 11.5 =12 seconds No Channelization Left-turn lanes on all 4-lane facilities only
Then, using Equation 6-6.1: 800-1000 Simple Channelization Left-turn lanes
Channelize with left-turn lanes Left-turn lanes
- - *1000-2000
S = (1.467)(60)(12.0) = 1056 ft Channelize with left-turn lanes Left-turn lanes and right-turn lanes
3. The crossing manuever will not be critical. Over 2000 Conduct signal warrant analysis; Conduct capacity analysis.

* Turning movement count is required at all intersections where crossroad ADT is 1000 or more.

Note: See Section 6-4.02 for left-turn warrants.

At intersections where the approaching traffic volumes are approximately equal and a
signal is not warranted, it may be warranted to install all-way stop control. The MUTCD
presents minimum traffic volume warrants for all-way stop control intersections.
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Additionally, the designer should use the methodology in Chapter 10 of the Highway
Capacity Manual to determine if the all-way stop can accommodate the intersection
traffic volumes at the desired level of service. Note that all-way stops should not be
used where either roadway is a divided facility.

6-7.02 Design of Islands

The edges of traffic channels at intersections are formed and delineated by traffic
islands. The design of traffic islands should consider the site-specific functions,
including definition of vehicular paths, separation of traffic movements, prohibition of
movements, protection of pedestrians and placement of traffic control devices. Islands
can be grouped into the following functional classes. Most islands serve two or all of
these functions:

1. Directional Islands. Control and direct traffic movements and should guide the
driver into the proper channel.

2. Divisional Islands. Separate opposing traffic flows, alert the driver to the
crossroad ahead and regulate traffic through the intersection. Theseislands are
often introduced at intersections on undivided highways and are particularly
advantageous in controlling left turns at skewed intersections and in preventing
wrong-way turns into right-turning traffic lanes.

3. Refuge Islands. Refuge islands at or near crosswalks aid or protect pedestrians
crossing a wide roadway. These islands may be required for pedestrians at
intersections where complex signal phasings are used. Refuge islands may
also serve as areas for the installation of traffic control devices.

The designer should adhere to the criteria in the following sections when designing
islands. The designer should also refer to the MUTCD for additional design guidance.
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6-7.02.01 Types of Islands

Traffic islands may be flush or raised, paved or turf, and triangular or elongated. Raised
islands formed by curbs should be used where pedestrian traffic is significant and where
traffic control devices are needed within the island. Type 2 (Low Profile) Curb and
Gutter should be used in most cases. However, traffic islands with barrier curbs are
acceptable where the design speed is 45 mph or less. |t may be desirable to provide
lighting where raised islands are used. Flush (painted) islands are appropriate in urban
areas where speeds are low and space is limited.

6-7.02.02 Minimum Size

Trafficislands should be large enough to command the driver’s attention. Island shapes
and sizes vary from one intersection to another. For triangular islands, the minimum
size is 50 ft? at urban intersections and a 25-ft width at rural intersections (see Figure
6-7A). Elongated islands should be not less than 3 ft wide and 20 ft long. In restricted
areas, an elongated island may be 2 ft wide. Divisional islands on high-speed facilities
should be at least 100 ft in length.

6-7.02.03 Delineation

Traffic islands should be delineated based on their size, location and function. Raised
islands outlined by curbs can be applied universally; this is the most positive means of
delineation. Islands delineated by mountable curb, pavement markings, rumble bars
or buttons should be used in urban areas where space is limited or on highways with
higher design speeds. Non-paved areas formed by pavement edges, supplemented
by delineators or by earth treatment adjacent to the pavement, should be used in rural
areas where there is sufficient space.
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Figure 6-7A
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6-7.02.04 Approach Treatment

Raised islands with mountable curbs are acceptable where hazardous conditions exist.
Approach and trailing corners of curbed islands should be constructed with 2-ft radii
measured to the face of curb. The corner radius should be 5 ft to the face of curb, see
Figure 6-7A. For good delineation, pavement markings, roughened pavement or rumble
strips should be placed in advance of the island approach to warn the driver. This is
especially important at the approach to median curbed islands in the direct line of
approaching traffic.

6-7.02.05 Offsets
Traffic islands should be offset from the edge of the traveled way. The offset for major

roads will be 10 ft and for minor roads 8 ft. This distance is measured from the edge of
the traveled way to the face of curb. No additional offsets are required for auxiliary lanes.

6-7.03 Turning Roadways

6-7.03.01 Guidelines

The designer should consider providing a turning roadway where:

1. it is desirable to allow right turns at speeds greater than 10 mph,

2. the angle of turn is greater than 110°,

3. the volume of right turns is high or the turning movement is from a high-volume
roadway,

4. the selected design vehicle is a semi-trailer combination, or

5. there is a need to provide a pedestrian refuge area.
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The following sections discuss the design details of a turning roadway.

6-7.03.02 Curvature

The radii of a turning roadway should be coordinated with the controlling geometry of the
intersection. Figure 6-7B illustrates a typical example of a turning roadway intersection
using a simple curve with a taper offset. In the figure, as the angle of intersection (8)
decreases, the turning radius (R,) increases and the turning radius (R,) decreases.
Proper design radii can be determined by entering the chart at the intersecting angle on
the ordinate and reading the appropriate design radii from the curves labeled R, and R,.

6-7.03.03 Deceleration and Acceleration Lanes

In the design and application of deceleration and acceleration lanes, the designer should
consider the following:

1. Warrants. Consider the following guidelines:

a. Deceleration Lanes. Deceleration lanes provide the driver with a length of
roadway to decelerate to a lower design speed before entering the turning
roadway. This will remove the decelerating vehicle from the mainline.
Factors which will determine the warrant for a deceleration lane include
mainline design speed, turning roadway design speed, urban/rural location,
type of traffic control, through volumes, turning volumes, number of trucks
and two-lane/multi-lane facility. Table 6-7B provides guidelines for
deceleration lane warrants at turning roadways based on traffic volumes.
If the combination of mainline volumes and turning volumes exceeds these
criteria during the design hour, a deceleration lane may be warranted.
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Table 6-7B

GUIDELINES FOR DECELERATION LANES AT TURNING ROADWAYS

Total vphin Right-Turning
One Direction vph
<200 (Not Warranted)
200 - 300 120
300 - 400 100
400 - 500 85
500 - 600 70
>600 50
Example 6-7.1
Given: DHV = 350 vph
Right Tuns = 105 vph
Problem: Determine if a deceleration lane to the turning roadway is warranted.
Solution: According to Table 6-7B, the right-turning volume threshold is 100 vph

where the 1-way DHV is 350. Therefore, with a turning volume of 105
vph, a deceleration lane to the turning roadway may be warranted.

Section 6-7.03.03 lists other factors that should be considered.
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b. Acceleration Lanes. Acceleration lanes provide a driver with a length of
roadway to accelerate to the design speed of the mainline and safely
merge into the traffic flow. However, acceleration lanes from turning
roadways may not be properly used by many drivers. They should not
be used at unchannelized intersections. Atchannelized intersections, the
designer should determine the use of acceleration lanes on a case-by-
case basis considering traffic volumes, highway speed, grades, sight
distance, urban/rural location, type of traffic control, etc.

2. Design. Once warranted, a deceleration or acceleration lane for a turning
roadway should provide sufficient length for a driver to comfortably reduce speed
or accelerate without interference to the through traffic of the intersection.
Recommended design lengths of deceleration and acceleration lanes for turning
roadways are provided in Table 6-7C. The width of these lanes should be equal
to the width of the adjacent through lane.

6-7.03.04 Cross-Slope Rollover

The cross-slope rollover of a turning roadway is the algebraic difference between the
cross slopes of the through lane and the turning roadway. The maximum algebraic
difference in pavement cross slope for various design speeds is provided in Table 6-7D.
6-7.03.05 Width of Roadway

Widths of turning roadways are determined primarily by the selected deign vehicle and

the radius of the controlling curve. Table 6-7E provides the recommended design
widths of pavement for turning roadways.
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Table 6-7C

RECOMMENDED LENGTHS OF ACCELERATION OR
DECELERATION LANES FOR TURNING ROADWAYS
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Table 6-7D

MAXIMUM ALGEBRAIC DIFFERENCE IN PAVEMENT
CROSS SLOPE AT TURNING ROADWAYS

Design Speed of Design Speed of Turning Roadway (mph)
Approaching
Highway
(mph) ctp | 15 | 20 | 25 | 30 | 35 | 40
Deceleration Length (ft)
30 235 185 160 140
40 315 295 265 | 235 185 155
50 435 405 385 | 355 315 | 285 225
55 480 445 430 | 400 | 375 | 335 275
60 530 500 490 | 460 430 | 410 340
65 570 540 530 | 490 | 480 | 430 380
70 615 590 570 | 550 510 | 490 430
Acceleration Length (ft)
30 190
40 380 320 250 | 220 140
50 760 700 630 | 580 500 | 380 160
60 1170 1120 | 1070 | 1000 | 910 800 590
70 1590 1540 | 1500 | 1410 | 1330 | 1230 | 1010
Notes:
1. The deceleration or acceleration occurs both within the taper and the full-width

lane up to the PC or PCC of the controlling curve (i.e., the lengths in the table
will include the taper length).

2. The recommended taper length for deceleration lanes is 150 ft. However, in
restricted urban areas, this may be reduced to 75 ft.

3. The recommended taper length for acceleration lanes are 150 ft for highway
design speeds of 40 mph and below and 300 ft for design speeds greater than
40 mph.

Design Speed of Turning Roadway Maximum Algebraic Difference in
(mph) Cross Slope (percent)

<20 5-8

25-30 5-6

> 35 4-5

Table 6-7E
RECOMMENDED DESIGN WIDTHS OF PAVEMENT
FOR TURNING ROADWAYS
Elgadiufs on Inner Width of Turning Roadways (ft)
of P t
R 3 SU WB-40 | WB50 | WB62
50 13 18 23 26 26
75 13 17 19 22 25
100 13 16 18 21 23
150 12 16 17 19 21
200 12 16 16 17 19
300 12 15 16 17 18
400 12 15 16 16 17
500 12 15 15 16 17
Tangent 12 15 15 15 15
Notes:

1.

the table value.

should be added to the table value.

If barrier curb is used on one side, then a curb offset of 1 ft should be added to

If barrier curb is used on both sides, then a curb offset of 2 ft (1 ft on each side)

For selection of the applicable design vehicle, see Tables 6-2A and 6-2B.
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6-8.0 MEDIAN OPENINGS

6-8.01 Warrants/Spacing

6-8.01.01 Freeways

Emergency crossovers on rural freeways are normally provided where interchange
spacing exceeds 5 miles to avoid long travel distances for emergency law
enforcement and maintenance vehicles. Between interchanges, emergency
crossovers are spaced at 3 miles to 4 miles intervals. Maintenance crossovers may
be required at one or both ends of interchange facilities, depending on interchange
type, to facilitate maintenance operations. Do not locate maintenance or emergency
crossovers closer than 1500 ft to the end of an exit or entrance taper of a ramp or to
any structure. See Figure 6-8A. Crossovers should only be located where above-
minimum stopping sight distance is provided and, preferably, should not be located
within curves requiring superelevation.

6-8.01.02 Non-Freeways

Median openings are provided on all divided highways with partial control of access
(Type 2) or control by regulation (Type 3) provided that the openings are sufficiently
spaced. Department policy for median opening spacing, measured from center of
opening to center of opening, is as follows:

1. Urban Areas. Space median openings no closer than 880 ft apart.
2. Rural Areas. Space median openings no closer than 1760 ft apart.

Generally, median openings on divided facilities are provided for all existing public
streets and highways, provided the median openings are not spaced closer than the
above criteria. Waiver of these minimum distances can be made only where existing
streets or highways with existing traffic patterns of a prominent degree must cross the
median divider. Median openings provided for public streets and highways then
become control points for determining spacing and location of intermediate median
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openings. The maximum number of equally spaced intermediate openings should be
provided between the control points.

In addition to the Department’s policy, the following applies to median opening
spacings on non-freeways:

1. Interchanges. Do not place the first median opening any closer than 850 ft
from the tip of taper closest to the centerline of the median opening. See
Figure 6-8B.

2. Signal Coordination. Median openings (both signalized and unsignalized)
must not impair the traffic signal coordination of the overall facility.

3. Geometrics. The location of median openings should, where practical, be
based on favorable geometrics. For example, they should not be located in
areas of restrictive sight distance (e.g., on a horizontal curve or near the apex
of a crest vertical curve).

6-8.02 Design

Figures 6-8C, 6-8D, 6-8E and 6-8F provide the Department’s design criteria for
median openings for various median widths.

6-8.02.01 Turning Radii

Median openings should be designed to properly accommodate left-turning vehicles,
which follow essentially the same path as vehicles making a right turn. Turning radii
for the intersection layout are based on the selection of the design vehicle, the turning
characteristics of the design vehicle, the acceptable encroachment and the angle of
turn. The discussion in Section 6-2.0 on these factors also applies to median
openings.
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Figure 6-8A
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