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February 2021 PREFACE i

PREFACE

The South Carolina Roadway Design Manual has been developed to provide uniform
design practices for Department and consultant personnel preparing contract plans for
Department projects. The designer should attempt to meet all criteria and practices
presented in the Manual, while fulfilling the Department’s operational, safety and context
sensitive requirements. However, the Manual should not be considered a standard that
must be met regardless of impacts. Designs will generally be made to values as high as
are commensurate with roadway context. Values approaching the minimums herein
should be used only where the use of higher values will result in unacceptable impacts
on the economic, environmental, aesthetics, social and/or cultural resources of an area.

The Manual presents most of the information normally required in the design of a roadway
project; however, it is impossible to address every situation that the designer will
encounter. Therefore, designers must exercise good judgment on individual projects and,
frequently, they must be innovative in their approach to roadway design. This may require,
for example, additional research into highway literature.

A SCDOT task force under the direction of the Preconstruction Support Section
developed the SCDOT Roadway Design Manual with assistance from the engineering
consultant firm of Roy Jorgensen Associates, Inc., and their subconsultant, Michael Baker
International.
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ROADWAY DESIGN MANUAL
Revision Process

The South Carolina Roadway Design Manual is intended to provide current design
policies and procedures for use in developing State highway projects. To ensure that the
Manual remains up-to-date and appropriately reflects changes in SCDOT’s needs and
applicable requirements, the Manual contents will be updated on an ongoing basis.

SCDOT will be responsible for evaluating changes in highway design literature (e.g., the
issuance of new research publications, revisions to Federal regulations) and will ensure
that those changes are appropriately addressed through the issuance of revisions to the
Manual. It is important that users of the Manual inform SCDOT of any inconsistencies,
errors, need for clarification or new ideas to support the goal of providing the best and
most up-to-date information practical. A user who desires that a revision be considered
for incorporation in the Manual should contact the Preconstruction Support Section.
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Chapter 1
GENERAL GUIDANCE

ROADWAY DESIGN

The Department routinely issues policies and procedures that the designer must consider in the
design of a roadway project. The following, present the memoranda, bulletins, etc., that are
applicable to roadway design:

1.

Engineering Directives. The SCDOT Deputy Secretary for Engineering sets engineering
policy and direction, which requires compliance by the appropriate engineering divisions
and all other providers of service to the Engineering Division (e.g., consultants,
contractors). The Deputy Secretary for Engineering issues engineering directives
containing the procedures for carrying out engineering policy.

Preconstruction Advisory Memoranda. The Director of Preconstruction issues
Preconstruction Advisory Memoranda (PAM). PAMs provide policy and guidance for
Preconstruction activities. Copies of the current PAMs can be obtained from the SCDOT
internet website.

Preconstruction Design Memoranda. The Preconstruction Support Engineer issues
Preconstruction Design Memoranda (PCDM). The purpose of Preconstruction Design
Memoranda is to provide guidance on specific design issues. Copies of Preconstruction
Design Memorandum can be obtained from the SCDOT internet site.

Design Memoranda. Design Memoranda are used to communicate updates/revisions to
SCDOT design manuals and standards (drawings).

SCDOT Roadway Design Manual. The SCDOT Roadway Design Manual provides
guidance on the design of highways for South Carolina. The Manual’s geometric design
treatments are based on AASHTO’s A Policy on Geometric Design of Highways and
Streets (Green Book), but tailored to the prevailing practices within South Carolina. In
addition, the Manual is intended to clarify, where needed, specific presentations in the
Green Book and to discuss geometric design information included in the Green Book.

AASHTO. AASHTO publishes many technical criteria and specifications pertinent to the
design of highways and bridges.
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1.2

ACRONYMS

The following are commonly used acronyms for the major national agencies, publications and
programs used in highway design:

©o~NoOOhsWNE
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e
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18.
19.
20.
21.
22.
23.
24.

AASHTO. American Association of State Highway and Transportation Officials
CFR. Code of Federal Regulations

CSS. Context Sensitive Solutions

FAST. Fixing America’s Surface Transportation Act

FEMA. Federal Emergency Management Agency

FHWA. Federal Highway Administration

HCM. Highway Capacity Manual

HSIP. Highway Safety Improvement Program

HSM. Highway Safety Manual

ITE. Institute of Transportation Engineers

ISTEA. Intermodal Surface Transportation Efficiency Act of 1991
MAP-21. Moving Ahead for Progress in the 21st Century Act
MUTCD. Manual on Uniform Traffic Control Devices

NEPA. National Environmental Policy Act

NCHRP. National Cooperative Highway Research Program
NHS. National Highway System

SAFETEA-LU. Safe, Accountable, Flexible, Efficient Transportation Equity Act: A Legacy
for Users

SCDOT. South Carolina Department of Transportation

STP. Surface Transportation Program

TEA-21. Transportation Equity Act for the 21st Century

TRB. Transportation Research Board

TRR. Transportation Research Record

USC. United States Code

USDOT. United States Department of Transportation
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1.3 LAWS AND REGULATIONS GOVERNING DESIGN
1.3.1 Introduction

Highway designers are guided primarily by engineering principles and practices in making design
calculations, developing design details and determining design requirements for their projects. In
addition, designers must perform their work under the provisions or direction of Federal and State
laws, regulations, rules, directives or other documents that have been enacted or issued. The
following are some examples:

. Code of Laws of South Carolina and SC Regulations;

o United States Code of Laws (USC) and Code of Federal Regulations (CFR);

. South Carolina Department of Transportation, Engineering Directives;

. Federal Highway Administration policies and procedures;

o policies, criteria and guides of the American Association of State Highway and

Transportation Officials (AASHTO); and

o criteria and guidance of other agencies (e.g., US Army Corps of Engineers, US
Environmental Protection Agency, Coast Guard).

Copies of the United States and South Carolina Codes and Regulations can be found on the
internet.

1.3.2 South Carolina Codes and Regulations

1.3.2.1 Code of Laws of South Carolina

Authority of the South Carolina Department of Transportation is derived from legislation. Over
the years, various State statutes have been enacted that provide the background for
administrative and technical controls and procedures that govern the Department. These statutes
also establish sources and amounts of funds available to the Department for construction,
maintenance and operation of the State Highway System. State laws sometimes are passed to
provide necessary recognition and legal structure for the State to implement Federal laws.
Various South Carolina statutes relating to the Interstate Highway System demonstrate this.

The major statutes of the Code of Laws of South Carolina, as amended, pertaining to the
Department are contained in various volumes and titles of the law. Very general and selected
areas of subjects, noted in parenthesis, that are pertinent to the Department are as follows:

. Title 12, “Taxation” (e.g., tax amounts, sources and distribution);
° Title 28, “Eminent Domain” (e.g., right-of-way condemnation requirements);

. Title 40, “Professions and Occupations” (e.g., engineers and land surveyors practices);
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° Title 56, “Motor Vehicles” (e.g., regulating traffic; signs, signals and markings; vehicle
sizes and weights);

. Title 57, “Highways, Bridges, and Ferries” (e.g., powers of Department, State Highway
System, design references); and

. Title 58, “Public Utilities, Services, and Carriers” (e.g., utilities, railroads).

1.3.2.2 South Carolina Regulations

To implement the intent of the South Carolina laws applicable to highways and public
transportation, the Department uses regulations under the provisions of the South Carolina
Administrative Procedures Act. These regulations provide the administrative and operational
direction for the Department to carry out its duties and responsibilities. The following provides a
list of State agencies and their regulations, which may, in whole or in part, apply to SCDOT. These
regulations are not necessarily all related to highway design.

. S.C. Department of Highways and Public Transportation, 63-10, et seq.;

° S.C. Department of Health and Environmental Control (DHEC), 61-1, et seq.;

° S.C. DHEC - Land Resources and Conservation Districts Division, 72-1, et seq.;
. S.C. DHEC - Coastal Division, 30-1, et seq.;

° S.C. Public Service Commission, 103-6, et seq_.;

. S.C. Budget and Control Board, 19-101, et seq_.;

° S.C. DNR — Water Resources Commissions, 121-8.0, et seq.;

. S.C. DNR - Wildlife and Marine Resources Divisions, 123-1, et seq.; and

. S.C. Department of Parks, Recreation and Tourism, 133-100, et seq.

1.3.3 United States Code of Laws and Requlations

The principal legislation governing highways is contained in Title 23 “Highways” of the United
States Code (USC), the underlying authority for most of the regulations that govern the Federal
Highway Administration. Title 49 “Transportation” of the USC and the regulations promulgated
thereunder contain the laws that govern right-of-way acquisitions and procedures applicable to
Federal projects.

As new highway Acts are passed, Title 23 of the USC is amended. The USC contains all Federal
laws that have been codified and is amended annually to reflect changes to existing laws and the
addition of new provisions. This codification embodies substantive provisions of law that
Congress considers permanent that need not be reenacted in each new Highway Act. Each
Highway Act specifies which sections of Title 23 are to be amended, repealed or added. Highway
Acts are passed periodically. A Highway Act defines the rules for investment of Federal funds by
establishing programs (e.g., National Highway Performance Program, Surface Transportation
Program) that outline apportionment of those funds. These can be changed by subsequent
Highway Acts.

The Code of Federal Regulations (CFR) contains regulations promulgated by the Federal
government to implement Congressional Acts. These regulations provide the procedures
necessary to implement the means, methods and procedures required by the law.
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1.3.4 Federal Highway Administration Policy and Procedures

Federal regulations applicable to highways are implemented through the Federal Highway
Administration (FHWA) and are set forth in 23 CFR.

Pursuant to Title 23, USC, Section 106(c), SCDOT may assume the responsibilities of the USDOT
Secretary of Transportation under this title for design, plans, specifications, estimates, contract
awards and inspections of projects unless SCDOT (for non-NHS routes) or the USDOT Secretary
(for NHS routes) determines that such assumption is not appropriate.

SCDOT has agreed, through the Stewardship and Oversight Agreement with FHWA, that where
it assumes delegated Title 23 oversight roles and approval responsibilities, it is responsible for
ensuring that projects are developed and constructed in compliance with Federal requirements.
FHWA may be consulted at any time regarding matters related to or affecting Federal
requirements. SCDOT performs many activities during project development that require review
and approval of FHWA. The Plan and a list of projects with specific oversight requirements are
available on the SCDOT internet website.

1.3.5 American Association of State Highway and Transportation Officials

The American Association of State Highway and Transportation Officials (AASHTO) is an
organization that facilitates the exchanges of information between the US Department of
Transportation and the States. It functions as a forum for discussion of current transportation
issues of concern and is frequently called upon by Congress to conduct surveys and provide data
on transportation issues. AASHTO publishes many technical criteria and specifications pertinent
to the design of highways and bridges. AASHTO revises and updates design publications
periodically as new research and technology is developed.

1.3.6 Other Agencies

Directives and regulations issued by other Federal and State agencies influence the design of
highways. Other agencies (e.g., US Army Corps of Engineers, US Environmental Protection
Agency, US Coast Guard, South Carolina Department of Archives and History, South Carolina
Department of Health and Environmental Control) also promulgate regulations that impact
highway design.

The National Environmental Policy Act of 1969 (NEPA) is the major Federal legislation governing
environmental issues with regard to highway construction. The USDOT and FHWA promulgates
regulations that establish the policies and procedures required for Federal-aid highway projects.
Highway design is often influenced by environmental considerations (e.g., wetlands,
archeological/historic sites, parks, recreational lands, endangered species habitats). Other
Federal agencies have been empowered to issue regulations governing certain environmental
concerns. Titles 23 and 40 of the Code of Federal Regulations contain the requirements, policies
and procedures to be used in determining and processing environmental impacts of Federal-aid
highway projects.
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1.4 QUALITY CONTROL/QUALITY ASSURANCE

Achieving quality in design is essential to providing a safe and efficient transportation system. In
order to achieve quality, those responsible for the production of design plans should use
consistent and ongoing quality control (QC) practices. Quality assurance (QA) verifies that
consistent and ongoing quality control has occurred and that statewide consistency with designs
and specifications has been achieved. The QA reviews will not take the place of QC practices.

However, quality is not the responsibility of a single group or unit, as it requires the total
involvement of every employee involved in the project development process.

For additional information on SCDOT’s quality control and quality assurance regulations, see
PAM 4 “Preconstruction Quality Assurance Review Process” on the Department’s internet site.
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15 REFERENCES

1. Code of Laws of South Carolina (1976), as amended (Volumes 5, 10, 14, 18, 19) and
related SC Regulations.

2. United States Code of Laws; Title 23, Highways, as amended and related Codes of
Federal Regulations.

3. United States Code of Laws; Title 49, Transportation, as amended and related Codes of
Federal Regulations.

4, United States Code of Laws; Title 42, National Environmental Policy Act of 1969, as
amended and related Code of Federal Regulations.

5. American Association of State Highway and Transportation Officials (AASHTO), various
Manuals, Standards, Specifications, Guidelines (current editions).
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Chapter 2
CONTEXT SENSITIVE SOLUTIONS

The Context Sensitive Solutions (CSS) process is based on the concept that transportation
projects should consider the context of their existence — not just the study area’s physical
boundaries. As defined on the Federal Highway Administration (FHWA) CSS website, CSS:

...iIs a collaborative, interdisciplinary approach that involves all stakeholders to
develop a transportation facility that fits its physical setting and preserves scenic,
aesthetic, historic and environmental resources, while maintaining safety and
mobility. CSS is an approach that considers the total context within which a
transportation improvement project will exist. CSS principles include the
employment of early, continuous and meaningful involvement of the public and all
stakeholders throughout the project development process.

CSS recognizes how a highway or road is integrated within a community, can have far-reaching
impacts (positive and negative) beyond its traffic or transportation function. This chapter provides
guidance on the key principles and qualities of the CSS approach. It also includes references to
additional information sources that provide further details and guidance on implementing the
approach.

2.1 CSS RESOURCES

211 23 USC 109 " Standards”

Section 109(c)(1) of the United States Code, enacted by the 1995 National Highway System
Designation Act, provides that a design for new construction, reconstruction, resurfacing (except
for maintenance resurfacing), restoration or rehabilitation of highways on the National Highway
System (other than highways also on the Interstate System) may take into account the
constructed and natural environment of the area; the environmental, scenic, aesthetic, historic,
community and preservation impacts of the activity; and access for other modes of transportation.

Section 109(c)(1), enacted by the Safe, Accountable, Flexible, Efficient Transportation Equity Act:
A Legacy for Users (SAFETEA-LU) and retained in the Moving Ahead for Progress in the 21st
Century Act (MAP-21) authorizes the US Department of Transportation to consider the
characteristics and qualities of CSS in establishing standards to be used on the National Highway
System.

2.1.2 FHWA Flexibility in Highway Design

This 1997 FHWA publication provides guidance for highway engineers and project managers who
want to learn more about the flexibility available when designing roads. The document was
developed to provoke innovative thinking considering the scenic, historic, aesthetic and other
cultural values, along with the safety and mobility needs of the highway transportation system.
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2.1.3 NCHRP Report 480 A Guide to Best Practices for Achieving Context Sensitive
Solutions

This 2003 publication provides detailed guidance for implementing the CSS approach. Itincludes
sections on:

. effective decision making,

. reflecting community values,

° achieving environmental sensitivity,

. ensuring safe and feasible solutions,

. organizational needs, and

. case studies in Context Sensitive Design/Context Sensitive Solutions.

2.1.4 NCHRP Report 642 Quantifying the Benefits of Context Sensitive Solutions

This 2009 publication provides guidelines for determining the benefits of CSS. The key topics
discussed include:

° introduction to the approach of benefit quantifications for projects;

. application requirements, standardize methods and data collection tools;
. project evaluation example illustrating a complete application;

. the action principles of CSS project development; and

. the principle-associated benefits of CSS.

2.1.5 AASHTO Guide for Achieving Flexibility in Highway Design

This 2004 AASHTO publication provides guidance for designers on how to think flexibly,
recognize the many choices and options, and arrive at the best solution for a particular context.

2.1.6 FHWA CSS Website

This website includes links to information explaining CSS and its history, current CSS-related
activities, guidance on CSS issues, and numerous other CSS resources.

2.1.7 Context Sensitive Solutions Website

The Context Sensitive Solutions website provides a Context Sensitive Solutions Resource Center
that includes information and links for a broad range of CSS topics. It was created by Project for
Public Spaces in collaboration with Scenic America to assist FHWA in integrating CSS into project
planning, development and implementation.

2.1.8 Center for Environmental Excellence by AASHTO Website

This website addresses the following topics:

. Background (What is CSS? Where Did CSS Come From?)
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° Why is CSS Important to Transportation Agencies?
. What Steps Can Help Institutionalize and Integrate CSS?
. Where Does CSS Apply in Program and Project Delivery?
. Links to CSS-Related Laws, Policies and Guidance.

2.1.9 SCDOT Traffic Calming Guidelines

This publication provides guidance to SCDOT personnel and local governments concerning traffic
calming. The document details eligibility requirements, application forms, various traffic calming
measures, construction specifications and web links to traffic calming resources.

This document is located on the Department’s internet site.
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2.2 DESIGN TREATMENTS

This section highlights appropriate CSS treatments for both construction and maintenance
elements of a road corridor and is intended to guide designers and planners working on a project.
These suggested treatments do not include all potential solutions for the multitude of projects
designed and constructed. They are presented as guidance that can be used for improvements
or providing enhancement. The designer needs to use engineering judgement in determining the
appropriate action for the design.

The suggested treatments provide guidance by exploring design solutions that are context-
sensitive and consider stakeholder interest. Appropriate treatments for each project should result
from a process where cost, regulatory considerations, design guidelines and safety are taken into
account. Roadside elements can dramatically affect a roadway’s character. When working within
roadways, mobility and safety are the primary transportation concerns, while context, visual
guality and traveler experience are equally important to stakeholders. Designers should become
acquainted with best practices in transportation to help identify the right solutions and consider
flexibility when developing an appropriate solution for the task. Review the resources listed in
Section 2.1 for additional options.

2.2.1 Vision

A project vision, including purpose and need, should be developed and clearly documented early
in the process. Developing the project vision should include input from project stakeholders and
multi-modal transportation plans adopted by MPOs and COGs. This vision should then guide the
project development decisions. Project team members, from project planning, design, rights of
way, construction, maintenance and traffic should appreciate the importance of each function and
agree to the project vision in order to successfully achieve that vision.

The project purpose can include other secondary, but important factors to the community that
may influence the design, choice or success of the solutions. For example, the aesthetic
appearance of safety improvements in the transportation system can affect the use, and hence,
the intended benefit of such features as crosswalks or bridges.

2.2.2 Public Involvement

The cornerstone of successful CSS is public involvement. Effective public involvement
encourages the exploration of issues from a variety of perspectives. Stakeholders need to be
identified at the beginning and during the planning, programming and development processes,
and be involved throughout these processes. Open collaboration and exchange of information
and concerns between the transportation planners, designers and stakeholders promotes buy-in
to project outcomes and trust among stakeholders.

This process includes talking, listening, teaching and learning. While projects are not expected
to be unanimously endorsed by every citizen, the Department is committed to providing users
with projects that meet their needs and fit into their communities. Good communication
throughout the project and using appropriate tools to develop consensus among project
stakeholders helps achieve support.
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2.2.3 Design Exceptions

Designers are faced with many complex tradeoffs when designing highways and streets. A good
design balances cost, safety, mobility, social and environmental impacts, and the needs of a wide
variety of roadway users. Good design is also context-sensitive — resulting in streets and
highways that are in harmony with the natural and social environments through which they pass.

It must be recognized, however, that to achieve the balance described above, it is not always
possible to meet design criteria. Establishing design criteria that cover every possible situation,
each with a unique set of constraints and objectives, is not possible. On occasion, designers
encounter situations in which the appropriate solution may suggest that using a design value or
dimension outside the normal range of practice is necessary. Arriving at this conclusion requires
the designer to understand how design criteria affect safety and operations. For many situations,
there is sufficient flexibility within the design criteria to achieve a balanced design and still meet
minimum values. However, when this is not possible, a design exception may be the best option.
See Section 3.2 for guidance on design exceptions.

224 Flexibility

The setting and character of the area, the values of the community, the needs of the highway
users, and the challenges and opportunities are unique factors that designers must consider with
each highway project. Whether the design to be developed is for a modest safety improvement
or 10 miles of new-location highway, there are no patented solutions. For each potential project,
designers are faced with the task of balancing the need for the highway improvement with the
need to safely integrate the design into the surrounding natural and human environments. Design
elements to consider include road alignment, roadside structures, sidewalks, shared-use paths,
landscaped medians and street trees, traffic signs, utility facilities, site furniture and bridge design.

This Manual recognizes the need for flexibility and provides that flexibility (e.g., low-volume rural
roads or residential areas versus higher volume rural or urban facilities). The formulation of these
values demonstrates considerable flexibility.

2.25 Central Business District

A central business district (CBD) is the commercial, business and transportation network center
of a city or town. In larger cities, it is often synonymous with the city’s “financial district.”
Geographically, it often coincides with the “city center” or “downtown,” but the two concepts are
separate. Many cities have a central business district that is located away from its commercial or
cultural city center or downtown. CBDs typically have development immediately adjacent to the
right-of-way line with sidewalks from the curb to the business fronts.

2.2.6 Expanded Context Classification

In A Policy on Geometric Design of Highways and Streets 2018 (2018 Green Book), AASHTO
introduced an expanded context classification system. In addition to the traditional rural and urban
classifications AASHTO included definitions for rural towns, suburban and urban core. The
expanded system was originally introduced in NCHRP Report 855: An Expanded Functional
Classification System for Highways and Streets. Reviewing the expanded classification systems
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will give designers additional insights into appropriate design elements for their project. The 2018
Green Book provides guidance on how the CBD concept relates to the context classification.

2.2.7 Driver Expectancy

Driver expectancy relates to the readiness of the driver to respond to events or the presentation
of information. It can be defined as an inclination, based on previous experience, to respond in a
set manner to a roadway or traffic situation. It should be stressed that the initial response is to
the expected situation rather than the actual one.

There are certain elements in the design of various components of the roadway that particularly
affect design consistency, driver expectancy and vehicular operation. These components include
horizontal and vertical alignment, embankments and cut slopes, shoulders, crown and cross
slopes, superelevation, bridge widths, signing, delineation and guardrail.

2.2.8 Design Consistency

Design consistency is achieved when the geometric features of the roadway are consistent with
the operational characteristics expected by the driver. Inconsistencies normally relate to:

. changes in design speed,
o changes in cross section, and/or
o incompatibility in geometry and operational requirements.

Variations in design speed may occur on a given stretch of roadway where portions of the highway
have been constructed as separate projects over an extended time period. Inconsistencies may
include changes in criteria or SCDOT policy, reclassification of the facility or financial feasibility.

Driver expectancies are formed through experience and training. The successful response to
situations that generally occur in the same way is an important part of the driver's store of
knowledge. The following are two major types of design inconsistencies relative to cross sections:

1. Service Inconsistencies. Service inconsistencies may include:

o cross-sectional differences within a given section of highway that are untypical of
the area (e.g., one bridge, among many, that does not have full shoulder widths);

o a short two-lane section on a multilane segment of a highway;
. a single lane drop on a section of highway that does not have any other lane drops;
or
. a left exit on a freeway where all other exits are from the right.
2. Alignment Inconsistency. Cross-sectional inconsistencies are usually the result of

upgrading a highway cross section without upgrading the alignment. Pavements may be
widened and shoulders added on an existing two-lane highway. The wider cross section
might convey a conflicting message to the driver and lead to an inappropriate expectancy
based on the visual aspects of the cross section. However, widening alone can
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measurably improve the safety characteristics of a road, particularly on very narrow, low-
volume roads. Designers should be aware of potential inconsistencies that frequently can
be overcome with relatively low-cost treatments. Pavement markings, warning signs and
delineation devices can be very helpful to the driver when roads are widened on existing
alignments.

Incompatibility in geometric and operational requirements may result even when geometric
components are appropriately selected. For example, a direct entry ramp is designed to permit
vehicular entry into the stream of traffic without coming to a complete stop; however, the vehicle
is forced to stop when a gap in the through traffic stream is not immediately available.

2.29 Lane Width

Lane width has an influence on the safety and comfort of the driver. The physical dimensions of
cars and trucks, speeds, highway type and vehicle type influence the width of the travel lanes.
The normal through lane width is 10 feet to 14 feet, and for auxiliary lanes 9 feet to 12 feet,
depending on percent of truck usage. Lane width ranges are provided in Chapters 14, 15, 16, 17
and 18.

Wider lane widths are typically associated with higher speed roadways (e.g., freeways, arterials).
As speed and traffic volumes increase, additional lane width is desirable to accommodate the
variations in lateral placement of the vehicle within the lane. Greater lane widths better
accommodate wider vehicles in the traffic stream (e.g., trucks, buses, recreational vehicles).
Wider lane widths also marginally increase the capacity of the roadway.

For lower speeds, lower volume roads and streets with little or no truck traffic, through lane widths
as narrow as 10 feet may be acceptable; lane widths less than 12 feet are considered adequate
for a wide range of volume, speed and other conditions. Design for lane width should include
consideration of the horizontal alignment. Adequate lane width is very important along horizontal
curves because vehicles off-track, which means that their paths exceed the width of the vehicle.
See Section 5.2.6. They require additional room to avoid encroaching into the opposing traffic,
adjacent travel lanes and/or the shoulder, which may also be used by pedestrians and/or
bicyclists. Increased lane width reduces the demands placed on the motorists by reducing the
amount of concentration needed to stay within the travel lane.

In urban areas and along rural routes that pass through urban settings, narrower lane widths may
be appropriate. For these locations, space is limited and lower speeds are desired. Narrower
lane widths for urban streets lessen pedestrian crossing distances, enable the provision for on-
street parking and transit stops, and enable the development of left-turn lanes for safety. Lesser
widths also tend to encourage lower speeds, an outcome that may be desirable in urban areas.
In considering the use of narrower lanes, designers should recognize that narrow travel lanes
reduce vehicle separation from other vehicles and bicyclists.

2.2.10 Shoulder Width

Shoulders, whether paved or unpaved, serve a variety of functions. Shoulders:

. provide structural support for the traveled way;
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° provide space for emergency storage of disabled vehicles, enforcement and maintenance
activities;

. provide an area for drivers to maneuver to avoid crashes;

. improve bicycle accommodation;

° increase safety by providing a stable, clear recovery area for drivers who have left the
travel lane;

. improve stopping sight distance;

. store and carry water; and

. improve capacity by increasing driver comfort.

Shoulder widths typically vary from 2 feet to 12 feet. Regardless of width and surfacing, shoulders
should be flush with the roadway surface and sufficiently stable to support vehicular use in all
kinds of weather without rutting. Criteria for shoulder widths are provided in Chapters 14, 15, 16,
17 and 18. Wider shoulder widths should be provided to accommodate bicyclists on SC Touring
Routes and routes designated by a bicycling plan adopted by an MPO or COG.

Where a full-width shoulder cannot be achieved, the designer should strive to provide as wide a
shoulder as practical that meets its functional requirements. Major functions of the shoulder are
to provide sight distance and serve as part of the clear zone. Mitigating a narrow shoulder can
include the provision of a wider clear zone or flatter side slope to partially counteract the loss of
the shoulder. The use of traversable ditch designs may also be appropriate where narrow
shoulders are used. Sight distance can be mitigated by revising cut slopes, shifting horizontal
alignment, revising vertical alignment or geometric improvements.

Another important function is the storage of disabled or stopped vehicles. If a full, continuous
shoulder is not possible, designers should at least seek to provide intermittent full-width turnouts,
especially on higher-volume, high-speed roads. The provision for full or at least operationally
functional shoulder widths associated with vehicle refuge and law enforcement supports incident
management.

2.2.11 Road Alignment and Design Speed

The horizontal and vertical alignment of a roadway greatly affects the driver's experience and
contributes to the scenic features of the corridor. Many South Carolina roadways are
characterized by the road’s curving nature as it follows the topography of the natural landscape.
In some circumstances, where vehicles move faster than the roadway’s ability to safely
accommodate them, these undulating roadways may have a higher number of crashes.

In addition to safety concerns, roads historically evolve in response to an increase of use.
Alignments are straightened for improved visibility, shoulders are paved and roadways are
widened to accommodate turning or passing lanes. While these changes are made to improve
mobility and safety, they can affect the original visual appeal of the roadway and detract from the
driver’s experience.

While evaluating the safety and mobility considerations associated with road realignment is vital,
maintaining character defined features is equally important.

Because many current South Carolina roadways are in rural areas where traffic volumes do not
approach the capacity of the roadway, safety is the driving force behind most alignment decisions
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along those roadways. When safety is an issue, there are two basic ways for designers to
consider the relationship between operating speed and road design:

1. Traditional Engineering Approach. The road’s existing horizontal alignment, vertical
alignment and/or typical section are inadequate to safely convey traffic at anticipated
volumes and speeds. For this reason, the road should be straightened and/ or widened
to enhance safety, which may affect the valued character-defining features of the roadway.

2. Alternative Approach. Traffic is traveling too fast to negotiate safely the roadway’s
alignment and width. For this reason, the designer should consider reducing operating
speeds to enhance safety as well as preserve roadway character-defining features.

The key to both approaches is the selection of an appropriate design speed. Design speed is
arguably the most important design control used in selecting standards for the design of a
roadway segment. The appropriate target speed should be based on land use conditions, building
densities, environmental context and the needs of users. See Section 3.5.2 for guidance on
selecting design speeds. Designers should seek consistency among all aspects of the roadway,
its context and the chosen design speed.

The core principle is that the design speed should not be lower than the anticipated operating
speed. However, selection of the anticipated operating speed is critical. It need not (and, in fact,
should not) be based solely on the current speed limit or existing measured speed. Future
operating speed, for example, can be safely influenced by the design of the roadway.

Selection of a lower design speed within the parameters of terrain, land use and functional
classification may reduce the need for adjustments to horizontal alignment, vertical alignment and
typical section. This can reduce impacts and project costs while still ensuring appropriate
roadway safety and capacity while preserving the character-defining features of the roadway.

Along local streets, the designer may also include traffic calming measures. Traffic calming
measures tend to be more appropriate along urban or small-town portions of roadways, and their
aesthetic effects on the surrounding landscape should be considered. In contrast with passive
techniques (e.g., lane widths) traffic calming measures actively reduce the speed of vehicles
through horizontal and vertical geometry. For additional guidance, see the SCDOT Traffic
Calming Guidelines.

2.2.12 Roadside Barriers

Wide varieties of traffic barriers are available for installation along highways and streets, including
both longitudinal barriers and crash cushions. Design of traffic barriers is an important detail that
contributes to the overall look of the roadway; therefore, in addition to safety, the selection of an
appropriate barrier design should include aesthetic considerations. Because aesthetic
considerations are usually a factor, many barriers are designed to add to the visual quality while
meeting crash test criteria for facilities with truck traffic. Given these options, designers must
balance decisions based on safety, cost and aesthetics. For additional guidance on roadside
barriers, see the AASHTO Roadside Design Guide and SCDOT Standard Drawings.
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2.2.13 Bridges, Walls and Other Structures

Bridges and small structures can contribute to or detract from a roadway’s character and quality.
If an existing bridge or small structure is considered a character-defining feature of the roadway,
it should be preserved through maintenance, rehabilitation and repair, if possible. When a bridge
must be replaced, compatibility can be achieved by replacing the structure in-kind or by
reconstructing a bridge with similar detail. If, however, the bridge detracts from the roadway’s
character, a replacement bridge can enhance the road if a design more compatible with the
character of the roadway and its users is selected.

All structural design should take into account the context of the landscape and reflect its historic,
rural or urban character. As viewed in its context, form is most affected by the geometry and the
type of bridge structure chosen. The designer should choose materials and colors that are
complementary to the landscape while maintaining compliance with applicable design criteria.
Color and texture can be used to reduce or enhance the visual contrast depending upon design
goals and can be applied to multiple stages of design.

2.2.14 Bicycle Facilities

Bicycles are a viable mode of transportation in South Carolina, both for commuting and recreation.
SCDOT practice is to consider bicycles and pedestrians on all South Carolina roadways, in part
by referencing multi-modal transportation plans adopted by MPOs and COGs. This ensures that
system modifications are routinely planned, designed, constructed, operated and maintained in a
way that enables safe and efficient access for all users. The result should be a system for all
users that is comprehensive, integrated, connected, safe and efficient allowing users to choose
among different transportation modes, both motorized and non-motorized.

Accommodating bicycles on roadways often presents challenges that can result in widening of
roadways, potentially altering character-defining features. For example, an important feature of
many roadways is the narrow two-lane cross section through rural areas. Projects along
roadways that have scenic intrinsic qualities should strive to preserve this narrow pavement and
more intimate and pastoral scale while still accommodating bicyclists.

Designers should be familiar with current standards and guidance for bicycles and incorporate
them into their projects. This can be particularly important in roadway projects, where creative
design is necessary to allocate limited roadway and/or right of way for all modes of travel. Section
13.2 and AASHTO Guide to the Development of Bicycle Facilities provide guidelines for bicycle
facilities. In addition, the ITE document Designing Walkable Urban Thoroughfares: A Context
Sensitive Approach provides guidance on the tradeoffs among all modes of travel. This document
is especially valuable in understanding what options exist in terms of widths for motor vehicle
lanes, bike lanes, shared lanes, shared-use paths and sidewalks.

2.2.15 Pedestrian Environment

In keeping with South Carolina’s practice, the designer must consider the needs of pedestrians
along all State roadways. Sidewalks, where provided, are not just pedestrian thoroughfares; they
are social places in communities serving adjacent land uses. The surrounding context,
particularly important in urban roadway projects is the sidewalk’s physical condition (e.g., existing
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grade, access points, cross slope, width, materials) and location (e.g., historic town, urban
downtown, residential area, nature preserve).

Sidewalks should accommodate pedestrians of all ages and abilities, with attention given to
locating pedestrian amenities that logically direct people to desired destinations in a safe and
attractive environment. Sidewalk design and maintenance should respond to the context and
address the full variety of functions the sidewalk will serve. Generally, sidewalks in urban areas
should provide opportunities for planting buffers, bus stops, signs and street trees. These users
will require access to adjacent shops and services as well as on-street parking and public transit.
In rural/suburban areas, sidewalks usually serve children traveling to school and recreational
activities (e.g., walking, jogging, biking).

In suburban and rural areas where land uses are not located near the back of the sidewalk, it is
more common to find a pedestrian zone separated from the roadway by the shoulder or a grass
strip. Designers should consider the types of pedestrians who use the sidewalk (e.g., ranges of
age, mobility, ability) and how long pedestrians use the sidewalk — long-term (gathering spaces),
short-term (mass transit stops) or transition (walking through).

Section 13.3 provides further guidance on sidewalks.

2.2.16 Landscape

Trees and other vegetation play a vital role in defining the spatial relationship of a corridor. They
often represent an indigenous or designed landscape and enhance the aesthetic quality of the
roadway. A rolling open field or a canopy-covered street can contribute to a memorable travel
experience while the aesthetics of changing seasons often attract visitors year round. However,
the treatment of trees along a roadway may pose safety and aesthetic conflict between designers
and stakeholders, especially for trees identified as vital character-defining features requiring
protection and preservation. Note: mature trees greater than four inches in diameter inside the
clear zone are considered fixed objects that may require removal.

CSS encourage designers to explore flexible alternatives that augment the roadway’s intrinsic
gualities, reflect community values and meet engineering requirements for safety and mobility.
Along roadways where trees are identified as important features, the designer should consider
traffic characteristics and safety concerns by using design minimums, lower design speeds and/or
minimum clear zone widths. Application of alternative techniques (e.g., modified road alignment,
adding curb, protective barriers, roadway lighting, pavement striping, warning signs, shoulder
rumble strips) is also encouraged. The desire for plantings is common on urban, context sensitive
projects. See the Department’s website for landscaping guidance.
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Chapter 3
BASIC DESIGN CONTROLS

Road design is predicated on many basic controls that reflect the overall objective of the
highway facility and identify the basic purpose of the highway project. This chapter presents
these basic controls that impact highway design. The application of these items to a project will
impact all elements of highway design.

3.1 QUALIFYING WORDS

Many qualifying words are used in highway 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.

3. May, Could, Can, Suggest. 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.

4. Desirable, Preferred. An indication that the designer should meet minimum criteria
unless a lesser value is reasonably justified.

5. Ideal. Indicating a standard of perfection (e.qg., traffic capacity under ideal conditions).

6. 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.

7. 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.

8. Possible. Indicating that which can be accomplished. Because of its rather restrictive
implication, the term possible is rarely used in this Manual for the application of design
criteria.

9. Significant, Major. Indicating that the consequences from a given action are obvious to

most observers and, in many cases, can be readily measured.
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18.

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

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 designer should consider and evaluate the design
treatment — not that the design treatment is automatically required.

Standard. Indicating a design value that should not be violated without fully
understanding the consequences. This suggestion is generally inconsistent with
geometric design criteria. Therefore, the term standard is rarely used in this Manual to
apply to geometric design criteria.

Standard Practice. Indicating an unwritten, preferred practice established by procedure.

Guideline. Indicating a design value that establishes an approximate threshold that
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 that is most often used in application.

Acceptable. Design criteria that may not meet desirable values, but is considered
reasonable for design purposes.

Policy. A SCDOT requirement the designer must follow. A high-level overall plan
embracing general goals and acceptable procedures.
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3.2 ADHERENCE TO GEOMETRIC DESIGN CRITERIA

The South Carolina Roadway Design Manual presents numerous criteria on road design for
application on individual road design projects. The general intent of the South Carolina
Department of Transportation is that all road design criteria in this Manual should be met and,
wherever practical, the proposed design should exceed the minimum criteria. The Department’s
intent is to provide a highway system that meets the transportation needs of the State while
ensuring an acceptable level of safety, comfort and convenience for the traveling public.

Recognizing that meeting the minimum criteria may not always be practical, the Department has
established guidelines for design exceptions and design variances. See the Department's
guidelines for further information.
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3.3 PROJECT SCOPE OF WORK

The project scope of work will reflect the basic intent of the highway project and will determine
the overall level of highway improvement. This decision, in combination with the highway
functional classification (see Section 3.4.1), will determine which criteria in the Manual apply to
the geometric design of the project. The following provides general definitions for the project
scope of work, and references to the applicable chapters for the design criteria based on the
project scope of work.

3.3.1 New Construction

Generally, new construction is defined as horizontal and vertical alignment on new location.
The development is based on a 20-year design period from the date the PS&E package is
completed. The project will be logical in scope and have logical termini. Where a facility is on
new location and has a new alignment, it is considered new construction. In addition, new
construction also includes any new intersection or interchange that falls within the project limits
of a new or existing highway mainline or is relocated to a new point of intersection. Chapter 14
“Local Roads and Streets,” Chapter 15 “Collector Roads and Streets,” Chapter 16 “Rural and
Urban Arterials” and Chapter 17 “Freeways” present SCDOT'’s criteria for new construction.

3.3.2 Reconstruction

Reconstruction of an existing highway will typically include the addition of travel lanes,
reconstructing of the existing horizontal and vertical alignment, widening the roadway and
flattening side slopes, but the highway will remain essentially within the existing highway
corridor. These projects will usually require some right-of-way acquisitions. The primary
reasons for reconstructing an existing highway are because the facility cannot accommodate its
current or future traffic demands, the existing alignment or cross section is deficient and/or the
service life of the pavement has been exceeded. In addition, any intersection that falls within
the limits of a reconstruction project will be reconstructed as needed.

Because of the significant level of work for reconstruction, the design of the project generally will
be determined by the criteria for new construction based on a 20-year design period. The
criteria in Chapters 14 through 17 will apply to reconstruction projects.

3.3.3 3R Projects (Non-Freeways)

A significant percentage of the Department’s current and future highway program involves work
on existing highways. The Department’s responsibility is to realize the greatest overall benefit
from the available funds. Therefore, the geometric design of projects on existing highways must
be viewed from a different perspective than the design of new construction/reconstruction
projects. Resurfacing, restoration and rehabilitation (3R) projects are often initiated for reasons
other than geometric design deficiencies (e.g., pavement deterioration), and they must often be
designed within restrictive right of way, and financial and environmental constraints. Therefore,
the design criteria for new construction are often not attainable without major and, frequently,
unacceptable adverse impacts. At the same time, however, the Department must take the
opportunity to make cost-effective, practical improvements to the geometric design of existing
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highways and streets. See Chapter 18 “3R Projects (Non-Freeways)” for further guidance on
the goals and objectives for 3R projects.

3R work on the mainline or at an intersection is typically work within the existing alignment.
However, right-of-way acquisition is sometimes justified for flattening slopes, changes in
horizontal alignment, changes in vertical profile and safety enhancements.

The overall objective of a 3R non-freeway project is to perform work necessary to return the
highway to a condition of acceptable structural and/or functional adequacy. 3R projects may
include any number of the following types of improvements:

. providing pavement resurfacing, pavement rehabilitation and/or pavement
reconstruction;

. providing lane and/or shoulder widening (without adding through lanes);

. paving shoulders;

. correcting skid hazards;

. adding a two-way, left-turn lane (TWLTL);

. adding a bike lane;

° providing intersection improvements (e.g., adding or extending turn lanes, flattening
turning radii, adding channelization, realigning minor road, improving corner sight
distance);

) flattening a horizontal or vertical curve;

. adding curb and gutter to an existing urban street;

° removing, widening and/or resurfacing parking lanes;

° upgrading at-grade highway/railroad crossings;

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

) roadway approach work associated with a bridge rehabilitation and/or widening;

) upgrading bridge rails;

) upgrading guardrail and other roadside safety appurtenances to meet current criteria;
o relocating utility poles;

) removing, providing and/or upgrading traffic control devices;

) adjusting the roadside clear zone;

o flattening side slopes;
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° providing drainage improvements;
. adding or removing transit stops;
. implementing improvements to meet the Department's accessibility criteria (e.g.,

sidewalks and sidewalk curb ramps);

. upgrading to current access management policies; and/or
. incorporating multimodal operations.
3.34 Preventive Maintenance Projects

For new construction/reconstruction projects, use Chapters 14 through 17 and the applicable
criteria provided elsewhere in this Manual. See the Department’s Memorandum of Agreement
for Federal-Aid Preventive Maintenance Projects for guidance on approved preventive
maintenance activities.

3.35 Spot Improvements

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. For these reasons, a flexible approach is
necessary to determine the appropriate geometric design criteria that will apply to the spot
improvement.

3.35.1 Highway Safety Improvement Projects

These projects are intended to provide cost-effective improvements to sites identified in the
Department’s Strategic Highway Safety Plan. Safety projects are improvements intended to
correct isolated highway deficiencies at locations where high crash or severity rates can be
substantiated or where a high potential for crashes exists. The process of identifying hazardous
locations, plus the procedures for selecting and developing a prioritized listing of projects for
improvements, is discussed in the SCDOT Highway Safety Improvement Program Manual.

Roadway and bridge deficiencies may be related to structural, geometric, safety, drainage or
traffic control problems. It is not the intent of the safety improvement project to provide for general
upgrading of highways. The selected criteria should be based on sound engineering
assessments of conditions at the particular site. In general, the objective is to improve the
problem area to a level of driver expectancy equivalent to that of adjacent sections of roadway.

Safety improvements may include intersection improvements, flattening horizontal and vertical
curves, replacing or rehabilitating obsolete bridge rails and guardrails, flattening side slopes,
removing roadside obstacles, resurfacing, improving railroad crossings, correcting pavement
drop-offs, improving signing, pavement markings and/or other traffic control devices.

Safety projects are generally developed and managed by the Traffic Engineering Division.
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3.35.2 Special Projects

These are projects that generally do not qualify as a safety improvement project as defined in
Section 3.3.5.1 and usually require State funding. Special projects are often site specific and
design criteria must be tailored to meet the needs of the project. Typical projects may include
adding turn lanes, providing by-pass lanes, removing roadside obstacles, etc. In some instances,
special projects are implemented with the Department’s Maintenance forces. These
improvements should be coordinated with the Director of Maintenance and the District
Engineering Administrator.
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3.4 HIGHWAY SYSTEMS

34.1 Functional Classification

3411 Relationship to Design

The functional classification concept is one of the most important determining factors in highway
design. In this concept, highways are grouped by the character of service they provide.
Functional classification recognizes that the public highway network in South Carolina serves
two basic and often conflicting functions — travel mobility and access to property. See Figure
3.4-A. Each highway or street will provide varying levels of access and mobility, depending
upon its intended service. 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. If this objective is achieved, the benefits to the traveling public
will be maximized.

Mobility Arterials
Collectors
Direct
land Locals
access

MOBILITY VERSUS ACCESS
Figure 3.4-A

The functional classification system provides the guidelines for determining the geometric
design of individual highways and streets. Once the function of the highway facility is defined,
the designer can select an appropriate design speed, roadway width, roadside safety elements,
amenities and other design values. The SCDOT Roadway Design Manual is based upon this
systematic concept to determine geometric design.

Road Data Services has functionally classified all public roads and streets within South Carolina
that are maintained by the Department. For highway design, it is necessary to identify the
predicted functional class of the road or street for the selected design year (e.g., 20 years
beyond the project completion date). Road Data Services will provide the current functional
classification. The designer is responsible for predicting the future functional classification.
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There are three general categories within the functional classification system — arterials,
collectors, and local roads and streets. The following sections provide brief definitions for these
categories. The AASHTO A Policy on Geometric Design of Highways and Streets provides
detailed information on functional classification.

3.4.1.2 Arterials

Arterial highways are characterized by a capacity to quickly move relatively large volumes of
traffic, but are often impacted by their service to abutting properties. The arterial functional
class is subdivided into principal and minor categories for rural and urban areas:

1. Principal Arterials. In both rural and urban areas, the principal arterials provide the
highest traffic volumes and the greatest trip lengths. The designer should review the
project scope of work and planning documents to determine which of the following
principal arterials should be used in the design and identify its corresponding criteria:

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

b. Urban/Rural Arterials. These facilities are usually two or four lanes with or
without a median. Partial control of access is desirable along these facilities. A
high level of geometric design is desirable to move the high traffic volumes
quickly and efficiently through an area.

2. Minor_Arterials. In rural areas, minor arterials will provide a mix of interstate and
intercounty travel service. In urban areas, minor arterials may carry local bus routes and
provide intercounty connections, but they will not, for example, penetrate neighborhoods.
When compared to the principal arterial system, the minor arterials provide lower travel
speeds, accommodate shorter trips and distances and lower traffic volumes, but provide
more access to property.

Chapter 17 “Freeways” and Chapter 16 “Rural and Urban Arterials” provide design guidance for
freeways and arterials.
3.4.1.3 Collectors

Collector routes are characterized by a roughly even distribution of their access and mobility
functions. Traffic volumes and speeds will typically be somewhat lower than those of arterials.

The function of rural collector roads is to serve intracounty travel needs and collect traffic flow
from the rural local roads to the rural arterials and to distribute traffic flow from arterials back to
the local roads. In rural areas, the collectors provide the following functions:

° provide access to adjacent land uses;

° carry traffic into areas with sparse development;
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° serve larger towns and significant traffic generators (e.g., shipping ports, mining areas)
that are not served by an arterial or freeway;

. spaced at intervals consistent with the traffic population density to accumulate traffic
from local roads;

° provide service to smaller communities; and
. link locally important traffic generators with higher classified routes.

In urban areas, collector streets serve as intermediate links between the arterial system and
points of origin and destination. Urban collectors typically have the following characteristics:

° provide both access and traffic circulation within residential neighborhoods and
commercial/industrial areas;

. may penetrate residential neighborhoods or commercial/industrial areas to collect and
distribute trips to and from the arterial system;

° in the Central Business District (CBD), may include the streets that are not classified as
arterials;
o in fully developed areas, spacing generally is approximately ¥z mile between routes and,

within the CBD, between 650 feet and %2 mile;
o may be an urban extension of rural collector roads; and
o often include local bus routes.

Chapter 15 “Collector Roads and Streets” provides design guidance for collectors.

3414 Local Roads and Streets

All public roads and streets not classified as arterials or collectors have a local road or street
classification. Local roads and streets are characterized by their many points of direct access to
adjacent properties and their relatively minor value in accommodating mobility. Speeds and
volumes are usually low and trip distances short. Through traffic is often deliberately
discouraged. Chapter 14 “Local Roads and Streets” provides design guidance for local roads
and streets.

3.4.2 Geographic Classifications

The functional classification system is divided into urban and rural categories. Urban areas are
defined as those places within boundaries having a population of 5,000 or more. Urban areas are
further subdivided into urbanized areas (population of 50,000 and over) and small urban areas
(population between 5,000 and 50,000). Rural areas are those areas outside the boundaries of
urban areas. For design purposes, the designer should use the population forecast for the design
year.
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In many cases, a road defined as rural will go through a built-up area where the population is
too small to be considered urban. However, it still retains the features of an urban area (e.g.,
signalized intersections, curbed streets, houses and business near the roadway, on-street
parking). SCDOT defines these areas as urbanized.
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3.5

3.5.1

SPEED

Definitions

The following speed definitions are commonly used in highway design:

1.

Design Speed. Design speed is a selected speed used to determine the various
geometric design features of the roadway. A design speed is selected for each project
that will establish criteria for several design elements including horizontal and vertical
curvature, superelevation and sight distance. In general, the speed relates to the
driver's comfort and is not the speed at which a vehicle will lose control. Section 3.5.2
discusses the selection of design speed in general. Chapter 14 “Local Roads and
Streets,” Chapter 15 “Collector Roads and Streets,” Chapter 16 “Rural and Urban
Arterials,” Chapter 17 “Freeways” and Chapter 18 “3R Projects (Non-Freeway)” present
specific design speed criteria for various conditions.

Low Speed. For geometric design purposes, low speed is defined as 45 miles per hour
or less.

High Speed. For geometric design purposes, high speed is defined as greater than 45
miles per hour.

Free-Flow Speed. (1) The theoretical speed when the density and flow rate on a study
segment are both zero. (2) The prevailing speed on freeways at flow rates between 0
and 1000 passenger cars per hour per lane.

Operating Speed. Operating speed is the highest overall speed at which a driver can
travel on a given highway under favorable weather conditions and under prevailing traffic
conditions without at any time exceeding the safe speed as determined by the design
speed on a section-by-section basis.

85th-Percentile Speed. A speed value that is exceeded by 15 percent of the vehicles in
a traffic stream. The most common application of the value is its use as one of the
factors, and usually the most important factor, for determining the posted, legal speed
limit of a highway section. In most cases, field measurements for the 85th-percentile
speed will be conducted during off-peak hours when drivers are free to select their
desired speed.

Pace. Pace is the range of speeds, in 10 miles per hour increments, in which the
highest number of observations is recorded.

Posted Speed Limit. The posted speed limit corresponds to the value shown on
regulatory signs as specified and described in the Manual on Uniform Traffic Control
Devices. The posted speed is typically based on traffic and engineering investigations
where statutory requirements do not apply. The selection of a posted speed is based on
many factors including, but not limited to, the 85th percentile speed, roadside
development, curb and gutter section, crash data, highway functional class and median

type.

The selection of a posted speed limit is based on several factors:
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° design speed used during project development (posted speed is generally 5
miles per hour less than the design speed);
. median type on multilane facilities;
. 85th-percentile speed and pace speed;
. safe speed for curves or hazardous locations within the zone;
. highway functional classification and type of area;
. road surface characteristics, shoulder condition, grade, alignment and sight
distance;
. type and density of roadside development and cultural/roadside friction;
. use of curb and gutter;
) safety experience;
) need for traffic signal progression;
) parking practices; and
) pedestrian and bicycle activity.
3.5.2 Design Speed Selection

The selected design speed is based on the following:

1.

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 the posted speed limit creates a driver
expectation of safe operating speed.

Functional Classification. In general, the higher class facilities are designed with a
higher design speed than the lower class facilities.

Urban/Rural. Design speeds in rural areas are generally higher than those in urban
areas. This is consistent with the typically fewer constraints in rural areas (e.g., less
development).

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 setting may justify a higher design speed than one in an urban area.

Terrain. The flatter the terrain, the higher the selected design speed may be. Lower
design speeds may be used to minimize the higher construction costs often associated
with terrain that is more rugged.

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.
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7.

10.

11.

12.

Driver Expectancy. The selected design speed should be consistent with driver
expectancy. The designer should consider the following when selecting a design speed:

° avoid major changes in the design speed throughout the project limits;

. where necessary, provide transitional design speeds between sections adjacent
to the project; and

° consider the expected posted speed in the selection of the design speed.

Range. Design speeds typically range between 30 mph and 75 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 75 mph.

85 Percentile Speed. The 85th percentile speed is considered the appropriate speed
limit even for those sections of roadway that have an inferred design speed lower than
the 85th percentile speed. Posting a roadway'’s speed limit based on its 85th percentile
speed is considered good and typical engineering practice.

Setting Lower Speeds. Arbitrarily setting lower design speeds is neither effective nor
good engineering practice.

Inferred Design Speed. The inferred design speed is the maximum speed for which all
critical design-speed-related criteria are met at a particular location.

New/Reconstructed Roadways. New or reconstructed roadways (and roadway sections)
should be designed to accommodate operating speeds consistent with the roadway’s
highest anticipated posted speed limit based on the roadway’s initial or ultimate function.

For geometric design application, the relationship between these design elements and the
selected design speed reflects general cost-effective considerations. The value of a
transportation facility in carrying goods and people is judged by its convenience and economy,
which are directly related to its speed.
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3.6

3.6.1

TRAFFIC VOLUME CONTROLS

Definitions

The following terms are commonly used in the discussion of traffic volumes in highway design:

1.

10.

Annual Average Daily Traffic (AADT). The total traffic volume passing a point or
segment of a highway facility in both directions of travel for one year divided by the
number of days in the year.

Average Daily Traffic (ADT). The total traffic volume passing a point or segment of a
highway facility in both directions of travel during a time period greater than one day but
less than one year divided by the number of days in that time period. Although not
precisely correct, ADT is often used interchangeably with AADT.

Capacity. The maximum sustainable flow rate at which vehicles or persons reasonably
can be expected to traverse a point or uniform segment of a lane or roadway during a
given time period under prevailing roadway, traffic, environmental and control conditions.
The time period most often used for analysis is 15 minutes.

Delay. The additional travel time experienced by a driver, passenger or pedestrian.

Density. The number of vehicles on a roadway segment averaged over space, usually
expressed as vehicles per mile or vehicles per mile per lane.

Design Hourly Volume (DHV). The one-hour vehicular volume in both directions of
travel in the design year selected for highway design. Note that, for capacity analyses,
the DHYV is typically converted to an hourly flow rate based on the maximum 15-minute
flow rate during the DHV.

Directional Design Hourly Volume (DDHV). The peak one-hour volume in one direction
of travel during the DHV.

Directional Distribution (D). The distribution, by percent, of the traffic in each direction of
travel during the DHV, ADT and/or AADT.

Flow Rate. The equivalent hourly rate at which vehicles, bicycles or persons pass a
point on a lane, roadway or other traffic way; computed as the number of vehicles,
bicycles or persons passing the point, divided by the time interval (usually less than 1
hour) in which they pass. Expressed as vehicles, bicycles or persons per hour.

Level of Service (LOS). A qualitative measure describing operational conditions within a
traffic stream, based on service measures such as speed and travel time, freedom to
maneuver, traffic interruptions, comfort and convenience. In the Highway Capacity
Manual, the qualitative descriptions of each level of service (A through F) have been
converted into quantitative measures for the capacity analysis for each highway element,
including:

° freeway mainline,
. freeway mainline/ramp junctions,
. freeway weaving areas,
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° two-lane rural highways,

. multilane rural highways,

o urban and suburban streets,

. signalized intersections,

. two-way stop-controlled intersections,

. all-way stop-controlled intersections,

. roundabouts,

. interchange ramp terminals, and

. off-street pedestrian and bicycle facilities.
The Highway Capacity Manual also provides procedures for determining the level of
service for transit, pedestrians and bicyclists. Chapter 14 “Local Roads and Streets,”
Chapter 15 “Collector Roads and Streets,” Chapter 16 “Rural and Urban Arterials,”
Chapter 17 “Freeways” and Chapter 18 “3R Projects (Non-Freeway)” present guidelines
for selecting the LOS for traffic analyses in road design.

11. K. The ratio of DHV to ADT. K will vary based on the hour selected for design and the
characteristics of the specific highway facility.

12. Peak-Hour Factor (PHF). A ratio of the volume occurring during the maximum-volume
hour to the maximum rate of flow during a given time period within the peak hour
(typically, 15 minutes). PHF may be expressed as follows:

PHE — Peak Hour Volume
~ 4(Peak 15 minute Volume)

13. Service Flow Rate. The maximum hourly rate at which vehicles, bicycles or persons
reasonably can be expected to traverse a point or uniform segment of a lane or roadway
during a given time period (usually 15 minutes) under prevailing roadway, traffic,
environmental and control conditions, while maintaining a designated level of service;
expressed as vehicles, bicycles or persons per hour or vehicles per hour per lane.

3.6.2 Design Year Selection

3.6.2.1 Roadway Design

The geometric design of a highway should be developed to accommodate expected traffic
volumes during the design life of the facility. This involves projecting the traffic volumes to a
selected future year. Recommended design years are presented in Figure 3.6-A. The design
year will be at least 20 years from the date the PS&E package is completed. Projected traffic
volumes on State highways are provided by the Planning Division.
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Project Scope of Work Typical
New Construction/Reconstruction 20 Years
3R Projects (Non-Freeway) Current*
Spot Improvements Current*

* In general, current traffic volumes may be used. However, if a project will introduce a new
geometric design element (e.g., relocation of a horizontal curve), design the element using a
10-year projection and preferably a 20-year projection.

RECOMMENDED DESIGN YEAR SELECTION
Figure 3.6-A

3.6.2.2 Other Highway Elements

The following presents the recommended criteria for selection of a design year for highway
elements other than road design:

1. Bridges. The structural life of a bridge may be 75 years or more. For new bridges,
bridge replacement and bridge reconstruction, the clear roadway width of the bridge will
be based on the 20-year traffic volume projection from the date the PS&E package is
completed. In addition, the designer may, on selected projects, evaluate if the bridge
design will reasonably accommodate structural expansion to meet the clear roadway
width across the bridge based on a traffic volume projection beyond 20 years.

2. Underpasses. The design year used for the geometric design of underpasses will be
determined on a case-by-case basis.

3. Right-of-Way/Grading. The designer may consider potential right-of-way needs for the
anticipated long-term corridor growth for a year considerably beyond that used for
roadway design, especially in large metropolitan areas. No specific design year is
recommended for use. For example, when selecting an initial median width on a divided
highway, the designer may evaluate the potential need for future expansion of the facility
to add through travel lanes. Other examples include potential future interchanges,
potential reconstruction of a two-lane, two-way facility to a multilane highway, and the
use of flatter side slopes to provide more future options.

4, Drainage Design. Drainage appurtenances are designed to accommodate a flow rate
based on a specific design year or frequency of occurrence. The selected design year
or frequency will be based on the functional class of the facility, the ADT and the specific
drainage appurtenance (e.g., culvert).

5. Pavement Design. The pavement structure is designed to withstand the vehicular loads
during the design analysis period without falling below a selected pavement
serviceability rating. The design life for pavements is typically 20 years.
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3.6.3 Design Hourly Volume

3.6.3.1 Selection

For most geometric design elements that are determined by traffic volumes, the peaking
characteristics are most significant. The highway facility should be able to accommodate the
design hourly volume (adjusted for the peak-hour factor) at the selected level of service. This
design hourly volume (DHV) will affect many design elements including the number of through
travel lanes, lane and shoulder widths and intersection geometrics. The designer should also
analyze the proposed design using the a.m. and p.m. DHVs separately. This could have an
impact on the geometric design of the highway.

See the Highway Capacity Manual for a detailed discussion on selecting the DHV. Because the
design of the project is significantly dependent upon the projected design hourly volumes,
carefully examine these projections before using them for design purposes.

3.6.3.2 Factors Affecting DHV Determinations
The following factors will affect the DHV determination:

1. K Factor. The proportion of ADT occurring in the design hour is commonly referred to as
the K factor. The K factor is expressed as a decimal and is lowest on facilities where
fluctuation of peak hour volumes is the least. The highest K values generally occur on
recreational routes that have high seasonal, daily and hourly variations. K factors
generally range between 0.09 in urban areas and 0.10 in rural areas. For highway
sections with high peak periods and relatively low off-peak flows, the K factor may
exceed 0.10. Conversely, for highways that demonstrate consistent and heavy flows for
many hours of the day, the K factor is likely to be lower than 0.09.

2. Directional Flow. The proportion of DHV traffic traveling in the predominant direction is
known as the directional factor (D). This factor reflects the imbalance in directional flow
often observed, for example, where traffic is traveling toward employment centers in the
a.m. peak and returning home in the p.m. peak. When D is applied to the DHV, it is
known as the directional design hour volume (DDHV).

3. Composition. Composition of traffic is normally expressed as the percentage of trucks
present in the traffic stream during the design hour. For geometric design and capacity
studies, truck traffic is usually converted to passenger car equivalents, because trucks
occupy more space and exhibit restrictive operational characteristics. For the purposes
of design, light delivery trucks, pickups, etc., operate similarly to passenger cars and are
considered passenger cars. The Highway Capacity Manual presents the passenger car
equivalents for large trucks, single-unit trucks with dual rear wheels, buses and
recreational vehicles based on the type of facility.

If the K factor, directional distribution and traffic composition are not provided, review the
Highway Capacity Manual to determine the default values for the facility type being designed.
Example 3.6-1 illustrates the procedure for converting ADT to DHV and DDHV.
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Example 3.6-1

Given: Two-lane, rural arterial
ADT = 5,080
K = 14 percent
D = 60 percent

Problem: Determine the DHV and DDHYV for the facility.

Solution: The conversion formulas for non-directional ADT to DHV and DDHV are as
follows:
DHV = ADT x K

DDHV = ADT xK x D
Therefore:
DHV = 5,080 x 0.14 = 711 vehicles per hour

DDHV = 5,080 x 0.14 x 0.60 = 427 vehicles per hour (in the predominant
direction)

kkkkkhkkkkkkx

3.6.4 Capacity Analyses

3.6.4.1 Level of Service

Level of service (LOS) describes a qualitative measure of operational conditions within a traffic
stream as perceived by motorists. A designated LOS is described in terms of average travel
speed, density, traffic interruptions, comfort, convenience and safety.

Because drivers will accept different driving operational conditions, including lower travel
speeds on different facilities, it is not practical to establish one level of service for application to
every type of highway. Therefore, several levels have been established for the various classes
and types of highways. The values of speed and design hourly volume used in each case to
identify a level of service are the lowest acceptable speed and highest obtainable volume for
that specific level.

Chapter 14 “Local Roads and Streets,” Chapter 15 “Collector Roads and Streets,” Chapter 16
“Rural and Urban Arterials,” Chapter 17 “Freeways” and Chapter 18 “3R Projects (Non-
Freeway)” present LOS criteria for each highway type.

3.6.4.2 Objective
The highway mainline, intersection or interchange should be designed to accommodate the

selected design hourly volume (DHV) at the selected level of service (LOS). This may involve
adjusting the various highway factors that affect capacity until a design is determined that will
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accommodate the DHV. The detailed calculations, factors and methodologies are presented in
the Highway Capacity Manual (HCM).

The designer should note that, in reality, the service flow rate of the facility is calculated.
Capacity assumes a LOS E; the service flow rate is the maximum volume of traffic that a
proposed highway of given geometrics is able to serve without the degree of congestion falling
below a selected LOS. This is almost always higher than LOS E.

The HCM has established measures of effectiveness (MOE) for the level-of-service definition for
each highway element on various types of highway facilities. These are presented in
Figure 3.6-B. For each MOE, the HCM will provide the analytical tools to calculate the
numerical value. The designer should note that highway capacity MOEs may be segregated
into two broad categories; (1) uninterrupted flow, or open highway conditions; and (2)
interrupted flow, as at stop-controlled or signalized intersections. Uninterrupted flow occurs on
highways where the influence of intersections and abutting property development is not
significant, and the design volume of a facility can be determined by an hourly rate of flow.

Service measure(s) Systems
System element HCM analysis
y chapter | Automobile | Pedestrian Bicycle Transit y
measure
Freeway facility 10 Density — — — Speed
Basic freeway segment 11 Density — — — Speed
Freeway weaving 12 Density o o o Speed
segment
F.r eeway merge and 13 Density — — — Speed
diverge segments
. . LOS
Multilane road 14 Density — — Speed
Score
Percent
Two-lane road 15 time spent — LOS — Speed
following, Score
speed
. LOS LOS LOS
Urban street facility 16 Speed Score Score Score Speed
LOS LOS LOS
Urban street segment 17 Speed Score Score Score Speed
. . . . LOS LOS
Signalized intersection 18 Delay Score Score — Delay
Two-way stop 19 Delay Delay — — Delay
All-way stop 20 Delay — — — Delay
Roundabout 21 Delay — — — Delay
Inter_change ramp 29 Delay . L L Delay
terminal
Qﬁ-street pgdestnan- 23 . Space LOS . Speed
bicycle facility events Score

MEASURES OF EFFECTIVENESS FOR LEVEL OF SERVICE
Figure 3.6-B



March 2017 BASIC DESIGN CONTROLS 3.6-7

The following presents the simplified procedure for conducting a capacity analysis for the
highway mainline:

1.

2.

Select the design year (Section 3.6.2).
Determine the DHV (Section 3.6.4).
Select the level of service (see Chapters 14 through 18).

Document the proposed highway geometric design (lane width, length of weaving
section, number and width of approach lanes at intersections, etc.).

Using the Highway Capacity Manual, analyze the capacity of the highway element for
the proposed design.

Compare the calculated measured level of service (LOS) with the desired LOS. If the
calculated LOS is greater than or equal to the desired LOS, the proposed design will
generally meet the objectives of the capacity analysis. If the LOS is lower than the
desired LOS, the proposed design may need further evaluation. The designer either
should adjust the highway design or adjust one of the capacity elements (e.g., the
selected design year or the level-of-service goal).

The traffic designer will perform and review the results of the capacity analyses. Software used
for the analyses must be approved by the Department.
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3.7

DESIGN VEHICLES

The physical and operational characteristics of vehicles using the highway are important
controls in roadway design. Design criteria may vary according to the type of vehicle and the
volume of each type of vehicle in the traffic stream.

Vehicular characteristics that impact design include:

1.

Size. Vehicular sizes determine lane and shoulder widths, vertical clearances and,
indirectly, highway capacity calculations.

Offtracking. The design of intersection turning radii, traveled way widening for horizontal
curves and pavement widths for interchange ramps are usually controlled by the largest
design vehicle likely to use the facility with some frequency.

Storage Reguirements. Auxiliary lane storage lengths, bus turnouts and parking lot
layouts are determined by the number and types of vehicles to be accommodated.

Sight Distance. Eye height and braking distances vary for passenger cars and trucks,
which can impact sight distance considerations.

Acceleration _and Deceleration. Acceleration and deceleration rates often govern the
dimensioning of such design features as speed-change lanes at intersections and
interchange ramps and climbing lanes.

Vehicular_Stability. Certain vehicles with high centers of gravity may be prone to
skidding or overturning, affecting design speed selection and cross slope design
elements.

The following design vehicles are used for highway design in South Carolina:

1.

Passenger Car (P). Passenger cars are used in the design for most geometric design
criteria (e.g., stopping sight distance, intersection sight distance, horizontal alignment,
cross section widths, acceleration and deceleration lanes).

Large School Bus (S-Bus-40). This vehicle is the minimum design vehicle that should
be used for intersection and entrance/exit designs, including auxiliary turn lanes where
bus traffic is present.

Interstate Semitrailer (WB-62). This vehicle is the minimum design vehicle that should
be used for intersection and entrance/exit designs, including auxiliary turn lanes where
truck traffic is present.

Interstate Semitrailer (WB-67). This vehicle is the minimum design vehicle that should
be used for design of storage/clearance for through and auxiliary turn lanes where truck
traffic is present.

Motor Home and Boat Trailer (MH/B). This vehicle should be used for designs of
auxiliary turn lanes at intersections and entrances/exits where motor homes are present.
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Figure 3.7-A presents turning characteristics of a typical tractor-semitrailer combination truck.
Information on the vehicular dimensions and minimum turning radii for the above mentioned
design vehicles are provided in the AASHTO A Policy on Geometric Design of Highways and
Streets. Computer-simulated, turning templates are available for these design vehicles (e.g.,
AutoTurn).

The selection of appropriate design vehicles for intersections and interchanges is discussed in
Chapter 9 “Intersections” and Chapter 10 “Interchanges,” respectively. In general, the designer
should select the largest design vehicle that will use the facility with some frequency. However,
the designer should consider local restrictions and the occasional larger vehicle that may use
the facility.
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Definitions:

1. Turning Radius. The circular arc formed by the turning path radius of the front outside tire of a
vehicle. Vehicular manufacturers also describe this radius as the turning curb radius.

2. CTR. The turning radius assumed by a designer when investigating turning paths. It is set at the
center of the front axle of a vehicle.

3. Offtracking. The difference in the paths of the front and rear wheels of a vehicle as it negotiates a
turn. The path of each rearward tire of a turning vehicle does not coincide with that of the
corresponding forward tire. This phenomenon is shown in the drawing above.

4. Swept Path Width. The amount of roadway width that a vehicle covers in negotiating a turn equal
to the amount of offtracking plus the width of the vehicle. The most significant dimension
affecting the swept path width of a tractor/semitrailer is the distance from the kingpin to the rear
trailer axle or axles. The greater this distance, the greater the swept path width.

5. Steering Angle. The maximum angle of turn built into the steering mechanism of the front wheels
of a vehicle. This maximum angle controls the minimum turning radius of the vehicle.

6. Tractor/Trailer Angle. The angle between adjoining units of a tractor/semitrailer when the

combination unit is placed into a turn. This angle is measured between the longitudinal axes of
the tractor and trailer as the vehicle turns. The maximum tractor/trailer angle occurs when a
vehicle makes a 180 degree turn at the minimum turning radius and is reached slightly beyond
the point where a maximum swept path width is achieved.

TURNING CHARACTERISTICS OF A TYPICAL DESIGN VEHICLE
Figure 3.7-A
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3.8

3.8.1

ACCESS MANAGEMENT

Definitions

The following definitions apply to access management and access control:

1.

Access Management. The process of governing access to land development by a public
agency where the agency considers the highway facility and its surrounding activities as
part of an overall system. Individual parts of the system (e.g., zoning, land-use planning,
site plan development, driveway permits, public transportation, roadway network) should
be properly integrated and coordinated. Through proper application of access
management, the objectives of providing safe and efficient traffic flow coupled with
access to abutting properties can be achieved.

Control by Regulation. All highways warrant access management by permit or by
design. Control by regulation is exercised by the Department, county highway
departments or municipalities to specify the location of private accesses to and from the
public road system. Occasionally, statutory control is used to restrict access to only
public roads and major traffic generators. Zoning may be used to effectively control
development on adjacent property so that major generators do not hinder traffic
operations. However, zoning restrictions are at the discretion of the local government.
Driveway regulations and permits are used to control the geometric design of an
entrance, driveway spacing and driveway proximity to public road intersections.

Access Control. The condition where the public authority regulates the right of abutting
owners to have access to and from a public highway by declaring the highway to be
either fully or partially access controlled. This is accomplished through the purchase of
access rights, driveway controls, turning restrictions or geometric design (e.g., grade
separations).

South Carolina Code 57-5-1010 states: “Controlled-access facility means a State
highway or section of State highway especially designed for through traffic, and over,
from or to which highway owners or occupants of abutting property or others shall have
only a controlled right or easement of access.” The abutting landowner or others have
no legal right of access except at points and manners as determined by the Department.

a. Full Control of Access/Limited Access. Highways that are designated to have full
control of access are referred to as freeways. Priority is given to through traffic
and access to the highway is only provided at interchanges with selected public
roads. All other intersecting roads are terminated at the right of way line,
perpetuated with grade separations or interconnected with other roads. Access
is provided to properties abutting the freeway via frontage roads, service drives
or the existing public road system. Full control of access maximizes the capacity,
safety and vehicular speeds on the highway.

b. Partial Control of Access/Limited Access. An expressway design is the common
term used for this type of facility. Priority is given to through traffic. Some
intersections will be provided and private entrance connections will be allowed by
permit. The proper selection and spacing of intersections and other connections
provides a balance between the mobility and access functions of the highway.
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4. Control of Access Line. A line established by the Department that delineates areas
where ingress to and egress from a highway facility is controlled by Purchase of Access
Rights. When an existing access-controlled highway is reconstructed, the access
control lines should be reviewed for possible revisions.

3.8.2 Access Management

Access management is a public authority’s selective use of regulations, policies and procedures
to limit or control public access to and from property abutting highways. It plays an important
part in providing a safe and efficient highway system.

Highway transportation involves the movement of persons and goods along highways. A
complete system of transportation services must also provide access to abutting properties.
There is a trade-off between the mobility and access uses of a highway. In developed areas,
arterial highways are particularly susceptible to decisions that conflict with and compromise the
principal function of mobility for which the arterial was designed. Generally, the high-capacity,
full-controlled access highway and the local access residential or commercial street, at the other
end of the capacity range, present the fewest access management problems and best meet
service characteristics noted in the functional classification system.

Traditionally, as a community grows, land subdivides and develops, and businesses are
attracted to busy highways. Direct and frequent access is obtained by constructing driveways
and intersections. To be effective, access management should be addressed in the early
stages of land development. As crossroad traffic volumes increase, traffic signals are
warranted, and the need to plan for major access points is critical to the mobility function of
major highways. Total disregard of access management can create traffic congestion and lead
to public demands for better transportation service.

The control and regulation of access to roadways offers the following benefits:

° protects the safety of the motoring public,

. protects the level of service and carrying capacity of the roadway,

o provides reasonable access to development in accordance with needs, and
o delays the need for expensive new projects.

The designer should consider the following objectives of access management:

. limit the number of conflict points,

. separate conflict areas,

o limit the severity of conflicts,

. limit vehicular speed change requirements, and
o maintain the performance of the roadway.

3.8.3 Type of Control

The Project Planning Report should identify the type of control proposed for each project. Full
control of access will be provided on all freeways. Additionally, full control of access may be used
on other routes of importance as approved on a case-by-case basis. Other routes may be
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designed using limited control of access. Where it is necessary to revise the control access line,
the designer should coordinate with the Rights of Way Office.

Clearly denote Control of Access or Limited Access lines on the plan sheets; see Chapter 22
“Plan Sheets Preparation.”

3.8.4 Criteria
3.84.1 Driveways

Spacing driveways apart from each other can reduce the number and severity of crashes. See
the SCDOT Access and Roadside Management Standards (ARMS) for the minimum driveway
spacing requirements. The driveway spacing is measured from the near edge to near edge of
the adjacent driveways. See the SCDOT ARMS for additional guidance on access control at
driveways.

3.8.4.2 Intersections

Locate all points of access as far from the roadway intersections or railroads as feasible and
practical. See the SCDOT ARMS for guidance. In determining the access lines, also consider the
following:

1. Intersection Radii. Do not locate an access within the radius of the intersecting
roadways.
2. Triangular_Right-of-Way Area. At intersections where the Department has purchased

the triangular or sight distance areas, driveways are not permitted to cross or enter the
area, except where the elongation of areas may warrant special considerations.

3. Limited Access Facilities. Projects that allow vehicular access to the mainline, via at-
grade intersections, are considered Limited Access. The control access line will turn
away from the mainline facility and follow the side road right of way for a distance shown
in the SCDOT ARMS. For right-in, right-out access, use a minimum of 150 feet or the
value given in the SCDOT ARMS if it is less than 150 feet.

4. Median Openings. A median crossover may be permitted when an engineering review
indicates that all of the following conditions are met:

° The spacing to the nearest crossover is at least 500 feet in urban areas and 1000
feet in rural areas (centerline to centerline).

. Where necessary, provide a left-turn lane and taper as discussed in Chapter 9
“Intersections.”
° The sight distance criteria from Chapter 4 “Sight Distance” are met.

. Significant traffic volumes will be generated.
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° The operation of the highway, other accesses or crossovers will not be adversely
affected.
. The maximum grade on the crossover does not exceed 5 percent.
5. Unsignalized Intersection Spacing. If practical, avoid short distances between

intersections because they tend to impede traffic operations. Where practical, realign
the roadways to form a single intersection.

To operate efficiently, urban intersections should be a minimum of 500 feet apart. For
rural areas, provide a minimum spacing of ¥4 mile and, desirably, ¥ mile apart.
Generally, treat signalized and unsignalized intersections the same. Because of
changing traffic patterns, development and crash concerns, unsignalized intersections
may be converted to signalized intersections in the future. Conduct a traffic analysis to
determine if free-flow can be obtained between the intersections.

In addition, avoid short gaps between opposing T intersections. 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 500 to 700 feet apart. However, intersections with an offset to the right should
have adequate spacing to properly develop left-turn lanes.

6. Signalized Intersection Spacing. Signalized intersections that are too close to each
other may result in unnecessary delay, frequent vehicle stops/starts and increased fuel
consumption and emissions. Correctly spaced signalized intersections will allow traffic
signal timing plans to efficiently accommodate all types of traffic conditions. The
minimum spacing requirements for signalized intersections are shown in Figure 3.8-A. If
there is no reasonable alternative and a queue analysis can be conducted that shows
adequate spacing, then the minimum traffic signal spacing requirements may be less.

Functional Class Traffic Signal Spacing (ft)
Major Arterial 2640
Minor Arterial 1320
Collector 1320
Local 1320

MINIMUM TRAFFIC SIGNAL SPACING
Figure 3.8-A

3.8.4.3 Interchanges

Proper access control must be provided along the crossing road near the ramp/crossing road
intersection or along a frontage road where present. This will ensure that the intersection has
approximately the same degree of freedom and absence of conflict as the freeway itself. The
access control criteria should be consistent with these goals. For new construction, the minimum
spacing requirements are shown in Figure 3.8-B.
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Distance (ft) Description

Distance from the closest interchange ramp

X 750 to the first full access intersection

Distance from the off-ramp to the first right
Y 325 o .

in, right out access point
7 305 Distance between the last right in, right out

access connection and the on-ramp

MINIMUM SPACING FOR FREEWAY INTERCHANGES
Figure 3.8-B

Figures 3.8-C and 3.8-D present access control for several typical interchange designs. These
provide SCDOT guidance for the location of the limits of control of access lines along the ramp, at
ramp/crossroad intersections, across from the ramp terminal and along frontage roads.

As indicated in the figures, the control of access limits extends a distance along the crossing
road away from the ramp or frontage road intersection. In areas where the potential for
development exists that would create traffic problems, it may be appropriate to consider
minimum lengths of access control. In addition, many areas have changed over the years from
rural to urban. A change in area character alone is not a sufficient justification to alter the
location of the control of access line when an existing interchange will be rehabilitated or when
SCDOT receives requests for additional access points from outside interests.
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TYPICAL ACCESS CONTROL FOR A DIAMOND INTERCHANGE

Figure 3.8-C
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Figure 3.8-D
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3.9 ENVIRONMENTAL PROCEDURES

The Environmental Services Office is responsible for a variety of activities related to
environmental impacts and procedures. This includes air, noise and water quality analyses;
social, economic, biological, archeological and historical impacts; preparation of environmental
documents for SCDOT projects; evaluation and mitigation of hazardous waste sites; and the
public’'s involvement with the environmental document. The Environmental Services Office
coordinates with the applicable Federal or State agencies to process the environmental
documentation and permit applications.

It is important for the road designer to understand the various environmental activities and
procedures to ensure that the proper environmental documentation and permits are completed
as part of the project development. The entire Project Development Team is responsible for
calling attention to potential environmental issues throughout the development of the project.
The need to receive one or more permits or approvals can significantly affect the project
schedule.

See the SCDOT Environmental Reference Document for information on the Department's
criteria for conducting environmental analyses and preparing environmental documents.
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3.10 ROADWAY DRAINAGE

Proper roadway drainage is a critical element in protecting the structural integrity of the highway
system, ensuring the safety of the traveling public and avoiding adverse impacts on adjacent
property. A significant portion of highway construction funds are expended on drainage-related
items.

3.10.1 Resources
The designer should review the following resources for roadway drainage design:

1. The SCDOT Requirements for Hydraulic Design Studies provides a comprehensive
discussion on the Department’s hydrologic and hydraulic practices. This publication can
be found on the Department’s internet site.

2. The Hydraulic Engineering webpage on the Department’s internet also provides several
other resources for the roadway drainage design (e.g., rainfall intensity values, inlet
spacing charts, GeoPAK guidance, plan sheet templates).

3. The SCDOT Water Quality Manual is a guidance document developed to provide
engineers, plan reviewers, inspectors and contractors information on the stormwater
guality management requirements for SCDOT. This publication can be found on the
Department’s internet site.

4, Chapter 21 “Procedures for Highway Plans Preparation” and Chapter 22 “Plan Sheets
Preparation” of this Manual provide guidance for incorporating the hydraulic design
criteria on the contract plans.

5. Instructional Bulletin 2010-1 “Culvert Pipe Structural Design Criteria” provides design
guidance for the fill height tables provided in the SCDOT Standard Drawings for each
pipe material.

6. Engineering Directive 23 “Standards for Stormwater Management and Sediment
Reduction” describes the Department’s criteria for stormwater management and water
quality.

7. Engineering Directive 24 “Selection of Drainage Pipe for use in South Carolina”

describes the Department’s procedures for selection of allowable culvert types 12-inch
or larger for State highways.

8. Engineering Directive 26 “Dams/Water Impoundments Adjacent to Highways” describes
the Department’s procedures for evaluating dams and other water impoundment devices
adjacent to State projects to ensure these devices are safe.

9. Engineering Directive 27 “Drainage Outfalls” describes the Department’s procedures for
evaluating changes to drainage channels and pipes and their effect on nearby property
owners.
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3.10.2  Definitions
The following presents selected definitions that have an application to roadway drainage:

1. 100-Year Flood. A flood volume (or discharge) level that has a 1 percent chance of
being equaled or exceeded in any given year.

2. 500-Year Flood. A flood volume (or discharge) level that has a 0.2 percent chance of
being equaled or exceeded in any given year.

3. Allowable Headwater Depth. The depth or elevation of the flow impoundment for a
drainage facility (e.g., a culvert) above which damage or a significant flood hazard could
occur.

4, Backwater. The increase in water surface elevation relative to the elevation occurring

under natural channel and floodplain conditions (upstream of a highway facility).

5. Base Flood. The design flood used for hydrologic calculations that are based on the
roadway classification.

6. Base Floodplain. The area subject to flooding by the base flood.

7. Channel Change. A modification to the natural alignment of a channel (stream)
necessitated by highway construction. Channel changes should only be used where
absolutely essential (e.g., where the natural channel will be covered in fill).

8. Culvert. A structure that is a) usually a closed conduit designed hydraulically to take
advantage of submergence to increase hydraulic capacity, and b) used to convey
surface runoff through a highway or railroad embankment. AASHTO classifies a culvert
as a structure of less than a 20-foot span as measured along the roadway centerline. A
culvert is a structure, as distinguished from a bridge, that is usually covered with
embankment and is composed of structural material around the entire perimeter.

9. Design Flood Frequency. The flood frequency selected for determining the necessary
size of the drainage appurtenance.

10. Detention Pond. A basin, pond or reservoir incorporated into the watershed where
runoff is temporarily stored, thus attenuating the peak of the runoff hydrograph. A
stormwater management facility that temporarily impounds runoff and discharges it
through a hydraulic outlet structure to a downstream conveyance system.

11. Ditch Check Dam. A small temporary dam constructed across a swale or drainage ditch
that acts as a filter trapping soil particles and allowing water to flow through. See
SCDOT Standard Drawings.

12. Drainage Area. The catchment area for rainfall and other forms of precipitation that is
delineated as the watershed producing runoff (i.e., the contributing watershed).

13. Drainage End Treatment. A structure, commonly made of concrete or metal, that is
attached to the end of a culvert or pipe for such purposes as retaining the embankment
from spilling into the waterway, improving the appearance, providing anchorage,
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

improving the culvert efficiency, limiting some scour at the outlet and/or improving
roadside safety.

Erosion Control. Mitigation measures used to reduce (or decelerate) erosion, which is a
natural or geologic process whereby soil materials are detached and transported from
one location and deposited elsewhere, primarily due to rainfall, runoff and wind.

Flood Frequency. The number of times a flood of a given magnitude can be expected to
occur on average over a specified period of time.

Floodplain. Any plain that borders a stream and is covered by its waters in time of flood.
A nearly flat, alluvial lowland bordering a stream and commonly formed by stream
processes that is subject to inundation by floods.

Headwater Depth. Depth of water above the inlet flow line at the entrance of a culvert or
similar structure. Depth of water upstream of a contraction such as occurs at a bridge or
similar structure. Natural flow depth plus backwater caused by a drainage structure.

Hydraulics. The applied science concerned with the behavior and flow of liquids,
especially in pipes, channels, structures and the ground. In highway drainage, the
science addressing the characteristics of fluid mechanics involved with the flow of water
in or through drainage facilities.

Hydrology. The science that explores the interrelationship between water on the earth
and in the atmosphere. In hydraulic practice for highways, hydrology is used to calculate
discharges for a given site based on the site characteristics.

Intensity. The rate of rainfall upon a watershed, usually expressed in inches per hour.

Maximum Allowable Backwater. The maximum amount of backwater that is acceptable
to the Department for a proposed facility based on State and Federal laws and on
Department policies.

Outfall Ditch. A channel that directs stormwater discharge from a roadway facility.

Peak Discharge (Peak Flow). The maximum rate of flow passing a given point during or
after a rainfall event or snow melt. For example, the peak discharge for a 100-year flood
is expressed as Q1oo.

Recurrence Interval (Return Period). The average number of years between
occurrences of a discharge of a particular magnitude. For example, the recurrence
interval for a 100-year flood discharge is 100 years.

Reqgulated Floodway. The floodplain area that is reserved in an open manner by
Federal, State or local requirements (i.e., unconfined or unobstructed either horizontally
or vertically) to provide for the discharge of the base flood so that the cumulative
increase in water surface elevation is no more than a designated amount as established
by the Federal Emergency Management Agency (FEMA) for administering the National
Flood Insurance Program (NFIP).




3.10-4 BASIC DESIGN CONTROLS March 2017

26. Retention Pond. A basin, pond or reservoir where water is stored for regulating a flood.
The stored runoff is disposed of by such means as infiltration, by injection (or dry) wells
or by release to the downstream drainage system after the storm event. The release
may be through a gate-controlled gravity system, pumping or an outlet structure.

27. Routed Flow. The process whereby a peak flow and/or its associated streamflow
hydrograph is mathematically transposed to another site downstream considering the
effect of channel storage.

28. Runoff Coefficient. A factor, dependent on terrain and topography, representing that
portion of runoff that results from a unit of rainfall. More simply stated, the rate of runoff
to precipitation.

29. Silt (or Sedimentation) Basin. A storage area, either temporary or permanent, used to
detain sediment-laden runoff from disturbed areas for a sufficient length of time for the
majority of the sediment to settle.

30. Spread. The transverse encroachment of stormwater onto a street where flow has
accumulated in and next to the roadway gutter. This water may represent an
interruption to traffic flow, splash-related problems and a source of hydroplaning during
rainstorms.

31. Trench Drain. A long, narrow drainage inlet that extends for a considerable length to
intercept flow before exiting onto a roadway or to collect gutter flow to reduce ponding
depth and spread at curb inlets. See Section 3.10.3.8.

32. Velocity. The rate of travel of a stream or river or of the objects or particles transported
therein, usually expressed in distance per unit time.

3.10.3 Roadway Drainage Criteria

The SCDOT Requirements for Hydraulic Design Studies documents the Department's
hydrologic and hydraulic criteria for the design of roadway drainage appurtenances. This
Section presents a few details of special interest to the road designer.

3.10.3.1 General

Most highway projects require new drainage facilities and/or the improvement of existing
drainage systems. This may be in the form of earth or lined, channels, streams, culverts, closed
drainage systems, etc. A specific project may incorporate any or all of these drainage
requirements. The designer must be knowledgeable of Department drainage policies and
practices affecting road design elements.

3.10.3.2 Inlet Spacing
The designer is required to show drainage inlets on the preliminary plans. The final placement

of the inlets will be based on the hydraulic design study. Minimum inlet spacing is 150 feet with
a maximum spacing of 400 feet. Inlets are required at locations needed to collect runoff to meet
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the design controls specified by the Department’s design criteria (e.g., allowable water spread,
design year). In addition, there are many locations where inlets may be necessary without
regard to contributing drainage area. These locations should be marked on the plans prior to
any computations of discharge, water spread, inlet capacity or bypass. Examples of these
locations are as follows:

1. Place inlets at low points (e.g., sags) and at intersections as required to intercept the
flow.
2. Unless a hydraulic analysis indicates otherwise, base inlet spacing on the inlet spacing

charts provided on the Department’s internet site.

3. Place inlets upstream of median breaks, entrance/exit ramp gores, crosswalks and cross
slope transitions.

4, Place inlets immediately before and after bridges.
5. Re-space inlets following the field review, if required.
6. Other methods may be used to supplement catch basins and expand the efficiency and

capacity of drainage (e.qg., trench drains or extended throats).

3.10.3.3 Sideline Pipes

Sideline pipes are identified as longitudinal pipe culverts in roadway ditches at driveways and
other locations. The policy for establishing pipe lengths for standard driveways is as follows:

1. Additional pipe (of various sizes) may be shown in the plans as an inclusion item (to be
determined during the Design Field Review).

2. If additional (or less) pipe length is required at driveways during construction, the
Resident Construction Engineer will make these determinations.
3.10.3.4 Crossline Pipes

In calculating the length of pipe required to span the fill wherein beveled or flared end sections
will be used, give consideration to the usable length of a beveled or flared end section.

For the use of pipe end structures with respect to roadside safety, see AASHTO Roadside
Design Guide.
3.10.3.5 Paved Gutters

Use Figure 3.10-A to determine the limits of paved gutters.
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Gutter Design Grade D|stanceBté)gi(;a:]rirr)]/gS;;zcde(I;ijtr:g:f Before
0to 0.49% None Required
0.50% to 0.99% 1,000 linear feet
1.00% to 1.99% 500 linear feet
2.00% or greater 250 linear feet
ASPHALT GUTTER
Figure 3.10-A

3.10.3.6 Box Culvert Extensions

Desirably, provide a space of 10 feet between the wingwall ends of box culvert extensions and
the present or new right of way. Acquire additional right of way as required at each site to
encompass permanent erosion control devices (e.g., energy dissipators, paved liners) placed at
the ends of box culvert extensions.

In some cases, the designer may be responsible for designing large junction boxes for box
culverts.

3.10.3.7 Bridge Drainage

For all projects, Department policy is to include bridge end drainage, which is designed to
intercept and capture all gutter flow as near as practical to each end of the bridge.

Good drainage design at the ends of bridges is essential for proper drainage. At bridge ends
where the approach roadway does not have curb and gutter, the typical Department practice is
to use an asphalt flume if the asphalt flume is appropriate. If the asphalt flume is not
appropriate, an alternative design must be used.

In situations where an asphalt flume is not appropriate, bridge end drainage may be designed
using catch basins, grate inlets, curb opening inlets or combination inlets. The hydraulic
characteristics of the inlets should be considered in selecting the type. The designer must
provide appropriate details that properly control and direct the flow of water to the bridge end
drainage structure. The designer must also provide details that address how the bridge end
drainage components interface with all other impacted roadside design features.

Inlets on the bridge should be spaced to minimize runoff entering the bridge approaches.
Design collectors at the downslope end of the bridge to collect all of the flow not intercepted by
the bridge deck inlets. If there are no bridge deck inlets, provide downslope inlets to intercept
all of the bridge drainage. Provide a pipe, paved channel or trough to transport the water down
the surface of the embankment.

At bridge ends where the approach roadway has curb and gutter, catch basins should be
detailed as close as possible to the approach slabs. See the SCDOT Standard Drawings for
additional information on bridge end drainage.

Section 6.2.3.3 discusses vertical alignment requirements for open drainage on bridges.
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3.10.3.8 Trench Drains

Consider trench drains where surface flows are suspected to interfere with traffic operations.
Runoff from an adjacent property through a driveway toward the roadway can be intercepted by
a trench drain installed across the driveway and conveyed into the parallel ditch or into a
drainage box.

In curb-and-gutter sections, the typical section provides for runoff to reach the gutter. However,
when rehabilitating and widening a section of roadway that was previously a ditch section, but is
now being designed as a curb-and-gutter section, grades, vertical curves and superelevation
rotation can prohibit conveying the runoff to the desired catch basins and storm sewers.
Typically, the minimum desired gutter grade is 0.5 percent; however, 0.3 percent may be used
with adequate cross slope. The length of curve can create relatively flat locations on a crest
and in a sag vertical curve. Where feasible, catch basin spacing may be reduced to facilitate
the efficiency of the drainage system.

Where additional pipe and catch basins are not feasible or the area is not conducive to a catch
basin (e.g., in a driveway), then trench drains may be installed in the gutters to enhance the
roadway drainage. Trench drains in gutters will reduce potential ponding in the gutter area
caused by inherent, nearly flat grades occurring in pavement transitions and in the low and high
points of vertical curves. Typically, the flow line of a trench drain is fixed at 0.6 percent, but will
vary according to the grade of the gutter. Trench drains can be placed in an opposing direction
to the gutter grade, if the gutter grade does not exceed 0.2 percent in the opposite direction.
For example, this would yield a trench drain flow line grade of 0.4 percent in a gutter with an
opposing grade of 0.2 percent. This composite grade of the trench drain flow line should not be
less than 0.4 percent.

Consider the following guidelines where trench drains are used to supplement drainage in
gutters:

. Where calculated individual longitudinal grades in the gutter are < 0.1 percent, check the
actual elevations on profile to determine percent grade in vertical curves.

° Provide a drainage box within 96 linear feet to outlet the trench drain.

° Design the trench drain in 16-foot increments. The maximum length of trench drain in
one run is 96 linear feet.

° Place the location and quantity information on the “General Construction Note” Sheet.

See SCDOT Standard Drawings for details of trench drain placement, measurement and
payment.
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Chapter 4
SIGHT DISTANCE

Sight distance is the length of the roadway ahead that is visible to the driver. This chapter
discusses stopping, passing, decision and intersection sight distances.

4.1 STOPPING SIGHT DISTANCE

The available sight distance on a roadway should be long enough to enable a vehicle traveling
at or near the design speed to stop before reaching a stationary object in its path. Although
greater lengths of visible roadway are desirable, the sight distance at every point along a
roadway should be at least that needed for a below average driver or a vehicle to stop.
Stopping sight distance (SSD) is the sum of the distance traveled during a driver's
perception/reaction or brake reaction time and the distance traveled while braking to a stop.

411 Assumptions

The AASHTO A Policy on Geometric Design of Highways and Streets presents the basic
equations for determining SSD. The following briefly discusses the basic assumptions within
the SSD model:

1. Brake Reaction Time. This is the time interval between when the obstacle in the road
can be physically seen and when the driver first applies the brakes. Based on several
studies of observed driver reactions, the assumed value is 2.5 seconds. This time is
considered adequate for approximately 90 percent of drivers in simple to moderately
complex highway environments.

2. Braking Action. The braking action is based on the driver’'s ability to decelerate the
vehicle while staying within the travel lane and maintaining steering control during the
braking maneuver. A deceleration rate of 11.2 feet/second/second is considered
comfortable for 90 percent of the drivers.

3. Speed. The highway’s design speed is used to determine the initial driver speed.

4.1.2 Level Grade

Figure 4.1-A provides stopping sight distances for passenger cars on grades less than 3
percent. Use values that meet or exceed the required stopping distance for design. When
applying the SSD values, the height of eye is assumed to be 3.5 feet and the height of object 2
feet. Figure 4.1-B provides a graphical representation of SSD criteria.
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Design Brake Braking Stopping Sight Distance
Speed Reaction Distance On
(mph) Distance (ft) Level Grade (ft) | calculated (ft) Design (ft)

15 55.1 21.6 76.7 80
20 73.5 38.4 111.9 115
25 91.9 60.0 151.9 155
30 110.3 86.4 196.7 200
35 128.6 117.6 246.2 250
40 147.0 153.6 300.6 305
45 165.4 194.4 359.8 360
50 183.8 240.0 423.8 425
55 202.1 290.3 492.4 495
60 220.5 345.5 566.0 570
65 238.9 405.5 644.4 645
70 257.3 470.3 727.6 730
75 275.6 539.9 815.5 820
80 294.0 614.3 908.3 910
Note: The above SSD values assume an approach grade less than 3 percent. For

downgrades 3 percent or greater, see Figure 4.1-C.

STOPPING SIGHT DISTANCE

’/— Height of Eye = 3.5'

(Level Grade)
Figure 4.1-A

STOPPING SIGHT DISTANCE CRITERIA

Figure 4.1-B

Height of Object = 2'
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4.1.3 Grade Adjustment

The longitudinal gradient of the roadway influences the distance needed for vehicles to brake to
a stop. Figure 4.1-C presents the downgrade-adjusted SSD. Where practical, the designer
should attempt to meet downgrade-adjusted SSD values.

SSD FOR DOWNGRADES

Zzselgg (3%) (4%) (5%) (6%) (7%) (8%) (9%) (10%)

(mph)
15 80 80 81 82 83 84 85 86
20 116 117 119 120 122 124 126 128
25 158 160 162 165 167 170 173 176
30 205 208 211 215 219 223 227 232
35 257 262 266 271 276 282 287 294
40 315 321 327 333 339 347 354 363
45 378 385 392 400 409 418 427 438
50 446 455 464 474 484 495 507 520
55 520 530 541 553 566 579 593 609
60 598 611 624 638 653 669 686 705
65 682 697 712 728 746 765 785 808
70 771 788 806 825 845 868 891 917
75 866 885 906 927 951 976 1003 1033
80 965 987 1011 1035 1062 1091 1121 1155

Notes:

1. Calculated SSD values are not shown. Values in the table have been rounded up to the

next highest 1-foot increment.

2. For grades less than 3 percent or upgrades, no adjustment is necessary (i.e., use the
level SSD values in Figure 4.1-A).

3. For grades intermediate between table values, use a straight-line interpolation to
determine the SSD and round up to the next highest 1-foot increment.

DOWNGRADE-ADJUSTED STOPPING SIGHT DISTANCE
Figure 4.1-C
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4.2 PASSING SIGHT DISTANCE FOR TWO-LANE HIGHWAYS

Where practical on rural new construction/reconstruction two-lane, two-way highway projects, the
designer should consider providing passing sight distance over the length of the project. Note
that it is generally not cost effective to make significant improvements to the horizontal and vertical
alignment solely to increase the available passing sight distance.

4.2.1 Application

On two-lane, two-way highways, vehicles may overtake slower moving vehicles and pass on the
lane used by opposing traffic. The necessary passing sight distance for two-lane highways is
based on the minimum sight distance for marking no-passing zones as presented in the Manual
on Uniform Traffic Control Devices (MUTCD). For a discussion on how to determine these
distances, the designer should review NCHRP Report 605 Passing Sight Distance Criteria.

4.2.2 Design

Figure 4.2-A provides the minimum passing sight distance for design on two-lane, two-way
highways. These distances allow the passing vehicle to safely complete the entire passing
maneuver.

Design Speed (mph) Passing Sight Distance (ft)
20 400
25 450
30 500
35 550
40 600
45 700
50 800
55 900
60 1000
65 1100
70 1200
75 1300
80 1400

PASSING SIGHT DISTANCE
(Two-Lane, Two-Way Highways)
Figure 4.2-A
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Acceptable passing maneuvers occur when the passing driver can determine that no potentially
conflicting vehicles exist before beginning the maneuver. While there may be occasions to
consider passing multiple vehicles, it is not practical to assume these conditions in developing
minimum design criteria. Instead, the minimum passing sight distances are based on a single
vehicle passing a single vehicle.

Passing sight distance is measured from a 3.5-foot height of eye to a 3.5-foot height of object.
The 3.5-foot height of object allows the opposing driver to see a sufficient portion of the on-
coming vehicle to determine whether to pass.
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4.3 DECISION SIGHT DISTANCE
4.3.1 General

At some sites, drivers may be required to make decisions where the highway environment is
difficult to perceive or where unexpected maneuvers are required. These are areas of
concentrated demand where the roadway elements, traffic volumes and traffic control devices
may all compete for the driver's attention. This relatively complex environment may increase
the required driver perception/reaction time beyond that provided by the SSD values (i.e., 2.5
seconds) and, in some locations, the desired vehicular maneuver may be a speed/path/direction
change rather than a stop. At these locations, the designer should consider providing decision
sight distance to provide an additional margin of safety.

Figure 4.3-A provides decision sight distances according to the type of avoidance maneuver.
The avoidance maneuvers assumed in the development of Figure 4.3-A are:

. Avoidance Maneuver A: Stop on rural road.

. Avoidance Maneuver B: Stop on urban road.

. Avoidance Maneuver C: Speed/path/direction change on rural road.

° Avoidance Maneuver D: Speed/path/direction change on suburban road.
° Avoidance Maneuver E: Speed/path/direction change on urban road.

4.3.2 Applications

In general, the designer should consider using decision sight distance at any relatively complex
location where the driver perception/reaction time may exceed 2.5 seconds. Example locations
where decision sight distance may be a factor include:

o freeway exit/entrance gores;

° freeway lane drops;

. freeway left-side entrances or exits;

. intersections near or on a horizontal curve;

° highway/railroad grade crossings;

° approaches to detours and lane closures;

° high-speed, high-volume urban arterials with considerable roadside friction; and/or
° isolated traffic signals on high-speed rural highways.

As with SSD, the driver height of eye is 3.5 feet and the height of object is typically 2.0 feet.
Candidate sites (e.g., freeway exit gores) for decision sight distance may also be candidate
sites for assuming that the object is the pavement surface (i.e., a 0.0-foot height of object).
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Design Decision Sight Distance for Avoidance Maneuver (ft)
Speed
(mph) A B C D E
30 220 490 450 535 620
35 275 590 525 625 720
40 330 690 600 715 825
45 395 800 675 800 930
50 465 910 750 890 1030
55 535 1030 865 980 1135
60 610 1150 990 1125 1280
65 695 1275 1050 1220 1365
70 780 1410 1105 1275 1445
75 875 1545 1180 1365 1545
80 970 1685 1260 1455 1650
Notes:

Avoidance Maneuver A:
Avoidance Maneuver B:
Avoidance Maneuver C:
Avoidance Maneuver D:
Avoidance Maneuver E:

Stop on rural road.

Stop on urban road.

Speed/path/direction change on rural road.
Speed/path/direction change on suburban road.
Speed/path/direction change on urban road.

DECISION SIGHT DISTANCE
Figure 4.3-A
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4.4 INTERSECTION SIGHT DISTANCE

For an at-grade intersection to operate properly, the designer should provide sufficient sight
distance for a driver to perceive potential conflicts and to perform the actions required to
negotiate the intersection safely. The additional costs and impacts of removing sight
obstructions are often justified.

In general, intersection sight distance (ISD) refers to the corner sight distance available in
intersection quadrants that allows a driver at an intersection to observe the actions of vehicles
on the crossing leg(s). ISD evaluations involve establishing a sight triangle in each quadrant by
determining the legs of the triangle on the two intersecting roadways. The clear sight triangle is
based on the type of traffic control at the intersection and on the design speeds of the two
roadways. The types of traffic control and maneuvers are as follows:

. Case A — Intersections with no control (not used by SCDOT)

. Case B - Intersections with stop control on the minor road:
+ Case B1 — Left-turn from the minor road
+ Case B2 - Right-turn from the minor road
+ Case B3 - Crossing maneuver from the minor road

° Case C — Intersections with yield control on the minor road:
+ Case C1 — Crossing maneuver from the minor road (not used by SCDOT)
+ Case C2 — Left or right-turn from the minor road

° Case D - Intersections with traffic signal control

° Case E - Intersections with all-way stop control

° Case F — Left turns from the major road

o Case G — Roundabout

For guidance on these cases, see the AASHTO A Policy on Geometric Design of Highways and
Streets, NCHRP Report 383 Intersection Sight Distance and NCHRP Report 672 Roundabouts:
An Informational Guide.

441 Basic Criteria

The Department uses gap acceptance as the conceptual basis for its 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 4.4-A. The lengths of legs of these sight
triangles are determined as follows:

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 14.5
feet from the edge of traveled way for the major road and in the center of the lane on the
minor road; see Figure 4.4-A. The second part is based on the distance to the center of
the vehicle on the major road. For vehicles approaching from the left, this is assumed
the center of the closest travel lane from the left. For vehicles approaching from the
right, this is assumed to be the center of the closest travel lane for vehicles approaching
from the right; see Figure 4.4-A.
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Stop Sign

L

Major Road
.\"'IZIIIII =
) . 14.5' Edge of
Clez_ar Slght J. l:\__ Traveled Way
Triangle

Location of Eye | ‘

a) Clear Sight Triangle For Viewing
Traffic Approaching From The Left

Stop Sign Minor

Edge of ﬁ i n Clear Sight
Traveled Way \ Ly Triangle

Location of Eye

b) Clear Sight Triangle For Viewing
Traffic Approaching From The Right

Note: Pedestrian crossings, design vehicle geometry and other considerations may warrant
evaluation of distances greater than 14.5 feet.

CLEAR SIGHT TRIANGLES (STOP-CONTROLLED) INTERSECTIONS
Figure 4.4-A
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2. Major Road. The length of the sight triangle leg or ISD along the major road is
determined using the following equation:

Where:

ISD length of sight line along major road, feet
Vimajor = design speed of major road, miles per hour
tg gap acceptance time for entering the major road, seconds

The gap acceptance time (t;) varies according to the design vehicle, maneuver type,
grade on the minor road approach, number of lanes on the major roadway, type of
operation and intersection skew.

3. Height of Eye/Object. The height of eye for passenger cars is assumed 3.5 feet above
the surface of the minor road. The height of object (approaching vehicle on the major
road) is also assumed to be 3.5 feet. An object height of 3.5 feet 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. If there are a sufficient number of trucks to warrant
their consideration, use an eye height of 7.6 feet. If a truck is the applicable entering
vehicle, the object height will still be 3.5 feet for the passenger car on the major road.

Within this clear sight triangle, if practical, the objective is to remove items that obstruct the
driver’s view. In addition, where a crossroad intersects the major road near a bridge on a crest
vertical curve, items such as bridge parapets, piers, abutments, guardrail or the crest vertical
curve itself may restrict the clear sight triangle.

4.4.2 Case B — Intersections with Stop Control on the Minor Road

Where traffic on the minor road of an intersection is controlled by stop signs, the driver of the
vehicle on the minor road should 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 its departure. At a four-leg intersection, the designer should also check the sight
distance to cross the intersection.

4.4.21 Case B1 - Left-Turn from the Minor Road

To determine the ISD for vehicles turning left onto the major road, the designer should use
Equation 4.4-1 and the gap acceptance times (tg) presented in Figure 4.4-B. This will provide
values for sight distance looking right for left-turning vehicles from the minor road as shown in
Figure 4.4-A. Figure 4.4-C solves for Equation 4.4-1 and provides the ISD values for left-turning
design vehicles onto a two-lane level facility. The designer should also consider the following:

1. Multilane Facilities. For multilane facilities, the gap acceptance times presented in
Figure 4.4-B should be adjusted (i.e., add 0.5 second for passenger cars or 0.7 second
for trucks for each additional 12-foot lane) to account for the additional distance required
by the turning vehicle to cross the additional lanes or median.
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2. Medians. The following will apply:

a. For a multilane facility that does not have a median wide enough to store a
design vehicle, divide the median width by 12 feet to determine the lane value
(e.g., for a 4-foot median use 0.33), and then use the criteria in Figure 4.4-B to
determine the appropriate time factor.

b. On facilities with a median wide enough to store the design vehicle (e.g., 3 feet
clearance at both ends of vehicle as measured from the edge of traveled way),
the designer should evaluate the sight distance needed in two separate steps:

. First, with the vehicle stopped on the side road (the bottom portion in
Figure 4.4-D), use the gap acceptance times and distances for a crossing
vehicle (Figures 4.4-B and 4.4-C) to determine the applicable ISD.
Crossing criteria are discussed in Section 4.4.2.3.

. Second, with the vehicle stopped in the median (top portion in Figure
4.4-D), assume a two-lane roadway design and use the adjusted gap
acceptance times and distances for vehicles turning left (Figures 4.4-B
and 4.4-C) to determine the applicable ISD.

3. Approach Grades. If the approach grade on the minor road exceeds 3 percent, add 0.2
seconds to ty for each percent grade.

4, Design Vehicle. A passenger vehicle is used in most ISD design situations. However,
at some intersections (e.g., near truck stops, interchange ramps, schools, grain
elevators), the designer should use the single-unit truck or the tractor/ semitrailer design
vehicle to determine the ISD. The gap acceptance times (ty) for passenger cars, single-
unit and tractor/semitrailer trucks are provided in Figure 4.4-B. ISD values for level, two-
lane roadways are presented in Figure 4.4-C. The eye height for these vehicles is
discussed in Section 4.4.1.
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Design Vehicle Gap Acceptance Time (tg) (sec)
Passenger Car 7.5
Single-Unit Truck 9.5
Tractor/Semitrailer 11.5
Adjustments:
1. Multilane Highways. For left turns onto two-way multilane highways, add 0.5 second for

passenger cars or 0.7 second for trucks for each additional lane from the left, 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.

2. Minor Road Approach Grades. If the approach upgrade on the minor road exceeds 3
percent, add 0.2 seconds for each percent grade.

3. Major Road Approach Grade. Major road grade does not affect calculations.

GAP ACCEPTANCE TIMES
(Left Turns From Minor Road)

Figure 4.4-B
Design Speed ISD (ft)

((\r/nmsjﬁr)) Passenger Cars Single-Unit Trucks | Tractor/Semitrailers
15 170 210 255
20 225 280 340
25 280 350 425
30 335 420 510
35 390 490 595
40 445 560 680
45 500 630 765
50 555 700 850
55 610 770 930
60 665 840 1015
65 720 910 1100
70 775 980 1185
75 830 1050 1270
80 885 1120 1355

Note: These ISD values assume a minor road approach grade less than or equal to 3 percent.
For grades greater than 3 percent, use the equation with an adjusted t,.

INTERSECTION SIGHT DISTANCES
(For Left-Turning Vehicle — Sight Distance Towards the Right on a
Two-Lane Roadway or Street Only)

Figure 4.4-C
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Stop
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Traveled Way
ﬂ\ Location
of Eye

INTERSECTION SIGHT DISTANCE
(Divided Facilities)
Figure 4.4-D

44.2.2 Case B2 - Right-Turn from the Minor Road

To determine the ISD for vehicles turning right onto the major road, the designer should use
Equation 4.4-1 and the gap acceptance times (tg) presented in Figure 4.4-E for vehicles on the
major road approaching from the left. Note that there are no adjustments required for facilities
with medians. The designer should also consider the following:

1. Approach Grades. If the approach grade on the minor road exceeds 3 percent, add 0.1
seconds to ty for each percent grade.

2. Design Vehicle. A passenger vehicle is used in most ISD design situations. However,
at some intersections (e.g., near truck stops, interchange ramps, schools, grain
elevators) the designer should use the single-unit truck or the tractor/semitrailer design
vehicle to determine the ISD. The gap acceptance times (ty) for passenger cars, single-
unit and tractor/semitrailer trucks are provided in Figure 4.4-E. ISD values for level, two-
lane roadways are presented in Figure 4.4-F. The eye height for these vehicles is
discussed in Section 4.4.1.
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Design Vehicle Gap Acceptance Time (tg) (sec)
Passenger Car 6.5
Single-Unit Truck 8.5
Tractor/Semitrailer 10.5
Adjustments:
1. Multilane Highways. For crossing maneuvers where the design vehicle is crossing a major

road with more than two lanes, add 0.5 second for passenger cars or 0.7 second for trucks
for each additional lane in excess of two. See the discussion in Section 4.4.5 for
additional guidance.

2. Approach Grades. If the approach grade on the minor road exceeds 3 percent, add 0.1
second for each percent grade..

GAP ACCEPTANCE TIMES
(Right Turns from Minor Road and Crossing Maneuvers)

Figure 4.4-E
Design Speed ISD (ft)

((\r/nmsjﬁr)) Passenger Cars Single-Unit Trucks | Tractor/Semitrailers
15 145 190 235
20 195 250 310
25 240 315 390
30 290 375 465
35 335 440 545
40 385 500 620
45 430 565 695
50 480 625 775
55 530 690 850
60 575 750 930
65 625 815 1005
70 670 875 1085
75 720 940 1160
80 765 1000 1235

Note: These ISD values apply to the right-turn movement and also to the movement crossing a
two-lane facility without a median.

These ISD values assume a minor road approach grade of 3 percent. For grades
greater than 3 percent, use the equation with an adjusted t,.

TWO-LANE INTERSECTION SIGHT DISTANCES
(Right Turns from Minor Road and Crossing Maneuvers)
Figure 4.4-F
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4423 Case B3 - Crossing Maneuver from the Minor Road

In the majority of cases, the ISD 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:

° 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);

. where the design vehicle must cross more than six travel lanes or, with medians, the
equivalent distance; or

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

Use Equation 4.4-1 and the adjusted gap acceptance times (ty) in Figure 4.4-E to determine the
ISD for crossing maneuvers. Figure 4.4-F presents the applicable ISD values for crossing
maneuvers for a level, two-lane highway with no median. Where medians are present, include
the median width in the overall length to determine the applicable gap time. Divide this width by
12 feet to determine lane value for the crossing maneuver (e.g., for a 15-foot median use 1.25).

44.3 Case D — Intersections with Traffic Signal Control

At intersections with traffic signal control, the first vehicle stopped on one approach should be
visible to the driver of the first vehicle stopped on each of the other approaches. Left-turning
vehicles should have sufficient sight distance to select gaps in oncoming traffic and complete
the left turn (Case F — Section 4.4.5). Check to see if Case B2 ISD (Section 4.4.2.2) is available
for right-turning vehicles. If the Case B2 ISD is not available, this may warrant restricting the
right-turn-on-red movement.

If the traffic signal is to be placed on two-way flashing operations (i.e., flashing yellow on the
major-road approaches and flashing red on the minor-road approaches) under off-peak or
nighttime conditions, then the appropriate departure sight triangles for Case B, both to the left
and to the right, should be provided for the minor road-approaches.

44.4 Case E — Intersections with All-Way Stop Control

For intersections 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 4.4.2.1 are not applicable in this situation. Often,
intersections are converted to all-way stop control to address limited sight distance at the
intersection.

445 Case F — Left Turns from the Major Road

For all intersections, regardless of the type of traffic control, the designer should consider the
sight distance for a stopped vehicle turning left from the major road. The driver will need to see
straight ahead for a sufficient distance to turn left and clear the opposing travel lanes before an
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approaching vehicle reaches the intersection. Sight distance for opposing left turns may be
increased by offsetting the left-turn lanes. This situation is illustrated in Figure 4.4-G.

Use Equation 4.4-1 and the gap acceptance times (t;) from Figure 4.4-H to determine the
applicable I1SD for the left-turning vehicle. Where the left-turning vehicle must cross more than
one opposing lane, add 0.5 second for passenger cars or 0.7 second for trucks for each
additional lane in excess of one. Where medians and/or bike lanes are present and the left-
turns are not offset, the designer will need to consider the median and/or bike lane width in the
same manner as discussed in Section 4.4.2.1. Figure 4.4-| provides the ISD values for typical
design vehicles and two common left-turning situations.

4.4.6 Effect of Skew

Where it is impractical to realign an intersection that is greater than 30 degrees from the
perpendicular, adjust the gap acceptance times (t;) presented in the above sections to account
for the additional travel time required for a vehicle to make a turn or cross a facility. For oblique-
angled intersections, determine the actual path length for a turning or crossing vehicle by
dividing the total distance of the lanes and/or median to be crossed by the sine of the
intersection angle. If the actual path length exceeds the total width of the lanes to be crossed
by 12 feet or more, apply the applicable adjustment factors; see Figure 4.4-J.
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Design Vehicle Gap Acceptance Time (tg) (sec)
Passenger Car 5.5
Single-Unit Truck 6.5
Tractor/Semitrailer 7.5

Adjustments:  Where left-turning vehicles cross more than one opposing lane, add 0.5 second
for passenger cars or 0.7 second for trucks for each additional lane in excess of
one. See Section 4.4.5 for additional guidance on median widths.

GAP ACCEPTANCE TIMES
(Left Turns from Major Road)

Figure 4.4-H
ISD (ft)

Design Speed , , .
(Vingjor) Passenger Cars Single-Unit Trucks | Tractor/Semitrailers
(mph) Crossing | Crossing | Crossing | Crossing | Crossing | Crossing

1lane 2 lanes 1lane 2 lanes 1lane 2 lanes
15 125 135 145 160 170 185
20 165 180 195 215 225 245
25 205 225 240 265 280 305
30 245 265 290 320 335 365
35 285 310 335 375 390 425
40 325 355 385 425 445 485
45 365 400 430 480 500 545
50 405 445 480 530 555 605
55 445 490 530 585 610 665
60 490 530 575 640 665 725
65 530 575 625 690 720 785
70 570 620 670 745 775 845
75 610 665 720 795 830 905
80 650 710 765 850 885 965

Note: Assumes no median on major road.

INTERSECTION SIGHT DISTANCES
(Left Turns from Major Road)
Figure 4.4
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—

ISD to the Right ) - ISD to the Left

Y

A
[
\

w, = W
sSino
Where: W; = Major road traveled way width (feet)
W, = Adjusted width for skew (feet)
0 = Intersection angle (degrees)

SIGHT DISTANCE AT SKEWED INTERSECTIONS
Figure 4.4-J

447 Examples of ISD Applications

The following examples illustrate the application of the ISD criteria:

*kkkkkkk k%

Example 4.4-1

Given: Minor road intersects a four-lane highway with a TWLTL.
Minor road is stop controlled and intersects major road at 90 degrees.
Design speed of the major highway is 45 miles per hour.
All travel lane widths are 12 feet.
The TWLTL width is 15 feet.
Grade on minor road is 1 percent.
Trucks are not a concern.

Problem: Determine the I1SD to the left and right from the minor road.
Solution: The following steps will apply:
1. For the passenger car turning right, the ISD to the left can be determined directly from

Figure 4.4-F. For the 45 miles per hour design speed, the ISD to the left is 430 feet.
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For the passenger car turning left, the ISD to the right must reflect the additional time
required to cross the additional lanes and TWLTL; see Section 4.4.2.1. The following

will apply:

a. First, determine the extra width required by the one additional travel lane and the
TWLTL and divide this number by 12 feet:

(12+15) 2.25 lanes
12
b. Next, multiply the number of lanes by 0.5 second to determine the additional time
required:

(2.25 lanes)(0.5 sec/lane) = 1.125 seconds

C. Add the additional time to the basic gap time of 7.5 seconds and insert this value
into Equation 4.4-1:

ISD = (1.47)(45)(7.5 + 1.125) = 570.5 feet
Provide an ISD of 575 feet to the right for the left-turning vehicle.
Check the crossing vehicle, as discussed in Section 4.4.2.3. The following will apply:

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

w =3.25 lanes
12
b. Next, multiply the number of lanes by 0.5 second to determine the additional time
required:

(3.25 lanes)(0.5 sec/lane) = 1.625 seconds

C. Add the additional time to the basic gap time of 6.5 seconds and insert this value
into Equation 4.4-1:

ISD = (1.47)(45)(6.5 + 1.625) = 540 feet

The 540 feet for the crossing maneuver is less than the 575 feet required for the left-
turning vehicle and, therefore, is not the critical maneuver.

For the passenger car turning left, the ISD to the left can be determined directly from
Figure 4.4-F. For the 45 miles per hour design speed, the ISD to the left is 430 feet.

Example 4.4-2

Minor road intersects a two-lane highway with a TWLTL.
Minor road is stop controlled and intersects major road at 90 degrees.
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Problem:

Solution:

There are 4-foot bike lanes on both sides of the major road.
Design speed of the major highway is 30 miles per hour.
All travel lane widths are 12 feet.

The TWLTL width is 15 feet.

Grade on minor road is 1 percent.

Trucks are not a concern.

Determine the ISD to the left and right from the minor road.

The following steps will apply:

1. For the passenger car turning right, the ISD to the left can be determined directly from
Figure 4.4-F. For the 30 miles per hour design speed, the ISD to the left is 290 feet.

2. For the passenger car turning left, the ISD to the right must reflect the additional time
required to cross the additional bike lane and TWLTL; see Section 4.4.2.1. The
following will apply:

a.

First, determine the extra width required by the additional bike lane and the
TWLTL and divide this number by 12 feet:

w =1.58 lanes

Next, multiply the number of lanes by 0.5 second to determine the additional time
required:

(1.58 lanes)(0.5 sec/lane) = 0.79 seconds

Add the additional time to the basic gap time of 7.5 seconds and insert this value
into Equation 4.4-1:

ISD = (1.47)(30)(7.5 + 0.79) = 365.6 feet

Provide an ISD of 370 feet to the right for the left-turning vehicle.

3. Check the crossing vehicle, as discussed in Section 4.4.2.3. The following will apply:

a.

First determine the extra width required by the two additional bike lanes and the
TWLTL and divide this number by 12 feet:

(4+4+15)
12

=1.92 lanes

Next, multiply the number of lanes by 0.5 second to determine the additional time
required:

(1.92 lanes)(0.5 sec/lane) = 0.96 seconds

Add the additional time to the basic gap time of 6.5 seconds and insert this value
into Equation 4.4-1:
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ISD = (1.47)(30)(6.5 + 0.96) = 329.0 feet

Use 330 feet. The 330 feet for the crossing maneuver is less than the 370 feet required
for the left-turning vehicle and, therefore, is not the critical maneuver.

Example 4.4-3

Given: Minor road intersects a four-lane divided highway.
Minor road is stop controlled and intersects major road at 90 degrees.
Design speed of the major highway is 60 miles per hour.
All travel lane widths are 12 feet.
The median width is 50 feet.
Grade on minor road is 4 percent.
Grade in median is 1 percent.
The design vehicle is a 64-passenger school bus that is 35.8 feet long.
Problem: Determine the ISD to the left and right from the minor road.
Solution: The following steps apply:

For a school bus, assume an SU design vehicle.

1.

For the school bus turning right, the ISD to the left can be determined using Equation
4.4-1. Because the grade exceeds 3%, add 0.1 seconds to the 8.5 seconds for the
school bus time gap. Using Equation 4.4-1 directly:

ISD = (1.47)(60)(8.5 + 0.01) = 858.5 feet
Provide an ISD of 860 feet to the left for the right-turning vehicle.

Determine if the crossing maneuver is critical; see Section 4.4.2.3. Also, because the
approach is greater than 3 percent, the gap time needs to be increased by 0.1 second
for the additional grade (4% - 3%). Using Equation 4.4-1 directly and Figure 4.4-F:

ISD = (1.47)(60)(8.5+.01) = 858.5 feet; use 860 feet
The crossing maneuver ISD is the same distance as the right-turning maneuver.

For the school bus turning left, it can be assumed the school bus can safely stop in the
median (i.e., 50 feet minus 35.8 feet). The ISD to the right can be determined directly
from Figure 4.4-C. For the 60 miles per hour design speed, the ISD to the right for the
left turn is 840 feet. The crossing maneuver will not be critical.

Example 4.4-4

Given:

Minor road intersects a four-lane divided highway.

Minor road is stop controlled and intersects major road at 90 degrees.
Design speed of the major highway is 50 miles per hour.

All travel lane widths are 12 feet.
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Existing median width is 24 feet.
Turn occurs from the 12 foot left-turn lane.
Trucks are not a concern.

Problem: Determine the ISD for a vehicle turning left from the major road.
Solution:

The median is too narrow to store the turning vehicle. Therefore, the turning movement must be
made in one motion. For the passenger car turning left, the ISD must reflect the additional time
required to cross the median and additional lanes; see Section 4.4.5. The following will apply:

1. First, determine the extra width required by the one additional travel lane and the median
width minus the left-turn lane and divide this number by 12 feet:

(12 +24-12)
12

= 2lanes

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

(2 lanes)(0.5 sec/lane) = 1.0 seconds

3. Add the additional time to the basic gap time of 5.5 seconds and insert this value into
Equation 4.4-1:

ISD = (1.47)(50)(5.5 + 1.0) = 477.8 feet

Provide an ISD of 480 feet for the left-turning vehicle.

*kkkkkkk k%
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4.5 SIGHT DISTANCES AT ROUNDABOUTS

Sight distance must also be verified for any roundabout design to ensure that sufficient distance
is available for drivers to perceive and react to the presence of conflicting vehicles, pedestrians
and bicyclists.

4.5.1 Stopping Sight Distance

The stopping sight distance provided in Figure 4.1-A should be provided at every point within a
roundabout and on each entering and exiting approach. When applying the SSD values, the
height of eye is assumed to be 3.5 feet and the height of object 2 feet. The designer should
check the stopping sight distances at the following critical locations (see Figure 4.5-A):

. approach sight distance (Figure 4.5-A(a)),
. circulatory roadway sight distance (Figure 4.5-A(b)), and
° sight distance to crosswalk on exit (Figure 4.5-A(c)).

4.5.2 Intersection Sight Distance

Intersection sight distance is determined by the use of the sight triangle. This triangle is
bounded by a length of roadway defining a limit away from the intersection on each of the two
conflicting approaches and by a line connecting those two limits. For roundabouts, these legs
follow the curvature of the roadway and, therefore, the distances are measured along the
vehicular path; see Figure 4.5-B. The height of eye for passenger cars is assumed 3.5 feet
above the pavement surface. The height of object is also assumed to be 3.5 feet. There are
two conflicting approaches that must be checked independently.

1. Approach Leg. The length of the approach leg of the sight triangle should be limited to
50 feet. Research has shown that greater distances results in a higher frequency of
crashes.

2. Conflicting Legs. A vehicle approaching an entry to a roundabout faces conflicting
vehicles within the circulatory roadway and on the immediate upstream entry. The
critical headway for entering the major road (t.) is assumed to be 5.0 seconds for
passenger cars. T, is substituted for gap acceptance time in Equation 4.4-1 to
calculated ISD. To determine the design speed for each conflicting stream, the designer
should use the following:

a. Entering Stream. The entering stream is composed of vehicles from the
immediate upstream entry. The speed of this movement can be approximated by
taking the average of the entering speed and the circulating speed.

b. Circulating Stream. The circulating stream is composed of vehicles that enter the
roundabout prior to the immediate upstream entry. This speed can be
approximated by the speed of left-turning vehicle.
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Legend
d = Stopping Sight Distance
Related to Approaching Speed

Location of Eye

d (to Yield Line) '

a) SSD at Approach

Legend
d = Distance Related to Stopping

Sight Distance and Circulatory
Speed

Location of Eye

¢) SSD at Exit

STOPPING SIGHT DISTANCE AT ROUNDABOUTS
Figure 4.5-A
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Legend
d4 = Entering Stream Distance

d, = Circulating Stream Distance

Line of Sight

INTERSECTION SIGHT DISTANCE AT ROUNDABOUTS
Figure 4.5-B

453 Example of ISD at Roundabouts

The following example illustrates how to determine ISD at a roundabout.

kkkkkkk k%

Example 4.5-1

Given: Two urban collectors intersect with a single-lane roundabout.
Each collector has a design speed of 35 miles per hour.
The entry to the roundabout is designed with a 25 miles per hour design speed.
The circulatory design speed within the roundabout is 20 miles per hour.

Problem: Determine the ISD for the two critical movements within the roundabout.
Solution: The following steps will apply:
1. As discussed in Section 4.5.2, first determine the ISD from the entry approach to the first

entry approach to the left (d, in Figure 4.5-B). The following will apply:

a. First, determine the average of the entry speed and circulatory speed:
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(25 + 20)
2

=22.5 mph

b. Use this average speed and the gap time of 5 seconds in Equation 4.1-1.:
ISD = (1.47)(22.5)(5.0) = 165.4 feet

Provide an ISD of 170 feet to the first entry point on the left.

2. Next, check the ISD within the circulatory road (d, in Figure 4.5-B) using Equation 4.1-1
and the gap time of 5.0 seconds:

ISD = (1.47)(20)(5.0) = 147.0 feet

Ensure that 150 feet available to a vehicle traveling within the roundabout.
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Chapter 5
HORIZONTAL ALIGNMENT

This chapter presents SCDOT criteria for the design of horizontal alignment elements. This
includes horizontal curvature, superelevation and sight distance around horizontal curves.

5.1 DEFINITIONS

The following presents definitions for the basic elements of horizontal alignment:

1. Broken-Back Curves. Closely spaced horizontal curves with deflection angles in the
same direction with an intervening, short tangent section (less than 1500 feet).

2. Compound Curves. A series of two or more simple curves with deflections in the same
direction immediately adjacent to each other without a tangent section.

3. Design Superelevation (eq). The amount of cross slope or bank provided on a horizontal
curve to counterbalance, in combination with the side friction, the centrifugal force of a
vehicle traversing the curve.

4, Low-Speed Urban Streets. All streets within urbanized or small urban areas with a
design speed of 45 miles per hour or less.

5. Maximum_Relative Gradient (A). For superelevation transition sections on two-lane
facilities, the relative gradient between the centerline profile grade and edge of traveled
way grade.

6. Maximum Side Friction (fmax). Limiting values selected by AASHTO for use in the design

of horizontal curves. The designated fmax values represent a threshold of driver
discomfort and not the point of impending skid.

7. Maximum _Superelevation (emax). An overall superelevation control used on a
widespread basis. Its selection depends on several factors including type of area (rural
or urban), design speed and climate.

8. Normal Crown (NC). The typical cross slope on a tangent section of roadway (i.e., no
superelevation).

9. Open-Roadway Conditions. Rural facilities for all design speeds and urban facilities with
a design speed greater than 45 miles per hour.

10. Point of Revolution. The point about which the pavement is revolved to superelevate the
roadway.
11. Remove Adverse Crown (RC). A superelevated roadway section that is sloped across

the entire traveled way in the same direction and at a rate equal to the cross slope on
the tangent section (typically 2.00 percent).
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12.

13.

14.

15.

Reverse Curves. Two simple curves with deflections in opposite directions that are
joined by a relatively short tangent distance or that have no intervening tangent (i.e., the
PT and PC are at the same point).

Side Friction (f). The interaction between the tire and the pavement surface to
counterbalance, in combination with the superelevation, the centrifugal force or lateral
acceleration of a vehicle traversing a horizontal curve.

Simple Curves. Continuous arcs of constant radius that achieve the necessary highway
deflection without an entering or exiting transition.

Superelevation Transition Length. The distance required to transition the roadway from
a normal crown section to the design superelevation rate. Superelevation transition
length is the sum of the tangent runout and superelevation runoff distances:

a. Tangent Runout (L;). The length of roadway needed to accomplish a change in
outside-lane cross slope from the normal cross slope rate to zero (flat), or vice
versa.

b. Superelevation Runoff (L;). The length of roadway needed to accomplish a

change in outside-lane cross slope from zero (flat) to the design superelevation
(eq), or vice versa.



March 2017 HORIZONTAL ALIGNMENT 52-1

5.2 HORIZONTAL CURVES

Horizontal curves are, in effect, transitions between two tangents. These deflectional changes
are necessary in virtually all highway alignments to avoid impacts on a variety of field conditions
(e.g., right of way, natural features, man-made features). Figure 5.2-A illustrates a simple
horizontal curve.

5.2.1 General Theory

This section briefly summarizes the theoretical basis for the design of horizontal curves. For
more information, the designer should review the latest edition of AASHTO A Policy on
Geometric Design of Highways and Streets.

5.21.1 Basic Curve Equation

The point-mass formula is used to define vehicular operation around a curve. Where the curve
is expressed using its radius, the basic equation for a simple curve is:

V] 2
=— ¢ (Equation 5.2-1)
15 (e  +f)
Where:
R = radius of curve, feet
€4 = design superelevation rate, decimal
f = side-friction factor, decimal
Vg = design speed, miles per hour

To convert to the degree-of-curve definition for a horizontal curve, use the following equation:

 100x360 572958
27R R

D

(Equation 5.2-2)

Where:

D
R

degree of curve, degrees
radius of curve, feet
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Any Point on Curve

L' = Arc Length to
Any Point on Curve

Notes

_ . . A
Pl = Point of Intersection of Tangents E = Ttan| —
PC = Point of Curvature (Beginning of Curve) (4)
PT = Point of Tangency (End of Curve) A
R = Radius of Curve, feet T = R tan(—j where A is expressed as a decimal
C = Mid-point of Long Chord 2
A = Deflection Angle Between Tangents or A

Central Angle, degrees LC = ZTKCOS(—jj
T = Tangent, Distance, feet 2
LC = Length of Long Chord, feet A
L = Length of Curve, feet M = R(l - cos(—D
E = External Distance, feet 2
M = Middle Ordinate AR
) 57.2958

SIMPLE HORIZONTAL CURVE ELEMENTS
Figure 5.2-A
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5.2.1.2 Theoretical Approaches

Establishing horizontal curvature criteria requires a determination of the theoretical basis for the
various factors in the basic curvature equations. These include the side-friction factor (f) and
the distribution method between side friction and superelevation. The theoretical basis will be
one of the following:

1. Open-Roadway Conditions. The theoretical basis for horizontal curvature assuming
open-roadway conditions includes the use of AASHTO Method 5 to distribute side
friction and superelevation; see Section 5.3.2. Open-roadway conditions apply to all
rural facilities and all urban facilities where the design speed (Vq) > 45 miles per hour.

2. Low-Speed Urban Streets. The theoretical basis for horizontal curvature assuming low-
speed urban street conditions includes the use of AASHTO Method 2 to distribute side
friction and superelevation; see Section 5.3.3. Low-speed urban streets are defined as
streets within an urban or urbanized area where the design speed (Vq4) < 45 miles per
hour.

5.2.1.3 Superelevation

Superelevation allows a driver to negotiate a curve at a higher speed than would otherwise be
comfortable. Superelevation and side friction work together to offset the outward pull of the
vehicle as it traverses the horizontal curve. In highway design, it is necessary to establish
limiting values of superelevation (emax) based on the operational characteristics of the facility.
See Section 5.3.1.

5214 Side Friction
AASHTO has established limiting side-friction factors (f) for various design speeds. It is
important to understand that the f values used in design represent a threshold of driver

discomfort and not the point of impending skid. See Figures 5.2-B through 5.2-D for maximum
design f values.

5.2.2 Types of Horizontal Curves

5221 General

This section discusses the types of horizontal curves that may be used to achieve the
necessary roadway deflection. For each type, the discussion briefly describes the curve and
presents the SCDOT usage of the curve type.
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Design Speed, ¢ Minimum Radii,
(Va) (miles per hour) me Rmin* (feet)
25 0.23 134
30 0.20 214
35 0.18 314
40 0.16 444
45 0.15 587
50 0.14 758
55 0.13 960
60 0.12 1200
65 0.11 1480
70 0.10 1810
75 0.09 2210
* de
Romin =
15 (emax +fmax )
MINIMUM RADII (emax = 8.0 Percent)
Figure 5.2-B
Design Speed, ¢ Minimum Radii,
(Va) (miles per hour) mex Rmin* (feet)

20 0.27 81
25 0.23 144
30 0.20 231
35 0.18 340
40 0.16 485
45 0.15 643
50 0.14 833

V,°

15 (emax +fmax )

*
min

MINIMUM RADII (emax = 6.0 Percent)

Figure 5.2-C
Design Speed, ¢ Minimum Radii,
(Va) (miles per hour) me Rmin* (feet)
20 0.27 86
25 0.23 154
30 0.20 250
35 0.18 371
40 0.16 533
45 0.15 711
N Vo'
™ 15(€ max e )

MINIMUM RADII (emax = 4.0 Percent)
Figure 5.2-D
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5.2.2.2 Simple Curves

Simple curves are continuous arcs of constant radius that achieve the necessary roadway
deflection without an entering or exiting transition. The radius (R) defines the circular arc that a
simple curve will transcribe. All angles and distances for simple curves are computed in a
horizontal plane; see Figure 5.2-A.

Because of their simplicity and ease of design, survey and construction, SCDOT typically uses
the simple curve design on its highways.

5.2.2.3 Compound Curves

Compound curves are a series of two or more simple curves of different radii with deflections in
the same direction. Exercise caution when considering the use of compound curves and avoid
their use where curves are sharp. Compound curves with large differences in radius introduce
the same concerns that arise at tangent approaches to circular curves. SCDOT only uses
compound curves on a roadway mainline to maintain a desired alignment or to meet field
conditions (e.g., to avoid obstructions that cannot be relocated, restricted right of way) where a
simple curve is not applicable. When a compound curve is used on a highway mainline, the
radius of the flatter circular arc (R1) should not be more than 50 percent greater than the radius
of the sharper circular arc (R>); i.e., R1 < 1.5 R.. These design guidelines for compound curves
are developed on the premise that travel is in the direction of sharper curvature. For the
acceleration condition, the 2:1 ratio is not as critical and may be exceeded.

Chapter 9 “Intersections” discusses the use of compound curves for intersections (e.g., curb
radii, turning roadways). Chapter 10 “Interchanges” discusses the use of compound curves on
interchange ramps.

5.2.24 Reverse Curves

Reverse curves are two simple curves with deflections in opposite directions that are joined by a
relatively short tangent distance. Avoid abrupt reversals in alignment. Such changes in
alignment make it difficult for drivers to keep within their own lane. It is also difficult to
superelevate both curves adequately, and erratic operations may result. See Section 5.3.7 for
superelevation development of reverse curves. The distance between reverse curves should be
the sum of the superelevation runoff lengths and the tangent runout lengths. If sufficient
distance (e.g., more than 300 feet) is not available to permit the tangent runout lengths, there
may be a significant portion of the roadway where the centerline and the edges of roadway are
at the same elevation and poor transverse drainage is likely. In this case, increase the
superelevation runoff lengths until they adjoin (i.e., there is only one instantaneous level
section). In rural areas, desirably provide at least 500 feet between the PT and PC of the two
curves for appearance.

5.2.25 Broken-Back Curves

Broken-back curves are closely spaced horizontal curves with deflection angles in the same
direction with an intervening, short tangent section (less than 1500 feet) from PT to PC.
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Desirably, limit the use of broken-back curves on the highway mainline for the following
reasons:

° Except on circumferential highways, most drivers do not expect successive curves to be
in the same direction, which may confuse a driver.

° Broken-back curves may cause problems with superelevation development (i.e., they
may require continuous superelevation).

° Broken-back alignments are not pleasing in appearance. Even if the tangent between

the curves is of considerable length, the alignment may be unpleasant in appearance if
both curves are clearly visible.

5.2.3 Minimum Radii

The minimum radius is calculated using Equation 5.2-1 and the applicable values of emax and
fmax. See Figures 5.2-B, 5.2-C and 5.2-D. In most cases, the designer should limit the use of
minimum radii because this results in the use of maximum superelevation rates.

5.2.4 Maximum Deflection Without Curve

As a guide, the designer may retain deflection angles of approximately 1 degree or less (urban)
and 0 degree 30 minutes or less (rural) on the roadway mainline. For these angles, the
absence of a horizontal curve should not affect aesthetics. The larger deflection angles for lane
shifts that are based on the formulas L=WS or L=WS?60 are acceptable where the through
lanes are shifted to add turn lanes at intersections. See Section 9.5.3 for additional guidance.

5.25 Minimum Length of Curve

For small deflection angles, horizontal curves should be sufficiently long to avoid the
appearance of a kink. For aesthetics, a minimum 500-foot length of curve for a 5-degree central
angle will eliminate the sense of abruptness. Where the central angle is less than 5 degrees,
see Figure 5.2-E for the minimum length of curve. The designer should also consider the
following:

1. Urban Streets. The minimum length of curves on low-speed urban streets will be
determined on a case-by-case basis.

2. All Major Highways. The minimum length of curve should be 15V, where Vq4 equals the
design speed in mph.

3. Freeways. For aesthetics, it is desirable that the minimum length of curve be 30Vq.
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Deflection Angle Minimum Length (Feet)
5°00’ 500
4°30’ 550
4°00’ 600
3°30’ 650
3°00’ 700
2°30’ 750
2°00’ 800

MINIMUM LENGTHS OF CURVE
Figure 5.2-E

5.2.6 Traveled Way Widening

Traveled way widening may be considered on the inside edge of horizontal curves on two-lane
highways 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. Known problem areas (e.g., where the inside shoulder has broken up) may warrant
widening.

To determine if widening is required, the designer should only consider the largest expected
vehicle that will routinely use the road or street. Where used, apply the widening to the inside
edge of the pavement. The transition distance for traveled way widening should equal the
superelevation transition length and be applied with the superelevation transition. See the
SCDOT Standard Drawings for further design guidance.

5.2.7 Design Controls

As discussed elsewhere in Chapter 5, the design of horizontal alignment involves, to a large
extent, complying with specific limiting criteria. These include minimum radii, superelevation
rates and sight distance around curves. In addition, the designer should adhere to certain
design principles and controls that will determine the overall safety of the facility and will
enhance the aesthetic appearance of the highway. These design principles include:

1. Consistency. Alignment should be consistent. Avoid sharp curves at the ends of long
tangents and sudden changes from gentle to sharply curving alignment.

2. Directional. Alignment should be as directional as practical and consistent with physical
and economic constraints. On divided highways, a flowing line that conforms generally
to the natural contours is preferable to one with long tangents that slash through the
terrain. Directional alignment will be achieved by using the smallest practical central
angles.

3. Use of Minimum Radii. Do not use minimum radii, if practical, especially in level terrain.
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10.

11.

12.

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

Alighment Reversals. Avoid abrupt reversals in alignment (reverse curves). Provide a
sufficient tangent distance between the curves to ensure proper superelevation
transitions for both curves and to allow time for the motorist to perceive the next decision
point.

Broken-Back Curvature.  Avoid broken-back curves. This arrangement is not
aesthetically pleasing, violates driver expectancy and may create undesirable
superelevation development requirements.

Compound Curves. Limit the use of compound curves on highway mainline.

Coordination_with Natural/Man-Made Features. The designer should coordinate the
horizontal alignment with the existing alignment at the ends of new projects, natural
topography, available right of way, utilities, roadside development and natural/man-made
drainage patterns.

Environmental Impacts. Horizontal alignment should be properly coordinated to avoid or
minimize environmental impacts (e.g., encroachment onto wetlands).

Intersection _and Travel Lane Tapers. Horizontal alignment through intersections
presents special considerations (e.g., intersection sight distance, superelevation
development, crossover crowns). See Chapter 9 “Intersection” for the design of
intersections and tapers.

Coordination with Vertical Alignment. Section 6.2.2 discusses general design principles
for the coordination between horizontal and vertical alignments.

Bridges. Horizontal alignment must be coordinated with the location of bridges.
Evaluate the need for curvature and superelevation development for each bridge
location. Avoid superelevation transitions on bridges, if practical, to facilitate bridge
design and construction. Also, consider crossing angles between the mainline and other
features. It is preferable for the mainline to intersect other features at right angles.
Skewed crossing can impact the structural design of bridges and skewed bridges
typically are more expensive to design and to construct. In addition, the structural
response of a skewed bridge to seismic and thermal loads can be significantly altered by
the skew angle of the bridge substructure. When a skewed crossing cannot be avoided,
strive to minimize the angle of the skew.
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5.3 SUPERELEVATION

The SCDOT Standard Drawings includes a graphical presentation of typical Department
practices for superelevation development (e.g., point of revolution, distribution of superelevation
between tangent and curve). Section 5.3 provides an elaboration on SCDOT's superelevation
practices.

53.1 General
5311 Distribution of Superelevation and Side Friction

As discussed in Section 5.2.3, the minimum radius is based on emax and fmax that apply to the
facility. For curvature flatter than the minimum, a methodology must be applied to distribute
superelevation and side friction for a given radius and design speed. The following describes
these distribution methods:

1. Open-Roadway Conditions. Superelevation and side friction are distributed by AASHTO
Method 5, which allows e and f to gradually increase in a curvilinear manner up to €max
and fnmax. This method vyields superelevation rates for which the superelevation
counteracts nearly all lateral acceleration at the average running speed and, therefore,
considerable side friction is available for those drivers who are traveling near or above
the design speed. Section 5.3.2 presents the superelevation rates that result from the
use of Method 5.

2. Low-Speed Urban Streets. Superelevation and side friction are distributed by AASHTO
Method 2, which allows f to increase up to fnax before any superelevation is introduced.
The practical effect of AASHTO Method 2 is that superelevation is rarely warranted on
low-speed urban streets (Vg < 45 mph). For this method of distribution, the
superelevation rates may be calculated directly from Equation 5.2-1 using f = fmax.
Section 5.3.3 presents the superelevation rates that result from the use of Method 2.

The distribution methodology for superelevation and side friction determines the development of
superelevation criteria presented in Sections 5.3.2 and 5.3.3.

5.3.1.2 Maximum Superelevation Rate

As discussed in Section 5.2, the selection of a maximum rate of superelevation (emax) depends
upon several factors. These include design speed, urban/rural location, type of existing or
expected roadside development, type of traffic operations expected and prevalent climatic
conditions within South Carolina. For new construction/reconstruction projects, Figure 5.3-A
summarizes the Department’s selection of emax.



5.3-2 HORIZONTAL ALIGNMENT March 2017

Design Speed (mph)
20 25 30 35 40 45 50 55 60 65 70 75

€max= 6% All Rural Facilities and

?Suburban Avrterial/Collector Facilities

€ max= 4%

All Local Urban Facilities and
Urban Arterial/Collector Facilities

0.74% 0.70% 0.66% 0.62% 0.58% 0.54% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Superelevation Maximum Relative Gradient (A)

APPLICATION OF emax AND MAXIMUM RELATIVE GRADIENTS
Figure 5.3-A

5.3.2 Superelevation (Open-Roadway Conditions)

Open-roadway conditions are typically used on all rural highways and all urban facilities where
Vg > 45 miles per hour. These types of facilities generally exhibit relatively uniform traffic
operations. Therefore, for superelevation development, the flexibility normally exists to design
horizontal curves with the more conservative AASHTO Method 5 (for distribution of
superelevation and side friction).

Based on the selection of emax and the use of AASHTO Method 5 to distribute e and f, the
following figures allow the designer to select the design superelevation rate (eq) for any
combination of radius of curvature (R) and design speed (Vq):

Figure 5.3-B applies to emax = 8 percent for Vq = 50 to 75 miles per hour.

Figure 5.3-C applies to emax = 6 percent for Vq = 30 to 50 miles per hour.

Figure 5.3-D applies to emax = 4 percent for Vq = 20 to 45 miles per hour.

Figure 5.3-E applies to emax = 8 percent for interchange ramps with Vg4 = 25 to 65 miles
per hour.

PwOnNPE

A horizontal curve with a sufficiently large radius does not require superelevation, and the
normal crown section (NC) used on tangent can be maintained throughout the curve. This will
apply for any radii greater than that shown in the first row of Figures 5.3-B, 5.3-C, 5.3-D and
5.3-E. On sharper curves for the same design speed, a point is reached where a uniform
superelevation rate of 2.00 percent (the normal cross slope) is provided across the total traveled
way (i.e., remove adverse crown (RC)). The radii noted in the second row (RC) in the figures
are the curve radii where the RC applies. For sharper radii, superelevation rates steeper than
2.00 percent are necessary.
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Super- Vg =50 mph Vg4 = 55 mph Vg =60 mph Vg4 = 65 mph
elevation . . . .
ey Radius (ft) L, (ft) Radius (ft) L, (ft) Radius (ft) L, (ft) Radius (ft) L, (ft)
NC R =8150 - R 29720 - R 211500 - R 212900 -
RC 5990 <R < 8150| 48 7150 <R < 9720| 48 8440 <R < 11500 48 9510 <R <12900 48
2.2% 5400 <R < 5990| 53 6450 <R < 7150| 53 7620 <R < 8440| 53 8600 <R < 9510 53
2.4% 4910 <R < 5400 58 5870 <R < 6450| 58 6930 <R < 7620| 58 7830 <R < 8600 58
2.6% 4490 <R < 4910 62 5370 <R < 5870| 62 6350 <R < 6930| 62 7180 <R < 7830 62
2.8% 4130 <R < 4490 67 4950 <R < 5370| 67 5850 <R < 6350| 67 6630 <R < 7180 67

3.0% 3820 <R < 4130| 72 4580 <R < 4950| 72 5420 <R < 5850 | 72 6140 <R < 6630 72
3.2% 3550 <R < 3820| 77 4250 <R < 4580| 77 5040 <R < 5420| 77 5720 <R < 6140 7
3.4% 3300 <R < 3550| 82 3970 <R < 4250| 82 4700 <R < 5040| 82 5350 <R < 5720 82

3.6% 3090 <R < 3300| 86 3710 <R < 3970| 86 4400 <R < 4700| 86 5010 <R < 5350 86
3.8% 2890 <R < 3090| 91 3480 <R < 3710| 91 4140 <R < 4400| 91 4710 <R < 5010 91
4.0% 2720 <R < 2890| 96 3270 <R < 3480| 96 3890 <R < 4140| 96 4450 <R < 4710 96

4.2% 2560 <R < 2720| 101 3080 <R < 3270| 101 3670 <R < 3890| 101 4200 <R < 4450| 101
4.4% 2410 <R < 2560| 106 2910 <R < 3080| 106 3470 <R < 3670| 106 3980 <R < 4200| 106
4.6% 2280 <R < 2410| 110 2750 =R < 2910| 110 3290 <R < 3470| 110 3770 <R < 3980| 110

4.8% 2160 <R < 2280| 115 2610 =R < 2750| 115 3120 <R < 3290| 115 3590 <R < 3770 115
5.0% 2040 <R < 2160| 120 2470 =R < 2610| 120 2960 <R < 3120| 120 3410 <R < 3590 120
5.2% 1930 =R < 2040| 125 2350 =R < 2470| 125 2820 <R < 2960| 125 3250 <R < 3410 125

5.4% 1830 <R < 1930| 130 2230 =R < 2350| 130 2680 <R < 2820| 130 3110 <R < 3250| 130
5.6% 1740 <R < 1830| 134 2120 =R < 2230| 134 2550 <R < 2680 | 134 2970 <R < 3110| 134
5.8% 1650 <R < 1740| 139 2010 =R < 2120| 139 2430 <R < 2550| 139 2840 <R < 2970| 139

6.0% 1560 =R < 1650 | 144 1920 <R < 2010 144 2320 <R < 2430| 144 2710 <R < 2840 144
6.2% 1480 =R < 1560 | 149 1820 =R < 1920 149 2210 <R < 2320| 149 2600 <R < 2710 149
6.4% 1400 =R < 1480| 154 1730 <R < 1820 154 2110 <R < 2210| 154 2490 <R < 2600 154

6.6% 1330 <R < 1400| 158 1650 =R < 1730 158 2010 =R < 2110| 158 2380 <R < 2490| 158
6.8% 1260 <R < 1330| 163 1560 <R < 1650 163 1910 <R < 2010| 163 2280 <R < 2380| 163
7.0% 1190 <R < 1260| 168 1480 <R < 1560 168 1820 <R < 1910| 168 2180 <R < 2280| 168

7.2% 1120 <R < 1190| 173 | 1400 <R< 1480| 173 | 1720 <R < 1820| 173 | 2070 <R < 2180| 173
7.4% 1060 <R < 1120| 178 | 1320 <R< 1400| 178 | 1630 sR< 1720| 178 | 1970 <R < 2070| 178
7.6% 980 <R < 1060| 182 | 1230 <R< 1320| 182 | 1530 <R< 1630| 182 | 1850 <R< 1970| 182
7.8% 901 <R< 980| 187 | 1140 <R< 1230| 187 | 1410 <R< 1530| 187 | 1720 <R< 1850| 187
8.0% 758 <R< 901| 192 960 <R < 1140 192 | 1200 <R < 1410| 192 | 1480 <R < 1720| 192
Key to Table:
R = Radius of curve in feet.
Vg = Design speed in miles per hour.
es = Design superelevation rate shown as a percent.
Lr = Minimum length of superelevation runoff in feet from adverse cross slope removed (cross slope of
outside lane is level) to full superelevation for a two-lane highway and the point of revolution about
the centerline. Add the calculated tangent runout length to this number. Values in table assume 12-
foot lane widths. Use Equation 5.3-1 for other lane widths.
NC = Normal crown (2.00 percent typical).
RC = Remove adverse crown (i.e., superelevate traveled way at nhormal cross slope) (2.00 percent typical).

SUPERELEVATION RATE (eq) (emax = 8.0 Percent)
(All Facilities)
Figure 5.3-B
(continued on next page)
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Super- Vg4 =70 mph Vg =75 mph
levati
€ e‘g on Radius (ft) L, (ft) Radius (ft) L, (ft)
NC R = 14500 - R = 16100 -

RC 10700 < R <14500( 48 12000 =R < 16100 | 48
2.2% 9660 <R <10700( 53 10800 <R < 12000 | 53
2.4% 8810 <R < 9660| 58 9850 <R <10800 | 58
2.6% 8090 <R < 8810| 62 9050 <R < 9850 | 62
2.8% 7470 <R < 8090| 67 8370 <R < 9050 | 67
3.0% 6930 <R < 7470| 72 7780 <R < 8370 | 72
3.2% 6460 <R < 6930| 77 7260 <R < 7780 | 77
3.4% 6050 <R < 6460| 82 6800 <R < 7260 | 82
3.6% 5680 <R < 6050| 86 6400 <R < 6800 | 86
3.8% 5350 <R < 5680| 91 6030 <R < 6400 | 91
4.0% 5050 <R < 5350| 96 5710 <R < 6030 | 96
4.2% 4780 <R < 5050 101 5410 <R < 5710 | 101
4.4% 4540 <R < 4780 106 5140 <R < 5410 | 106
4.6% 4310 =R < 4540 110 4890 <R < 5140 | 110

4.8% 4100 <R < 4310( 115 4670 <R < 4890 | 115
5.0% 3910 <R < 4100| 120 4460 <R < 4670 | 120
5.2% 3740 <R < 3910| 125 4260 <R < 4460 | 125

5.4% 3570 <R < 3740| 130 4090 <R < 4260 | 130
5.6% 3420 <R < 3570| 134 3920 <R < 4090 | 134
5.8% 3280 <R < 3420| 139 3760 <R < 3920 | 139

6.0% 3150 <R < 3280| 144 3620 <R < 3760 | 144
6.2% 3020 <R < 3150| 149 3480 <R < 3620 | 149
6.4% 2910 <R < 3020| 154 3360 <R < 3480 | 154

6.6% 2790 <R < 2910| 158 3240 <R < 3360 | 158
6.8% 2690 <R < 2790| 163 3120 <R < 3240 | 163
7.0% 2580 <R < 2690| 168 3010 <R < 3120 | 168

7.2% 2470 <R < 2580| 173 2900 <R < 3010 | 173
7.4% 2350 <R < 2470| 178 2780 <R < 2900 | 178
7.6% 2230 <R < 2350| 182 2650 <R < 2780 | 182

7.8% 2090 =R < 2230| 187 2500 <R < 2650 | 187
8.0% 1810 <R < 2090| 192 2210 <R < 2500 | 192

Key to Table:

R = Radius of curve in feet.

Vg = Design speed in miles per hour.

es = Design superelevation rate shown as a percent.

Lr = Minimum length of superelevation runoff in feet from adverse cross slope removed (cross slope of
outside lane is level) to full superelevation for a two-lane highway and the point of revolution about
the centerline. Add the calculated tangent runout length to this number. Values in table assume 12-
foot lane widths. Use Equation 5.3-1 for other lane widths.

NC = Normal crown (2.00 percent typical).

RC = Remove adverse crown (i.e., superelevate traveled way at normal cross slope) (2.00 percent typical).

SUPERELEVATION RATE (eq) (emax = 8.0 Percent)
(All Facilities)
Figure 5.3-B
(Continued)
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Super- Vg =30 mph Vg4 = 35 mph Vg =40 mph Vg4 = 45 mph
elevation . . . .

ey Radius (ft) L, (ft) Radius (ft) L, (ft) Radius (ft) L, (ft) Radius (ft) L, (ft)

NC R 23130 - R 24100 - R 25230 - R = 6480 -

RC 2240 <R < 3130| 36 | 2950 <R< 4100| 39 | 3770 <R<5230| 41 | 4680 <R< 6480| 44
2.2% 2000 <R < 2240 40 | 2630 <R<2950| 43 | 3370 <R< 3770| 46 | 4190 <R< 4680| 49
2.4% 1790 <R < 2000| 44 | 2360 <R< 2630| 46 | 3030 <R<3370| 50 | 3770 <R< 4190| 53
2.6% 1610 <R < 1790| 47 | 2130 <R<2360| 50 | 2740 <R< 3030| 54 | 3420 <R< 3770| 58
2.8% 1460 <R < 1610| 51 | 1930 <R< 2130| 54 | 2490 <R< 2740| 58 | 3110 <R< 3420| 62
3.0% 1320 <R < 1460| 55 | 1760 sR< 1930| 58 | 2270 <R<2490| 62 | 2840 <R< 3110| 67
3.2% 1200 <R < 1320| 58 | 1600 sR< 1760| 62 | 2080 <R< 2270| 66 | 2600 <R< 2840| 71
3.4% 1080 <R < 1200| 62 | 1460 sR< 1600| 66 | 1900 <R< 2080| 70 | 2390 <R< 2600| 76
3.6% 972 <R< 1080| 65 | 1320 <R< 1460 70 | 1740 <R< 1900| 74 | 2190 <R< 2390| 80
3.8% 864 <R< 972| 69 | 1190 <R< 1320 74 | 1590 <R< 1740 79 | 2010 <R< 2190| 84
4.0% 766 <R< 864 73 | 1070 <R< 1190| 77 | 1440 <R< 1590| 83 | 1840 <R< 2010| 89
4.2% 684 <R< 766| 76 960 <R < 1070| 81 | 1310 <R< 1440| 87 | 1680 <R< 1840| 93
4.4% 615 <R< 684| 80 868 <R< 960| 85 | 1190 <R< 1310| 91 | 1540 <R< 1680| 98
4.6% 555 <R< 615| 84 788 <R< 868 89 | 1090 <R< 1190| 95 | 1410 <R< 1540| 102
4.8% 502 <R< 555| 87 718 <R< 788| 93 995 <R< 1090 99 | 1300 <R< 1410| 107
5.0% 456 <R< 502| 91 654 <R< 718| 97 911 <R< 995 103 | 1190 <R< 1300 111
5.2% 413 <R< 456| 95 595 <R< 654| 101 833 <R< 911| 108 | 1090 <R< 1190| 116
5.4% 373 <R< 413| 98 540 <R < 595| 105 759 <R < 833| 112 995 <R < 1090| 120
5.6% 335 <R< 373| 102 487 <R< 540| 108 687 <R< 759| 116 903 <R< 995| 124
5.8% 296 <R< 335| 105 431 <R< 487| 112 611 <R< 687| 120 806 <R< 903| 129
6.0% 231 <R< 296| 109 340 <R< 431| 116 485 <R< 611| 124 643 <R< 806| 133
Super- V4 = 50 mph

e'e‘gt'on Radius (ft) L, (f
Key to Table:
NC R 27870 -
RC 5700 =R < 7870| 48 R = Radius of curve in feet.
2.2% 5100 <R < 5700| 53
2.4% 4600 <R < 5100 58 V¢ = Design speed in miles per hour.
2.6% 4170 <R < 4600| 62
2.8% 3800 <R < 4170| 67 es = Design superelevation rate shown as a percent.
3.0% 3480 <R < 3800| 72 " _ _
3.20% 3200 <R < 3480| 77 Lr = Minimum length of superelevation runoff in feet from
3.4% 2940 <R < 3200| 82 adverse cross slope removed (cross slope of outside lane
g-gz" Z;g ig: ;3‘118 g‘i is level) to full superelevation for a two-lane highway and

8% < ; ) .

2.0% 2300 <R < 2490| 96 the point of revolution about the ce_nterlme. Add the
4.2% 2110 <R < 2300| 101 calculated tangent runout length to this number. Values
4.4% 1940 <R < 2110| 106 in table assume 12-foot lane widths. Use Equation 5.3-1
4.6% 1780 <R <1940 110 for other lane widths.

4.8% 1640 <R < 1780| 115

5.0% 1510 =R < 1640| 120 NC = Normal crown (2.00 percent typical).

5.2% 1390 <R < 1510| 125

5.4% 1280 <R < 1390| 130 RC = Remove adverse crown (i.e., superelevate traveled way
5.6% 1160 <R < 1280| 134 at normal cross slope) (2.00 percent typical).

5.8% 1040 <R < 1160| 139

6.0% 833 <R < 1040| 144

SUPERELEVATION RATE (e4) (€max = 6.0 Percent)

Figure 5.3-C
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Super- Vg =20 mph Vg4 = 25 mph Vg =30 mph Vg4 = 35 mph
elevation . . . .

ey Radius (ft) L, (ft) Radius (ft) L, (ft) Radius (ft) L, (ft) Radius (ft) L, (ft)

NC R 21410 - R 2 2050 - R = 2830 - R 2 3730 -

RC 902 <R < 1410 32 | 1340 <R<2050| 34 | 1880 <R<2830| 36 | 2490 <R< 3730| 39
2.2% 723 <R< 902 36 | 1110 <R< 1340| 38 | 1580 <R< 1880| 40 | 2120 <R< 2490| 43
2.4% 513 sR< 723| 39 838 <R< 1110 41 | 1270 <R< 1580| 44 | 1760 <R< 2120| 46
2.6% 388 <R< 513| 42 650 <R< 838 45 | 1000 <R< 1270| 47 | 1420 <R< 1760| 50
2.8% 308 <R< 388| 45 524 <R< 650 48 817 <R< 1000| 51 | 1170 <R< 1420| 54
3.0% 251 <R< 308 49 433 sR< 524| 51 681 <R< 817| 55 982 <R < 1170| 58
3.2% 209 <R< 251 52 363 <R< 433 55 576 <R< 681| 58 835 <R< 982| 62
3.4% 175 <R< 209| 55 307 <R< 363| 58 490 sR< 576| 62 714 <R< 835| 66
3.6% 147 <R< 175| 58 259 <R< 307 62 416 <R< 490| 65 610 <R< 714| 70
3.8% 122 <R< 147| 62 215 <R< 259 65 348 <R< 416| 69 512 <R< 610| 74
4.0% 86 <R< 122| 65 154 <R< 215| 69 250 <R < 348| 73 371 <R< 512| 77
Super- V4 = 40 mph V4 =45 mph

e'e‘;at'on Radius (ft) L, (ft Radius (ft) L, (f
d

NC R 2 4770 - R = 5930 -

RC 3220 <R < 4770| 41 4040 <R < 5930 | 44
2.2% 2760 <R < 3220| 46 3480 <R < 4040 | 49
2.4% 2340 <R < 2760| 50 2980 <R < 3480 | 53
2.6% 1930 <R < 2340| 54 2490 <R < 2980 | 58
2.8% 1620 <R < 1930| 58 2100 <R < 2490 | 62
3.0% 1370 <R < 1620| 62 1800 <R < 2100 | 67
3.2% 1180 <R < 1370| 66 1550 <R < 1800 | 71
3.4% 1010 <R < 1180 70 1340 <R< 1550 | 76
3.6% 865 <R < 1010| 74 1150 <R < 1340 | 80
3.8% 730 <R< 865| 79 970 <R < 1150 | 84
4.0% 533 <sR< 730| 83 711 <R< 970 | 89

Key to Table:

R = Radius of curve in feet.

Vg = Design speed in miles per hour.

eqs = Design superelevation rate shown as a percent.

Lr = Minimum length of superelevation runoff in feet from adverse cross slope removed (cross slope of
outside lane is level) to full superelevation for a two-lane highway and the point of revolution about
the centerline. Add the calculated tangent runout length to this number. Values in table assume 12-
foot lane widths. Use Equation 5.3-1 for other lane widths.

NC = Normal crown (2.00 percent typical).

RC = Remove adverse crown (i.e., superelevate traveled way at normal cross slope) (2.00 percent typical).

SUPERELEVATION RATE (€4) ( €max = 4.0 Percent)

Figure 5.3-D
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Super- Vg =25 mph Vg = 30 mph Vg =35 mph Vg4 = 40 mph V4 =45 mph
levati
€ e\g O Radius () | L ()| Radius(t) | Ly | Radius®) | L(f) Radius (ft) L) |  Radius (ft) L, (ft)
NC R 2 2370 - R = 3240 - R 2 4260 - R 2 5410 - R 26710 -
RC 1720 <R < 2370| 46 | 2370 <R < 3240| 48 | 3120 <R < 4260| 52 | 3970 <R <5410 | 55 | 4930 <R< 6710 59
22% | 1550 <R < 1720 50 | 2130 <R< 2370| 53 | 2800 <R< 3120| 57 | 3570 <R< 3970 | 61 | 4440 <R< 4930| 65
2.4% | 1400 <R< 1550 55 | 1930 <R < 2130| 58 | 2540 <R< 2800| 62 | 3240 <R< 3570 | 66 | 4030 <R< 4440 71
26% | 1280 <R< 1400| 59 | 1760 <R < 1930| 63 | 2320 <R < 2540| 67 | 2960 <R< 3240 | 72 | 3690 <R < 4030| 77
28% | 1170 <R< 1280 64 | 1610 <R< 1760| 68 | 2130 <R < 2320| 72 | 2720 <R< 2960 | 77 | 3390 <R < 3690| 83
3.0% | 1070 <R< 1170| 69 | 1480 <R < 1610| 73 | 1960 <R< 2130| 77 | 2510 <R< 2720 | 83 | 3130 <R< 3390| 89
3.2% 985 <R < 1070 73 | 1370 <R < 1480| 78 | 1820 <R< 1960| 83 | 2330 <R< 2510 | 88 | 2900 <R < 3130| 95
3.4% 911 <R< 985 78 | 1270 <R < 1370| 82 | 1690 <R< 1820| 88 | 2170 <R <2330 | 94 | 2700 <R< 2900| 101
3.6% 845 <R< 911| 82 | 1180 <R< 1270| 87 | 1570 <R< 1690| 93 | 2020 <R< 2170 | 99 | 2520 <R< 2700| 107
3.8% 784 <R< 845 87 | 1100 <R< 1180| 92 | 1470 <R< 1570| 98 | 1890 <R < 2020 | 105 | 2360 <R< 2520| 113
4.0% 729 <R< 784 91 | 1030 <R< 1100| 97 | 1370 <R< 1470| 103 | 1770 <R < 1890 | 110 | 2220 <R< 2360| 119
4.2% 678 <R< 729| 96 955 <R < 1030| 102 | 1280 <R < 1370| 108 | 1660 <R < 1770 | 116 | 2080 <R < 2220| 124
4.4% 630 <R< 678 101 | 893 <R< 955| 107 | 1200 <R< 1280| 114 | 1560 <R < 1660 | 121 | 1960 <R < 2080| 130
4.6% 585 <R< 630 105 | 834 <sR< 893| 112 | 1130 <R< 1200| 119 | 1470 <R < 1560 | 127 | 1850 <R < 1960| 136
4.8% 542 <R< 585| 110 | 779 <R< 834| 116 | 1060 <R < 1130| 124 | 1390 <R < 1470 | 132 | 1750 <R< 1850| 142
5.0% 499 <R< 542| 114 | 727 <R< 779| 121 | 991 <R< 1060| 129 | 1310 <R < 1390 | 138 | 1650 <R< 1750| 148
5.2% 457 <R< 499| 119 | 676 <R< 727| 126 | 929 <R< 991| 134 | 1230 <R < 1310 | 143 | 1560 <R< 1650| 154
5.4% 420 sR< 457| 123 | 627 <R< 676| 131 | 870 <R< 929| 139 | 1160 <R < 1230 | 149 | 1480 <R < 1560| 160
5.6% 387 sR< 420| 128 | 582 <R< 627| 136 | 813 <R< 870| 145 | 1090 <R < 1160 | 154 | 1390 <R < 1480| 166
5.8% 358 sR< 387| 133 | 542 <R< 582| 141 | 761 <R< 813| 150 | 1030 <R < 1090 | 160 | 1320 <R < 1390| 172
6.0% 332 <R< 358| 137 | 506 <R< 542| 145 | 713 <R< 761| 155 965 <R < 1030 | 166 | 1250 <R < 1320| 178
6.2% 308 <R< 332| 142 | 472 <R< 506| 150 | 669 <R< 713| 160 909 <R< 965 | 171 | 1180 <R < 1250 184
6.4% 287 <R< 308| 146 | 442 <R< 472| 155 | 628 <R< 669| 165 857 <R< 909 | 177 | 1110 sR< 1180| 190
6.6% 267 <R< 287 151 | 413 <R< 442| 160 | 590 <R< 628| 170 808 <R< 857 | 182 | 1050 <R < 1110| 196
6.8% 248 <R< 267| 155 | 386 <R< 413| 165 | 553 <R< 590| 175 761 <R< 808 | 188 | 990 <R < 1050| 201
7.0% 231 <R< 248 160 | 360 <R< 386| 170 | 518 <R< 553| 181 716 sR< 761 | 193 | 933 <R< 990| 207
7.2% 214 <R< 231| 165 | 336 <R< 360| 175 | 485 <R< 518| 186 672 <R< 716 | 199 | 878 <R< 933| 213
7.4% 198 <R< 214| 169 | 312 <R< 336| 179 | 451 <R< 485| 191 628 <R< 672 | 204 | 822 <R< 878| 219
7.6% 182 <R< 198| 174 | 287 <R< 312| 184 | 417 <R< 451| 196 583 <R< 628 | 210 | 765 sR< 822| 225
7.8% 164 <R< 182| 178 | 261 <R< 287| 189 | 380 <R < 417| 201 533 <R< 583 | 215 | 701 <R< 765| 231
8.0% 134 <R< 164| 183 | 214 <R< 261| 194 | 314 <R< 380| 206 444 <R< 533 | 221 | 587 <R< 701| 237
Key to Table:
R = Radius of curve in feet.
Vq = Design speed in miles per hour.
es = Design superelevation rate shown as a percent.
Lr = Minimum length of superelevation runoff, in feet, from adverse cross slope removed to full
superelevation for a ramp. The point of revolution is about the edge of the traveled way. Values
in table assume 16-foot ramp widths. Add the calculated tangent runout length to this value. Use
Equation 5.3-1 for other ramp widths.
NC = Normal crown (2.00 percent typical).
RC = Remove adverse crown (i.e., superelevate traveled way at normal cross slope) (2.00 percent

typical).

SUPERELEVATION RATE (eq) (emax = 8.0 Percent)

(Interchange Ramps)

(continued on next page)

Figure 5.3-E
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Super- Vg =50 mph Vg4 = 55 mph Vg =60 mph Vg4 = 65 mph
elevation . . . .
ey Radius (ft) L, (ft) Radius (ft) L, (ft) Radius (ft) L, (ft) Radius (ft) L, (ft)
NC R =8150 - R 29720 - R 211500 - R 212900 -
RC 5990 <R < 8150 | 64 7150 <R < 9720| 64 8440 <R < 11500 64 9510 <R <12900 64
2.2% 5400 <R < 5990| 70 6450 <R < 7150| 70 7620 <R < 8440| 70 8600 <R < 9510 70
2.4% 4910 <R < 5400 77 5870 <R < 6450| 77 6930 <R < 7620| 77 7830 <R < 8600 77
2.6% 4490 <R < 4910 83 5370 <R < 5870| 83 6350 <R < 6930| 83 7180 <R < 7830 83
2.8% 4130 <R < 4490 90 4950 <R < 5370| 90 5850 <R < 6350| 90 6630 <R < 7180 90

3.0% 3820 <R < 4130| 96 4580 <R < 4950| 96 5420 <R < 5850| 96 6140 <R < 6630 96
3.2% 3550 <R < 3820| 102 4250 <R < 4580| 102 5040 <R < 5420| 102 5720 <R < 6140| 102
3.4% 3300 <R < 3550| 109 3970 <R < 4250| 109 4700 <R < 5040 109 5350 <R < 5720| 109

3.6% 3090 <R < 3300| 115 3710 <R < 3970| 115 4400 <R < 4700 | 115 5010 <R < 5350 115
3.8% 2890 <R < 3090| 122 3480 <R < 3710| 122 4140 <R < 4400 122 4710 <R < 5010 122
4.0% 2720 <R < 2890| 128 3270 <R < 3480| 128 3890 <R < 4140| 128 4450 <R < 4710 128

4.2% 2560 <R < 2720| 134 3080 <R < 3270| 134 3670 <R < 3890| 134 4200 <R < 4450| 134
4.4% 2410 <R < 2560 141 2910 <R < 3080| 141 3470 <R < 3670| 141 3980 <R < 4200| 141
4.6% 2280 <R < 2410| 147 2750 =R < 2910| 147 3290 <R < 3470| 147 3770 <R < 3980| 147

4.8% 2160 <R < 2280| 154 2610 =R < 2750| 154 3120 <R < 3290| 154 3590 <R < 3770 154
5.0% 2040 <R < 2160| 160 2470 =R < 2610| 160 2960 <R < 3120| 160 3410 <R < 3590 160
5.2% 1930 =R < 2040| 166 2350 =R < 2470| 166 2820 <R < 2960| 166 3250 <R < 3410 166

5.4% 1830 <R < 1930| 173 2230 =R < 2350| 173 2680 <R < 2820| 173 3110 <R < 3250| 173
5.6% 1740 <R < 1830| 179 2120 =R < 2230| 179 2550 <R < 2680| 179 2970 <R < 3110| 179
5.8% 1650 <R < 1740| 186 2010 =R < 2120| 186 2430 <R < 2550| 186 2840 <R < 2970| 186

6.0% 1560 =R < 1650| 192 1920 =R < 2010 192 2320 <R < 2430| 192 2710 <R < 2840 192
6.2% 1480 =R < 1560 | 198 1820 <R < 1920 198 2210 <R < 2320| 198 2600 <R < 2710 198
6.4% 1400 =R < 1480| 205 1730 =R < 1820 205 2110 <R < 2210| 205 2490 <R < 2600| 205

6.6% 1330 =R < 1400| 211 1650 =R < 1730 211 2010 =R < 2110| 211 2380 <R < 2490| 211
6.8% 1260 <R < 1330| 218 1560 <R < 1650 218 1910 <R < 2010| 218 2280 <R < 2380| 218
7.0% 1190 <R < 1260| 224 1480 =R < 1560 224 1820 <R < 1910| 224 2180 <R < 2280| 224

7.2% 1120 <R < 1190 230 | 1400 <R< 1480| 230 | 1720 sR< 1820| 230 | 2070 <R < 2180| 230
7.4% 1060 <R < 1120| 237 | 1320 <R< 1400| 237 | 1630 sR< 1720| 237 | 1970 <R < 2070| 237
7.6% 980 <R < 1060| 243 | 1230 sR< 1320| 243 | 1530 <R < 1630| 243 | 1850 <R< 1970| 243
7.8% 901 <R< 980| 250 | 1140 <R < 1230| 250 | 1410 <R < 1530| 250 | 1720 <R< 1850| 250
8.0% 758 <R < 901| 256 960 <R < 1140 256 | 1200 <R < 1410| 256 | 1480 <R < 1720| 256

Key to Table:

R = Radius of curve in feet.

Vq = Design speed in miles per hour.

es = Design superelevation rate shown as a percent.

Lr = Minimum length of superelevation runoff, in feet, from adverse cross slope removed to full

superelevation for a ramp. The point of revolution is about the edge of the traveled way. Values
in table assume 16-foot ramp widths. Add the calculated tangent runout length to this value. Use
Equation 5.3-1 for other ramps widths.

NC = Normal crown (2.00 percent typical).

RC = Remove adverse crown (i.e., superelevate traveled way at normal cross slope) (2.00 percent
typical).

SUPERELEVATION RATE (eq) (emax = 8.0 Percent)
(Interchange Ramps)
Figure 5.3-E
(Continued)
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5.3.3

Superelevation (Low-Speed Urban Streets)

Although superelevation is beneficial for traffic operations, various factors often combine to
make its use impractical in low-speed urban areas. These factors include:

wide pavement areas;

the need to meet the grade of adjacent property;

surface drainage considerations;

the desire to maintain low-speed operations; and

frequency of intersecting cross streets, alleys and driveways.

Therefore, horizontal curves on low-speed urban streets are frequently designed without
superelevation sustaining the lateral force solely with side friction. For vehicles on the outside
of the curve, the normal cross slope (2.00 percent) results in a negative or adverse
superelevation.

Where superelevation is required on low-speed urban streets (Vg4 < 45 miles per hour), AASHTO

Method 2 is used for determining the design superelevation.
minimum radii and superelevation for low-speed urban streets.

Figure 5.3-F provides the

e (%) Vg =20 mph Vg =25 mph Vg =30 mph Vg4 = 35 mph
Radius (ft) Radius (ft) Radius (ft) Radius (ft)

NC R 2107 R>198 R>333 R 2510
-1.5% 105 <R < 107 194 <R < 198 324 <R< 333 495 <R < 510

0% 99 <R< 105 181 <R < 194 300 <R< 324 454 <R < 495
1.5% 94 <R< 99 170 <R < 181 279 <R< 300 419 <R< 454
2.0% 92 <R< 94 167 <R < 170 273 <R< 279 408 <R< 419
2.2% 91 <R< 92 165 <R < 167 270 <R< 273 404 <R < 408
2.4% 91 <R< 91 164 <R < 165 268 <R< 270 400 <R < 404
2.6% 90 sR< 91 163 <R < 164 265 <R< 268 396 <R < 400
2.8% 89 <R< 90 161 <R < 163 263 <R< 265 393 <R< 396
3.0% 89 <R< 89 160 <R < 161 261 <R< 263 389 <R< 393
3.2% 88 <R< 89 159 <R < 160 259 <R< 261 385 <R< 389
3.4% 88 <R< 88 158 <R < 159 256 <R< 259 382 <R< 385
3.6% 87 <R< 88 157 <R < 158 254 <R< 256 378 <R< 382
3.8% 87 <R< 87 155 <R < 157 252 <R< 254 375 <R< 378
4.0% 86 <R< 87 154 <R < 155 250 <R< 252 371 <R< 375
e (%) Vg4 =40 mph Vg4 = 45 mph .

Radius (f) Radius (f) Key to Table:

NC R 2762 R 21039 R = Radius of curve in feet.
-1.5% 736 <R< 762 1000 <R < 1039

0% 667 <R< 736 900 <R < 1000 Va = Design speed in miles per hour.
1.5% 610 <R < 667 818 <R < 900

2.0% 593 <R < 610 794 <R < 818 eq = Design superelevation rate shown
2.2% 586 <R< 593 785 <R< 794 as a percent.

2.4% 580 <R< 586 776 <R< 785

2.6% 573 =R < 580 767 <R< 776 NC = Normal crown (2.00 percent
2.8% 567 <R< 573 758 <R < 767 typical).
3.0% 561 <R< 567 750 <R< 758
3.2% 556 <R < 561 742 <R < 750 RC = Remove adverse crown (i.e.,
3.4% 550 <R < 556 734 <R< 742
3.6% 544 <R < 550 296 SR< 734 superelevate traveled way at
3.8% 539 <R < 544 718 <R < 726 normal cross slope) (2.00 percent
4.0% 533 <R< 539 711 <R< 718 typical).

MINIMUM RADII AND SUPERELEVATION FOR LOW-SPEED URBAN STREETS

Figure 5.3-F
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5.3.4 Superelevation Transition Lengths

As defined in Section 5.1, the superelevation transition length is the distance required to
transition the roadway from a normal crown section to the full design superelevation rate. The
superelevation transition length is the sum of the tangent runout distance (L) and
superelevation runoff length (L.).

Several highway features may significantly influence superelevation development for multilane
highways. These include guardrail, median barriers, drainage and major at-grade intersections.
The designer should carefully consider the intended function of all highway features and ensure
that the superelevated section and selected point of revolution does not compromise traffic
operations. In addition, the designer should consider the likely ultimate development of the
facility and select a point of revolution that will lend itself to future expansion.

5.34.1 Point of Revolution

The following discusses typical locations for points of revolution and how to determine the
superelevation transition length:

1. Superelevation Runoff. The emax tables (Figures 5.3-B through 5.3-D) present the
superelevation runoff lengths (L) for two-lane highways. Superelevation runoff lengths
for two-lane and multilane facilities are calculated as follows:

Lr = (Wn% (bw) (Equation 5.3-1)
Where:
L = Minimum superelevation runoff length (assuming the point of
revolution is about the roadway centerline), feet
€4 = Design superelevation rate, decimal
n = Number of lanes rotated
by, = Adjustment factor for number of lanes rotated (see Figure 5.3-G)
w = Width of rotation (assumed to be 12 feet), feet
A = Maximum relative gradient between the profile grade and the edge of
adjacent travel lane, decimal (see Figure 5.3-A)
a. Two-Lane Highway. The L, values in Figures 5.3-B through 5.3-D are applicable

for two-lane highways where the width (w) of the pavement rotated is 12 feet; n:
and by are each 1. The point of revolution will typically be about the centerline of
the roadway; see Figure 5.3-H(a) and (b). This will yield the least amount of
elevation differential between the pavement edges and their normal profiles.
Occasionally, it may be necessary to revolve about the inside or outside edge of
the traveled way. This may be necessary to meet field conditions (e.g., drainage
on a curbed facility, roadside development). Note that revolution about the edge
of traveled way will require an increase in the superelevation runoff and tangent
runout lengths as discussed in Item 1.d. for divided highways with narrow
medians.
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On a two-lane highway with an outer auxiliary lane (e.g., a climbing lane), the
point of revolution will typically be about the centerline of the two through lanes.

Number of Adjust Factor Ilizrlla%ti\r;elr:grg?]?
Hanes nyrated (bu)* Lane Rotated
(N1 X bw)
1 1.00 1.00
15 0.83 1.25
2 0.75 1.50
2.5 0.70 1.75
3 0.67 2.00
3.5 0.64 295
4 0.625 250

*Dw = (1 + 0.5(N1-1))/n;

One Lane Rotated

Two Lanes Rotated

Three Lanes Rotated

Lane Lane

Normal Section

Normal Section

Normal Section

Lane I Rotated

I Lane

2 Lanes 2 Lanes

otated

Rotated

3 Lanes 3 Lanes

ADJUSTMENT FACTORS FOR THE NUMBER OF LANES ROTATED

Figure 5.3-G



5.3-12 HORIZONTAL ALIGNMENT March 2017
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TYPICAL POINTS OF REVOLUTION
Figure 5.3-H
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Figure 5.3-H
(Continued)
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Undivided Multi-lane, Flush Median or TWLTL. For a typical urban undivided
multilane highway with or without a flush median or two-way, left-turn lane (i.e.,
the crown is in the center of the roadway), the point of revolution is at the center
of the roadway; see Figure 5.3-H(c). For the superelevation transition, the
designer needs to determine b, based on the number of lanes rotated. For
example, a five-lane section with 12-foot travel lanes and a 15-foot TWLTL would
be calculated as follows:

. First, determine the number of lanes rotated.
ni = (12 ft + 12 ft + 15 ft/2) / 12 ft = 2.625 lanes

. Next, the designer needs to determine b.. Because of the number of
lanes rotate does not match the values shown in Figure 5.3-G, use the
equation in Figure 5.3-G to determine by.

bw= (1 + 0.5(n:-1))/n1 = (1 + 0.5 (2.625 - 1)) / 2.625 = 0.69
. Use the above calculated values in Equation 5.3-1 to determine L.

Raised Medians. For divided highways with raised medians, the point of
revolution will typically be the centerline of the entire roadway section; see Figure
5.3-H(d). The number of lanes (n;) and the adjustment factor (b.) are
determined from the center of roadway section to the outside edge of traveled
way in the same manner as discussed in Iltem 1.b., which will also include % the
median width.

Divided Highways with Earthen, Depressed Medians. The most appropriate
location for the point of revolution depends on the width of the median, the cross-
section of the roadway and the potential to construct future travel lanes within the
median. Refer to the AASHTO A Policy on Geometric Design of Highways and
Streets for guidance on selecting the appropriate point of revolution.

Ramps. The L values in Figure 5.3-E are applicable for interchange ramps
where the width (w) of the pavement rotated is 16 feet. The point of revolution
will typically be at the inside edge of traveled way of the ramp; see Figure 5.3-
H(h).
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5.34.2

Tangent Runout. Calculate the tangent runout distance using the following equation:

L = &% (L) (Equation 5.3-2)
ed
Where:
Lk = Minimum tangent runout length (assuming the point of revolution is
about the roadway centerline), feet
enc = Normal cross slope (typically 0.0200), decimal
L = Superelevation runoff length, feet (See Equation 5.3-1)
e = Design superelevation rate, decimal

Superelevation Transition Length. Once the tangent runout (L;) distance is calculated,
add this distance to the design superelevation runoff length (L;). The total of these two
numbers equals the theoretical superelevation transition length used for design.

Application of Superelevation Transition Length

Once the superelevation transition length has been calculated, the designer must determine
how to fit the length into the horizontal and vertical planes. The following will apply:

1.

Simple Curves. Typically for new construction/reconstruction projects, 67 percent of the
superelevation runoff length will be placed on the tangent and 33 percent on the curve.
Exceptions to this practice may be necessary to meet field conditions. The generally
accepted range is 60 percent to 80 percent on the tangent and 40 percent to 20 percent
on the curve. In extreme cases, the superelevation runoff may be distributed 50 percent
to 100 percent on the tangent and 50 percent to O percent on the curve. This will usually
occur only in urban or suburban areas with highly restricted right-of-way conditions.
When considering the tangent runout distance, this results in a distribution of the total
superelevation transition length of approximately 75 percent on the tangent and 25
percent on the curve. However, because the distribution of the superelevation transition
length is not an exact science, the ratio should be rounded slightly (e.g., to the nearest
5-foot increment) to simplify design and layout in construction.

Field Application (Vertical Profile). At the beginning and end of the superelevation
transition length, angular breaks occur in the profile at the edge of the pavement if not
smoothed. As a guide to eliminate angular breaks, the vertical curve transitions should
have a length in feet numerically equivalent to the approximate design speed in miles
per hour +10 feet with 40 feet as a minimum. In addition, designers should graphically
or numerically investigate the transition areas to identify potential flat spots for drainage
before finalizing construction plans. When the edge of pavement profile is adjusted, the
cross slopes and elevations on the cross sections should reflect these changes.

Ultimate Development. If the proposed facility is planned for an ultimate development of
additional lanes, the designer should, where practical, reflect this length in the initial
superelevation transition application. For example, a four-lane divided facility may be
planned for an ultimate six-lane divided facility. Therefore, the superelevation transition
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length for the initial four-lane facility should be consistent with the future requirements of
the six-lane facility; see Figure 5.3-H(Q).

5.3.5 Shoulder Treatment on Superelevated Curves

Figure 5.3-I illustrates the shoulder treatment for superelevated sections. The designer should
note the following:

1. Low Side. For paved shoulders on new construction and reconstruction projects, retain
the low-side shoulder slope until the adjacent superelevated travel lane reaches the
normal shoulder slope. The shoulder is then superelevated concurrently with the travel
lane until the design superelevation (eq) is reached (i.e., the insider shoulder and travel
lane will remain in a plane section).

2. High Side. Retain the normal shoulder slope from the tangent section until where
adjacent travel lane is level. From this point, transition the high-side shoulder until it
matches the adjacent travel lane slope at the point where the design superelevation (eq)
is reached on the adjacent travel lane.

5.3.6 Compound Curves

As discussed in Section 5.2.2.3, compound curves should rarely be used on the mainline and,
then, only two-centered curves should be used. When used, the development of superelevation
requires special considerations. The designer should review the following criteria:

1. If the distance between the PC and PCC is less than or equal to 300 feet, use a uniform
relative gradient throughout the superelevation transition length.  Develop the
superelevation so that, for the first curve, two-thirds of the design superelevation rate for
this curve will be attained at the PC. Develop the superelevation so that, for the second
curve, the full design superelevation rate (eq) will be available at the PCC.

2. If the distance between the PC and PCC is more than 300 feet, it may be preferable to
consider the two curves separately. Superelevation for the first curve is developed by
the distribution method used for simple curves. This curve’s superelevation rate will then
be maintained until it is necessary to develop the remaining superelevation of the
second curve consistent with the Department’'s superelevation development practices
(e.g., relative gradient).
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Figure 5.3
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5.3.7 Reverse Curves

Reverse curves are two closely spaced simple curves with deflections in opposite directions. In
some situations, because of the proximity of the curves, it is not possible to adhere to the usual
superelevation development criteria for each curve and achieve a normal tangent section
between the curves. For this case, the designer should use the following steps to adjust the
superelevation development:

Step 1. Determine the point where the transitions should meet. The length of transition
should favor the curve with the smaller (sharper) radius. Assume that, for the first
iteration, the cross slope at this point is the normal crown (2.00 percent, typically).

Step 2: Determine the maximum relative gradient (A) from Figure 5.3-A.

Step 3:  Apply the superelevation rate while maintaining A and work back from the point
determined in Step 1.

Step 4: Examine the superelevation of the curves to ensure that:
e no more than 40 percent of the transitions occur in either curve, and
o the length of full superelevation on each curve is sufficient.

Step 5: If either of the criteria set forth in Step 4 are not met, recalculate the superelevation

with the normal cross slope reduced to no less than 1 percent.

If the superelevation still cannot be developed properly, the designer should consider revising
the alignment or possibly adjusting the design speed.

Figure 5.3-J illustrates superelevation development for reverse curves.

5.3.8 Bridges

From the perspective of the roadway user, a bridge is an integral part of the roadway system
and, ideally, horizontal curves and their transitions will be located irrespective of their impact on
bridges. However, practical factors in bridge design and bridge construction warrant
consideration in the location of horizontal curves at bridges. The following presents, in order
from the most desirable to the least desirable, the application of horizontal curves to bridges:

1. Considering both the complexity of design and construction difficulty, the most desirable
treatment is to locate the bridge and its approach slabs on a tangent section (i.e., no
portion of the curve or its superelevation development will be on the bridge or bridge
approach slabs).

2. If a horizontal curve is located on a bridge, do not locate the superelevation transition on
the bridge or its approach slabs. This will result in a uniform cross slope (i.e., the design
superelevation rate) throughout the length of the bridge and bridge approach slabs.
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3. If the superelevation transition is located on the bridge or its approach slabs, coordinate
with the structural designer. Typically, the designer should place on the roadway
approach that portion of the superelevation development that transitions the roadway
cross section from its normal crown to a point where the roadway slopes uniformly. This
will avoid the need to warp the crown on the bridge or the bridge approach slabs.

5.3.9 Drainage

Two potential pavement surface drainage problems are of concern in the superelevation
transition section. One problem relates to the potential lack of adequate longitudinal grade.
This problem generally occurs where the longitudinal gradient of the point of revolution is equal
to, but opposite in sign to, the relative longitudinal gradient for the superelevation transition
length (e.g., 0.50 percent). It results in the edge of traveled way having negligible longitudinal
grade that can lead to poor pavement surface drainage especially on curbed cross sections.

The second potential drainage problem relates to adequate lateral drainage due to negligible
cross slope during pavement rotation. This problem occurs in the transition section where the
cross slope of the outside lane varies from an adverse slope at the normal cross slope rate to a
superelevated slope at the normal cross slope rate. This length of the transition section
includes the tangent runout section and an equal length of the superelevation runoff section.
Within this length, the pavement cross slope may not be sufficient to adequately drain the
pavement laterally.

Two techniques can be used to alleviate these two potential drainage problems. One technique
is to provide a minimum profile (finished) grade in the transition section. The second technique
is to provide a minimum edge-of-traveled-way grade in the transition section. Both techniques
can be incorporated in the design by use of the following criteria:

1. Maintain a minimum profile (finished) grade of 0.5 percent through the superelevation
transition length.

2. Maintain a minimum edge-of-traveled-way grade of 0.2 percent (0.5 percent for curbed
streets) through the superelevation transition length.

To illustrate the combined use of the two grade criteria, consider an uncurbed roadway curve
having a relative gradient of +0.50 percent in the superelevation transition length entering the
curve and —0.50 percent for the superelevation transition length exiting the curve. The first
criterion would exclude finished grades between -0.50 and +0.50 percent. The second criterion
would exclude finished grades in the range of —0.30 to —0.70 percent (entering) and those in the
range of +0.30 to +0.70 percent (exiting). Given the overlap between the ranges for controls 1
and 2, the profile (finished) grade throughout the curve must be outside of the range of —0.70 to
+0.70 percent to satisfy both criteria and provide adequate pavement surface drainage.



March 2017 HORIZONTAL ALIGNMENT 54-1

54 HORIZONTAL SIGHT DISTANCE

54.1 Sight Obstruction (Definition)

Sight obstructions on the inside of a horizontal curve are defined as obstructions that interfere
with the line of sight on a continuous basis. In general, point obstacles (e.g., traffic signs, utility
poles) are not considered sight obstructions on the inside of horizontal curves. The designer
must examine each curve individually to determine whether it is necessary to acquire additional
right of way to attain the required sight distance.

5472 Length > Stopping Sight Distance

Where the length of curve (L) is greater than the stopping sight distance (SSD) used for design,
calculate the needed clearance on the inside of the horizontal curve using the following
equation:

HSO =R (1- Ccos {@D (Equation 5.4-1)
Where:
HSO = Horizontal sight line offset or distance from the center of the inside travel
lane to the obstruction, feet
R = Radius of curve at the center of inside lane, feet
SSD = Stopping sight distance, feet

5421 Stopping Sight Distance (SSD)

At a minimum, SSD will be available throughout the horizontal curve. The following discusses
the application of SSD to sight distance at horizontal curves:

1. Level Grade. Figure 5.4-A provides the horizontal clearance criteria (i.e., middle
ordinate) for various combinations of stopping sight distance (see Figure 4.1-A) and
curve radii for level grades. For those selections of SSD that fall outside of the figures
(i.e., HSO > 40 feet and/or R < 100 feet), the designer should use Equation 5.4-1 to
calculate the needed clearance.

2. Grade Adjustment. Figure 4.1-C presents SSD values for passenger cars adjusted for 3
to 10 percent downgrades. If the downgrade on the facility is 3 percent or steeper, the
designer should consider providing horizontal clearances adjusted for grade. Use the
SSD values from Figure 4.1-C directly in Equation 5.4-1 to calculate the horizontal sight
offset.




5.4-2

HORIZONTAL ALIGNMENT

March 2017

100

200

300

400

500
600
700
800

1000

Radius of Curve, feet

2000

R=

3000

4000
5000

10,000

15,000
20,000

Highway Centerline —

sight Distance (s)

A
/s Z AN
N
. Line of ﬁi&\i
cnetre 7 NS [N
% Obstruction
% 3
Q_
. V=Design Speed (mph)
AN
%/
(\}
L Q//rL
‘ AP
6.2
\‘//'L
Q©
/ N %//7/
/ e
5 34250
\’$
/ / -~ \jsAO*S;SOB
/ \14A|5‘S$360
/ = | N S;AZB
/17 N 495
:55!S’A
:60s5557'0

/.
/
7

//

7

5 10

15 20

25 30 35 40

HSO = Horizontal Sight Line Offset, feet

STOPPING SIGHT DISTANCE AT HORIZONTAL CURVES

(Level Grades)
Figure 5.4-A



March 2017 HORIZONTAL ALIGNMENT 5.4-3

5422 Entering/Exiting Portions (Typical Application)

The HSO values from Figure 5.4-A apply between the PC and PT. In addition, some transition
is needed on the entering and exiting portions of the curve. Example 5.4-1 (See Figure 5.4-B)
illustrates the determination of clearance requirements for the entering and exiting portions of a
curve. The designer should use the following steps:

Step 1: Locate the point that is on the outside edge of shoulder and a distance of SSD/2
before the PC.

Step 2: Locate the point that is a distance HSO 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: Use a symmetrical application of Steps 1 through 3 beyond the PT.

543 Length < Stopping Sight Distance

When the length of curve is less than the stopping sight distance used in design, the HSO value
from the basic equation will never be reached. As an approximation, determine the horizontal
clearance for these curves as follows:

Step 1: For the given R and SSD, calculate HSO assuming L > SSD.
Step 2:  The maximum HSO’ value will be needed at a point of L/2 beyond the PC. HSO' is
calculated using the following proportion:
HSO! = l2L (Equation 5.4-2)
HSO SSD
Hso' - LAV(HSO)
SSD
Where:

HSO’ = Middle ordinate for a curve where L < SSD, feet

HSO = Middle ordinate for the curve based on Equation 5.4-1, feet
L = Length of the curve, feet

SSD = Stopping sight distance, feet

Step 3: Locate the point that is on the outside edge of shoulder and a distance of SSD/2
before the PC.

Step 4:  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: Use a symmetrical application of Steps 2 through 4 on the exiting portion of curve.
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Center of Inside Travel Lane

Shaded Area Should be
Free of Sight Obstructions

%‘\060-’6 \9@ 7
<
Example 5.4-1
Given: Design Speed = 60 miles per hour
R = 1500 feet
Level Grade
Problem: Determine the horizontal clearance requirements for a horizontal curve on a two-

lane highway using SSD.

Solution: Figure 4.1-A yields a SSD = 570 feet. Using Equation 5.4-1 for horizontal
clearance (L > SSD):

HSO = R[l - cos [—ZS-G%SSDD

HSO =1500|1 - cos [w} =27 feet
1500

The above figure also illustrates the horizontal clearance requirements for the entering and
exiting portion of the horizontal curve.

SIGHT CLEARANCE REQUIREMENTS FOR HORIZONTAL CURVES
(L > SSD)
Figure 5.4-B
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Example 5.4-2 (See Figure 5.4-C) illustrates the determination of clearance requirements for the
entering and exiting portions of a curve where L < SSD.

544 Application

For sight distance applications at horizontal curves, the height of eye is 3.5 feet and the height
of object is 2 feet. Both the eye and object are assumed to be in the center of the inside travel
lane. The line-of-sight intercept with the obstruction is at the midpoint of the sightline and 2.75
feet above the center of the inside lane.
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Example 5.4-2
Given: Design Speed = 70 miles per hour

R = 2050 feet

L = 600 feet

Grade = 5.0 percent downgrade
Problem: Determine the clearance requirements for the horizontal curve on a two-lane

highway.
Solution: Because the downgrade is greater than 3.0 percent, desirably adjust the curve for

grade. Figure 4.1-C yields a SSD of 810 feet for 70 miles per hour and a 5.0
percent downgrade. Therefore, L < SSD (600 feet < 810 feet), and the horizontal
clearance is calculated from Equation 5.4-2 as follows:

(28.65)(810)

HSO (L > SSD) = 2050 {1 — CoSs ] = 39.88 feet
2050

1.2(600)(39.88)

HSO' (L < SSD) = 10

HSO' = 35.5 feet

Therefore, a minimum clearance of 35.5 feet should be provided at a distance of L/2 = 300 feet
beyond the PC. The obstruction-free triangle around the horizontal curve would be defined by
HSO’ (35.5 feet) at L/2 and by points at the shoulder edge at SSD/2 = 405 feet before the PC and
beyond the PT.

SIGHT CLEARANCE REQUIREMENTS FOR HORIZONTAL CURVES
(L < SSD)
Figure 5.4-C
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Chapter 6
VERTICAL ALIGNMENT

The vertical alignment contributes significantly to a highway’s safety, aesthetics, operations and
costs. Long, gentle vertical curves provide greater sight distances and a more pleasing
appearance for the driver. Chapters 14 through 18 provide numerical criteria for various vertical
alignment elements based on highway functional classification, project scope of work and
urban/rural environment. This chapter provides guidance on developing a profile grade line,
maximum and minimum grades, critical lengths of grade, truck-climbing lanes, vertical curvature
and vertical clearances.

6.1 DEFINITIONS

1. Broken-Back Curves. A grade line with two vertical curves in the same direction
separated by a short section of tangent grade.

2. Critical Length of Grade. The maximum length of a specific upgrade on which a loaded
truck can operate without an unreasonable reduction in speed.

3. Grade Slopes. The slope expressed as a percent between two adjacent VPIs. The
numerical value for the grade is the vertical rise or fall in feet for each foot of horizontal
distance. The numerical value is multiplied by 100 and is expressed as a percent.
Upgrades in the direction of stationing are identified as positive (+). Downgrades are
identified as negative (-).

4. K-Values. The horizontal distance needed to produce a 1 percent change in gradient.

5. Level Terrain. Level terrain generally is considered to be flat and has minimal impact on
vehicular performance. Highway sight distances in level terrain generally can be made
longer without major construction expense.

6. Momentum Grade. Sites where an upgrade is preceded by a downgrade. These
locations allow a truck to increase its speed on the downgrade before ascending the
upgrade.

7. Mountainous Terrain. Locations where longitudinal and transverse changes in elevation

are abrupt, and benching and side hill excavation are usually required to provide the
desirable horizontal and vertical alignment. = Mountainous terrain aggravates the
performance of trucks relative to passenger cars and results in some trucks operating at
crawl speeds.

8. Performance Curves. A set of curves that illustrate the effect grades will have on the
design vehicle’s acceleration and/or deceleration.

9. Profile Grade Line. A series of tangent lines connected by vertical curves. Typically, the
grade line is located along the roadway centerline of undivided multilane facilities and
two-lane, two-way highways.
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10.

11.

12.

13.

Rolling Terrain. Locations where the natural slopes consistently rise above and fall
below the roadway grade line and, occasionally, steep grades present some restriction
to the desirable horizontal and vertical alignment. In general, rolling terrain generates
steeper grades causing trucks to reduce speeds below those of passenger cars.

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

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

VPT (Vertical Point of Tangency). The point at which the vertical curve ends and the
tangent grade begins.
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6.2 DESIGN PRINCIPLES AND PROCEDURES

6.2.1 General Controls for Vertical Alignment

The design of vertical alignment involves, to a large extent, complying with specific limiting
criteria. These criteria include maximum and minimum grades, sight distance at vertical curves
and vertical clearances. In addition, the designer should adhere to certain general design
principles and controls that will determine the overall safety and operation of the facility and will
enhance the aesthetic appearance of the highway. These design principles for vertical
alignment include:

1. Consistency. Use a smooth grade line with gradual changes, consistent with the type of
highway and terrain character.

2. Coordination with Natural/Man-Made Features. Coordinate the vertical alignment with
the natural topography, available right of way, utilities, roadside development and
natural/man-made drainage patterns. This is especially important in mountainous
terrain.

3. Roller Coaster Profile. Avoid a roller-coaster or hidden-dip type of profile, especially
where the horizontal alignment is relatively straight. Hidden dips may create difficulties
for drivers who wish to pass, because the passing driver may be deceived if the view of
the road or street beyond the dip is free of opposing vehicles. To avoid this type of
profile, incorporate horizontal curvature and/or flatter grades that may require greater
excavations and higher embankments into the design.

4, Broken-Back Curvature. Avoid broken-back grade lines (two crest or sag vertical curves
separated by a short tangent). This alignment is particularly noticeable on divided
highways with open-ditch median sections. One long vertical curve is more desirable.

5. Long Grades. On a long ascending grade, it is preferable to place the steepest grade at
the bottom and flatten the grade near the top. It is also preferable to break the sustained
grade with short intervals of flatter grades. Evaluate substantial lengths of grades for
their effect on traffic operations (e.g., trucks).

6. Sags. Avoid sag vertical curves in cuts unless adequate drainage can be provided. In
addition, avoid placing the low point of a sag vertical curve on bridges and approaches.
See the SCDOT Bridge Design Manual for additional guidance.

7. Intersections. Where intersections occur on roadway sections with moderate to steep
grades, it is desirable to reduce the grade through the intersection. This will help
facilitate vehicular braking and turning movements. See Section 9.2.7 for specific
information on vertical alignment through intersections.

8. Environmental Impacts. Vertical alignment should be properly coordinated with
environmental impacts. However, the safety of motorists using the highway should not
be compromised.
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6.2.2 Coordination of Horizontal and Vertical Alignment

Do not design the horizontal and vertical alignments independently. Instead, they should
complement each other. This is especially true for new construction projects. A thorough study
of the alignment is always warranted.

Horizontal and vertical alignments are among the most important design elements for a
highway. Excellence in their design and coordination increases the highway’s utility and safety,
encourages uniform speeds and can greatly improve the highway's appearance. This usually
can be accomplished with little additional costs. The designer should coordinate the layout of
the horizontal and vertical alignment as early as practical in the design process.

In addition, consider the following when coordinating horizontal and vertical alignment on rural
and suburban highways:

1. Balance. Horizontal curvature and grades should be in proper balance. Sharp curvature
with flat grades or flat curvature with maximum grades does not achieve this desired
balance. A compromise between the two extremes produces the best design relative to
safety, capacity, ease and uniformity of operations and aesthetics.

2. Coordination. Superimposing the vertical curvature upon horizontal curvature (i.e.,
vertical and horizontal Pls at approximately the same stations) generally results in a
more pleasing appearance and reduces the number of sight distance restrictions.
Successive changes in profile not in combination with horizontal curvature may result in
a series of humps visible to the driver for some distance, which may produce an
unattractive design. However, in some circumstances, superimposing the horizontal and
vertical alignment must be tempered somewhat by Comments 3 and 4 below.

3. Crest Vertical Curves. Introducing sharp horizontal curvature at or near the top of
pronounced crest vertical curves is undesirable because the driver cannot perceive the
horizontal change in alignment, especially at night when headlight beams project straight
ahead into space. To improve this condition, use horizontal curvature that leads the
vertical curvature or use design values that well exceed the minimums.

4. Sag Vertical Curves. Introducing sharp horizontal curves at or near the low point of
pronounced sag vertical curves or at the bottom of steep grades is undesirable because
visibility of the road ahead is reduced. To improve this condition use flat horizontal
curvature to avoid an undesirable, distorted appearance. At the bottom of long grades,
vehicular speeds often are higher, particularly for trucks, and erratic operations may
occur, especially at night and during icy conditions.

5. Passing Sight Distance. In some cases, the need for frequent passing opportunities and
a higher percentage of passing sight distance may supersede the desirability of
combining horizontal and vertical alignment. In these cases, it may be necessary to
provide long tangent sections to secure sufficient passing sight distance; see
Section 4.2.

6. Superelevation. Avoid flat areas that hinder proper drainage, especially where
superelevation transitions coincide with the top of crests, bottom of sags or relatively flat
tangent grade sections. In addition, when vertical and horizontal curves are
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10.

6.2.3

6.2.3.1

superimposed, the superelevation may cause a distortion in the outer pavement edges.
For curb and gutter sections, plot and review the profile along the top of curb and
remove any irregularities with a smooth vertical curve.

Intersections. At intersections, horizontal and vertical alignment should be as flat as
practical to provide a design that produces sufficient sight distance and gradients for
vehicles to slow, stop or turn; see Chapter 9 “Intersections.”

Divided Highways. On divided facilities with wide medians, it may be advantageous to
provide independent alignments for the two one-way roadways. Where traffic volumes
justify a divided facility and rolling or rugged terrain exists, a superior design can result
from the use of independent alignments and profiles.

Residential Areas. For highways near subdivisions, design the alignment and profile to
minimize nuisance factors to neighborhoods. For freeways, a depressed facility can
make the highway less visible and reduce the noise to adjacent residents. In addition,
for all highway types, minor adjustments to the horizontal alignment may increase the
buffer zone between the highway and residential areas.

Aesthetics. Design the alignment to enhance attractive scenic views of rivers, rock
formations, parks, golf courses, etc. The highway should head into rather than away
from those views that are considered to be aesthetically pleasing. The highway should
fall towards those features of interest at a low elevation and rise toward those features
that are best seen from below or in silhouette against the sky.

Design of Profile Grade Lines

General

The profile grade line of a highway typically has the greatest impact on a facility’s cost,
aesthetics, safety and operation. The profile is a series of tangent lines connected by parabolic
vertical curves.

The designer must carefully evaluate many factors when establishing the profile grade line of a
highway. These include:

maximum and minimum gradients;
sight distance criteria;

earthwork balance;

bridges and drainage structures;
high-water levels (flood frequency);
drainage considerations;

water table elevations;
intersections and interchanges;
railroad/highway crossings;

types of soil;

adjacent land use and values;
highway safety;

coordination with other geometric features (e.g., the cross section);
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topography/terrain;

truck performance;

available right of way and associated costs;
type and location of utilities;

urban/rural location;
aesthetics/landscaping;

construction costs;

environmental impacts;

driver expectations;

airport flight paths (e.g., grades and lighting); and
pedestrians and accessibility.

The following sections discuss the establishment of the profile grade line in more detail.

6.2.3.2

Profile Grade Line Locations

The location of the profile grade line on the roadway cross section varies according to the
highway and median type. The profile grade line locations are shown in the typical cross
section figures provided in Chapters 14 through 17. The profile grade line should generally
coincide with the point of revolution for superelevation. The recommended profile grade line for
various typical sections are as follows:

1.

2.

6.2.3.3

Flush Medians. The profile grade line should coincide with the highway centerline.

Depressed Medians. The profile grade lines should be located at the point of grade on
each of the traveled ways. The grade on each of the traveled ways may be independent
of each other when the median width varies or on freeways where the terrain is
conducive to independent roadway designs. Separate horizontal alignments also may
need to be developed.

Ramps/Freeway to Freeway Connections. The profile grade line is normally established
on the survey line, but may be positioned at either edge of the ramp traveled way or the
centerline on multilane ramps.

Factors Affecting the Design of Profile Grade Lines

Consider the following factors when developing a profile grade line on a project:

1.

Urban Streets. Long vertical curves on urban streets are generally impractical. The
designer will typically need to lay out the profile grade line to meet existing conditions.
Therefore, minimum vertical curve lengths generally are provided on urban streets; see
Sections 6.5.1 and 6.5.2 (i.e.,, L = 3V). Where practical, locate VPIs at or near the
centerlines of cross streets. At signalized and stop-controlled intersections, some
flattening of the approaches also may be required for better traffic operations.

Spline Grades. Spline grades are series of grade breaks in the profile grade line
between short lengths of tangents and no vertical curves. Spline grades can be helpful
in laying grades in urban areas where it is necessary to meet numerous elevation
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restrictions in relatively short distances, in gore areas to ensure proper drainage, to meet
the existing roadway at the project beginning and ending termini, and for determining the
outside edge of right-turn lanes where the main lane is on a horizontal curve.

For spline grades on the profile grade line, grade breaks should not be closer than 100
feet and the total of all grade breaks within 200 feet should not exceed 1 percent on
urban streets with design speed 35 miles per hour or less.

3. Grade Differential. Avoid appreciable grade differentials between roadways on divided
facilities, for either interim or ultimate designs, in the vicinity of intersections. Confusion
and/or wrong-way movements could result for traffic entering from the crossroad if the
pavement surface of the roadway on the opposite side is obscured from view.

4, Soils. The type of material encountered often influences the profile grade line at certain
locations. For example, if rock is encountered, it may be more economical to raise the
grade line and reduce the rock excavation. Soils that are unsatisfactory for embankment
or cause a stability problem in cut areas may also be determining factors in establishing
the profile grade line. The designer should coordinate the development of the profile
grade line with the geotechnical designer.

5. Drainage. Proper placement of the pavement structure above the surrounding
topography can significantly enhance the life and serviceability of the roadway.
Consequently, the profile grade line should be compatible with the roadway drainage
design. The designer should consider the following:

a. Freeboard. To protect the roadway pavement, it is recommended that the road
subgrade be 1 foot above the design high-water level.

b. Culverts. The roadway elevation should meet the Department criteria for
minimum cover at culverts and minimum freeboard above the headwater level at
culverts. See the SCDOT Requirements for Hydraulic Design Studies for more
information on the hydraulic and structural design of culverts.

C. Coordination with Geometrics. The profile grade line must reflect compatibility
between drainage design and roadway geometrics. Items to consider include the
design of sag and crest vertical curves, spacing of inlets on curbed facilities,
impacts on adjacent properties, superelevated curves, intersection design
elements and interchange design elements.

d. Curb and Gutter. Curb and gutter may complicate the layout of the profile grade
line. Take special care to avoid flat spots where water may pond, especially
through intersection radius returns. Section 6.3 provides the minimum gradients
for curbed streets. In very flat areas, the profile grade line may be rolled up and
down at 0.3 to 0.5 percent to provide the necessary drainage. At intersections,
the surface drainage preferably should be intercepted upstream of an
intersection. Ensure adequate drainage is provided behind curbs.

e. Existing Drainage. It is beneficial to coordinate the low point of vertical curves
with existing terrain low points.
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Erosion Control. To minimize erosion, consider the following relative to the profile grade
line:

° Minimize the number of deep cuts and high-fill sections.
. Conform the highway to the contour and drainage patterns of the area.

) Use natural land barriers and contours to channelize runoff and confine erosion
and sedimentation.

° Minimize the amount of disturbance.
. Preserve and use existing vegetation.

° Reduce the slope length by using slope interruption devices as discussed in the
SCDOT Supplemental Technical Specifications.

. Ensure that erosion is confined to the right of way and does not deposit sediment
or erode adjacent lands.

. Avoid locations having high erosion potential (e.g., loose soils).
. Avoid cut or fill sections in seepage areas.

Earthwork Balance. Where practical and consistent with other project objectives, design
the profile grade line to provide a balance of earthwork. However, this should not be
achieved at the expense of smooth grade lines, aesthetics, sight distance requirements
at vertical curves, or when there are excessive land acquisition costs. Ultimately, a
project-by-project assessment will determine whether a project will be borrow, waste or
balanced.

Bridges. Carefully coordinate the design of the profile grade line with any bridges within
the project limits. The following will apply:

a. Vertical Clearances. The criteria in this chapter and Chapters 14 through 18
must be met. When laying the preliminary grade line, an important element in
determining the available vertical clearance is the assumed structure depth. This
will be based on the structure type, span lengths and depth/span ratio. The
designer should coordinate with the bridge designer to determine the roadway
and bridge grade lines.

b. Bridges Over Waterways. Where a proposed facility will cross a body of water,
the bridge elevation must be consistent with the necessary waterway opening to
meet the Department’s hydraulic requirements. Coordinate with the hydraulic
designer and bridge designer to determine the appropriate bridge elevation.

C. Railroad Bridges. Any proposed highway over a railroad must meet the
applicable criteria (e.g., vertical clearances, structure type and depth). The
designer should contact the Utilities Office for more information.
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10.

11.

d. Highway under Bridge. When practical, the low point of a roadway sag vertical
curve should not be within the shadow of the bridge. This will help minimize ice
accumulations and reduce the ponding of water beneath the bridge. To achieve
these objectives, the low point of roadway sag should be approximately 100 feet
or more from the side of the bridge.

e. High Embankments. Consider the impact that high embankments will have on
bridges and culverts. High embankments will increase the span length thereby
increasing structure costs, and also increase the length and type of culvert to
carry the overburden.

f. Sag Vertical Curves. If practical, do no place any portion of a bridge within a sag
vertical curve. If the bridge is in a sag vertical curve, avoid placing the low point
on the bridge and approach slabs. Place the low point a minimum of 10 feet from
the end of the approach slab or, if approach slabs are not used, a minimum of 10
feet from the end of the bridge. See the SCDOT Bridge Design Manual for
additional guidance.

g. Minimum Grade. The minimum grade should be limited to 0.3 percent across the
bridge.

Ties with Existing Highways. A smooth transition is needed between the proposed
profile grade line of the project and the existing grade line of an adjoining highway
section. Consider existing grade lines for a sufficient distance beyond the beginning and
end of a project to ensure adequate sight distances. Connections should be made that
are compatible with the design speed of the new project and that can be used if the
adjoining road section is reconstructed.

Underground Utilities. On existing streets, ensure that any change in the profile grade
line will still provide the minimum coverage for utilities. For additional guidance on
minimum utility clearances, see the SCDOT publication A Policy for Accommodating
Utilities on Highway Rights of Way.

Right of Way. Give careful consideration when substantially lowering or raising the
profile grade line. This will often result in more right of way impacts (e.g., steeper
driveways, removing parking, reducing front lawns, adding retaining walls). Where
roadside development is extensive, the cross section design of a curb and gutter street
is important.
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6.3 GRADES

6.3.1 Maximum Grades

Chapters 14 through 18 present the Department’s criteria for maximum grades based on
functional classification, urban/rural location, type of terrain, design speed and project scope of
work. Wherever practical, use grades flatter than the maximum.

6.3.2 Minimum Grades

The following provides the Department’s criteria for minimum grades:

1. Roadways without Curbs. It is desirable to provide a minimum longitudinal gradient of
approximately 0.5 percent. This allows for the possibility of alterations to the original
pavement. Longitudinal gradients of O percent may be acceptable on some pavements
that have adequate cross slopes, and in locations where superelevation does not occur.
In these cases, check the flow lines of the outside ditches to ensure adequate drainage.

2. Roadways with Curbs/Valley Gutters. The median edge or centerline profile of streets
with curb and gutter desirably should have a minimum longitudinal gradient of 0.5
percent. Where the adjacent development or flatter terrain precludes the use of a profile
with a 0.5 percent grade, provide a minimum longitudinal gradient of at least 0.3 percent.
Because surface drainage is retained within the roadway, the longitudinal gradient must
be steeper on curb sections to avoid ponding of water on the roadway surface. Where
additional catch basins are not feasible, trench drains may be installed in the gutters to
enhance the drainage of the roadway. For additional information on trench drains, see
Section 3.10.3.8.

6.3.3 Critical Length of Grade

The critical length of grade is the maximum length of a specific upgrade on which a truck can
operate without an unreasonable reduction in speed. The highway gradient in combination with
the length of the grade will determine the truck speed reduction on upgrades. For additional
guidance, see the TRB Highway Capacity Manual and the AASHTO A Policy on Geometric
Design of Highways and Streets.

The following will apply to the critical length of grade:

1. Design Vehicle. Use the 200 pound per horsepower truck for all truck routes in South
Carolina. Figure 6.3-A presents the critical length of grade for a 200 pound per
horsepower truck. In some instances, the recreational vehicle may be used as the
design vehicle. Figure 6.3-B presents the critical length of grade for a recreational
vehicle.
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—Speed Reduction

o

2

%
= 5
[0}
3 \ 7
o © %,
% 2 %
=) %

0 500 1000 1500 2000

Length of Grade, ft

Typically, the 10 mile-per-hour curve will be used.

See examples in Section 6.3.3 for use of figure.

2500

3000

Figure is based on a truck with initial speed of 70 miles per hour. However, it may be

used for any design or posted speed.

CRITICAL LENGTH OF GRADE
(200 Ib/hp Truck)
Figure 6.3-A
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1. Typically, the 10 mile-per-hour curve will be used.
2. Figure is based on a recreation vehicle with initial speed of 55 miles per hour. However,

it may be used for any design or posted speed.

CRITICAL LENGTH OF GRADE
(Recreation Vehicle)
Figure 6.3-B
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Criteria. Figures 6.3-A and 6.3-B provide the critical lengths of grade for a given percent
grade and acceptable speed reduction. Although Figure 6.3-A is based on an initial
truck speed of 70 miles per hour and Figure 6.3-B on an initial recreational vehicle speed
of 55 miles per hour, they apply to any design or posted speed. For design purposes,
use the 10 mile-per-hour speed reduction curve in the figures to determine if the critical
length of grade is exceeded.

Momentum Grades. Where an upgrade is preceded by a downgrade, trucks will often
increase their speed to ascend the upgrade. A speed increase of 5 miles per hour on
moderate downgrades (3 percent to 5 percent) and 10 miles per hour on steeper
downgrades (6 percent to 8 percent) of sufficient length are reasonable adjustments to
the initial speed. This assumption allows the use of a higher speed reduction curve in
Figure 6.3-A, which may indicate that a climbing lane may not be required. The designer
should also consider that these speed increases may not always be attainable. If traffic
volumes are sufficiently high, a truck may be behind another vehicle when descending
the momentum grade thereby restricting the increase in speed. Therefore, only consider
these increases in speed if the highway has a level of service B or better.

Measurement. Vertical curves are part of the length of grade. Figure 6.3-C illustrates
how to measure the length of grade to determine the critical length of grade using Figure
6.3-A.

Application. If the critical length of grade is exceeded, either flatten the grade, if
practical, or evaluate the need for a truck-climbing lane; see Section 6.4.

Highway Types. The critical-length-of-grade criteria apply equally to two-lane or
multilane highways and apply equally to urban and rural facilities.

Example Problems. Examples 6.3-1 and 6.3-2 illustrate the use of Figure 6.3-A to
determine the critical length of grade. Example 6.3-3 illustrates the use of Figures 6.3-A
and 6.3-C.
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Notes:

Length of Grade, L

VPC

Crest Vertical Curve

Length of Grade, L

Sagqg Vertical Curve

For vertical curves where the two tangent grades are in the same direction (both
upgrades or both downgrades), 50 percent of the curve length will be part of the length
of grade.

For vertical curves where the two tangent grades are in opposite directions (one grade
up and one grade down), 25 percent of the curve length will be part of the length of
grade.

The above diagram is included for illustrative purposes only. Broken back vertical
curves are to be avoided where practical.

MEASUREMENT FOR LENGTH OF GRADE
Figure 6.3-C
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Example 6.3-1

Given: Level Approach
G = + 4 percent
L = 1500 feet (length of grade)

Rural Principal Arterial

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

Solution: Figure 6.3-A yields a critical length of grade of 1250 feet for a 10 mile-per-hour
speed reduction. The length of grade (L) exceeds this value. Therefore, flatten
the grade, if practical, or evaluate the need for a truck-climbing lane.

Example 6.3-2

Given: Level Approach
G1 =+ 4.5 percent
L1 =500 feet
G, =+ 2 percent
L, = 700 feet
Rural Collector with a significant number of heavy trucks

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

Solution: From Figure 6.3-A, G; yields a truck speed reduction of approximately 5 miles

per hour. G; yields a speed reduction less than 5 miles per hour. This results in
a total less than the maximum 10 mile-per-hour speed reduction. Therefore, the
critical length of grade is not exceeded.

Example 6.3-3

Given:

Problem:

Solution:

Step 1:

Figure 6.3-D illustrates the vertical alignment on a low-volume, two-lane rural
collector highway with sufficient number of large trucks to govern the design.

Determine if the critical length of grade is exceeded for G2 or for the combination
upgrade G; and Ga.

Use the following steps:

Determine the length of grade using the criteria in Figure 6.3-C. For this
example, these are calculated as follows:

L, = % + 600 + % — 1050 feet
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Step 2:

L. =800 | 700 + 490 _ 1100 feet
8 4 2

4

L :%O+300+6%0=650feet

Determine the critical length of grade in both directions. For trucks, use Figure
6.3-A to determine the critical length of grade.

a.

For trucks traveling left to right, enter into Figure 6.3-A the value for Gs
(3.5 percent) and Lz = 1100 feet. The speed reduction is approximately
7.5 miles per hour. For G4 (2 percent) and Ls = 650 feet, the speed
reduction is approximately 3.5 miles per hour. The total speed reduction
on the combination upgrade Gz and G4 is approximately 11 miles per
hour. This exceeds the maximum 10 mile-per-hour speed reduction.
However, on low-volume roads, one can assume a 5 mile-per-hour
increase in truck speed for the 3 percent momentum grade (G:), which
precedes Gs. Therefore, a speed reduction may be as high as 15 miles
per hour before concluding that the combination grade exceeds the
critical length of grade. Assuming the benefits of the momentum grade,
this leads to the conclusion that the critical length of grade is not
exceeded.

For trucks traveling in the opposite direction, on Figure 6.3-A, enter in the
value for G, (3 percent) and determine the critical length of grade for the
10 mile-per-hour speed reduction (i.e., 1700 feet). Because L. is less
than 1700 feet (i.e., 1050 feet), the critical length of grade for this
direction is not exceeded.

*kkkkkkk k%
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L,4= 650
300'

L5=1100"
700

L,=1050'
600’

1000'

CRITICAL LENGTH OF GRADE CALCULATIONS
(Example 6.3-3)
Figure 6.3-D
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6.4 TRUCK-CLIMBING LANES
6.4.1 Guidelines

Climbing lanes offer a comparatively inexpensive means of overcoming reduction in capacity
and providing improved operation where congestion on grades is caused by slow trucks in
combination with high traffic volume. On some two-lane highways, climbing lanes could defer
reconstruction for many years or indefinitely. A truck-climbing lane may be necessary to allow a
specific upgrade to operate at an acceptable level of service.

6.4.1.1 Two-Lane Highways

On a two-lane, two-way highway, consider a truck-climbing lane if the following conditions are
satisfied:

. the up-grade traffic volume exceeds 200 vehicles per hour during the design hour; and

. the up-grade heavy-vehicle volume (i.e., trucks, buses and recreational vehicles)
exceeds 20 vehicles per hour during the design hour; and

. the construction costs and the construction impacts (e.g., environmental, right of way)
are considered reasonable; and

° one of the following conditions exists:

+ the critical length of grade is exceeded for the 10 mile-per-hour speed reduction
curve (see Figure 6.3-A or Figure 6.3-B); or

+ the level of service (LOS) on the upgrade is E or F; or

+ there is a reduction of two or more LOS when moving from the approach
segment to the grade.

Safety considerations may justify the addition of a climbing lane regardless of grade or traffic
volumes.
6.4.1.2 Multilane Highways

A truck-climbing lane may be considered on a multilane highway if the following conditions are
satisfied:

° the directional service volume exceeds 1000 vehicles per hour per lane; and

° the construction costs and the construction impacts (e.g., environmental, right of way)
are considered reasonable; and

° one of the following conditions exists:
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+ the critical length of grade is exceeded for the 10 mile-per-hour speed reduction
curve (see Figure 6.3-A or Figure 6.3-B); or

+ the LOS on the upgrade is E or F; or

+ there is a reduction of one or more LOS when moving from the approach
segment to the grade.

In addition, safety considerations may justify the addition of a climbing lane regardless of grade
or traffic volumes.

6.4.2

Capacity Analysis

See the Highway Capacity Manual for details on how to prepare a capacity analysis for climbing
lanes on two-lane and multilane highways.

6.4.3

Design Guidelines

Figure 6.4-A summarizes the design criteria for a truck-climbing lane. In addition, consider the
following:

1.

Design Speed. For entering speeds equal to or greater than 70 miles per hour, use 70
miles per hour for the truck design speed. For speeds less than 70 miles per hour, use
the roadway design speed or the posted speed limit, whichever is less. Under restricted
conditions, the designer may want to consider the effect a momentum grade will have on
the entering speed. See Section 6.3.3 for additional information on momentum grades.
However, the maximum speed will be 70 miles per hour.

Superelevation. For horizontal curves, provide superelevation on the truck-climbing lane
at the same rate as the adjacent travel lane.

Performance Curves. Figure 6.4-B presents the deceleration and acceleration rates for
a 200 pound per horsepower truck.

End of Full-Width Lane. In addition to the criteria in Figure 6.4-A, ensure there is
sufficient sight distance available to the point where the truck, RV or bus will begin to
merge into the through travel lane. At a minimum, this will be the stopping sight
distance. Desirably, the driver should have decision sight distance available to the end
of the taper. See Section 4.3 for the decision sight distance values.

The full-lane width should be extended beyond the crest vertical curve and not end just
beyond the crest vertical curve. Desirably, the full-lane width should not end on a
horizontal curve.

Signing and Pavement Markings. Contact the Traffic Engineering Division for guidance
on signing and pavement markings for climbing lanes.
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6.4.4 Downgrades

Truck lanes on downgrades are typically not considered. However, steep downhill grades may
also have a detrimental effect on the capacity and safety of facilities with high-traffic volumes
and numerous heavy trucks. Although specific criteria have not been established for these
conditions, trucks descending steep downgrades in low gear may produce nearly as great an
effect on operations as an equivalent upgrade. The need for a truck lane for downhill traffic will
be considered on a site-by-site basis.

Design Element Desirable Minimum
) Freeway: 12 ft
Lane Width 12 ft o
Other Facilities: 11 ft
Shoulder Width Same as Approach Roadway 6 ft
Cross Slope on Tangent 2% 2%

Location where the truck
Beginning of Full-Width speed has been reduced to 10

Lane® mph below the posted speed
limit.

Location where the truck
speed has been reduced to
45 mph.

Location where truck has
reached highway posted
speed or 55 mph, whichever is

Location where truck has
reached 10 mph below
highway posted speed limit.

End of Full-wWidth Lane®

less.
Entering Taper 300 ft 300 ft
Exiting Taper 600 ft 50:1
Minimum Full-Width Length 1000 ft or greater 1000 ft
Notes:
1. Use Figure 6.4-B to determine truck deceleration rates. In determining the applicable
truck speed, the designer may consider the effect of momentum grades.
2. Use Figure 6.4-B to determine truck acceleration rates. Also, see Comment 4 in Section

6.4.3.

DESIGN CRITERIA FOR TRUCK-CLIMBING LANES
Figure 6.4-A
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PERFORMANCE CURVES FOR TRUCKS
(200 Ib/hp)
Figure 6.4-B
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6.4.5 Truck Speed Profile

For highways with a single grade, the critical length of grade and deceleration and acceleration
rates can be directly determined from Figure 6.4-B. However, it is often necessary to find the
impact of a series of significant grades in succession. If several different grades are present,
then a speed profile may need to be developed.

The following example illustrates how to construct a truck speed profile and how to use Figure
6.4-B.

*kkkkkkkk k%

Example 6.4-1

Given: Level Approach
G; = +3 percent for 800 feet (VPI to VPI)
G2 = +5 percent for 3200 feet (VPI to VPI)
G3 = -2 percent beyond the composite upgrade (G1 and G»)
V = 60 mile-per-hour design speed with a 55 mile-per-hour posted speed limit
Rural Principal Arterial

Problem: Using the criteria in Figure 6.4-A and Figure 6.4-B, construct a truck speed profile
and determine the beginning and ending points of the full-width climbing lane.

Solution: The following steps apply:
Step 1: Determine the truck speed on G; using Figure 6.4-B and plot the truck speed at

200-foot increments in Figure 6.4-C. Assume an initial truck speed of 55 miles
per hour. Move horizontally along the 55 mile-per-hour line to the 3 percent
deceleration curve. This is approximately 2800 feet along the horizontal axis.
This is the starting point for G.

Horizontal
Distance from Distance on T_ruck Speed Comments
VPI; (feet) Figure 6.4-B (miles per hour)
(feet)

0 2800 55 VPI1
200 3000 54
400 3200 53
600 3400 52
800 3600 51 VPI;

Step 2: Determine the truck speed on G using Figure 6.4-B and plot the truck speed at

200-foot increments in Figure 6.4-C. From Step 1, the initial speed on G: is the
final speed from G; (i.e., 51 miles per hour). Move right horizontally along the 51
mile-per-hour line to the 5 percent deceleration curve. This is approximately
1900 feet along the horizontal axis. This is the starting point for G..
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Figure 6.4-C Horizontal
Distance from  Distance on Figure (n-]rirlggk Srpﬁgir) Comments
VP, (feet) 6.4-B (feet) b
800 1900 51 VPI2
1000 2100 49
1200 2300 47
1400 2500 45
1600 2700 43
1800 2900 41
2000 3100 39
2200 3300 37
2400 3500 35
2600 3700 33
2800 3900 32
3000 4100 31
3200 4300 30
3400 4500 29
3600 4700 29
3800 4900 28
4000 5100 28 VPI3
Step 3: Determine the truck speed on G3s using Figure 6.4-B until the truck has fully

accelerated to 55 miles per hour and plot the truck speed at 200-foot increments
in Figure 6.4-C. The truck will have a speed of 28 miles per hour as it enters the
2 percent downgrade at VPIs. Read into Figure 6.4-B at the 28 mile-per-hour
point on the vertical axis and move over horizontally to the -2 percent line. This
is approximately 150 feet along the horizontal axis. This is the starting point for

Gs.
Flgure 6.4-C Horizontal Distance Truck Speed
Distance from ; : Comments
VP, (feet) on Figure 6.4-B (feet) (miles per hour)

4000 150 28 VPI3
4200 350 38
4400 550 41
4600 750 43
4800 950 45
5000 1150 47
5200 1350 49
5400 1550 50
5600 1750 52
5800 1950 53
6000 2150 54
6200 2350 55
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Step 4: Determine the beginning and end of the full-width climbing lane. From Figure
6.4-A, the desirable and minimum beginning of the full-width lane will be where
the truck has reached a speed of 45 miles per hour (10 miles per hour below the
posted speed). This point occurs 1400 feet beyond VPI;.

For ending the full-width climbing lane, the desirable criteria from Figure 6.4-A is
where the truck speed has reached the posted speed limit (55 miles per hour) or
6200 feet beyond the VPI1. The minimum criteria is where the truck has reached
a speed of 45 miles per hour (10 miles per hour below the posted speed). This
occurs at 4800 feet beyond VPI;.
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6.5 VERTICAL CURVES

6.5.1 Crest Vertical Curves

6.5.1.1 Equations

Crest vertical curves are in the shape of a parabola. The basic equations for determining the
minimum length of a crest vertical curve are:

2
L = AS (Equation 6.5-1)

200 (y/h: + vhz |

2
K = S (Equation 6.5-2)
200 (v + vh |

L = KA (Equation 6.5-3)
Where:

L = length of vertical curve, feet

A = absolute value of the algebraic difference between the two tangent grades,

percent

S = sightdistance (SSD, DSD, PSD), feet

h,: = height of eye above road surface, feet

h, = height of object above road surface, feet

K = horizontal distance needed to produce a 1 percent change in gradient

The length of a crest vertical curve will depend upon “A,” the absolute value of the algebraic
difference between the two tangent grades, for the specific curve and upon the selected sight
distance, height of eye and height of object. Equation 6.5-1 and the resultant values of K are
predicated on the sight distance being less than the length of vertical curve. However, these
values can also be used, without significant error, where the sight distance is greater than the
length of vertical curve. The following sections discuss the selection of K-values.

6.5.1.2 Stopping Sight Distance

The principal control in the design of crest vertical curves is to ensure that stopping sight
distance (SSD) is available throughout the vertical curve. The following discusses the
application of K-values for various operational conditions:

1. Passenger Cars (Level Grade). Figure 6.5-A presents K-values for passenger cars on a
level grade. Level conditions are assumed where the grade on the far side of the
vertical curve is less than 3 percent. The minimum values are calculated by assuming
h, = 3.5 feet, h, = 2 feet and S = SSD in the basic equation for crest vertical curves
(Equation 6.5-2).




6.5-2 VERTICAL ALIGNMENT March 2017
Rate of Vertical Curvature, K-Value?
Design Speed Stopping?! Sight - 3
(miles per hour) Distance (feet) Minimum
Calculated Design
15 80 3.0 3
20 115 6.1 7
25 155 111 12
30 200 18.5 19
35 250 29.0 29
40 305 43.1 44
45 360 60.1 61
50 425 83.7 84
55 495 1135 114
60 570 150.6 151
65 645 192.8 193
70 730 246.9 247
75 820 311.6 312
80 910 383.7 384
Notes:
1. Stopping sight distances (SSD) are from Figure 4.1-A.
2. Maximum K-value for drainage on curbed roadways is 167; see Section 6.5.1.4.
2
3. (Minimum) K = SSD , Where: h1 = 3.5 feet, h, = 2 feet

2158

K-VALUES FOR CREST VERTICAL CURVES — STOPPING SIGHT DISTANCES

(Passenger Cars — Level Grades)
Figure 6.5-A

Passenger Cars (Grade Adjusted). For crest vertical curves, consider grade
adjustments where the downgrade is 3 percent or greater. Where practical, provide
stopping sight distances greater than the design values in Figure 4.1-A where horizontal
sight restrictions occur on downgrades, even when the horizontal sight obstruction is a
cut slope. No adjustment is necessary for grades less than 3 percent or for upgrades.
Use Equation 6.5-1 and the grade adjusted SSD from Figure 4.1-C to determine the
length of vertical curve.

Minimum Length of Curve. The minimum length of a crest vertical curve in feet should
be L=3V, where V is the design speed in miles per hour.

Minimum Values. Only use minimum K-values where the use of higher value will result
in unacceptable social, economic or environmental impacts.
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6.5.1.3 Passing Sight Distance

At some locations, it is desirable to provide passing sight distance in the design of crest vertical
curves. Section 4.2 discusses the application and design values for passing sight distance on
two-lane, two-way highways. Passing sight distance values are used as the “S” value in the
basic equation for crest vertical curves (Equation 6.5-1). In addition, the following will apply:

1. Height of Eye (hi1). For passenger cars, h; = 3.5 feet.

2. Height of Object (hy). Passing sight distance is predicated upon the passing driver being
able to see a sufficient portion of the top of the oncoming car. Therefore, h, = 3.5 feet.

3. K-Values. Figure 6.5-B presents the K-values for passenger cars using the passing
sight distances presented in Figure 4.2-A.

6.5.1.4 Drainage

Proper drainage must be considered in the design of crest vertical curves. Typically, drainage
problems will not be experienced if the vertical curvature is sharp enough so that a minimum
longitudinal gradient of at least 0.3 percent is reached at a point about 50 feet from either side of
the apex. To ensure that this objective is achieved, determine the length of the crest vertical
curve assuming a K-value of 167 or less. Where the maximum drainage K-value is exceeded,
carefully evaluate the drainage design near the apex. With the use of proper cross slopes,
drainage generally should not be a problem on crest vertical curves.



6.5-4 VERTICAL ALIGNMENT March 2017
Design Speed Passing Sight Distance?! Rate of Vertical Curvature?,
(miles per hour) (feet) K-Value
20 400 57
25 450 72
30 500 89
35 550 108
40 600 129
45 700 175
50 800 229
55 900 289
60 1000 357
65 1100 432
70 1200 514
75 1300 604
Notes:
1. Design passing sight distances (PSD) are from Section 4.2.
2. K= LDZ, where: hy = 3.5 feet, h, = 3.5 feet
2800

K-VALUES FOR CREST VERTICAL CURVES — PASSING SIGHT DISTANCES

6.5.2 Sag Vertical Curves

6.5.2.1 Equations

(Passenger Cars)
Figure 6.5-B

Sag vertical curves are in the shape of a parabola. Typically, they are designed to allow the
vehicular headlights to illuminate the roadway surface (i.e., the height of object = 0.0 feet for a
given distance “S.” The light beam from the headlights is assumed to have a 1 degree upward

divergence from the longitudinal axis of the vehicle.

These assumptions yield the following

basic equations for determining the minimum length of sag vertical curves:
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2 2
L = AS = AS (Equation 6.5-4)
200fhs + S(tan1°)]  200hs + 3.5S
s? :
K=———=— (Equation 6.5-5)
200hs + 3.5S
L = KA (Equation 6.5-6)
Where:
L = length of vertical curve, feet
A = absolute value of the algebraic difference between the two tangent grades,
percent
S = sightdistance (SSD, DSD), feet
hs = height of headlights above pavement surface, feet
K = horizontal distance needed to produce a 1 percent change in gradient

The length of a sag vertical curve will depend upon “A,” the absolute value of the algebraic
difference between the two tangent grades, for the specific curve and upon the selected sight
distance and headlight height. Equation 6.5-4 and the resultant values of K are predicated on
the sight distance being less than the length of vertical curve. However, these values can also
be used, without significant error, where the sight distance is greater than the length of vertical
curve. The following sections discuss the selection of K-values.

6.5.2.2 Stopping Sight Distance

The principal control in the design of sag vertical curves is to ensure minimum stopping sight
distance (SSD) is available for headlight illumination throughout the sag vertical curve. The
following discusses the application of K-values for various operational conditions:

1. Passenger Cars (Level Grade). Figure 6.5-C presents K-values for passenger cars.
These are calculated by assuming h; = 2 feet and S = SSD in the basic equation for sag
vertical curves (Equation 6.5-5). The minimum values represent the lowest acceptable
sight distance on a facility. Use longer than the minimum lengths of curves to provide a
more aesthetically pleasing design.

2. Passenger Cars (Grade Adjusted). For sag vertical curves, consider grade adjustments
where the downgrade is 3 percent or greater. No adjustment is necessary for grades
less than 3 percent or for upgrades. Where practical, provide stopping sight distances
greater than the design values in Figure 4.1-A where horizontal sight restrictions occur
on downgrades, even when the horizontal sight obstruction is a cut slope. Use Equation
6.5-4 and the grade adjusted SSD from Figure 4.1-C to determine the length of vertical
curve.

3. Minimum Length. The minimum length of a sag vertical curve in feet should be L=3V,
where V is the design speed in miles per hour.
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One exception to the minimum length on sag vertical curves applies in curbed sections
and on bridges. |If the sag is in a low point, the use of the long vertical curves may
produce longitudinal slopes too flat to drain stormwater without ponding. For additional
guidance, see Section 6.5.2.5.

4. Minimum Values. Only use minimum K-values where the use of higher value will result
in unacceptable social, economic or environmental impacts.

Design Speed Stoppingl S|ght Rate of Vertical Curvature3, K-Value
(miles per hour) Distance (feet) Calculated Design

15 80 9.4 10
20 115 16.5 17
25 155 25.5 26
30 200 36.4 37
35 250 49.0 49
40 305 63.4 64
45 360 78.1 79
50 425 95.7 96
55 495 114.9 115
60 570 135.7 136
65 645 156.5 157
70 730 180.3 181
75 820 205.6 206
80 910 231.0 231

Notes:

1. Stopping sight distances (SSD) are from Figure 4.1-A.

2. Maximum K-value for drainage on curbed roadways and bridges is 167, see Section

6.5.2.5.
2
3. K= SSD , where: hs = 2 feet

400 +3.5SSD

K-VALUES FOR SAG VERTICAL CURVES — STOPPING SIGHT DISTANCES
(Passenger Cars — Level Grades)
Figure 6.5-C
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6.5.2.3 Comfort Criteria

The comfort criteria is based on the effect of change in the vertical direction of a sag vertical
curve due to the combined gravitational and centrifugal forces. The general consensus is that
riding is comfortable on sag vertical curves when the centripetal acceleration does not exceed 1
foot per second?. The length-of-curve equation for the comfort criteria is:

2
L= AV° (Equation 6.5-7)
46.5
Where:
L = length of vertical curve, feet
A = absolute value of the algebraic difference between the two tangent grades,
percent
V = design speed, miles per hour

The length of vertical curve needed to satisfy the comfort factor at the various design speeds is
only about 50 percent of that needed to satisfy the headlight sight distance criterion for the
normal range of design conditions; therefore, comfort criteria may only be applied on fully
lighted roadways.

6.5.2.4 Underpasses

Check sag vertical curves through underpasses to ensure that the underpass structure does not
obstruct the driver’s visibility. Use the following equation to check sag vertical curves through
underpasses:

_ AS? i .
=— (Equation 6.5-8)
800(C — 4.25)
Where:
L = length of vertical curve, feet
A = absolute value of the algebraic difference between the two tangent grades,
percent
S = sightdistance, feet
C = vertical clearance of underpass, feet

Compare the L calculated from Equation 6.5-8 for underpasses with the L calculated based on
headlight illumination (Equation 6.5-4). The larger of the two lengths will govern.

6.5.2.5 Drainage

Proper drainage must be considered in the design of sag vertical curves on highways with
curbs, bridges and medians with concrete median barriers. Drainage problems are minimized if
the sag vertical curve is sharp enough so that a minimum longitudinal gradient of at least 0.3
percent is reached at a point about 50 feet from either side of the low point. This results in a
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K-value of 167 or less. For most design speeds, the K-values are less than 167; see Figure
6.5-C. However, for higher design speeds and/or where longer sag vertical curves are required
on highways with curbs or on bridges, it may be necessary to install additional inlets on either
side of the low point.

For a highway without curbs, drainage should not be a problem at sag vertical curves if the
highway has proper cross slopes.

6.5.3 Vertical Curve Computations

The following will apply to the mathematical design of vertical curves:

1. Definitions. Figure 6.5-D presents the common terms and definitions used in vertical
curve computations.

2. Measurements. All measurements for vertical curves are made on the horizontal or
vertical plane, not along the profile grade line. With the simple parabolic curve, the
vertical offsets from the tangent vary as the square of the horizontal distance from the
VPC or VPT. Elevations along the curve are calculated as proportions of the vertical
offset at the point of vertical intersection (VPI). The equations for computing a
symmetrical vertical curve are shown in Figure 6.5-E. Figure 6.5-F provides an example
of how to use these formulas.

3. Vertical Curve Through Fixed Point. The vertical curve of a highway often must be
designed to pass through an established elevation and location. For example, it may be
necessary to tie into an existing side road or to clear existing structures. Figure 6.5-G
provides the procedure for determining how to pass a vertical curve through a fixed
point. Figure 6.5-H and 6.5-1 illustrate examples on how to use these formulas.

4, VPI Stationing. The designer may need to determine the VPI station between two
known VPIs. Figure 6.5-J illustrates how to determine the intermediate VPI given the
gradients, stations and elevations of the other VPIs.
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Element Abbreviation Definition
Vertical Point of VPC The point at which a tangent grade ends and the
Curvature vertical curve begins.
Vertical Point of VPT The point at which the vertical curve ends and the
Tangency tangent grade begins.
Vertical Point of VPI The point where the extension of two tangent grades
Intersection intersect.
The slope between two adjacent VPIs expressed as a
percent. The numerical value for percent of grade is
Grade Gi G the vertical rise or fall in feet for each 100 feet of
b2 horizontal distance. Upgrades in the direction of
stationing are identified as positive (+). Downgrades
are identified as negative (-).
. The vertical distance (offset) between the VPI and the
External Distance E .
roadway surface along the vertical curve.
Algebraic Difference in A The value of A is determined by the difference in
Grade (Absolute Value) percent between two tangent grades (G2 — G1).
Length of Vertical L The horizontal distance in feet from the VPC to the
Curve VPT.
Tanoent Elevation Tan. Elev The elevation on the tangent line between the VPC and
g eV VP! and the VPI and VPT.
Elevation on Vertical The elevation of the vertical curve at any given point
Curve Elev.
Curve along the curve.
: . Horizontal distance measured from the VPC or VPT to
Horizontal Distance X . . .
any point on the vertical curve in feet.
Vertical distance from the tangent line to any point on
Tangent Offset y . . 9 yp
the vertical curve in feet.
The station at the high point for crest curves or the low
Low/High Point XT point for sag curves. At this point, the slope of the
tangent to the curve is equal to O percent.
. The VPI is located at the mid-point between VPC and
Symmetrical Curve — .
VPT stationing.
Tangent Grade L L
VPI L L
— - 2 :
N G Profile T
AN Grade
VPG E VPC E —
Profile VPT E ~ Py
Grade 7 ~
L L i X*
g 2 Tangent Grade VPI

Crest Vertical Curve

Sagq Vertical Curve

VERTICAL CURVE DEFINITIONS

Figure 6.5-D
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VPI
- /ﬁ ~N -
17 TN G
G & -7 E ~J2(%
Tangent ‘\’ _ /t 4 I3/1 AYZ ) \)\ -~ /—Tangent
VPG ) VPT
X1 X2
L L
2 I 2
L
E = External distance at VPI, feet
y = Any tangent offset, feet
L = Horizontal length of vertical curve, feet
X = Horizontal distance from VPC or VPT to any ordinate “y,” feet
G1 &G, = Rates of grade, expressed algebraically, percent

Note:  All expressions are to be calculated algebraically.
(Use algebraic signs of grades; grades in percent.)

1. Elevations of VPC and VPI:
_ G, L .
VPC ELEV. = VPI ELEV. - | —-x — (Equation 6.5-9)
100 2
G, L .
VPT ELEV.=VPIl. + | — x — (Equation 6.5-10)
100 2
2. For the elevation of any point “x” on a vertical curve:

CURVE ELEV. = TAN ELEV. t vy

Where:
Left of VPI (x; measured from VPC):

G .
@ TAN ELEV. = VPC ELEV. + (ﬁ] X, (Equation 6.5-12)
(b) Y1 = X; @22()—;(51) (Equation 6.5-13)

SYMMETRICAL VERTICAL CURVE EQUATIONS
Figure 6.5-E
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Right of VPI (x,_measured from VPT):
(@) TAN ELEV. = VPT ELEV. - (&J Xy (Equation 6.5-14)
100
G, - G,) :
b _ 2 =G Equation 6.5-15
(b) Vi 2 " 500L (Eq )
At the VPI:
y=Eand x = L/2
(@) TAN ELEV.=VPC ELEV. + Gil
200
or TAN ELEV. = VPT ELEV. - Sg; (Equation 6.5-16)
LG, - G,) :
b E=-—~—2 "t Equation 6.5-17
(b) 800 (Eq )
3. Calculating high or low point in the vertical curve:
(a) To determine distance “xr” from VPC: Xt =% (Equation 6.5-18)
1 -2
(b) To determine high or low point stationing: ~ VPC STA. + Xt (Equation 6.5-19)
(c) To determine high or low point elevation on a vertical curve:

= VPC ELEV. - LG,

ELEV. HIGH OR LOW POINT Y A~ Ann
(G. - G,)200

SYMMETRICAL VERTICAL CURVE EQUATIONS
Figure 6.5-E
(Continued)

(Equation 6.5-20)
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Example 6.5-1
Given: G:1 = -1.75 percent
G2 = +2.25 percent
Elev. of VPI = 591.00 feet
Station of VPI = 10 + 85.00
L = 1200 feet
Symmetrical Vertical Curve
Rural Area
Problem: Compute the vertical curve elevations for each 100-foot station. Compute the low
point elevation and stationing.
Solution:
1. Draw a diagram of the vertical curve and determine the stationing at the beginning (VPC)

and the end (VPT) of the curve.
VPC

)

L =1200'

VPT

VPI Sta. 10 + 85.00

Elev. 591.00'
VPC Station = VPI Sta - %L = (10 + 85) - 600 = 4 + 85.00
VPT Station = VPI Sta + %L = (10 + 85) + 600 = 16 + 85.00
2. Elevations of VPC and VPI:
VPC ELEV. = 591.00 — (% X ?J = 601.50 feet

VPT ELEV. = 591.00 + (@ X %} — 604.50 feet

100

(Equation 6.5-21)

(Equation 6.5-22)

3. Set up a table to show the vertical curve elevations at the 100-foot stations, substituting
the values into Equations 6.5-12 through 6.5-15. Calculate the elevation to the nearest

0.01 foot.

SYMMETRICAL VERTICAL CURVE COMPUTATIONS
(Example 6.5-1)
Figure 6.5-F
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Example 6.5-1 (continued)
Solution:
Grade
Station an'trol Tapgent X X2 y= x?/60,000 Elevation
oint | Elevation (feet) (feet)
4+85 VPC 601.50 0 0 0.00 601.50
5+85 599.75 100 10000 0.17 599.92
6+85 598.00 200 40000 0.67 598.67
7+85 596.25 300 90000 1.50 597.75
8+85 594.50 400 160000 2.67 597.17
9+85 592.75 500 250000 4.17 596.92
10485 VPI 591.00 600 360000 6.00 597.00
11485 593.25 500 250000 4.17 597.42
12+85 595.50 400 160000 2.67 598.17
13+85 597.75 300 90000 1.50 599.25
14+85 600.00 200 40000 0.67 600.67
15+85 602.25 100 10000 0.17 602.42
16+85 VPT 604.50 0 0 0.00 604.50

4, Calculate the low point using Equations 6.5-18, 6.5-19 and 6.5-20:

Xt

-1.75-2.25

_ 1200 (-1.75) _ -2100

-4.00

therefore, the Station at the low point is:

=5+25ft fromVPC

VPCsra + X1 = (4+85)+(5+25) = 10+ 10.00

Elevation at the low point on curve is:

Elevation of low point = 601.50 -

1200 (-1.75)

(2.25 — (-1.75)) 200

VERTICAL CURVE COMPUTATIONS

(Continued)
Figure 6.5-F

(Example 6.5-1)

=601.50 - 4.59 = 596.91 feet
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NI
|
)

VPT
Ca(%)

NI-

G: Grade in, percent
G, = Grade out, percent
A = Algebraic difference in grades, percent
y = Vertical curve correction at point P, feet
x = Distance from VPC to P, feet
Given: G1, Gy, D
Problem:
Solution:
1. Find algebraic difference in grades:
A = Gz - Gl
VPT ELEV. = VPI ELEV. + (&j(kj
100 A\ 2
2. Find vertical curve correction at Point P:
= 2 G -G
200 L
From Equation 6.5-13 (x measured from VPC)
3. From inspection of the above diagram:

x + D=L/2or L =2(x+D)

Distance from P to VPI, feet
Length of vertical curve, feet

Determine the length of a vertical curve required to pass through a given point (P).

(Equation 6.5-23)

(Equation 6.5-24)

SYMMETRICAL VERTICAL CURVE THROUGH A GIVEN POINT

Figure 6.5-G
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By substituting 2(x + D) for L, and A for (G2 — G1) into Equation 6.5-13. Yields:

A X2+ (-400y) x + (-400Dy) =0 (Equation 6.5-25)

4, Solve for “X" using the quadratic equation:

ML Jb?-4ac _ 400y + \/160000 y? + 1600ADy
- 2a - 2A

(Equation 6.5-26)

Solving for “x” will result in two answers. If both answers are positive, there are two
solutions. If one answer is negative, it can be eliminated and only one solution exists.

5. Substitute x and D into Equation 6.5-24 and solve for L:

Note: Two positive x values, will result in two L solutions. Desirably, use the longer
vertical curve solution provided it meets the sight distance criteria (based on the
selected design speed and algebraic difference in grades).

SYMMETRICAL VERTICAL CURVE THROUGH A GIVEN POINT
(Continued)
Figure 6.5-G
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Example 6.5-2

Given: Design Speed = 55 miles per hour
G = - 1.5 percent
G2 = + 2.0 percent
A = 3.5 percent
VPI Station = 29 + 00.00
VPI Elevation = 652.40 feet

Problem: At Station 27 + 50, a new highway must pass under the center of an existing
railroad that is at elevation 679.78 feet at the highway centerline. The railroad
bridge that will be constructed over the highway will be 4 feet in depth, 20 feet in
width and at right angles to the highway. Determine the length of the symmetrical
vertical curve that would be required to provide a 16 feet-6 inches clearance under
the railroad bridge.

Solution:
1. Sketch the problem with known information labeled.
¢ of Bridge
| Sta. 27 + 50

20'

f 4I
Elev. 679.78'

—

16"6"

V.P.I. =29+ 00
Elev. = 652.40'

NI

A

SYMMETRICAL VERTICAL CURVE THROUGH A GIVEN POINT
(Example 6.5-2)
Figure 6.5-H
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Example 6.5-2 (continued)

2. Determine the station where the minimum 16 feet-6 inches vertical clearance will occur
(Point P):

From inspection of the sketch, the critical location is on the left side of the railroad
bridge. The critical station is:

STA. P
STA. P
STA. P

BRIDGE CENTERLINE STATION - % (BRIDGE WIDTH)
STA. 27 + 50 - Y% (20)
STA. 27 + 40

3. Determine the elevation of Point P:

ELEV. P
ELEV. P
ELEV. P

ELEV. TOP RAILROAD BRIDGE - BRIDGE DEPTH - CLEARANCE
679.78-4.0-16.5
659.28 feet

4, Determine distance, D, from Point P to VPI:
D = STA. VPl - STA.P = (29 + 00) - (27 + 40) = 160 feet

5. Determine the tangent elevation at Point P:

G,

ELEV. TANGENT AT P = VPI ELEV. - (100 1.5

D =652.40 - | —— |160 = 654.80 feet
100

6. Determine the vertical curve correction (y) at Point P:
y = ELEV. ON CURVE - ELEV. OF TANGENT = 659.28 — 654.80 = 4.48 feet

7. Solve for x using Equation 6.5-26:

- 400(4.48) |/(160000)(4.48) +1600(3.5)(160)(4.48)
2(3.5)

x=640feet AND x=-128 feet (Disregard)

SYMMETRICAL VERTICAL CURVE THROUGH A GIVEN POINT
(Example 6.5-2)
(Continued)
Figure 6.5-H
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Example 6.5-2 (continued)

8. Using Equation 6.5-24, solve for L:
L = 2(x+ D)
L = 2(640 + 160)
L = 1600 feet
9. Determine if the solution meets the passenger car stopping sight distance for the 55 mile-

per-hour design speed. From Figure 6.5-C, the minimum design K-value:
K = 115

The algebraic difference in grades:

A =G, - Gy = (+2.0) - (-1.5) = 3.5.

From Equation 6.5-6, determine the minimum length of vertical curve which meets the
stopping sight distance:

LM|N = KA
Lvin = (115) 3.5 =402.5 feet

L = 1600 feet, which exceeds the minimum design stopping sight distance.

SYMMETRICAL VERTICAL CURVE THROUGH A GIVEN POINT
(Example 6.5-2)
(Continued)
Figure 6.5-H
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Example 6.5-3

An existing two-lane bridge on a rural arterial over a freeway is being replaced with a four-lane

bridge.

The existing bridge does not meet current minimum vertical clearance criteria. The new

bridge will have four 12-foot lanes with 8-foot outside shoulders.

Given:

Freeway: Design Speed = 70 miles per hour
Freeway is on a curve and is fully superelevated at a rate of 8 percent
Grade = +2.0 percent
North Bound Freeway Elevation at Tie Equation = 445.00 feet

Arterial:  Design Speed = 60 miles per hour
G1 = - 3.0 percent
G2 = - 1.0 percent
A 2.0 percent
VPI Station = 83 + 00.00
VPI Elevation = 461.20 feet
Bridge Cross Slope = 2.0%

Problem: At Station 80 + 50, the new bridge will pass over the freeway centerline for the

northbound roadway, which is at elevation 445.00 feet. The bridge that will be
constructed over the highway will be 5 feet in depth and at right angles to the highway.
Determine the length of the symmetrical vertical curve that would be required to
provide a minimum 17 feet — 0 inches clearance over the entire freeway cross section.

Solution:

Sketch the problem with known information labeled. See the figure on the next page.

Determine the station where the minimum 17-foot vertical clearance will occur (Point P):

From inspection of the sketch, the critical location is on the left side of the bridge where
the arterial crosses the northbound freeway roadway. The minimum 17-foot vertical
clearance must be available over the entire northbound freeway roadway. Because the
freeway is superelevated, the critical point will be the outside edge of the freeway right
shoulder. The critical station is:

STA. P = BRIDGE CENTERLINE STATION + (FREEWAY TRAVEL LANE AND
SHOULDER WIDTH)

STA. P = STA. 80 + 50 + (12+12)

STA.P = STA.80 + 74

Determine the elevation of Point P:

ELEV. P = ELEV. FREEWAY OUTSIDE SHOULDER AT CRITICAL POINT + BRIDGE
DEPTH + CLEARANCE

SYMMETRICAL VERTICAL CURVE THROUGH A GIVEN POINT
(Example 6.5-3)
Figure 6.5-I
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Example 6.5-3 (continued)

To find the elevation at freeway outside shoulder at Point P, first determine the elevation along the
freeway centerline to the outside edge of the bridge. Then, calculate the elevation of the outside
edge of the shoulder. Note that the total shoulder width includes the 10-foot paved width plus the
2-foot non-paved width.

FREEWAY POINT OF GRADE ELEVATION (outside edge of bridge) = FREEWAY
ELEVATION AT THE TIE EQUATION + FREEWAY GRADE x % (BRIDGE WIDTH)
ELEV. POG = 445.00 +0.02 x %2 (64)

ELEV. POG = 445.64 feet

ELEV. AT OUTSIDE SHOULDER = ELEV. POG + eq (FREEWAY TRAVEL LANE
WIDTH + FREEWAY SHOULDER WIDTH)

ELEV. AT OUTSIDE SHOULDER = 445.64 + 0.08 (12+12)

ELEV. AT OUTSIDE SHOULDER = 447.56 feet

ELEV. P = ELEV. FREEWAY OUTSIDE SHOULDER AT CRITICAL POINT + BRIDGE
DEPTH + CLEARANCE

ELEV.P = 44756 + 50 + 17.0

ELEV. P = 469.56 feet

4, Determine the ELEV. at the Arterial Profile Grade Line at Point P. The vertical curve on
the arterial must pass through this elevation to meet the minimum vertical clearance of 17
feet for the freeway.

ARTERIAL PGL ELEV.
ARTERIAL PGL ELEV.
ARTERIAL PGL ELEV.

ELEV. P + (BRIDGE CROSS SLOPE x ¥ (BRIDGE WIDTH))
469.56 + (0.02 x Y (64))
470.20 feet

5. Determine distance, D, from Point P to VPI:
D = STA.VPI - STA.P = (83+00) — (80 + 74) = 226 feet

6. Determine the tangent elevation at Point P:
ELEV. TANGENT AT P = VPIELEV. - (S—BJD

ELEV. TANGENT AT P =461.20 - (%) 226 = 467.98 feet

7. Determine the vertical curve correction (y) at Point P:

y = ELEV. ON CURVE - ELEV. OF TANGENT = 470.20 — 467.98 = 2.22 feet

SYMMETRICAL VERTICAL CURVE THROUGH A GIVEN POINT
(Example 6.5-3)
(Continued)
Figure 6.5-I
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Example 6.5-3 (continued)

8. Solve for x using Equation 6.5-26:
= 400(2.22) £ \/(160000)(2.22)2 +1600(2.0)(226)(2.22)
2(2.0)
x =609 feet AND x=-164 feet (Disregard)
9. Using Equation 6.5-24, solve for L:
L = 2(x+D)
L = 2(609 + 226)
L = 1670 feet

10. Determine if the solution meets the passenger car stopping sight distance for the 60 mile-
per-hour design speed. From Figure 6.5-C, the minimum design K-value:

K = 136
The algebraic difference in grades:
A=G; - G = (=30 - (-1.0) = 2.0.

From Equation 6.5-6, determine the minimum length of vertical curve which meets the
stopping sight distance:

LM|N = KA
Lvin = (136) 2.0 =272 feet

L = 1670 feet, which exceeds the minimum design stopping sight distance.

SYMMETRICAL VERTICAL CURVE THROUGH A GIVEN POINT
(Example 6.5-3)
(Continued)
Figure 6.5-|
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D, "
D, N
VPI,
G7
G2 VPI,
VPI,
D, = Distance between VPI; and VPI,, feet
D, = Distance between VPI; and VPI3, feet
Given: Station and Elevation at VPI;
Station and Elevation at VPIs
G1, G, percent
Problem: Find Station and Elevation of VPI..
Solution:
1. Find the station of VPI5:
D, = (ELEV.VPI, — ELEV.VPL) - G,D, (Equation 6.5-27)
G1 - Gz
STA. VPI, = STA.VPI, + D;
2. Find the elevation of VPI5:
ELEV. VPI, = ELEV. VPIl1 + G1 D: (Equation 6.5-28)

VERTICAL CURVE COMPUTATION
(Intermediate VPI)
Figure 6.5-J
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6.6 VERTICAL CLEARANCES

Vertical clearance is required above all sections of the roadway surface, including the shoulder.
Figure 6.6-A presents the minimum roadway vertical clearances. The clearance must be
available over the traveled way, shoulder and any anticipated future widening.

. Local Roads

Freeways Arterials Collectors and Streets
New/Replaced 17 ft-0in 17 ft-0in 16 ft—0in 16 ft— 0 in
Overpassing Bridges*
Existing Overpassing 16 ft—0in 16 ft—0in 16 ft—0in 141t—0in
Bridges
Pedestrian Bridges 18ft—0in
Overhead Signs 17 ft— 6 in
Structures
Overhead Utilities Contact Utilities Office
Railroads New/Replaced 23ft—0in

Bridges (Clearance Over)

Railroads Widening
Existing Bridges Maintain Existing Clearance
(Clearance Over)

Navigable Water Contact Environmental Services Office

Major Lakes and 8 ft — 0 in above the maximum operating pool

Reservoirs
: 2 ft — 0 in above the design high water elevation. Freeboard may be
Rivers . . .
increased up to 7 ft — 0 in for large rivers.
Tidal Waters 2 ft — 0 in above the 10-yr high water elevation including wave height

* Table value includes allowance for future overlays.

MINIMUM VERTICAL CLEARANCES
Figure 6.6-A
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Chapter 7
CROSS SECTION ELEMENTS

The highway cross section will establish the basic operational and safety features for the facility,
and it will have a significant impact on the project cost, especially for right of way. Chapters 14
through 18 contain typical sections and design criteria for cross sections of local roads and streets,
collectors, arterials and freeways. This chapter provides guidance in the design of cross section
elements, including the roadway section (e.g., travel lanes, shoulders, auxiliary lanes, passing
lanes, curbing), roadside elements, medians, TWLTL, and bridge and underpass cross sections.

7.1 DEFINITIONS/NOMENCLATURE

Figures 7.1-A, 7.1-B, 7.1-C and 7.1-D provide the basic nomenclature for cross section elements
for freeways, rural highways, urban streets with curb and gutter, and urban streets with valley
gutters, respectively. The following definitions apply to the highway cross section:

1. Auxiliary Lane. The portion of the roadway adjoining the through traveled way for
purposes supplementary to through traffic movement including parking, speed change,
turning, storage for turning, weaving or truck climbing.

2. Backslope. The side slope created by the connection of the ditch bottom or shelf, upward
and outward, to the natural ground.

3. Back Lip. The portion of a valley gutter section beyond the gutter.
4. Buffer. Where used, the area or strip between the roadway and a sidewalk.

5. Catch Curb. The curb type used where the adjacent travel lane or shoulder drains towards
the curb and gutter.

6. Cross Slope. The slope in the cross section view of the travel lanes, expressed as a
percent or ratio based on the change in horizontal compared to the change in vertical.

7. Depressed Median. A median that is lower in elevation than the traveled way and
designed to carry a certain portion of the roadway runoff.

8. Divided Highway. A roadway that has separate traveled ways, usually with a depressed,
raised or CMB median for traffic in opposite directions.

9. Fill Slopes. Slopes extending outward and downward from the shoulder hinge point to
intersect the natural ground line.

10. Flush Median. A paved median that is essentially level with the surface of the adjacent
traveled way.

11. Foreslope. This is the side slope in a cut section created by connecting the shoulder to
the ditch hinge point, downward and outward.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Hinge Point. The point where the height of fill and depth of cut are determined. For fills,
the point is located at the intersection of the shoulder and the fill slope. For cuts, the hinge
point is located at the toe of the backslope.

Median Slope. The slope in the cross section view of a median beyond the shoulder,
expressed as a ratio of the change in harizontal to the change in vertical.

Roadway. The combination of the traveled way, both shoulders and/or gutters, and any
auxiliary lanes on the mainline highway. Traveled ways separated by a depressed median
have two or more roadways.

Shelf. On curbed facilities, the relatively flat area located between the back of the curb
and the break for the fill or backslopes.

Shoulder. The portion of the roadway contiguous to the traveled way for the
accommaodation of stopped vehicles, for emergency use, and for lateral support of base
and surface courses. On sections with curb and gutter, the shoulder includes the gutter.

Shoulder Slope. The slope in the cross section view of the shoulders, expressed as a
percent or ratio.

Sidewalk. The portion of a street or highway right-of-way, beyond the curb or edge of
roadway pavement, which is intended for use by pedestrians.

Slope Offset. On curbed facilities with sidewalks, the distance between the back of the
sidewalk and the break for the fill slope or backslope.

Sloping Curb. A longitudinal element placed at the roadway edge for delineation, to
control drainage, to control access, etc. Sloping curbs have a height of 6 inches or less
with a face no steeper than 1 horizontal (H) to 3 vertical (V).

Spill Curb. The curb type used where the adjacent travel lane or shoulder drains away
from the curb and gutter.

Toe of Slope. The intersection of the fill slope or foreslope with the natural ground or ditch
bottom.

Top of Slope (Cut). The intersection of the backslope with the natural ground.

Traveled Way. The portion of the roadway for the movement of vehicles, exclusive of
shoulders and auxiliary lanes.

Two-Way-Left-Turn-Lane (TWLTL). An area within the flush median marked continuously
along a street or highway to provide a deceleration and storage area, out of the through
traffic stream, for vehicles traveling in either direction to use in making left turns into and
out of access points.

Undivided Highway. A roadway that does not have a physical barrier (e.g., depressed
median, CMB median) between opposing traffic lanes.
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27.

28.

Valley Gutter. A paved longitudinal element placed at the roadway edge to control
drainage. The valley gutter is designed with a backslope of 10 percent and a width of 3
feet or greater.

Vertical Curb. A longitudinal element, typically concrete, placed at the roadway edge for
delineation, to control drainage, to control access, etc. Vertical curbs may range in height
between 6 inches and 12 inches with a face no steeper than 1 horizontal (H) to 6 vertical

(V).
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7.2 ROADWAY SECTION

7.2.1 Typical Cross Sections

Typical cross sections are graphical representations with dimensions showing the width, limits
and slopes of the various cross sectional elements the designer uses for a particular project.
Typical cross sections generally illustrate one side in a fill section and the other side in a cut
section for both normal crown and superelevated sections. They generally detail the thickness,
depth and layers of the pavement structural components. Typical cross sections for local roads
and streets, collectors, arterials and freeways are presented in Chapters 14 through 17,
respectively.

Chapters 14 through 18 provide the minimum criteria for lane widths, shoulder widths and other
cross section elements.

7.2.2 Pavement Surface Type

For the selection of pavement type, the designer should consider the following factors:

. volume and composition of traffic,

. soil characteristics,

o weather,

. historical performance of various pavement types in the project area,
. energy conservation,

. availability of materials,

. costs, and

. life cycle costs.

Pavements are generally classified into one of three categories — high, intermediate and low.
The selection of the appropriate pavement type for a particular road, street or highway is primarily
based upon the anticipated volume and type of traffic. For more information on pavement
selection, contact the Pavement Design Engineer. The Department uses the following pavement
types:

1. High-Type Pavements. High-type pavements are classified as asphaltic concrete
(flexible) or concrete (rigid). Use this pavement type wherever high volumes of traffic are
expected. Adequate design and construction techniques should allow pavements to retain
their cross sectional shape, smooth riding qualities, drain properly and maintain good skid-
resistant properties throughout their expected service life. The primary objective in the
selection, design and construction of high-type pavements is to ensure maximum
performance. The proper design and construction avoids performing non-routine
maintenance and the resultant interruption and annoyance to traffic operations; as well
as, the associated increased cost to the responsible governmental entity and the highway
user.

2. Intermediate-Type Pavements. Intermediate pavements are designed to lesser criteria
than the high-type pavement. Intermediate-type pavements are a variety of bituminous
surface treatments on a prepared base. These are generally used on collectors and local
roads and streets.
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3. Low-Type Pavements. Low-type surfaces are generally prevalent on very low volume
roads and normally consist of earth-type base (sand-clay) and earth base with macadam,
stabilized aggregate or some other type of stone surface. The Department has a very
limited number of roadways with this type of pavement.

7.2.3 Traveled Way

The traveled way is the area upon which vehicles travel. The traveled way has a great influence
on the operations and safety of a highway facility.

7.2.3.1 Lane Widths

Lane widths range from 9 to 14 feet, with the 12-foot width being the most common practice for
State highway facilities. Lesser widths may be considered on 3R projects, see Chapter 18 “3R
Projects (Non-Freeways),” and local roads and streets, see Chapter 14 “Local Roads and
Streets.” Consider the following factors when selecting lane widths:

1. Safety. Lane widths are one of many factors that may affect the roadway safety. The lane
width of a roadway influences the comfort of driving, operational characteristics and, in
some instances, the likelihood of crashes.

2. Highway Classification. Highway classification and type are major determining factors in
the selection of lane width. Generally, highway classification is a function of expected
traffic usage. Arterials and freeways will have wider widths while collectors and local
streets and roads may have narrower widths. Chapters 14 through 17 provide lane widths
for the various functional classifications.

3. Context. In rural areas, there is typically sufficient right of way available to provide wider
lane widths. In urban areas, restrictive right of way may limit the travel lane widths.

4. Traffic Volume. The volume of traffic is also a factor in determining lane width. For
example, a wider lane provides desirable clearances between vehicles traveling in
opposite directions on two-lane, two-way rural highways when high traffic volumes and
high percentages of commercial vehicles are expected.

5. Capacity. In general, wider lanes have a greater capacity than narrower lanes because
motorists are less inhibited by the close proximity of adjacent traffic. This results in a
higher running speed and, in some instances, increases capacity. However, widths
greater than 12 feet do not necessarily increase traffic capacity. Therefore, the Highway
Capacity Manual uses the 12-foot travel lane as the base width for determining capacity
and reduction factors are provided for narrower lanes.

6. Lateral Obstructions. Consider the location of lanes with respect to curbs and other lateral
obstructions. Motorists tend to avoid close obstacles; therefore, wider lanes are desired.
The absence of a usable shoulder and the close proximity of obstructions to the edge of
the traveled way also influence driver behavior. For more information on lateral
obstructions and the effects on driver behavior, see the AASHTO Roadside Design Guide
and the Highway Capacity Manual.
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7. Trucks. Significant volumes of trucks influence the lane width selection. The size and
location of trucks, within their respective travel lane, have a similar effect as a lateral
obstruction on both opposing and adjacent traffic. Trucks tend to cause other traffic to
travel at reduced running speeds, which reduces overall capacity.

7.2.3.2 Provisions for Bicycles on Traveled Way

For guidance on provisions for bicyclists, see Section 13.2 of this Manual, Department policies,
and the AASHTO Guide for the Development of Bicycle Facilities.

7.2.3.3 Traveled Way Cross Slopes

The purpose of the pavement cross slope is to promote rapid removal of drainage from the
pavement surface while enabling the driver to maintain control of the vehicle. Because low-type
pavements are loose and pervious, they require a greater cross slope than high-type surfaces in
order to reduce saturation of the unpaved surface and base materials. Figure 7.2-A presents
cross slopes for the various types of pavements used by the Department.

Surface Surface Tvpe Cross
Class yp Slope
Hiah Hot Mix Asphalt Concrete Surface Course or Portland 2.00% (50H:1V)
g Cement Concrete on a Prepared Base. for first 2 lanes
Intermediate | Bituminous Surface Treatment on a Prepared Subbase. 2.00% (50H:1V)
- 2.50% (40H:1V) or
Low Earth Base/Stabilized Aggregate or Macadam. 4.00% (25H:1V)

NORMAL PAVEMENT CROSS SLOPES
Figure 7.2-A
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Cross slopes of 2.00 percent are permitted for up to two lanes plus one half the width of a flush
median. Pavement beyond the second lane should have a cross slope of 2.50 percent. This is
for travel lanes as well as auxiliary lanes. If a roadway section has curb and gutters and the profile
grade is less than 2.00 percent, the designer may consider using a cross slope of 2.50 percent
for the outside lane to improve drainage.

The following further describes the cross slopes used by the Department:

1. Two-Lane Highways. Crown the traveled way pavement at the centerline and use a cross
slope as shown in Figure 7.2-A away from the centerline.

2. Four-Lane Divided Highways (Narrow Median). Crown the traveled way pavement at the
inside edge of the traveled way and use a cross slope of 2.00 percent away from the
median for all lanes.

3. Four-Lane Divided Highways (Wide Median). Crown the traveled way pavement at the
centerline of each roadway and use a cross slope of 2.00 percent away from the centerline
for all lanes.

4, Three-, Five- or Seven-Lane Highways (with TWLTL). Crown the pavement at the center

of the TWLTL and use a cross slope of 2.00 percent away from the centerline for all lanes
on three- and five-lane highways. For a seven-lane section, use a cross slope of 2.5
percent for the outside lanes.

5. Six-Lane Highways with a Concrete Median Barrier (CMB). The following will apply:

a. CMB Raised. Crown the median at the centerline of the CMB and use a slope of
2.00 percent away from the center for the inside shoulders and for the first two
travel lanes adjacent to the inside shoulder. Use a slope of 2.50 percent for the
third lane breaking away from the outside edge of the second travel lane.

b. CMB Depressed. When the median is lower than the adjacent traveled way, crown
the traveled way between the first and second travel lanes (i.e., one lane sloping
to the inside and two lanes sloping to the outside. The cross slope on all travel
lanes will be 2.00 percent. The inside shoulder is sloped towards the CMB at a
rate of 4.00 percent. When retrofitting existing facilities, do not break more than
two lanes to the inside.

6. Bike Lanes. Where there is an auxiliary lane adjacent to the bike lane, the bike lane cross
slope is the same as the through lane.

7.2.4 Shoulders
7.24.1 Function

Shoulders are defined as that portion of the roadway contiguous to the traveled way. They extend
from the edge of the travel lane to the intersection of the foreslope. Shoulders may either be earth
type or paved or a combination of both. Useable shoulders constitute the actual width of shoulder
available for emergency stopping. Figure 7.2-B provides examples of shoulders.
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*Add 3.75 feet to the shoulder for roadside barrier and lateral support
SHOULDERS
Figure 7.2-B
Shoulders serve many functions, some of which include:
. providing structural support for the traveled way,
. increasing highway capacity,
. encouraging uniform travel speeds,
. providing space for emergency and discretionary stops,
o improving roadside safety by providing more recovery area for run-off-the-road vehicles,
. providing a sense of openness,
o improving sight distance around horizontal curves,
. enhancing highway aesthetics,
o facilitating maintenance operations,
o providing additional lateral clearance to roadside appurtenances,
o facilitating pavement drainage,
° providing space for pedestrian and bicycle use, and
° providing space for bus stops.
7.2.4.2 Shoulder Width

Shoulder widths will vary according to functional classification, traffic volumes, and urban or rural
location. Chapters 14 through 18 present the shoulder width criteria for the various conditions.
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Wider paved shoulder widths should be provided to accommodate bicyclists on SC Touring
Routes and routes designated by a bicycling plan adopted by an MPO or COG.

In addition, guardrail can influence the shoulder width. Where guardrail is provided, increase the
width of the shoulder by 3.75 feet to maintain the desirable useable width and to provide support
for the guardrail. See Figure 7.2-B.

7.2.4.3 Shoulder Cross Slopes

Greater cross slopes are provided on shoulders than on adjacent travel lanes for two reasons: 1)
the runoff carried across the shoulder is a combined total of both the adjacent travel lane and the
shoulder; and 2) in many cases, the shoulder surface material is rougher than the adjacent travel
lane requiring a steeper slope to maintain a similar flow rate. Not all shoulders are paved, so it is
necessary to remove the water as rapidly as possible before it penetrates the shoulder with the
potential of reducing its structural support capabilities. Normal shoulder slopes are shown in
Figure 7.2-C. See Section 5.3.5 for the treatment of shoulders through superelevated curves for
new construction and reconstruction projects. On 3R projects, existing shoulder slopes may be
retained; see Chapter 18 “3R Projects (Non-Freeways).”

All shoulders should be structurally adequate to support truck usage for emergency purposes. In
addition, ensure shoulder materials are sufficiently stable to provide lateral support of the adjacent
pavements.

For maintenance operations, it is advantageous for the shoulders to be delineated from the
through traffic lanes. This generally can be accomplished by using a different surface treatment,
a different surface gradation and finish, pavement markings if the same surface material is used
for both the traveled way and shoulder, and rumble strips.

Surface Class Surface Type Cross Slope
Paved Hot Mix Asphalt Concrete or 4.00%*
Portland Cement Concrete (25H:1V)
Turf Compacted Earth with Grass 8.00%
Surface (12.5H:1V)

* |f the paved shoulder is 4 feet or less, use the adjacent travel lane cross slope.

NORMAL SHOULDER CROSS SLOPES
Figure 7.2-C

7.2.5 Rumble Strips

Rumble strips are a proven, cost-effective way to reduce crashes. They alert drivers of lane
departures by providing an audible and vibratory warning. Shoulder rumble strips help reduce
roadway departures; whereas, centerline rumble strips reduce vehicular crossovers on undivided
highways.
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Engineering Directive 53 “Installation of Rumble Strips” provides the warrants for the placement
of rumble strips on freeways and other highways. The SCDOT Standard Drawings provide the
design details for milled rumble strips and stripes, and their application on freeways and other
highways.

Place a note on the plan sheet showing “Begin Mill-in Rumble Strip” and “End Mill-in Rumble
Strip” with an arrow to the appropriate location; see the SCDOT Standard Drawings.

7.2.6 Auxiliary Lanes

7.2.6.1 General Guidance

Auxiliary lanes are any lanes beyond the basic through travel lanes. They are intended for use
by vehicular traffic for specific functions. The following will apply to the design of auxiliary lanes:

1. Width. The width of an auxiliary lane is typically the same as that of the adjacent through
lane. Auxiliary lane widths for various classifications of highways are provided in the
design tables in Chapters 14 through 17.

2. Types. Auxiliary lanes include:
o single left- and right-turn lanes at intersections,
. double left- and right-turn lanes at intersections,
. truck-climbing lanes,
. acceleration/deceleration lanes at interchanges or intersections,
. weaving lanes within an interchange,
° continuous auxiliary lanes between two closely spaced interchanges,
° parking lanes, and
o passing lanes.
3. Shoulders. The shoulder width adjacent to the auxiliary lane should be the same as the

normal shoulder width for the approaching roadway. At a minimum, the width should be
6 feet assuming the roadway has a shoulder width equal to or greater than 6 feet.

4, Cross Slope. The cross slope for an auxiliary lane will depend on the number of lanes
and cross slope of the adjacent traveled way. If the auxiliary lane is the second lane from
the crown, provide a cross slope of 2.00 percent. If the auxiliary lane is the third or fourth
lane from the crown, use a cross slope of 2.50 percent. See Section 7.2.3.3 for additional
information on cross slopes.

7.2.6.2 2+1 Roadways

The 2+1 roadway is a continuous three-lane cross section with striping to provide for passing in
alternate directions; see Figure 7.2-D. A 2+1 roadway may be considered as an alternative to
two-lane highways where passing lanes are necessary to obtain the desired level of service, but
the traffic volumes are not high enough to justify a four-lane facility. The decision to use the 2+1
roadway will be determined on a case-by-case basis based on long-range planning objectives for
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the facility, available right of way, existing cross section, topography and the need to reduce
platooning and passing problems.

100 ft min. Urban

L% 320 ft L% 200 ft min. Rural
- -

*| = ws; S > 40 mph
I-=m;8s40mph
60

2+1 ROADWAY
Figure 7.2-D

When designing 2+1 roadways, consider the following:

1.

Sight Distance. Provide stopping sight distance throughout the 2+1 roadway. Desirably,
provide decision sight distance to the lane drops and at intersections.

Level of Service. A 2+1 roadway will typically operate at least two levels of service higher
than a conventional two-lane highway serving the same traffic volume.

Capacity. Do not consider a 2+1 roadway where current or projected traffic volumes
exceed 1200 vehicles per hour in one direction of travel. A four-lane facility is generally
more efficient at these traffic volumes.

Terrain. Only use 2+1 roadways in level or rolling terrain. In mountainous terrain or on
isolated steep grades, a climbing lane is generally more appropriate.

Cross Sections. The lane and shoulder widths should match the adjacent section of the
two-lane highway.

Major Intersections. Locate major intersections in the transition area between opposing
passing lanes, and provide striping for left-turn lanes at the intersection, as applicable.
Low-volume intersections and most driveways may be accommodated within the passing
lane sections.

Signing and Pavement Markings. Signing and pavement markings for a passing lane
should meet the criteria in the MUTCD.
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7.2.°7 Parking

7.2.7.1 Guidelines

Adjacent land use may create a demand for on-street parking along an urban street. Parking
lanes provide convenient access for motorists to businesses and residences. However, on-street
parking reduces capacity, impedes traffic flow and increases crash potential.

The decision to retain existing on-street parking or to introduce on-street parking will be based on
a case-by-case assessment in cooperation with the local community. Evaluate the following
factors:

° prior crash experience or potential safety concerns;
° impacts on the capacity of the facility;

. current or predicted demand for parking;

. actual needs versus existing number of spaces;

° alternative parking options (e.qg., off-street parking);
. input from local businesses;

. impacts on right of way;

. impacts on bicyclists and pedestrians;

. pedestrian accessibility;

. construction costs; and

. projected traffic volumes.

7.2.7.2 Parking Types

The two basic types of on-street parking are parallel and angle parking. Parallel parking is the
preferred arrangement where street space is limited and traffic capacity is a major factor. Angle
parking provides more spaces per linear foot than parallel parking, but a greater cross street width
is necessary for its design. The total entrance and exit time for parallel parking exceeds that
required for angle parking. Parallel parking also requires a vehicle to stop in the travel lane and
await an opportunity to back into the parking space. However, angle parking requires the vehicle
to back into the lane of travel when adjacent parked vehicles may restrict sight distance and where
this maneuver may surprise an approaching motorist.

7.2.7.3 Design

In many communities, local codes or regulations dictate the dimensions for parking layouts. For
guidance on parking stall widths, stall layouts and other parking design criteria, the designer
should review the Institute of Transportation Engineers’ Traffic Engineering Handbook.

7.2.7.4 Location

For most sites, conduct a parking occupancy turnover study and a sight distance evaluation. In
addition to State and local regulations when locating parking spaces, consider the following:

. Prohibit parking within 20 feet of any crosswalk.
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° Prohibit parking at least 10 feet from the beginning of the curb radius at mid-block
approaches (e.qg., alleys, driveways).

° Prohibit parking within 50 feet of the nearest rail of a railroad/highway crossing.

° Prohibit parking from areas designated by local traffic and enforcement regulations (e.g.,
near school zones, fire hydrants). See local ordinances for additional information on
parking restrictions.

. Prohibit parking near bus stops (see Section 11.8).

° Prohibit parking within 30 feet on the approach leg to any intersection with a flashing
beacon, stop sign or traffic signal.

. Prohibit parking on bridges or within a highway tunnel.
) Eliminate parking across from a T- intersection.
) Prohibit parking in the intersection sight triangle.

7.2.8 Curbs
7.2.8.1 Usage

Curbs are often used on urban facilities to control drainage, delineate the pavement edge,
channelize vehicular movements, control access, limit right of way needs, provide separation
between vehicles and pedestrians and present an attractive appearance. Curbs are generally
not used in rural areas. For urban and suburban areas, determining if curbs will be used depends
upon many variables, and the decision will be made on a case-by-case basis. Evaluate the
following factors to determine whether a curbed section is preferred:

. local preference,

° drainage impacts,

° construction costs,

. impacts on maintenance operations,
. roadside safety impacts,

. sidewalks (see Section 13.3),

. control of access to abutting properties,
o impacts on traffic operations,

o right-of-way restrictions,

. vehicular speeds, and

. potential for future widening.

Curbs used along the outside pavement edges serve a variety of functions (e.g., drainage control,
delineating edges of pavement and pedestrian walkways, aesthetics, reduce right of way).
Pedestrian accommodations are usually warranted where curb and gutter is present. Curbs are
also used as aids in channelizing vehicle movement at intersections, controlling access points
and providing lateral support of the roadway or shoulder pavement. The use of curbs
predominates in urban areas as opposed to rural.
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Curbs may be provided on urban ramps if they are located at outside edge of the paved shoulder.
If curbing is provided on ramp, it should be within the gore area or along the ramp proper. Curbing
should not be provided along the freeway mainline.

7.2.8.2 Types

There are two basic types of curbs, vertical curb and sloping curb. Either curb type may be
constructed with an integral gutter to form a curb and gutter section. Curbs are constructed of
concrete either cast-in-place or extruded. Where curb and gutter is used, whether vertical or
sloping curb, the gutter portion is not considered a part of the traveled way.

The design details for the following curb types used by the Department are provided in the SCDOT
Standard Drawings:

1. Vertical. Vertical curbs are normally 6 inches in height with steep vertical faces (1H:6V).
They are intended to discourage vehicles from leaving the traveled way. Do not use
vertical curbs adjacent to travel lanes where design speeds exceed 45 miles per hour.
Instead, use a sloping curb placed at the outer edge of the shoulder.

2. Sloping. Sloping curbs are generally 6 inches in height with a sloped face (4H:5V).
Sloping curbs will allow a vehicle to mount the curb and can be used with any design
speed. If the design speed is greater than 45 miles per hour, place the curb on the outside
edge of the shoulder. For freeways and ramps, o