)

{’ _'J‘.'
\X\V‘P\K AL"?
: MURPHY H

DESIGN MANUAL

Oklahoma Department of Transportation

R.B. Hankins - Assistant Director Design

S
Bob Rase - Chief in
Bob . Green - Director

Federal Highway Administration

Abraham Wong - District Efigineer

& K>

E. z?'sen - Division Administrator







PREFACE

The ODOT Roadway Design Manual has been developed with you, the Designer, in mind.
It has been over twenty years since we have had a design tool comparable to this Manual. 1 hope

that ODOT employees and consultants use this document to provide quality plans for the road users
of this State.

The ODOT Roadway Design Manual is intended to provide uniform design practices and
quality control for the preparation of contract plans for ODOT projects. The roadway designer
should attempt to meet all criteria presented in the Manual. Where both "desirable" and "minimum"
criteria are available, the designer should meet the desirable criteria if practical. However, the
Manual should not be considered a standard which must be met regardless of impacts. Designers
must exercise good judgment on individual projects and, frequently, they must be innovative in their
approach to road design. This may require, for example, additional research into the literature.

The ODOT Roadway Design Manual was developed by the ODOT Design Division with
assistance from the engineering consulting firm of Roy Jorgensen Associates, Inc. I would like to
acknowledge and thank the Design Manual Committee for their work and a job well done — Clee
Turbyfill, Chairman; Abraham Wong, FHWA; Guy Keith, Grossman-Keith and Associates;
Christine Senkowski, Urban Design; Jim Rose, Traffic Engineering; Jim Carson, Rural Design.
Special Committee Advisors — Susan Davis, Geometric Design; Jack Stewart, Office Engineer; Bob
Rusch, Bridge Division; J. C. Mabry, Chief Traffic Engineer; Larry Hall, Traffic Engineering; Terry
McFall, Planning Division; Tim Borg, Pavement Design Engineer; Te Ngo, Hydraulics Engineer;
Pat Hernandez, Reproduction Branch; Stacey Trumbo, ARTEMIS; Sherri Hiller, ARTEMIS; and
Charles Whittle for his work as the consultant’s on-site project coordinator.

R. B. Hankins, P.E.
Assistant Director—Design

The Federal Highway Administration wishes to congratulate the Oklahoma Department of
Transportation on the issuance of the Oklahoma Roadway Design Manual. The Federal Highway
Administration has been pleased to participate in the development of this Manual through a
representative on the ODOT Design Manual Committee. The Manual was based in part on Federal
Highway Administration policy and regulation current at the time of the Manual’s development.
However, this Manual does not constitute a Federal policy, standard, specification or regulation.
The United States Government assumes no liability for its contents or use therefore.
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Chapter One

ODOT ORGANIZATION

This chapter will be prepared and submitted in the future.
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Chapter Two

PROJECT DEVELOPMENT PROCESS
(For Roadway Design)

Introduction

Chapter Two documents the basic approach

used by ODOT in its project development
process. The chapter presents a flowchart

which graphically illustrates the development

of a "typical" project. This is followed by a

brief description of each activity within the 3.
flowchart. In their use of Chapter Two, the

users should consider the following:

1. Precedence Activity Network. The

flowchart of the project development

process is a precedence activity network

(see Figure 2A). An "activity" occurs

when a significant, discrete event occurs

and/or when the responsibility for the

project (activity) is transferred from one 4.
unit to another. The "precedence"” nature

of the network implies that an activity

cannot occur until all activities preceding

that one have been completed.

2. Project Application. The flowchart

represents an approximate project
development process for a relatively
complicated project. Not every activity
will be applicable to every project; ie., S.
some activities will represent "zero" time
on relatively minor projects. In addition,
some major projects are more complex
than illustrated in the network. In
general, the user should find that projects
which are developed according to this
process will have fewer management
problems.

The illustrated network assumes a project
designed in-house. The process for a

consultant-designed project may be
similar, except that communication lines
exist between ODOT and the consultant
for ODOT review and approval.

Lines of Communication. The rigid
application of the flowchart would lead to
predetermined, precise points at which
communication occurs between units.
This is neither realistic nor preferable.
Communications between units must be
continuous. This will result in fewer
problems and fewer "surprises” in the
project development process.

Road Design Emphasis. The objective of

the flowchart is to illustrate the significant
activities for the road design element of
project development.  Other project
development elements (e.g., environment,
bridge design, right-of-way) are illustrated
as single activities which diverge from and
converge with the road design process
(i.e., the main spine of the flowchart).

Other Manual Chapters. The ODOT
Roadway Design Manual contains several

other chapters which provide
complementary information to Chapter
Two. The designer should review these
chapters for more information on the
project development process. In
particular, Chapter Two should be used in
combination with Chapter Four "Plan
Preparation,” which describes the specific
content of individual plan sheets.

Page 2(1)
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Activity Title: Conduct Preliminary Planning Process
Activity No.: 01

Responsible Unit: =~ ODOT Planning Division

Activity Description:

Before most proposed projects are presented to the State Transportation Commission, the
Planning Division performs basic preliminary planning functions on each project.
Depending upon the nature of the project, the planning and programming activities may
include:

1. evaluating the project initiation request (e.g, from a legislator, private citizen or
ODOT’s normal planning process);

2. investigating the project relative to other needs and planned improvements in the same
geographic area;

3. establishing a preliminary scope of work for the project (e.g, reconstruction, 3R non-
freeway, spot improvement);

4. conducting a priority analysis for the project;
5. developing an estimate of construction costs and determining funding availability; and

6. estimating the likely environmental documents required for the project.

2(3)
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Activity Title: Approve/Establish Project
Activity No.: 02

Responsible Unit: State Transportation Commission/Deputy Director/ODOT
Programs Division

Activity Description:

After the preliminary planning process has been completed, the ODOT Deputy Director
formally requests project approval from the Oklahoma State Transportation Commission.
Commission approval is needed before ODOT can expend preliminary engineering funds
on project development. The Commission may also assign the project to a specific fiscal
year construction program. -

After project approval, the ODOT Programs Division:
1. assigns a project number,
2. inserts the project into the ODOT Project Management System for tracking; and

3. transfers the project to the ODOT Planning Division, Transportation Planning Branch
and/or the Assistant Director -- Design for further project development.

2(4)
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ROAD DESIGN ACTIVITY

Activity Title: Assign Project Engineer
Activity No.: 03

Responsible Unit: ~ Applicable Design Division Engineer

Activity Description:

The Design Division Engineer assigns the project to a Project Engineer for development.
The Project Engineer has the overall day-to-day responsibility for advancing the project
through the design process. The Project Engineer:

1. coordinates directly with other units in ODOT;

2. attends all internal meetings and field inspections;

3. is responsible for ensuring that the project design meets all ODOT criteria and
procedures;

4. reports directly to the Assistant Design Division Engineer on all significant project
activities, problems and developments; and

5. participates in the public involvement process.

2 (5)
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Activity Title: Assemble Project Information
ctivity No.: 04

Responsible Unit: Project Engineer

Activity Description:

The Project Engineer accumulates and reviews all available information on the proposed
project and requests additional information as needed. As appropriate, the information may
include (but not be limited to):

planning reports or studies;

record plans (as-built);

letters/correspondence on the project;

accident data;

traffic data and turning movements;

documentation on any public or private meetings;

original surveys;

aerial photos;

USGS quadrangle sheets; and

10 information and comments from other ODOT units, FHWA or other agencies.

N
o N e

This activity is conducted to prepare for the Project Scoping Meeting (Activity 05), as
[ outlined in the ODOT Scoping Procedure(1). Depending upon the evaluation of the
existing project information, the Project Engineer may determine that informal meetings or
contacts with units internal or external to ODOT are appropriate before the Scoping
Meeting. The Project Engineer submits a written request to the ODOT Planning Division,
Transportation Planning Branch, for scheduling the scoping meeting.

2 (6)
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Activity Title: Hold Project Scoping Meeting
Activity No.: 05

Responsible Unit: ODOT Planning Division/Transportation Planning Branch

Activity Description:

The Environmental Coordinator schedules the Project Scoping Meeting to firmly establish
the overall scope of the project design. The Project Scoping Team may include
representatives from any or all of the following as applicable to the project:

Rural Design Division (Project Engineer, Drainage Engineer, Pavement Engineer);
Urban Design Division (Project Engineer, Geometric Design Engineer);

Bridge Division;

Traffic Division;

Right-of-Way Division (including Utilities Branch);

Materials Division;

Planning Division (Rail Planning Branch);

Field Division;

Federal Highway Administration; and

10 local government entity.

© PN U AW

The basic objective of the Project Scoping Meeting is to evaluate the project objective and
determine if the envisioned scope of the project design is consistent with the available funds.
The Project Scoping Team, based on an evaluation of the assembled project information
(Activity 04), will identify the basic project design parameters (e.g., scope of work, design
speed, capacity improvements, pavement improvements, safety upgrading), major design
exceptions and environmental requirements. The Team will usually conduct an on-site field
review of the proposed project. The Team may also conclude that functional plans are
required.

The estimated project funds, as approved by the Commission, may be inconsistent with the
Scoping Team’s judgment on the needed level of improvement. If so, the project scope of
work must be redefined, or additional funds approved by the Commission, or the project
dropped by the Commission.

2(7M
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Activity Title: Conduct Environmental Process
Activity No.: 06

Responsible Unit: ODOT Planning Division/Transportation Planning Branch

Activity Description:

Based on the results of the Project Scoping Meeting (Activity 05), the Transportation
Planning Branch completes ODOT’s environmental process. Depending upon the nature of
the project, the environmental process may include any or all of the following activities:

an assessment of early coordination needs;

a determination of the environmental class of action;

the preparation of the necessary environmental documents (e.g., EIS);

the administration of the public involvement process (e.g., public hearings); and
the identification of all necessary permits (see Activity 34).

APl ol A

Design activities may not proceed beyond the plan-in-hand field inspection until the
environmental process has been completed. The final environmental clearance is discussed
in Activity 26.

The ODOT Action Plan (2) describes ODOT’s environmental involvement and presents the
necessary step-by-step procedures for all projects to fulfill environmental requirements.

2(8)
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vITY
Activity Title: Prepare Scoping Report
Activity No.: 07

Responsible Unit: ODOT Planning Division/Transportation Planning Branch

Activity Description:

If the Project Scoping Team determines that the envisioned project scope of work is
consistent with the available funds (Activity 05), the Environmental Coordinator prepares
a Scoping Report for the project based on information received from the Scoping Team
members. The Report briefly discusses the following:

1. basic project geometrics, including:

a design speed,

b typical section (number and arrangement of lanes),
c. basic vertical /horizontal alignment,

d interchange and intersection improvements, and

e level of roadside safety improvements;

any geometric design exceptions;
constructability/maintenance of traffic;

updated cost estimate;

right-of-way/utility impacts;

environmental impacts;

needed permits; and

a recommendation on the need for value engineering studies.

© NN s W

The Environmental Coordinator will submit the Project Scoping Report to the Team
members for review and comment. After any needed changes have been made, the Report
will be submitted for formal approval.

209
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Activity Title: Process Design Exceptions
ctivity No.: 08

Responsible Unit: Project Engineer

Activity Description:

The Project Scoping Team in the Scoping Report will attempt to identify all design elements
in the proposed project design which do not meet ODOT’s criteria in the ODOT Roadway
Design Manual. The Project Engineer is responsible for processing any design exceptions
according to the procedures in Section 5.8 of the Manual. The process may include the
need to secure FHWA approval of the design exception, depending upon several factors as
discussed in Section 5.8. This step is important early in project development because it will
ensure ODOT and FHWA acceptance of all critical project design features before ODOT
resources are devoted to detailed project design.

2 (10)
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Activity Title: Set Survey Line/Limits
Activity No.: 09

Responsible Unit:  Project Engineer

Activity Description:

In anticipation of the project survey (Activity 10), the Project Engineer in cooperation with
Survey Division Engineers determines the project survey line and limits. This information
will be essential before the Survey Division can survey the project. Depending upon the
nature of the proposed project, the Project Engineer may request any or all of the following
survey information:

1. existing field conditions (topography, vegetation, existing structures and road design
features, etc.);

2. drainage features (bodies of water, open channels, channel slopes and cross sections,
existing drainage appurtenances, etc.);

3. existing field landmarks;

4. existing utilities (above and below ground);

5. existing right-of-way markers and property lines;

6. proposed survey line for new project (plan and profile data); and

7. alignment and cross section of existing intersecting roads and driveways.

The Project Engineer may also compute the horizontal curvature data for the proposed
alignment according to ODOT criteria presented in Chapters Six and Seven of the ODOT
Roadway Design Manual. The objective is to select a trial horizontal alignment (with

curvature rates, deflections and lengths) as soon as practical in project development. This
information is plotted on the aerial photo.

2 (11)
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Activity Title: Conduct Survey
Activity No.: 10

Responsible Unit: ODOT Survey Division

Activity Description:

Based on the survey request from the Project Engineer (Activity 09), the Survey Division
performs the project survey (conventional or aerial). The survey data will be compiled by
the Survey Division, which performs several functions as part of the preparation of survey
plans. The Division will, as appropriate:

1. make alignment ties to land corners or monuments;

2. locate all applicable new items in the field;

3. locate all utilities;

4. obtain conventional cross sections (station offset/elevation) or surface features (x, y, z
coordinates); and

S. check field notes for accuracy and completeness.

Before the existing ground line can be produced, the Survey Division must edit the aerial
survey data before it can be plotted.

The survey plans are submitted to the Project Engineer.

2 (12)
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ROAD DESIGN ACTIVITY |

Activity Title: Generate Existing Ground Line
Activity No.: 11

Responsible Unit: Project Engineer

Activity Description:

Under the direction of the Project Engineer, the existing ground line is generated either
based on aerial, computer-generated digital terrain data or by reducing survey level notes.
This may be accomplished either longitudinally or laterally along a survey or construction
centerline.

2 (13)
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Activity Title: Plot Plan and Profile
Activity No.: 12

Responsible Unit: Project Engineer

Activity Description:

The road design squad, under the direction of the Project Engineer, prepares the plan and
profile sheets for the project. These sheets will become the primary working drawings for
all succeeding work on the project. As appropriate for the project, the plan and profile
sheets may include:

t—i

all topographical data from the aerial survey, as checked by the field survey;

2. all relevant existing on-the-ground survey information;

3. final horizontal alignment of the new facility based on computed survey and curve data;
4. plan views of underground facilities;

5. in profile view, crossing elevations of underground facilities; and

6. existing centerline elevations.

At this stage, the proposed profile of the new facility has not normally been determined for
presentation on the plan and profile sheets.

2 (14)
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Activity Title: Evaluate/Prepare Geometric Design
Activity No.: 13

Responsible Unit: ODOT Urban Design Division/Geometric Design Engineering
Branch

Activity Description:

Upon receiving the plan and profile sheets from the Project Engineer on a project-by-
project basis, the Geometric Design Branch evaluates the geometric design of the project
and, for some items, selects the design details. The Branch is responsible for:

-

evaluating and commenting on the proposed horizontal and vertical alignment;

2. reviewing and sometimes determining intersection design details (e.g., auxiliary turn
lanes, intersection sight distance, turning treatments);

3. determining interchange design details (e.g., lengths of acceleration and deceleration
lanes, ramp widths, ramp alignment); and

4. providing sketches to the Project Engineer with sufficient detail to allow the preparation
of the detailed sheets for the preliminary road design plans.

The Geometric Design Engineer will review all interchanges; the need for any other
roadway review will be determined on a project-by-project basis.
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Activity Title: Establish Bridge Elevations/Preliminary Design
Activity No.: 14

Responsible Unit: ODOT Bridge Division

Activity Description:

If a bridge is within the limits of the proposed project, the Project Engineer submits a set
of the plan and profile sheets with tentative roadway grades to the Bridge Division. The
first objective of the bridge design is to establish the preliminary bridge elevations. This will
be based upon ODOT requirements for vertical clearances and an estimate of the structure
depth required at the site. The Bridge Division transmits the preliminary bridge elevation
to the Project Engineer to allow the establishment of the preliminary roadway grade
(Activity 17).

After receiving the plan and profile sheets, the Bridge Division also initiates the preliminary
design of the bridge. The basic objective of the preliminary structure design is to determine
the most appropriate bridge type and configuration for the given site conditions or, for
existing bridges, the most appropriate level of bridge rehabilitation. The preliminary bridge
design analysis is based on the evaluation of many factors, including geometrics, hydraulics,
structural loads, foundation conditions, environmental and right-of-way impacts, aesthetics
and construction costs. Constructability, detours, and maintenance of traffic during
construction are also considered in the preliminary design. During this Activity, the Bridge
Division should submit a request to the Materials Division for obtaining sufficient sounding
data for design.

2 (16)
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Activity Title: Verify Existing Right-of-Way
Activity No.: 15

Responsible Unit: ODOT Right-of-Way (ROW) Division

Activity Description:

The Project Engineer submits the plan and profile sheets to the ROW Division to verify the
existing ROW. The ROW Division researches the existing ROW arrangements within the
project limits, including:

ROW titles and deeds,

permanent easements,

property lines and owners,

existing utility accommodation, and
existing limits of access.

Nk W=

The ROW Division conveys its findings to the Project Engineer before the preliminary
roadway plans are prepared (Activity 23).
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DDESIGNACTIVITY

Activity Title: Develop Grading Typical Section
| Activity No.: 16

Responsible Unit:  Project Engineer

Activity Description:

The road design squad, under the direction of the Project Engineer, develops the grading
typical section for the proposed project. The section dimensions are based on Chapters
Eight, Twelve and Thirteen of the ODOT Roadway Design Manual, which presents criteria
for fill slopes, earth cuts, rock cuts, roadway widths, etc. The road design squad also selects
a reasonable depth for an assumed pavement design.

In general, the side slope configuration should be as flat as practical. This will provide a
safer design, decrease erosion problems and decrease maintenance problems.

2 (18)
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 ROAD DESIGN ACTIVITY

Activity Title:
Activity No.:

Responsible Unit:

Set Preliminary Grade
17

Project Engineer

Activity Description:

The road design squad, under the direction of the Project Engineer, sets a preliminary grade
(including the proposed vertical curvature) based on the criteria in Chapter Seven of the
ODOT Roadway Design Manual and based on the preliminary bridge elevations provided by
the Bridge Division (Activity 14). The grade is not computed, nor are there any earthwork
calculations. A major objective of setting the preliminary grade is to provide the Materials
Division with a general estimate of the cuts and fills which will be encountered. The grade
should, however, be reasonably close to the final grade to allow the pedological soils survey
to be as accurate as practical.

2 (19)
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Activity Title: Conduct Pedological Survey
Activity No.: 18

Responsible Unit: ODOT Materials Division

Activity Description:

The Project Engineer submits the preliminary grade (Activity 17) to the Materials Division
to conduct the pedological survey. The objective of the survey is to investigate the types of
soils, potential slides or faults within the project limits and other relevant soils information.
Upon request from the Project Engineer, the Materials Division includes relevant soils
information such as location of roadway borrow areas. The Materials Division prepares a
Pedological Report with its findings and recommendations. The Report is submitted to the
Project Engineer to develop the preliminary cross sections (Activity 22). The Report is also
submitted to the Project Engineer and the Rural Design Division/Pavement Design
Engineer for the pavement design analysis (Activity 19).

2 (20)
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Activity Title: Secure Pavement Design Approval
Activity No.: 19

Responsible Unit: ODOT Rural Design Division/Pavement Design Engineer

Activity Description:

Based on the results of the pedological survey (Activity 18) and the typical sections for
grading (Activity 16), the Pavement Design Engineer performs the pavement design analysis.
Chapter Sixteen of the ODOT Roadway Design Manual discusses the ODOT pavement
design procedures and criteria. Many factors impact the analysis, including:

the functional class of roadway;

the structural support of the subgrade;

the projected traffic volumes, especially the truck volumes;
the design analysis period; and

the selected terminal pavement serviceability.

kWb

The Pavement Design Engineer secures approval of the proposed pavement design from the
ODOT Pavement Design Committee. Once approved, the Pavement Design Engineer
submits the pavement design to the Project Engineer for incorporation in the project plans
(Activity 22).

2 (21)
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Activity Title: Design Major Roadway Cross-Drain Drainage System
Activity No.: 20

l Responsible Unit: Project Engineer

Activity Description:

The road design squad, under the direction of the Project Engineer, develops the major
roadway drainage system cross drains. This involves, where applicable:

1. conducting the hydrological calculations (based on rainfall data, drainage basin
characteristics, etc.);

2. designing the open cross drainage system (channel size for creek or stream crossing);
and

3. designing all culverts which cross the roadway and are not classified as bridges (culvert
size and slope, inlet configuration and energy dissipators to determine the head water
requirements for roadway elevations and overtopping considerations if any.).

After the drainage design is completed, the Project Engineer determines the need to revise
any existing 100-year flood maps prepared by the Federal Emergency Management Agency
(FEMA). If revisions are necessary, the Project Engineer initiates the process.

The ODOT Drainage Manual (3) and Chapter Fifteen of the ODOT Roadway Design
Manual present the acceptable criteria and methodologies to design the roadway drainage
system.

2 (22)
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Activity Title:
Activity No.:

Responsible Unit:

Optimize Grade Line
21

Project Engineer

Activity Description:

el

line, including:

wetlands).

At this stage of project development, the following have been prepared:

plan and profile sheets (Activity 12),

grading typical section (Activity 16),

preliminary grade (Activity 17), and

major roadway cross-drain drainage design (Activity 20).

Based on this information, the road design squad (under the direction of the Project

Engineer) determines the optimum grade line and performs the earthwork calculations for
the preliminary road design plans. Several objectives must be met to optimize the grade

5. meeting critical field controls (e.g, railroad crossings, bridge elevations, ramp
connections, topography, utilities, driveways);

6. meeting critical geometric controls (e.g., vertical clearances, grades);

7. providing a grade consistent with the major roadway cross-drain drainage design;

8. providing a rough balance of earthwork (i.e., minimize borrow or waste); and

9. minimizing environmental impacts (e.g., erosion, encroachment into streams and

Note that optimization is a repetitive or iterative process and may be impacted by the
development of roadway cross sections (Activity 22).

2(23)



Oklahoma PROJECT DEVELOPMENT PROCESS July 1992

Activity Title: Generate Cross Sections
Activity No.: 22

Responsible Unit: Project Engineer

Activity Description:

After the desired grade line and earthwork balance have been achieved (Activity 21), the
road design squad generates the roadway cross sections. These are scanned to ensure that
all controls are met, as listed in Activity 21. The design squad should also ensure that, for
example, there are no short extents of slope changes which would be unsightly. The cross
sections will incorporate and present the approved pavement design structure (Activity 19).

Any minor changes are noted on the cross sections, and they are regenerated to produce the
final cross sections for the preliminary road design plans.
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Activity Title: Complete Preliminary Road Design/Drainage
Activity No.: 23

Responsible Unit: Project Engineer

Activity Description:

After the major project design features have been completed, the road design squad can
now assemble all developed plan sheets, and the squad can complete the preparation of the
remaining plan sheets for the preliminary road design. The overall objectives of the
preliminary road design plans are 1) to prepare for the plan-in-hand field inspection
(Activity 24), and 2) to minimize the necessary work on the final plans, assuming relatively
minor changes result from the field inspection. The final compilation of the preliminary
road design plans includes the following activities:

1. completing drainage design for inlets and storm sewers on curbed facilities;

2. plotting the toe of slopes on the plan and profile sheets;

3. presenting the necessary details on the title sheet (e.g., project numbers, project length,
traffic data, location);

4. presenting the necessary details on the typical sections (e.g., guardrail widening, topsoil
notes, ditch sections);

I S. presenting the necessary details on the plan and profile sheets (e.g., grade percents,
vertical and horizontal curvature data, structure sizes, edge of pavement, property lines,
stationing);

6. preparing tentative construction sequence and construction traffic control;

7. developing plan sheets for intersections and interchanges;

8. preparing a preliminary summary of pay quantities;

9. developing the erosion control plan;

10. addressing special design considerations; and

11. reviewing the checklist of plan requirements for plan-in-hand.

Road design plans are distributed to all parties who need to have input into the project
design. Table 2A indicates the typical plan distribution.
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Table 2A
DISTRIBUTION OF PLANS
Project Stage
Organization/Unit Scoping Functional Plan-in- Review
Plans* Plans Hand Plans Plans

FHWA 1 2 2 2
ROW Division 1 1 1 0
Field Division 2 2 2 2
Traffic Engineering 1 1 1 1

Division
Roadway Design Division 1 1 1 1
Bridge Division 1 1 1 1
Planning Division/Rail 1 1 1 1

Planning
Local Entity 1 1 1 1
Planning Division/

Transportation Planning 1 1 1 0

Branch
Geometric Design Branch 1 1 1 0

#*

Include a print of the aerial roll for each set of plan-in-hand prints.

Note: Preliminary plans should be submitted to other organizations/units two weeks before plan-
in-hand date.
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Activity Title: Conduct Plan-in-Hand Field Inspection
Activity No.: 24

Responsible Unit: Project Engineer

Activity Description:

The Project Engineer coordinates with all units who will attend the plan-in-hand field
inspection to identify a mutually acceptable date. Depending upon the nature of the
project, the attendees at the inspection may include representatives from any or all of the
following:

Urban/Rural Design Division;

Bridge Division;

Traffic Engineering Division;

Urban Design Division, Geometric Design Branch;

Right-of-Way Division (including Utilities Branch);

Planning Division (Transportation Planning Branch and Rail Planning Branch);
Field Division;

FHWA; and

local entity.

YW Nn A RN

The plan-in-hand field inspection is a multi-purpose function during which the Project
Engineer presents his proposals for consideration by others, checks for compatibility with
existing features, assures completeness of survey, determines the maintenance of traffic
during construction, discusses the new facility with the local political subdivision and advises
of any road or street closures and checks the compatibility of plans.

Any changes decided upon during the plan-in-hand will be marked with permanent marking
on the prints, including the date of inspection and the names of all participants. These
prints will be retained and checked to ensure that all items are placed on the plans. After
construction is completed, these plan-in-hand prints may be destroyed.
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Activity Title: Prepare Plan-in-Hand Report
Activity No.: 25

Responsible Unit: Project Engineer/Various Units

Activity Description:

The Project Engineer has the overall responsibility to develop the Plan-in-Hand (PIH)
Report, which documents the decisions and understandings reached during the plan-in-hand
field inspection. Normally, the PIH report is generated through a process in which each
attendee at the field inspection independently prepares a memorandum documenting his
understanding of the agreements made. For example, the FHWA representative may
document the need to obtain a design exception for a geometric design element which was
not identified in Activity 08. The Project Engineer is also responsible for ensuring that all
necessary changes discussed in the PIH Report are incorporated into the final plans.

The Project Engineer also updates the preliminary construction cost estimate at this stage
of project development. If necessary, the Project Engineer notifies the ODOT Programs
Division of the need to revise the allocated construction funds in the State construction
program.
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Activity Title: Issue Environmental Clearance
Activity No.: 26

Responsible Unit: ODOT Planning Division/Transportation Planning Branch

Activity Description:

Activity 06 discusses the ODOT environmental process. The Transportation Planning
Branch obtains FHWA approval and formally certifies that the process has been completed.
The Branch issues the environmental clearance and submits the clearance to the Project
Engineer. The environmental clearance must be obtained prior to submission of ROW
plans. Any work on the plans beyond P-I-H stage prior to receipt of environmental
clearances is subject to revision.

It is possible that the scope of work can be altered significantly during the processing of
environmental issues, public hearings, etc. The environmental process could require changes
to the plans ranging from site specific special considerations, changing of the alignment or
even cancellation of the project.
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Activity Title: Prepare Detailed Bridge Design
Activity No.: 27

Responsible Unit: ODOT Bridge Division

Activity Description:

After the Bridge Division has completed its preliminary bridge design, secured the necessary
approvals, and attended the plan-in-hand field inspection, the Division prepares the detailed
bridge design. The basic objective of the detailed design phase of bridge development is to
perform the in-depth structural analyses which are necessary to prepare a set of
construction plans. The structural analyses, as applicable, may include the:

1. superstructure design (e.g., framing details, deck slab, camber diagram);
2. substructure design (e.g., piers, abutments);

3. foundation design;

4. approach slab design; and

5. bridge rail design.

Note: If any major changes to the preliminary bridge design are made during PIH
(Activity 24), updated sounding data must be requested (see Activity 14).

For a combination road and bridge project, the Bridge Division submits its final bridge plans
to the Project Engineer for compilation into the final plans (Activity 36).
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Activity Title: Perform Traffic Engineering Functions
Activity No.: 28

Responsible Unit: ODOT Traffic Engineering Division

Activity Description:

After the plan-in-hand field inspection, the ODOT Traffic Engineering Division performs
all needed project work which is within the responsibility of the Division. Depending upon
the nature of the project, the Traffic Engineering Division:

1. determines the application of signs and pavement markings;

L

designs and sets the timing for traffic signals;
3. designs the highway lighting system;
4. determines traffic control treatments at railroad/highway grade crossings; and

5. designs the layout of traffic control devices for the maintenance and protection of traffic
through the construction zone.

The Traffic Engineering Division is responsible for preparing the necessary plan sheets for
direct insertion into the final plans (Activity 36).
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D DESIGN ACT
Activity Title: Update Survey Information
Activity No.: 29

Responsible Unit: ODOT Survey Division

Activity Description:

The plan-in-hand field inspection may reveal the need to obtain additional survey data or
to update the existing survey information. For example, the on-site inspection may identify
existing utilities which are not located on the preliminary road design plans. The Project
Engineer makes the determination on the need for additional survey work and notifies the
Survey Division. The Division performs the survey and provides the needed information to
the Project Engineer for incorporation into the plans (Activity 30).
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Activity Title: Revise Preliminary Road Design
Activity No.: 30

Responsible Unit: Project Engineer

Activity Description:

The road design squad, under the direction of the Project Engineer, makes all necessary
changes to the preliminary road design plans based on the results of the plan-in-hand field
inspection. In particular, the squad ensures that all construction right-of-way impacts from
the road design are clearly reflected in the plans. All access control lines, fencing, toe of
slopes, etc., are plotted onto the plans for ROW submission. In addition, the squad
completes any road design details which may not have been completed in the preliminary
road design plans.
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Activity Title: Assemble Plans for ROW Submittal
Activity No.: 31

Responsible Unit: Project Engineer

Activity Description:

The construction plans for ROW submission are intended to clearly reflect all engineering
work which has a ROW impact. This allows the ODOT ROW Division to develop the
ROW plans and initiate the ROW acquisition and/or utility accommodation processes. The
Project Engineer is responsible for assembling all construction plan sheets, as applicable,
from all sources into the plans for ROW submission.

The Project Engineer submits plans which include the Title Sheet, Typical Sections and Plan
and Profile Sheets and one set of cross sections to the ROW Division. The actual number
of sets submitted depends upon the type of project. The Project Engineer should contact
the ROW Division to determine the number of sets needed.
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Activity Title: Perform ROW/Utilities Functions
Activity No.: 32

Responsible Unit: ODOT Right-of-Way Division/Utilities Branch

Activity Description:

The ODOT Right-of-Way Division determines the ROW requirements from the
construction plans submitted in Activity 31. Where necessary, the Division develops ROW
plans, completes the ROW acquisition process to accommodate construction, and secures
any needed permanent and temporary easements. When the ROW process is completed,
the ROW Division notifies the Office Engineer that all ROW is clear (Activity 39).

The Utilities Branch within the ROW Division is responsible for any utility adjustments or
relocations. The Branch furnishes each affected utility owner with all pertinent plan sheets.
The utility owners are responsible for submitting their relocation plans and schedules to the
Utilities Branch for review and approval. The Branch notifies the Office Engineer that all
Utility Agreements have been executed (Activity 39). The Branch submits to the Project
Engineer any utility plan sheets for direct insertion into the contract plans if they are to be
a part of the contract (Activity 36).
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Activity Title: Calculate Project Quantities
Activity No.: 33

Responsible Unit: Project Engineer

Activity Description:

The road design squad, under the direction of the Project Engineer, calculates all project
quantities and prepares the schedule for the Summary Sheets. This includes quantities for
roadway, drainage and earthwork items. The squad is responsible for ensuring that it
tabulates project quantities consistent with the ODOT Standard Specifications for Highway
Construction and Supplements (1988, 1991) (4) for pay items, units of measurement,
rounding conventions, etc.

Quantities for bridge and/or traffic items are prepared and submitted by the respective
Division Project Engineer. Each Division Project Engineer is responsible for entering pay
quantity information into the Bid Analysis Management System (BAMS).
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Activity Title: Secure All Permits
Activity No.: 34

Responsible Unit: ODOT Bridge Division and Planning Division/Transportation
Planning Branch

Activity Description:

The preparation of the plans for right-of-way submission (Activity 31) and calculation of
project quantities (Activity 33) will provide sufficient detail of the project impacts (acres of
wetland impact) to allow the compilation of the data needed to secure the project permits.
Depending upon the precise nature of the project, the permits may include any or all of the
following:

U.S. Army Corps of Engineers, Section 404 Discharge of Fill;

U.S. Coast Guard, Section 9 Navigable Waters;

U.S. Coast Guard, Section 10 Navigable Waters;

Floodplains Development Permit;

FAA, airspace clearances (FAA Form 7460-1 (8-85)); and

National Pollutant Discharge Elimination System (NPDES), EPA Stormwater Permit.

SN o

The Project Engineer will coordinate with the Transportation Planning Branch, Bridge
Division or Traffic Engineering Division to furnish all needed information for the State or
Federal permit. This information may include a project description, permit justification,
environmental impacts, engineering details of the proposed project and site photographs.
Chapter Seventeen of the ODOT Roadway Design Manual discusses the permit information
needs in more detail.
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Activity Title: Check Squad Review
Activity No.: 35

Responsible Unit: (Other) Road Design Squad

Activity Description:

If there is sufficient time and a squad is available, a complete set of plan sheets is submitted
to a road design squad other than the squad which prepared the plans. This squad conducts
a spot check of the plans to ensure that they are reasonably accurate, complete, legible and
constructable. The purpose of the check is not to evaluate the project from an engineering
perspective but, rather, to locate any significant errors and to ensure that the contractor will
be able to construct the project as designed.

The check squad notifies the Project Engineer of any needed changes to the plan set.
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Activity Title: Assemble Final Plans
Activity No.: 36

Responsible Unit: Project Engineer

Activity Description:

The Project Engineer assembles all bridge, traffic, etc., plan sheets into one set of final
plans. In addition to all plan sheets developed for the specific project, the final plans
include any ODOT Standard Drawings which apply to the project. The Project Engineer
includes the Standard Drawing numbers on the Title Sheet, and they are automatically
printed and included in the final set of plans by the Reproduction Branch. The road design
squad also develops any special details for project construction items which do not conform
to the details in the Standard Drawings.
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Activity Title: Prepare Special Provisions
Activity No.: 37

Responsible Unit: Project Engineer/Specifications Engineer

Activity Description:

Special provisions are included in contracts as required to define work, materials,
procedures or requirements not covered in the Standard Specifications or Supplemental
Specifications. With few exceptions, each special provision is drafted by the Project
Engineer and approved by the applicable Division Engineer. It contains five parts similar
to the items in the Standard Specifications: (1) Description of Work, (2) Materials, (3)
Construction Methods, (4) Method of Measurement, and (5) Basis of Payment. Special
provisions supplementing and/or modifying the Standard Specifications may not require full
specifications and may be written to include a reference to the Standard Specifications and
provide only the information necessary to detail the supplement and/or modification. Any
parts of the Standard Specifications changed by special provisions must be clearly identified.
Occasionally, special provisions are used to specify specific types of material or optional
material rather than using notes on the plans. Whenever feasible, a simple note on the
plans should be used to eliminate the need for special provisions. The use of a note is
preferred when it meets the approval of the Project Engineer.

All new special provisions requiring materials which are not covered in the Standard
Specifications should have the approval of the Materials Engineer. All new special
provisions, regardless of content, should have the prior approval of the Federal Highway
Administration. See Chapters Four and Eighteen for additional information on Special
Provision development.

After the preparation of the special provisions, the Specifications Engineer submits all
project materials to the Office Engineer for final processing and Federal Highway
Administration approval.
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I Activity Title: Submit Project
Activity No.: 38

Responsible Unit: Project Engineer

Activity Description:

The Project Engineer submits final plans, the construction estimate, list of special provisions,
completed BAMS quantity documentation and set-ups to the Office Engineer. With this
step, excepting additions or the discovery of errors, the formal Road Design Process has
been completed.

The Project Engineer will be requested to attend and participate in the pre-bid conference
or pre-construction conference. He is also expected to consult with the contractor or Field
Division personnel relative to change-of-plan decisions.
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Activity Title: Obtain All Clearances
Activity No.: 39

Responsible Unit: Office Engineer

Activity Description:

Before the project can be further processed, the Office Engineer must ensure that all
necessary clearances, approvals, etc., have been obtained. Depending upon the nature of
the project, these may include:

1. right-of-way certificate;

2. utility agreements;

3. permit approvals;

4. railroad agreements;

S. local agency agreements;

6. FHWA approvals (design exceptions, experimental features, environmental approvals);
and

7. funding.
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Activity Title: Prepare Engineer’s Estimate
Activity No.: 40

Responsible Unit: Office Engineer

Activity Description:

With the project pay items and quantities, the Office Engineer prepares the Engineer’s
Estimate for the project. The estimate is based on a variety of factors, including:

average weighted prices for each pay item;

quantity amount for each item (i.e., "large" quantities yield lower unit costs);
geographic location;

historical or recent trends for each item;

project specific factors; and

the judgment of the Office Engineer.

AN A o
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Activity Title: Submit PS&E Package
Activity No.: 41

Responsible Unit: Office Engineer

Activity Description:

On Federally funded projects, the Office Engineer submits the entire PS&E package to the
FHWA Oklahoma Division Office for review and approval. FHWA documents its approval
by issuing the PR-1240, which authorizes the expenditure of Federal-aid construction funds
for the project.
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© ROAD DESIGN ACTIVIT

I Activity Title: Let Project
Activity litle )
Activity No.: 42

Responsible Unit: Office Engineer

Activity Description:
After receiving FHWA approval of the PS&E package, the Office Engineer:

prepares the Proposal Book,

develops a construction time schedule,

mass reproduces the contract package,

publishes the formal advertisement to solicit bids from interested contractors,
conducts the bid opening,

identifies the low bidder,

evaluates bids, and

recommends award of contract to the State Transportation Commission.

e A ol o L

Upon approval of award of bid by the Transportation Commission and concurrence by the
FHWA, the PS&E package is submitted to the ODOT Construction Division. The
Construction Division then issues a work order and project construction begins.
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Chapter Three

POLICIES AND PROCEDURES

This Chapter discusses items related to the in-
house operational practices for Design (the
units organized under the Assistant Director
— Design).

3.1 COORDINATION OF PLAN
DEVELOPMENT
3.1.1 General

For most construction projects, Design is

responsible for plan development. Proper

plan development demands that all elements
in the production of a set of plans be
coordinated with all involved ODOT units and
all affected units external to ODOT. Each
unit must remain informed of developments
as project work progresses. Any delays in
proper coordination may delay project
advertisement and may result in an inefficient
use of ODOT resources.

Section 3.1 presents a brief discussion on the
coordination activities between Design and
other units internal and external to ODOT.
In addition, the following should be reviewed
for more information on the coordination of
plan development:

ODOT _Policy Manual. Section A
"General" discusses the basic responsi-
bilities of the functional units within
ODOT.

2. Chapter One "ODOT Organization."
Chapter One of this Manual discusses the

ODOT organizational structure and

discusses the functional responsibilities of
ODOT units, with an emphasis on Design.

3. Chapter Two_"Project Development
Process." Chapter Two of this Manual
presents a flowchart for the project
development process. The network is
based upon the step-by-step procedure
required by the road designer in plan
development. It also demonstrates the
interaction with other wunits in
coordinating plan development.

4. Chapter Four "Plan Development."
Chapter Four of this Manual discusses

ODOT’s criteria for the development of
the individual sheets within a set of
construction plans (e.g, plan/profile
sheet, cross section sheet).

3.12 Internal ODOT Units

This Section briefly discusses the coordination
activities between the Design Divisions and
other ODOT units in the development of
project plans.

3.12.1 Rural/Urban Design Divisions

The Rural and Urban Design Divisions are
responsible for project design and plan
development. The following summarizes the
major duties of the design squads within the
Design Divisions:

3.1 (1)
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1. The design squads operate as the focal
point for the development of roadway
projects administered by ODOT, including
the preparation of plans, the preparation
of special provisions, the project schedule
and coordination with other ODOT units
and outside agencies.

2. The design squads perform most of the
analyses for road design, prepare reports
and gain input from other Divisions.

3. The design squads perform the necessary
drafting work for the preparation of in-
house project plans.

4. The design squads develop, in cooperation
with the Survey Division, the project
survey line and limits.

5. The design squads are responsible for the
design of all roadway drainage design,
including cross-drainage structures which
are not classified as bridges.

6. The design squads work with the Traffic
Engineering Division to determine the
appropriate traffic control devices,
pavement markings, lighting and/or traffic
signals.

7. The design squads coordinate with utility
and railroad companies through the
appropriate ODOT Divisions for proper
integration into road design plans.

In addition to the design squads, the following
support units are also within the Rural Design
Division — Automation and Graphics Branch
and Quality Control and Design Review
Branch. Pavement Design, Roadway
Hydraulics, Roadside Development Branch
and Standard Drawings Sections are within
the Design Support Unit of the Rural Design
Division. The Geometric Design Branch is
within the Urban Design Division. Chapter

- One provides information on the

responsibilities of these various support units.

3.1.2.2 Bridge Division

The Bridge Division, in general, is responsible
for the design of all structures on the State
highway system. The following summarizes
the coordination between the designer and
the Bridge Division:

1. The Bridge Division is responsible for the
design of bridges, bridge culverts,
retaining walls, sign supports, signal
supports and luminaire supports.

2. Where bridges are within the limits of a
roadway project, the bridge designer and
road designer work together to determine
the geometrics at the bridge. This
includes bridge widths, vertical clearances,
cross slopes, alignment and sidewalks.
Where conflicts arise, the Bridge Division
typically makes the final determination on
geometrics at the bridge.

3. The Bridge Division is responsible for
conducting the hydraulic analysis of all
bridge classified structures.

4. The Bridge Division is responsible for
requesting foundation and boring studies
from the Materials Division.

5. For projects on existing highways, the
road and bridge designers coordinate on
the inspection of existing bridges.

3.1.2.3 Survey Division

The Survey Division is responsible for
conducting field and aerial surveys necessary
for the design of projects on the State
highway system. Upon request from Design
personnel, the Survey Division will conduct
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surveys needed for each project at the level of
detail necessary for project design. The
Survey Division also compiles the survey data
and submits the information to the designer.

3.12.4 Traffic Engineering Division

The Traffic Engineering Division is
responsible for determining the warrants and
placement for all traffic control devices
(permanent and temporary), highway lighting,
accident data, skid testing, speed studies,
posted speed zone studies, fabrication of all
highway signing used statewide for sign
maintenance, and safety projects including
railroad/highway grade crossings.  The
following summarizes the coordination
between the designer and the Traffic
Engineering Division:

1. Traffic will determine the selection and
placement of the signing, pavement
markings, traffic signals and highway
lighting with input from the designer. See
Chapter Fourteen for additional
information.

2. Traffic and the designer will work
together to determine the strategy for the
maintenance and protection of traffic
through the construction zone. See
Chapter Fourteen for additional
information.

3. Traffic and the designer will work
together to determine the access control
along the road section (e.g., driveways,
median openings).

4. On some safety projects, Traffic wil
determine the basic safety improvement
(e.g., provide an exclusive left-turn lane),
and the designer will prepare the detailed
design and coordinate the construction
plans for the project.

5. Traffic participates in the project scoping
process.

3.1.25 Planning Division

The Planning Division is responsible for the
overall Statewide transportation planning
process for all modes of transportation. The
Division is also responsible for activities
related to environmental impacts and
procedures. The designer coordinates with
the Planning Division to:

1. determine the functional classification and
Federal-aid system of the roadway on
which the project is located;

2. acquire general information on the State
highway system (e.g., Highway Perfor-
mance Monitoring System data);

3. acquire design traffic data;
4. acquire data from traffic field studies;

5. coordinate the administrative functions
for railroad grade crossings within the
project limits (e.g, contacts with the
railroad company);

6. ensure that all environmental
commitments and procedures are met in
project design (see Section 3.8 and 3.9);
and

7. coordinate the project scoping process.
See Reference 3.

3.12.6 Research and Development Division

The Research and Development Division is
responsible for all formal research activities
conducted by ODOT. The designer will
coordinate with the Research and
Development Division when experimental
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items are included within the project design.
Chapter Eighteen further discusses
experimental items.

3.12.7 Materials Division

The Materials Division is responsible for field
sampling, testing and certifying all materials
used on ODOT projects. This includes soils
analyses and materials for pavements and
structures. The following summarizes the
coordination between the designer and
Materials Division:

1. The Materials Division conducts soil
borings to determine the structural
properties of the subgrade for pavements.

2. Upon request, the Materials Division
evaluates soil and rock materials for fills,
cuts and structure foundations.

3. Upon request, the Materials Division
determines if sufficient borrow material is
available in the area of the project.

4. Upon request, the Materials Division tests
new materials for potential use on
highway projects.

5. Upon request, the Materials Division
reviews consultant geotechnical reports
and recommendations.

3.12.8 Right-of-Way Division

The Right-of-Way Division is responsible for
all activities related to the legal right-of-way
and access onto the State highway system.
This includes appraisals, acquisitions,
relocation, property management and
agreements with utility companies. The
following summarizes the coordination
between the designer and Right-of-Way
Division (R/W):

1. R/W assists Design during the
preliminary design stage by providing
right-of-way, - utility and relocation
estimates.

2. Upon request from Design, R/W provides
present right-of-way and ownership
verification.

3. The designer provides R/W with the
needed design information to determine
the right-of-way impacts.

4. R/W prepares, or causes to be prepared
by Consultants, a separate set of right-of-
way plans for each project where right-of-
way adjustments are required.

5. R/W prepares, or causes to be prepared
by consultants, right-of-way documents for
projects.

6. R/W performs all right-of-way work and
procures all takings and easements
needed for the project and notifies Design
when the right-of-way is clear.

7. The designer and R/W work together to
determine the project impacts on utility
companies. R/W is the lead unit for
contacts with utility companies and
negotiates all agreements. The designer
coordinates with the Utility Branch to
ensure that the utility work s
accommodated by the roadway plans.

8. The designer must coordinate with all
R/W branches to ensure that all statutory
requirements are satisfied.

3.12.9 Programs Division
The Programs Division is responsible for
assigning job piece and project numbers for

all State and Federal construction projects
within ODOT and for administering the
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Federal budget. This includes preliminary
engineering, right-of-way, utility, construction
and maintenance projects. The Project
Engineer should formally request a project
number before any work is performed on a
given project. Any major changes to a project
including combining projects, separating
projects, changing lengths, revising the project
description, scope of work or other major
factors should be coordinated with the
Programs Division to make appropriate
changes in the approved construction
program. Preliminary cost estimates should
also be provided to the Programs Division on
all projects when they are initially established.
Updated estimates should be submitted to the
Programs Division as the project develops.

3.1.2.10 Office Engineer Division

The Office Engineer Division is responsible
for all activities related to the advertising and
letting of all projects prepared by ODOT.
This includes preparing estimates and
proposals, conducting bid openings, tabulating
bids, recommending project awards and
securing contract proposals.

It takes approximately 4 to 42 months for the
Office Engineer Division to process a project.
This begins with project submission. Eight to
nine weeks are needed to Pre-bid meeting,
one week to Letting, one week to Pre-award
meeting, one week to Commission meeting,
and four to six weeks to complete and execute
the contract proposal. When the contract has
been executed, the Office Engineer Division
transfers the project to the Construction
Division.

3.1.2.11 Local Government Coordination
Division

The Local Government Coordination (LGC)
Division acts as liaison between Federal, State

and local governments in the processing of
Federal-aid and State-aid projects. The LGC
Division processes those local government
projects initiated by any of Oklahoma’s 77
counties or cities over 5,000 population. The
LGC Division distributes plans throughout the
Department for assistance in the review
process, including those Divisions within
Design.

The designer should note that local
government projects normally use minimum
standards based on the County Roads Design
Guidelines Manual for county road projects.
It should also be noted that FEMA laws are
vested in the cities.

3.1.2.12 Field Divisions

There are eight field divisions within the
State, and all have the basic responsibility for
construction and maintenance of State
highways. However, each division has unique
design considerations, such as mountainous
terrain to flat prairie, various rainfall amounts
and soils that vary within the division. The
designer should coordinate with the field
division representative and closely coordinate
all special design features with the applicable
field division personnel.

3.13 External Units

This Section discusses the specific
coordination activities between the Design
Divisions and units external to ODOT.

3.13.1 Federal Highway Administration

The Federal Highway Administration
(FHWA) administers the Federal-Aid
highway program. Their basic responsibility
is to ensure that ODOT complies with all
applicable federal laws in their expenditures
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3.134 Local Governments/Agencies

The designer may need to coordinate project
development activities with local governments
or agencies. Some of these may include:

1. town or Vcity governments,

2. county governments,

3. Indian tribal councils,

4. local planning commissions,

5. regional planning agencies, and

6. local zoning boards. The responsibility for
FEMA compliance is vested in the cities.

3.135 Oklahoma Turnpike Authority

When an ODOT project crosses over or
connects with one of the turnpikes within
Oklahoma, the designer needs to coordinate
the design with the Oklahoma Turnpike
Authority. ODOT is not responsible for
conducting any work on any of the highways
under the Oklahoma Turnpike Authority
jurisdiction.

3.13.6 Railroad Companies

The designer’s coordination with railroad
companies is typically through the Planning
Division. Together, they must ensure that the
railroad has developed plans and
specifications which are consistent with the
proposed construction project scope. This
may require a fairly extensive level of
coordination with the Planning Division and
with the railroad. Railroad safety projects are
generally coordinated within the Traffic
Engineering Division.

© 3.13.7 Utility Companies

The designer’s coordination with utility
companies is typically through the Right-of-
Way (R/W) Division. Together, they must
ensure that the utility has developed plans
and specifications which are consistent with
the proposed construction project. This may
require a fairly extensive level of coordination
with the R/W Division and with the utility
company. :
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3.2 PROJECT PROGRESS CONTROL
REPORTS

32.1 ODOT Project Management System

ODOT is presently using a computerized
project management system called Automated
Records, Tracking and Engineering
Management Information System
(ARTEMIS). ARTEMIS has the capability to
track project schedules, resources and
finances for preconstruction as well as the
construction phases of a project. ARTEMIS
assists management in performing the
following functions:

1. Scheduling. @ ARTEMIS provides an
activity flowchart for all activities or tasks
for a given project. These activity
flowcharts provide information on activity
start and finish dates and its duration.
This allows management to determine
appropriate construction letting dates.

2. Critical Path. ARTEMIS is able to
determine the critical path for a project.
The critical path is the longest path by
duration in a network of activities. This
allows management to determine how any
stoppage or slowdown of an activity on
the critical path will affect the overall
completion date of a project.

3. Resource Allocation. ARTEMIS allows
management to effectively balance
ODOT’s work load with the available
manpower. This allows management to
adjust its use of ODOT personnel,
overtime, consultants and/or construction
letting dates.

4. Activity Barcharts. ARTEMIS prints out
activity barcharts which alilow ODOT to
quickly determine the status of a project
or project activity. This aliows
management to determine if additional

resources may be required to meet the
project schedule.

5. Financial Management. ARTEMIS tracks
funding balances for a project. This
allows management to determine if
additional funding is required or if a
reduced project scope should be
considered.

ARTSTAT is an in-house utility developed by
ODOT ARTEMIS personnel. ARTSTAT
allows ODOT to effectively interact with the
ARTEMIS software. Using ARTSTAT, the
ARTEMIS Project Management Coordinator
is responsible for initially establishing the
project in the system. Once the project is on
the system, the Project Engineer, or in some
cases a designer from another Division, is
responsible for keeping the project
information up-to-date in the system. This
includes both in-house and consultant-
designed projects. Timely updates are critical
to the success of the overall project
management system.

Figures 3.2A, 3.2B and 3.2C present typical
ARTEMIS outputs for selected projects.

322 Completion Percentages

Table 3.2A presents project completion
percentages for various preconstruction
activities. These values are only rules of
thumb which provide a rough indication of
project status.
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CPM TYPE: PRE-CONSTRUCTION
JOBPIECE NO: 07954(14) PROJECT FID: MAM-8216 (011)

LETTING DATE: 25-JUN-92 FY: PRIORITY: 1 PROJECT TYPE: GRADE, DRAIN, BRIDGE & SURFACE

COMM DIST: VIII COMM ACT: 7-APR-86 COUNTY: TULSA DIV: PROGRAMS HIGH WAY: 51 LENGTH: 0
FUNDING EST: FED: 2475000 STE: 825000 OTH: 0 TOTAL: $3300000

PROJECT DESC: SH 51 éBA EXPY) o BRIDGES OVER S 161ST E. AVE & £ 61ST ST. S. + CROSS ST.
- CONT: RDY. (GRP B) (SR 50/55000) (FY 82)

PE BRIDGE: GANJANATHAVAT/FRAKER PE RDWY: DON BRASHEAR PE OTHER:

o WO B L P W e WA M B BE B o e L e WA R WA T

DESCRIPTION . ESS EES 1E PC AAALASALAS S A AAL AL AN ALRORRASARAARAAARASASAARRASIANRR oAl NAAA Lt ARt iAd At ll Al ANl AlAld

Plenning 22-JUL-91 19-JUL-91 0 100 *
Survey 22-JUL-91 19-JUL-91 0 100 *
$ ?ubmit Right-S{—loy Plans

Design 22-JUL-91 19-FEB-92 65 13
% Soil Survey
Bridge 22-JUL-91 10-JAN-92 105 70 ] ¥*
€ Soundings
Troffic 7-AUG-91 4-NOV-91 120 o (] *
Land Acq 22-JUL-91 29-JUL-93 -461 53 X
# Legal En

LWWW

1991 1992 1993
E_STY PROGRESS %  LETTING DATE
— 1 1 ——e=—-  TIME NOW (22-JUL-81) CHART DATE: 22-JUL-91
M Melaframe Barchart drewing systom 22-JUL-01 1.52 pm Page | of |

ODOT PROJECT SCHEDULING SYSTEM ‘
(Sample Output for a Grading, Drainage, Bridge and Resurfacing Project)

Figure 32A
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CPM TYPE: ENGINEERING

JOBPIECE NO: 09437(04) PROJECT FID: BRF-0257 (063)

LETTING DATE: 2B-MAY-92 FY: PRIORITY: 1 PROJECT TYPE: BRIDGE & APPROCHES
COMM DIST: VI COMM ACT: 5-FEB-90 COUNTY: ELLIS DIV: PROGRAMS HIGH WAY: 15 LENGTH: 0
FUNDING EST: FED: 1120000 STE: 280000 OTH: 0 TOTAL: $1400000 (9106)
PROJECT DESC: SH 15 e BOGGY CR. & O/FLOW BRIDGES NEAR FARGO. SNBI52320X1710 & X1719)
- CONT: PE=EC 438/MO/SOLTANI (SR 67/2400) (FY92)
PE BRIDGE: MOLLAIAN/CURB PE RDWY: SOLTAN! PE OTHER: COBB
ENGINEERING CONTRACT: NAME: COBB
D[SchPTlo“ [SS Efs Ir Pc AL - | ' '] AL L i1 A 1 -t A 4 A 1 ALl L L 1 i L 1 A 1 A ! A ' L.l - A A 'S Ll V'S ' Al | S N W | L
Beginning to P.I1.H. 21-JUL-91 0 100 ¥
P.I.H. to Finol 22-JUL-91 B8-AUG-91 -234 96
Plens :::3 ¥
LAND ACQ HAMMOCK 22-JUL-91 1-JUN-92 -527 38 =
% Legal Entry
1991 1992
ETX) PROGRESS ¥  LETTING DATE
C73 ks eF oemm.  TIME NOW (22-JUL-01) CHART DATE: 22-JUL-91
mm Meinfreme Barchart draning systom 22-JUL-01 1.51 pm Page | of 1|

ODOT PROJECT SCHEDULING SYSTEM
(Sample Output for a Bridge Project)

Figure 32B
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CPM TYPE: ENCINEERING
JOBPIECE NO: 02224(05) PROJECT FID: BHF-0127 (054)

LETTING DATE: 23-JAN-92 FY: PRIORITY: 1 PROJECT TYPE: BRIDGE REDECKING & REHABILITATION

COMM DIST: VII! COMM ACT: 5-FEB-90 COUNTY: CREEK DIV: PROGRAMS HIGH WAY: 51 LENGTH: 0.721
FUNDING EST: FED: 3520000 STE: 1880000 OTH: 0 TOTAL: $5400000 (8106)

PROJECT DESC: SH 51 AT SALT CREEK OVER ARM OF KEYSTONE LAKE,APPROX. 2 MIS W. OF TULSA C/L
- CONT: \REHAB EXIST & CONST NEW PARALLEL BR)(CONSULT/MOE/SOLTAN! (SR75/9500)(FY92)
PE BRIDGE: MOLLAIAN/CURB PE RDWY: SOLTANI PE OTHER: GROSSMAN & KEITH .
ENGINEERING CONTRACT: NAME: GROSSMAN & KEITH
11991 [1992
LU jAUG ISEP l0CT INOY DEEC AN IFER IMAR IAPR
RESCRIPTILION £SS EES 1E . BC PR ST W R WU S S T W SO SN WU ST U SN T SN RS T VT T VS Y S S W WO W S G S S SN S S R e
Beginning to P.I.H. 9-MAR-B¢ 0 100§ *
P.t.H. To Final 22-4UL-91 28~-SEP-91 -281 88 ] x*
Plans
Land Acq 22-JUL-91 22-FEB-92 ~-427 179 x ]
| ¥ Legal Entry
HUIAUG [SEP JocT N [FEE AR APR__|
1991 1992
[S) PROGRESS ¥  LETTING DATE
—— TINE NOW (22-JUL-81) k CHART DATE: 22-dUL-91
Malafreme Berchart drewing systom 22-JUL-01 1.51 pm Page 1 of

ODOT PROJECT SCHEDULING SYSTEM
(Sample Output for a Bridge Redecking and Rehabilitation Project)

Figure 32C
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Table 3.2A
PROJECT COMPLETION PERCENTAGES
*SURVEY NVENTIONAL
Preliminary research and alignment studies completed 3%
Control surveys (horizontal and vertical) completed _10%
Preliminary data 15%
Land and property surveys completed 30%
Final alignment determined 35%
Centerline staked _40%
Topography obtained 55%
Cross sections completed __10%
Drainage survey completed _80%
Additional surveys completed (railroads, section line, etc.) 0%
Office completion of notes, maps and survey submittal 100%
*SURVEY (PHOTOGRAMMETRIC)
Reconnaissance aerial photography and large scale mapping obtained 3%
Preliminary research and alignment studies completed 10%
Control surveys (horizontal, vertical and photo) completed 15%
Design photography and photo control ogtained 20%
Land and property surveys completed 35%
Compilation and drafting of topographic maps completed 40%
Final alignment determined 45%
Centerline staked and field profile obtained 350%
Topography obtained 60%
Drainage survey completed 70%
Additional surveys completed (railroad, section line, etc.) 75%
Office completion of notes, maps and field submittal _85%
Base P&P sheets and machine cross sections completed 100%
GRADING AND DRAINAGE PLANS
Project data received and scheduled 15%
Title and P&P sheets prepared 20%
Submitted to Bridge Division 25%
Preliminary grades laid and submitted for pedological survey 30%
Pavement approval based on pedological findings 40%
Grading ang drainage completed, ready for plan-in-hand 50%
Plan-in-hand completed 35%
Final R/W submitted 65%
Plans ready for summarization _15%
Submitted for checking -85%
Plans completed and ready for submission to Office Engineer N%
Submitted to Office Engineer 100%
NCTIONAL PLAN
Project data received and scheduled 15%
Title and P&P sheets prepared 20%
Submitted to Bridge Division _25%
Geometric layout and preliminary grades laid and submitted 30%
Proposed typical section for roadway classification 40%
Grading and drainage proposed, ready for plan-in-hand 0%
Plan-in-hand completed 60%
Plans ready for summarization _10%
Submitted for checking _80%
Plans completed _100%
* Order may vary depending upon the project. 3.2 (5)
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Table 3.2A (Continued
PROJECT COMP ON PERCENTAGES

SURFACING PLANS

Subgrade soils report received 20%
Alternate pavement design completed 25%
Pavement type selected 30%
T{pical sections drawn and approved 40%
Plans ready for plan-in-hand _50%
Plan-in-hand completed 33%
Plans completed and summarized 15%
Plans checked 8%
Ready for submission to Office Engineer 90%
Submitted to Office Engineer _100%
EROQSION CONTROL PLAN
Field measurements received 15%
Areas taken from cross sections , 4 35%
Ready for summarization 45%
Quantities summarized 60%
Final sheets prepared 75%
Submitted to Roadside Development Branch 85%
Submitted to Office Engineer 100%
BRIDGE PLAN
Ready for plan-in-hand 15%
Foundation studies 20%
Plan-in-hand completed 25%
Geometrics and hydraulics comgleted, plan-in-hand revisions made _35%
Superstructure design complete 5%
Plans detailed and checking completed 5%
Summary of quantities complete 80%
Plans reviewed and drafting finalized 0%
PS&E and final review completed, submitted to Office Engineer 100%
IGNING PLANS
Project data received and scheduled _10%
Prepare signing plan sheets and title sheet 0%
Plan-in-hand completed 45%
Prepare sign summary, pay quantities and notes 15%
Submitted for checking to Division, FHWA, etc. 80%
Address comments from checking %
Plans completed and ready for submission to Office Engineer 95%
Submitted to Cffice Engineer 100%
LIGHTING PLANS

Project data received, evaluated, warranted and scheduled _ 5%
Prepare title and plan sheets 25%
Prepare and submit prelimin. li%hting layout and pertinent information for review. 45%
Correct preliminary design and submit revised plans and gertincnt information for P-I-H —65%
Plan-in-hand completed and plan-in-hand letter of items discussed —10%
Correct P-I-H revisions and submit revised plans and pertinent information for final

review and approval —80%
ODOT final review and aplproval of plans %%
Correct and submit final plans and pertinent information for submission 95%
Agreement with City, special provisions and plans submitted to Office Engineer _100%
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Table 31.2‘31§Conﬁn
PROJECT COMP ON PER 'AGES
TRAFFIC SIGNAL PLANS
Review grojcct site and photos taken 10%
Received data, engineer’s estimate and schedule 15%
Field survey of project location completed —20%
Title and plan sheets prepared _45%
Prepare plans for plan-in-hand 3%
Plan-in-hand completed . —60%
Plan-in-hand revisions completed 65%
Plans reviewed and checke _15%
Wiring diagram completed 80%
Timing schedul¢ with sequence and other details completed _85%
Plans completed; ready for submission _95%
Plans submitted to Printing Services; set-up submitted to Office Engineer _100%
TRAFFIC OPERATIONS PLANS
Project data received and attend plan-in-hand _20%
Plan sheets prepared _45%
Planned detour route chosen and sheets Frepared 75%
Summary of quantities and traffic control notes completed 95%
Plan sheets submitted for checking 98%
Plans submitted to Project Engineer 100%
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33 MEETINGS

33.1 General

Good communications are a necessity. It is
imperative that all meetings be well planned,
attended by the proper employees, and the
information be disseminated to the affected
people in a timely manner. The following will
identify some of these meetings and indicate
the purpose, the attendees and the reporting
of the results.

332 Administrative Meetings

3.3.2.1 Transportation Commission Meetings

The Transportation Commission Meetings will
be attended by the Assistant Director-Design
and any division head or other employee who
has a primary interest and is requested to
attend. The Commission Secretary sends
copies of the Commission Minutes to each
Division head. It is his responsibility to
inform his subordinates of any information
affecting his operation or personnel.

Some items which require Commission action
are:

1. Commission Policies or Resolutions,
2. Expenditures of Construction Funds,

3. Regulatory Powers Delegated by the
Legislature,

4. Changes in the Long-Range Program,
5. Precedent Establishing Items,
6. Highway and Federal-aid Route Changes,

7. Contract Lettings,

8. Contract Awards, and/or
9. Federal-aid Secondary Route Changes.

Items requiring action by the Commission
may be prepared using the format shown in
Figure 33A and routed complete with
appropriate exhibits and back-up material
through channels to the Assistant Director-
Design. Items should be received by the
Assistant  Director-Design prior to the
Department Agenda Meeting (normally held
on Wednesday, 1%2 weeks prior to the
Commission Meeting) to be presented to the
Commission Meeting on the first Monday of
the following month. Under unusual
circumstances, items may be added after the
agenda meeting, but these additions are to be
minimized. Exhibits are encouraged and can
be either hand-outs or mounted graphics
legible for a minimum distance of 20 feet.
Graphics should be prepared so that color-
blind participants will be able to comprehend
the message. Notification of the Commission
action and the mounted graphics will be
returned to the appropriate Division after the
meeting.

3322 Division Engineers Meetings and
Other General Interdepartmental
Meetings

These meetings are conducted to improve
communications between the Field Division
and Central Office and should be attended by
the Division Head or his representative.
Each division is responsible for ensuring that
specific items are on the agenda and handling
the presentation.
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FOR PRESENTATION AT COMMISSION MEETING ON

AGENDA ITEM NO:
SUBJECT:

COUNTY:

Approval is recommended.

Note: User should check with the Division Engineer for proper form.

COMMISSION REQUESTS
(Sample)

Figure 33A
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3323 Project Control Meetings and
Meetings to Review the Lettings for
the Following Two Months

Each of these meetings consists of a Design
meeting and a Department meeting. The
Design meetings are attended by the division
heads and/or the project control coordinators.
The Department meetings are attended by the
Assistant Director-Design and the Chief
Engineer. These meetings are conducted to
ascertain and to select the projects to be let
to contract within the next two months.

33.24 Pre-Bid Meecting

Pre-bid meetings are conducted by the Office
Engineer Division for all construction
projects. The Pre-bid meetings are attended
by contractors, the Project Engineer,
consultants (for consultant-designed projects)
and other ODOT personnel who may have
had a significant input into the design of the
project (e.g., Bridge Division, R/W Division,
Traffic Engineering Division, Field Divisions).
The Pre-bid meeting is held to provide
contractors with the opportunity to ask
questions on the plans and to clarify possible
confusing items. The Pre-bid meeting should
not be held until the contractors have had
sufficient time to review the plans, but should
be held at least 7 days before the bid opening.

3325 Lettings

Lettings (bid openings) are conducted by the
Office Engineer Division. They are usually
attended only by Department personnel who
have a specific duty to perform during the
proceedings.

. 33.2.6 Bid Review Meeting

This meeting is usually held preceding the
Transportation Commission Meeting to
review the bids and recommend projects to be
awarded. The Chief Engineer will represent
the Office of Design; however, the Assistant
Director—Design will be consulted prior to the
meeting and will be informed of the pertinent
results of the meeting.

33.2.7 Staff Meetings

Staff meetings will be held periodically and
should be attended by the Division heads.
The Division head should designate someone
to represent him if he cannot be present.
Staff meetings should provide for a two-way
flow of communications, and Division heads
should feel free to submit items or questions
of general interest at the staff meetings.

3.3.2.8 Supervisor’s Meetings

Supervisor’s meetings will be held periodically
and are conducted to improve the
communications from squad supervisor level
to Section, Branch or Division level. The
scheduling of these meetings is not time
specific but should be conducted as needed in
an attempt to locate problem areas or to keep
everyone informed of ODOT operations. All
supervisors should attend these meetings and
participate in the discussions.

3.3.3 Educational or Technical Meetings at
National, Regional or Local Levels

Persons who are interested in attending out-
of-state meetings should submit, through
proper channels, a request for out-of-state
travel and should attach justification for their
attendance. For meetings in Oklahoma
during working hours, approval should be
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obtained from the appropriate Division
Engineer. Persons authorized to attend the
annual AASHTO and Regional AASHTO
meetings will be notified by Department
memorandum.

334 Project Meetings

334.1 Scoping Meeting

During the pre-design stage of a project, a
scoping team is formed to determine if the
preliminary scope of a project is feasible and
reasonable within the funding programmed.
The scoping team usually conducts an on-site
inspection to discuss all pertinent aspects of
the project. Members of the scoping team
include the project engineer and ODOT
representatives from Planning, Survey, Right-
of-Way, Utilities, the Field Division, Traffic
Engineering, Bridge, Materials, FHWA and
other ODOT personnel as deemed necessary.

33.42 Plan-In-Hand Meeting

Plan-in-hand meetings are scheduled and
coordinated by the Project Engineer. These
meetings normally include all involved ODOT
personnel, FHWA and local authorities as
applicable for the project. The plan-in-hand
meeting is to review and resolve project
elements prior to the preparation of final
plans. See Chapters Two and Four for
further information.

3.3.43 Pre-Construction Meeting

The Pre-construction meeting is held after the
project has been awarded to the contractor
and prior to the start of construction.
Typically, this meeting is attended by the
contractor, the resident engineer and the
Equal Employment Officer and may include
other ODOT personnel as deemed necessary.

This meeting is held to discuss the project, the
contract, proposed construction procedures,
hiring practices and any other pertinent
project details.

33.4.4 Final Inspection Meeting

Prior to final acceptance of the construction
project by ODOT, a final inspection meeting
is held to confirm that the contractor fully
completed all construction work according to
the contract. This meeting is normally
attended by the resident engineer, the
contractor, FHWA and other ODOT
personnel as deemed necessary.

33.45 Special Meetings

Special meetings may include those with local
communities, legislators, or the general public
in response to specific project impacts and/or
information. When such a meeting is held, it
will be the responsibility of the ODOT
representative to prepare a brief report
indicating who was in attendance, when, why
and where the meeting was conducted and to
discuss the results of the meeting. The chain
of command will be observed in determining
who should receive the report. See Section
3.9.
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3.4 CORRESPONDENCE
3.4.1 General

The writer must exercise common sense in
correspondence content and in determining
who should sign letters. He is also
responsible for its distribution to ensure that
any affected group or individual receives a
copy. Design has established the following
policy regarding the signing of outside
correspondence:

1. The Director will, as a rule, sign all letters
to U.S. Congressmen, Federal offices and
agencies outside of Oklahoma, the
Governor, legislators and members of the
Commission. All letters for signature by
the Director will be routed through the
Assistant Director-Design for his review
and approval prior to going to the
Director.

2. All letters establishing design policy
should be approved by the Assistant
Director-Design, whether its destination is
intra- or inter-divisional.

3. Correspondence which is interdivisional or
outside of ODOT and does not establish
policy will be signed by the Division
Engineer or his designee. All intra-
divisional correspondence should be
routed through the Division Engineer for
his approval and information.

4. In general, the Division Engineer will
decide who signs project-related
correspondence.

3.42 Incoming Correspondence

The divisions shall establish their own policies
regarding the opening and handling of
incoming mail. Each individual receiving mail
should ascertain who needs to be notified

and/or given copies of such correspondence.
Because ODOT’s mail facilities are not
staffed to handle mail which is personal, the
use of the mail room for this purpose is
discouraged.

343 Lette_r Headings

All correspondence which is sent outside of
ODOT will be placed on "State of Oklahoma
Department of Transportation" stationery. In
order to facilitate filing, headings should
reference the appropriate project or subject
matter.

Correspondence which is within ODOT will
be placed on the standard DH Form 7
stationery. This letter should contain a
suitable subject description and/or project
number.
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3.5 DISTRIBUTION OF PRELIMINARY

PLANS AND DRAWINGS

Considerable discretion must be exercised in
the issuance of preliminary plans to outside
interests prior to right-of-way acquisition to
prevent personal advantage by speculators.
Preliminary plans are often misinterpreted,
which can cause problems later when
negotiating for right-of-way from design plans
which have changed in the interim. All
preliminary plans will be issued along the
following guidelines and with the approval of
the Division Engineer:

1.

Preliminary plans may be issued to official
planning commissions, to local political
subdivisions whose planning may be
affected by the highway location, to
officials of applicable Federal and local
agencies and to other official bodies
having a need for such advance
information, provided that the plans are
dated and clearly marked or stamped
"PRELIMINARY PLANS" and that the
receiving group understands that the
information is being furnished solely for
the purpose of coordinated planning, and
that they will provide written assurances
the information will remain strictly
confidential.

Partial plans may be furnished to utility
companies and railroads where their
facilities may be affected by the highway
construction.

Persons other than those mentioned
above are welcome to review the plans in
the various stages of preparation, but they
are not to be furnished with prints of any
of the plans until the right-of-way is
purchased or under condemnation. Prints
at this stage may be obtained only through
the Right-of-Way Division. All prints of
plans issued prior to advertisement for bid

or prior to acquisition of right-of-way will

be stamped "PRELIMINARY PLANS"
and dated.

Plans for the general public are only
available after the plans have been
submitted for letting. Plans at this stage
may be obtained through the
Reproduction Branch within the Office
Services Division.
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3.6 COST ACCOUNTING

All ODOT employees are required to record
the proper cost accounting code on their A-9
time sheets each month. This allows the
comptroller to track the various project costs
for ODOT. The activity numbers allow the
Project Managers to track how much time is

spent on different parts of a project. Table
3.6A summarizes the accounting and activity
code tables used by Design. These codes are
subject to continuous update and/or change.
Therefore, the user'should check with his
supervisor for the latest codes.

Table 3.6A

ACCOUNTING AND ACTIVITY CODE TABLES

TABLE NUMBER

TITLE

Table 3.6B
Table 3.6C
Table 3.6D
Table 3.6E
Table 3.6F
Table 3.6G

Division Account Number for Design

Activity Codes for Bridge Division

Activity Codes for Urban Design Division
Activity Codes for Rural Design Division
Activity Codes for Survey Design Division
Activity Codes for Traffic Engineering Division
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Table 3.6B

DIVISION ACCOUNT NUMBERS FOR DESIGN

ACCOUNT
UNIT NUMBER
Assistant Director - Design 330910
Bridge Division - Overhead 331910
Bridge Division - Structural 331920
Bridge Division - Field Service 331930
Bridge Division - Hydraulics 331940
Bridge Division - Project Engineering 331950
Bridge Division - County Bridges 331960
Urban Design Division - Overhead 332910
Urban Design Division - Project Engineering 332920
Rural Design Division - Overhead 333910
Rural Design Division - Project Engineering 333920
Rural Design Division - Design Review 333930
Rural Design Division - Roadside Management 333940
Rural Design Division - Automation & Graphics 333950
Rural Design Division - Roadway Drainage 333960
Rural Design Division - Engineering Support 333970
Survey Division - Overhead 334910
Survey Division - Aerial Survey 334920
Survey Division - Project Engineering 334930
Traffic Engineer Division - Overhead 335910
Traffic Engineer Division - Planning & Safety 335920
Traffic Engineer Division - Operations 335930
Traffic Engineer Division - Design 335940
Traffic Engineer Division - Services 335950 -
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Table 3.6C

ACTIVITY CODES FOR BRIDGE DIVISION

ACTIVITY

DESCRIPTION NUMBER X
Administrative
General 440.001
Correspondence 440.002
Special Report 440.003
Meetings 440.004
Conferences and Seminars 440.005
Policy and Procedures 440.006
Project Program (ARTEMIS) 440.007
Secretarial 440.008
Agreements (Utilities, 404, etc.) 440.009

Construction Coordination

Construction Coordination 440.x20 0 = State Highway
Forming Data 440.x21 System
Falsework Review 440.x22
Shop Drawings 440.x23 1 = Local Gov't
As-builts 440.x24 System
Geotechnical Studies 440.x25
Value Engineering 440.x26
Special Provisions 440.x27
Computer Systems Programming & Maintenance 440.x28
AASHTO Specifications 440.x29

Hydraulics
General Hydraulic Study 440.x30 0 = State Highway
Special Hydraulic Study 440.x31 System
Hydraulic Report 440.x32
Risk/Cost Evaluation 440.x33 1 = Local Gov’t
Channel Control and/or Bank Protection 440.x34 System
Hydrology 440.x35
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ACTIVITY
DESCRIPTION NUMBER X
Bridge Inspection
Routine Bridge Inspection 440.x40 0 = State Highway
Evaluation of Fracture Critical Elements 440.x41 System
Evaluation of Scour Critical Structures 440.x42
Underwater Inspection 440.x43 1 = Local Gov’t
Inspection of Major Bridges 440.x44 System
Special Inspection (Damage + others) 440.x45
First Bridge Inspection 440.x46
Review Inspection Reports by Consultants 440.x47
Maintain/Update Bridge Data Base 440.x48
Overload Permits 440.x49
Bridge Repair Plans 440.x50
Load Capacity Rating Analysis 440x51
Equipment Operation 440.x52
Review Inspection Report by ODOT Personnel 440.x53
Design Activities -
Preliminary Bridge Plans 440.x60 0 = State Highway
Preliminary & Comparative Cost Estimates 440.x61 System
Final Right-of-Way Needs 440.x62
Design of Final Plans 440.x63 1 = Local Gov’t
Design Check of Final Plans 440.x64 System
Detailing and Drafting of Final Plans 440.x65
Check Final Plan Details 440.x66 2 = CADD
Special Structures ,
Bank Protection Plans 440.x80 0 = State Highway
Retaining Walls 440.x81 System
Traffic Structures 440.x82
Roadway Design Structures 440.x83 1 = Local Gov't
Special Structures (Buildings, etc.) 440.x84 System
Standard Drawings 440.x85
2 = CADD
Consulting Projects
Review of Consultant Hydraulic Report 440.x90 0 = State Highway
Preliminary Plan Review of Consultant Plans 440.x91 System
Design Review of Final Consultant Plans 440.x92
Final Construction Plan Review of Consultant Plans 440.x93 1 = Local Gov't
System
2 = CADD
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Table 3.6D
ACTIVITY CODES FOR URBAN DESIGN DIVISION
- ACTIVITY
DESCRIPTION NUMBER X
Project Manager

Review Consultant Plans 330.201

Project Meeting/Field Inspection 330.202
Training/Conferences 330.203
Project/Contract Estimates 330.204
Correspondence/Reports 330.205

Project Management 330.206

Traffic Analysis 330.207

Pavement Design 330.208
Supervision/Administration 330.209

Design Squad

Title Sheet 330.x01 0 = Non-CADD
Pay Quantity Sheet 330.x02

Summary Sheet 330.x03 1 = CADD
Survey/Alignment Sheet 330.x04

Typical Section Sheet 330.x05

Special Detail Sheet 330.x06

Plan and Profile Sheet 330.x07

Drainage Layout Sheet 330.x08

Joint Layout Sheet 330.x09

Cross Section Sheet 330.x10

Earthwork 330x11

Hydraulics 330.x12

Field Inspection 330.013
Training/Conferences 330.014

Plan Review 330.015
Supervision/Administration 330.016
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Table 3.6E
ACTIVITY CODES FOR RURAL DESIGN DIVISION
ACTIVITY
DESCRIPTION NUMBER X
Project Manager
Field Inspection 220.901
Review Consultant Plans 220.902
Project Management 220.903
Supervision & Administration 220.904
Meetings/Conferences 220.905
Design Squad
Title Sheet 220.x01 0 = Non-CADD
Summary Sheet 220.x02 1 = CADD
Special Detail Sheet 220.x03 2 = Checking
. . 8 = Aut tion &
Typical Section Sheet 220.x04 Graphics
Plan & Profile Sheet 220.x05
Cross Section Sheet 220.x06
Quantities 220.x07
Drainage 220.x08
Joint Field Inspection 220x09
Comparative Estimates 220x10
Meetings 220.x11
Correspondence 220.x12
Consultant Plans 220.x13
Miscellaneous/Special Projects 220.x14
Supervision/Training 220.x15
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ACTIVITY
DESCRIPTION NUMBER X
} o ... -~ ]
Automation & Graphics
Conduct Special Investigation & Write Report 220.800
Computer File Maintenance 220.805
Field Inspection 220.810
Field Liaison/Public Relations 220.815
ACF (System Security Maintenance) 220.820
Correspondence/Reports 220.825
Develop CADD Drawings/Computer Schedules 220.830
Hardware Maintenance 220.835
Instruction of ODOT Personnel (Teaching) 220.840
Job Related Training (Received) 220.845
Meetings/Conferences 220.850
Supervision and Administration 220.855
Write, Revise, Maintain, Computer Programs 220.860
Write, Revise, & Maintain Manuals 220.865
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Table 3.6F
ACTIVITY CODES FOR SURVEY DIVISION
ACTIVITY
DESCRIPTION NUMBER X
All Survey Units

General 110.001 = Non-CADD
Correspondence and Reports 110.002 = CADD
Conferences, Seminars and Training 110.003
Mosaics 110.004
Survey Controls 110.x05
Alignment and Topography 110.x06
Cross Sections and Levels 110.x07
Drainage 110.x08
Utilities 110.x09
Land Surveys 110.x10
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Table 2.6G
ACTIVITY CODES FOR TRAFFIC ENGINEERING DIVISION

ACTIVITY
DESCRIPTION NUMBER X
All Traffic Units

Accident Coding 550.001 0 = Non-CADD
Accident Studies 550.002 1 = CADD
Conferences and Seminars 550.003
Correspondence 550.x04
Counseling and Coordinating 550.005
Design Studies 550.006
Division Meetings 550.007
External Liaison 550.008
Field Inspection 550.009
Field Operational Review 550.010
Intra-Departmental Meetings 550.011
Internal Liaison 550.012
Lighting Plan Development . 550.x13
Plan-in-hand 550.014
Pre-Work Conference 550.015
Project Management 550.x16
Review Consultant Plans 550.017
RR Project Development 550.018
Safety Imp Plan Development 550.x19
Schools and Training Sessions 550.020
Signal Plan Development 550.x21
Signing & Striping Plan Development 550.x22
Skid Studies 550.023
Specifications and Agreements 550.024
Speed Studies 550.025
Staff Engineering 550.x26
Standards 550.x27
Traffic Control Plan Development 550.x28
Video Log - Field Filming 550.029
Video Log - Office 550.030
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3.7 CONSULTING ENGINEER SERVICES
3.7.1 General

The services of consulting engineers will be
used by ODOT when such services are
determined to be in the best interest of
ODOT to accommodate the construction
program.  More specific information is
presented in the Transportation Commission
Rules, Regulations and Policies. The Rules
should be referenced for detailed information
on consulting services.

3.7.2 Qualifications

Each consulting engineering firm which
desires to provide services to ODOT is
required to prequalify with the Office of
Public Affairs.  Prequalification will be
determined based on a careful examination of
each firm’s staff training, experience in
highway design, staff size, special expertise
and past record of performance on highway
engineering work. The Office of Public
Affairs maintains the prequalification list.
The list is updated annually.

Interested consultants should check with the
Office of Public Affairs for the current
prequalification list and check with the
Transportation Commission Rules for detailed
information on consultant qualifications.

3.73 Selection of Design Projects Requiring
Engineering Services of Consultants

3.73.1 General

It is the policy of the Oklahoma
Transportation Commission that design work
will generally be performed by ODOT
engineering forces except where specialized
services are required which are not available
within ODOT or where in-house engineering

forces cannot complete the necessary work in
time to meet construction letting schedules.

3.73.2 Justification of Use of Consulting
Engineering Services

Request for proposals (RFP) of projects
requiring outside engineering services will be
initiated by the appropriate division engineer.
A written RFP will be prepared for each
project by the division engineer for
submission to the Assistant Director — Design
and will include a detailed documentation of
the following items:

1. a detailed description of engineering
services required for the project and a
time schedule for the performance of such
services; '

2. astudy of the capability of staff personnel
to accomplish the work. This analysis
may be in terms of the technical
competence of staff forces or in terms of
manpower and work load on a squad-by-
squad basis. (The scheduling of work by
a squad will be considered evidence that
the work can be handled with staff
forces.); and

3. an estimate of costs of such services using
the form shown in Figure 3.7A.

3.7.3.3 Authorization to Contract for
Engineering Services

The RFP will be submitted to the Assistant
Director — Design, who will review the RFP
emphasizing the description and scope of
engineering services to be provided, the
estimated cost and the time schedule
proposed for their accomplishment. The
Assistant Director — Design will make a
written recommendation to the Director (or
Chief Engineer) for his evaluation and
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OKL AHOMA STATE HIGHWAY DEPARTMENT

ENGINEERING CONTRACT COST ESTIMATE

E. C. NO. SWO NO.
COUNTY cITy : PROJECT NO.
HIGHWAY NO. DESCRIPTION :

NAME OF ORGANIZATIOR SUBMITTING ESTIMATE

Roadway Design, Ete.

Indicate appropriate type of services at top of column such as: Field Survey, Functional Plons, Bridge Design

DIRECT SALARY COSTS MAN HOURS COsT MAN HOURS COST MAN HOURS

‘COST

Engineers

Designers

Oroftsmen

Surveyors

Supervision

Gthers (Specify)

Subtotol $ S

PAYROLL ADDITIVE PERCENT

{Yocation, sick leove, retirement,

FICA, etc.) $ s s

DIRECT NON-PAYROLL COSTS
Matcriols & supplies $ 3 )

Reproduction

Dote Processing

Photogrammaetric mopping

Teavel expenses

Equipment rentel

Outside engr. consultants

Other (specily)

Subtotal - All Direct Costs $ $ )

INDIRECT COSTS

(Administration, rent, utilities,

telcphone, eic.) 3 ] $

Subtotal - Direct & Indirect . $ $ $

PROFESSIONAL FEE (Profit) $ 3 $

TOTAL ESTIMATED FEE $ s $

Prepored by Dote
Signeture

ENGINEERING CONTRACT COST ESTIMATE
(Sample Form)

Figure 3.7A

yn.)
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approval. Upon written approval by the
Director, the selection of a consulting
engineer will be made in accordance with the
procedure for selection of consulting
engineering firms (Section 3.7.4).

3.74 Selection of Consulting Engineering
Firms for Specific Projects

After the engineering needs for a project have
been determined, the following process will be
used to select a consultant:

1. The Assistant Director — Design or his
designee will contact the Office of Public
Affairs for the list of prequalified firms
for the specific type of project work.

2. An announcement will be sent to each of
the applicable prequalified firms.

3. Interested firms will respond to the
announcement with a letter of interest.

4. From the list of interested firms, the
Consultant Selection Committee will
select a short list of 3 to 5 firms for
further evaluation. This selection will be
based on the qualifications and
capabilities of the prospective firms.

5. Typically, the firms on the short list will
be scheduled for an interview.

6. The Consultant Selection Committee will
evaluate each firm considering the
following factors as a guide:

a. the firm’s general and professional
reputation; '

b. experience and professional
competence of staff in the particular
area of work needed;

c. specialized knowledge and ability of
principals and staff;

d. past performance on similar projects
with special attention to quality of
work done, meeting time obligations,
cooperativeness and creativity in
pursuance of the work;

e. availability in terms of office location.
Consideration will be limited to firms
who have or agree to establish a
working office at a place acceptable to
the Department for ready availability
for review and discussion of the work
involved;

f. capability to perform the work within
the required time. Existing staff
capacity and work load within the
required time. Existing staff capacity
and work load will be carefully
weighed in determining the work
capability;

g determination of whether the person
directly in charge of the work will be
a registered professional engineer in
the State of Oklahoma;

h. interviews with the consultant or visits
to his offices may be required where
the Committee is not familiar with the
firm;

i. as practical, firms located in the area
where the work will be performed will
be given some preference in selection;
and

j- financial ability to perform the work.

The Consultant Selection Committee will
rank the firms for the project. The
committee will submit the ranking to the
Director with a recommendation for
selection.
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8. After approval by the Director, ODOT
will negotiate with the selected firm
according to the Department’s approved
procedures for negotiation. If the
negotiations with the selected firm are
unsuccessful, negotiations will proceed
with the No. 2 firm on the list.

9. After successful negotiations are
completed, ODOT will execute the project
Agreement.

3.7.5 Completion Report on Engineering
Contracts

3.7.5.1 General

Upon completion of the work required under
the engineering contract, the project engineer
or engineers who have been involved in the
work will prepare a written report on the
performance of the consultant. To ensure
that all terms and conditions of the contract
have been met and that all services have been
performed, the final payment will not be
made to the consultant until the written
completion report is submitted.

The following evaluation forms will be
completed to rate the performance of the
consulting engineer:

1. Consultant Quality Appraisal. Quality
Appraisal Form (A) will be completed by

three individuals designated by the
Assistant Director — Design.

2. Construction Plan Performance. Quality
Appraisal Form (B) will be completed by
the appropriate division in the ODOT
central office after final plan approval.

3. Functional/Preliminary Plans. Quality
Appraisal Form (C) will be completed by

the appropriate division in the ODOT
central office after final plan approval.

A blank copy of each Quality Appraisal Form
is presented in the following pages.

As indicated in the evaluation forms, the
completion report will include all pertinent
information concerning the quality of work,
meeting completion deadiines, compliance
with contract and design standards, initiative
and creativeness, participation of principals in
the project, and the general responsiveness
and cooperativeness of the consultant and his
representatives. Special care will be taken in
rating the performance of a firm when there
is some question on the advisability of further
use of their services for the particular type of
work done. The completion report will be
confidential and filed with the Consultant
Selection Committee.

3.7.52 Construction Report on Quality of
Plans

When warranted, in addition to the
completion report filed at the close of the
engineering contract, construction reports will
be requested by the Consultant Selection
Committee during the construction progress
and as the project nears completion. Quality
Appraisal Form (D) "Contract Construct-
ability" will be completed by the appropriate
Field Division after the project has been
completed. The Form will be filed with the
Chief Engineer with copies to the Assistant
Director — Design, the Consultant Selection
Committee and the consultant.

3.753 Unsatisfactory Completion Report

Where an unsatisfactory report indicates that
the firm should not be used for that type of
work in the future, a letter will be written by
the chairman of the Consultant Selection
Committee, with the concurrence of the
Director, outlining the deficiencies in the
consultant’s performance and notifying him
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QUALITY APPRAISAL FORM (A)

OKLAHCOMA DEPARTMENT OF TRANSPORTATION

CONSULTANT QUALITY APPRAISAL

Name and'Address:

Expertise: Date of

Appraisal:

Rating categories Points Rater A | Rater B | Rater C
Scheaule 10
Attitude 05
Accuracy of Plans (Rdy, Br, R/W) 20
Legibility/Clarity of Plans 15
Traffic Handling Plans 10
Quality Control Plan 05
Constructability 10
Compatibility of Plans Specifi-
cations, and Special Provisions 15
Conformance with ODOT Requirements 10
TOTAL 100

Notes and Recommendation:

Overall Rating:
Excellent (90-100)

Good (80-89)

Satisfactory (70-79)

Unsatisfactory (-69)

Prepared By:




QUALITY APPRAISAL FORM (B)

CONSTRUCTICN PLAN PERFORMANCE

Excellent Good

Surveying/Mapping
Roadway Design
a. Plan and Profile
b. Geametrics
c. Special detail drawings
d. Capacity Analysis
Roadway Drainage
. Traffic Design
a. Signing, Marking
b. Signals
c. Traffic Control
d. Lighting
5. Materials
a. Geotechnical Investigations
b. Pavement Design
5., 2ridges
a. Hydraulic
b. Structure Design
c. Geametric Accuracv
d. Foundation Design
7. Small Structures (Standards, Ret. Walls, Box Culverts)
a. Hydraulics
b. Accuracy of Plans
8. Landscaping Plans/Details
9. Utility Relocation Plans
10. Special Provisions
11. Final Quantities/Summary Sheet
12. Cost Estimates
13. Environmental Evaluation-
Consideration and Permits
14, Public Hearing/Meeting
Presentations
15. Value Engineering Evaluations
16. Constructability Review

N
.

S O8]
.

IR,
IRy

Explain adverse comments:

Fair

NI
EEEEE TEEE P

Poor

R/W PLANS PERFORMANCE

Excellent

. Schedule (Timeless)

. Attitude (Cooperation)

. Accuracy

. Legibility/Clarity of Plans
- (Quality)

RRRAN

']
H.

[I11
111

Explain adverse camments:

3
2!




QUALITY APPRAISAL FORM (C)

FUNCTIONAL/PRELIMINARY PLANS

On Time Late Adequate Inadecquate

a. Preliminary permit applications

b, Utility relocation plans

c. R/W requirements

d. Environmental reports

e. Public meeting/hearing
requirements

Z. Assigned project staff

g. Contract administrative
procedures
(1) Costs and progress reports
(2) Project-related - -
correspondence
(3) Changes in subconsultants - -
or key staff

h. Design notes and camputations

i. Progress meetings

j. Draft Special Provisions

X. Preliminary quantity take-off

1. Preliminary cost estimate

m. Value engineering

n. Constructibility

o. Preliminary Design Submittal

Comments:




QUALITY APPRATSAL FORM (D)

CONTRACT CONSTRUCTABILITY
Excellent
Accuracy of Survey Data
Accuracfy of Geametric Data

Existing and Proposed
Plan Details

Legibility and Clarity
of Plans

Sequence of Construction/
Traffic Control

CUtility Relocation Plans
Accuracy of R/W Information
Accuracy of Quantities

Completeness of Special Provisions

Camments:

Fair

Poor

4.

CONTRACT ADMINISTRATION

Construction Problems resulting fram
Plans and Specifications

Change order recquired due to plans
or specifications

Contractor claim submitted due to
plans or specifications

Liquidated damages assessed against
Contractor

Explain any yes responses:

No
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that future contracts in this area of work will
not be considered. A copy of the letter will
be sent to the Director and the Assistant
Director — Design.

3.754 Appeals

Consultants removed from the list of qualified
engineering firms or removed from
consideration in certain areas of work may, if
they feel that their disqualification was
unwarranted, appeal their case to the Director
who will be the final arbiter in each case.
Consultants disqualified may, after making
appropriate changes in their organization and
operating procedures, make a new application
to the Consultant Selection Committee for
their consideration. An adverse action of the
Consultant Selection Committee on an
application may be appealed to the Director
for arbitration if a dispute arises concerning
prequalification.

3.7.6 Engineering Contract Supervision
3.7.6.1 General

The general supervision of engineering
contracts is maintained by the Assistant
Director — Design with the administrative
supervision delegated to the Engineering
Contracts Officer and the technical
supervision delegated to the Project Manager.
When more than one ODOT division is
involved, a lead division must be selected.

3.7.6.2 Supervision by the Engm'_ eering
Contracts Officer

The administrative supervision of the
engineering contracts is maintained by the
Engineering Contracts Officer or his designee
and includes the following:

1. checks the progress of the contract
through a monthly review of progress
reports, calendar time and
correspondence received from the
Consulting Engineer;

2. visits with the Consulting Engineer and
reviews the progress of his contract; and

3. keeps records of Engineering Contracts
concerning due date of contracts,
additions to the contracts, money
appropriations, money paid out (claim
files) and the Consulting Engineers
contract file folders.

3.7.63 Supervision by the Project Engineer

The technical supervision of the engineering
contracts is the responsibility of the Project
Engineer(s) and includes the following:

1. provides technical guidance to the
Consultant and reviews project plans for
adherence to ODOT policy and
specifications;

2. coordinates, attends, and documents
project meetings;

3. monitors progress on the project and
verifies completion percentages on
Consultant Invoices as requested by the
Engineering Contracts Officer;

4. provides the Engineering Contracts
Officer with copies of all pertinent
project-related correspondence; and

5. prepares plans for submission.
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3.8 ENVIRONMENTAL PROCEDURES

3.8.1 General

The Transportation Planning Branch within
the Planning Division has overall
responsibility for meeting the State and
Federal requirements for environmental
procedures. The Branch has prepared the
ODOT Action Plan. The publication presents
the step-by-step procedures used by ODOT
for all projects to meet the environmental
requirements.

3.8.2 Environmental Classifications

One of the basic operational features of
ODOT’s environmental procedures is the
classification of all projects into one of four
classes. This classification will determine the
level of detail necessary for the environmental
impact analyses. As presented in the ODOT
Action Plan, the four classes are defined in
the following.

3.82.1 Class I

Actions of superior, large and considerable
importance involving ‘substantial planning,
time, resources or expenditures. Any action
likely to precipitate significant impacts to land
use; planned growth; development patterns;
traffic volumes; travel patterns; transportation
services, including public transportation; and
natural and manmade resources, wouid be
considered a major action and thereby

requiring an Environmental Impact Statement
(EIS).

3.822 Class I
Actions which require the acquisition of

significant amounts of rights-of-way which
may or may not have a significant impact on

the quality of the human environment. They
could involve substantial planning, time,
resources or expenditures to determine if they
would induce significant impacts to land use,
planned growth, development patterns, traffic
volumes, travel patterns or natural or cultural
resources. If significant impacts are found,
then an EIS is required, and the action needs
to be reclassified as a Class I action.

3823 ClassIIT

Actions which do not require the acquisition
of significant amounts of rights-of-way and
may or may not have a significant impact on
the quality of the human environment. They
could involve substantial planning, time,
resources or expenditures to determine if they
would induce significant impacts to land use,
planned growth, development patterns, traffic
volumes, travel patterns or natural or cultural
resources. If significant impacts are found,
then an EIS is required, and the action needs
to be reclassified as a Class I action.

3.8.2.4 Class IV (Categorical Exclusions)

Actions normally classified as categorical
exclusions are those which do not involve
substantial planning, time, resources or
expenditures. These actions will not induce
significant impacts to land use, planned
growth, development patterns, traffic volumes,
travel patterns or natural or cultural
resources.

3.83 Design Division Role
3.83.1 Project Development Stage

To conduct the environment analysis during
project development, a Scoping Team is
established for the project. Membership on
the Scoping Team will be determined on a
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project-by-project basis as dictated by the
specific nature of the proposed project. Each
Team member is responsible for evaluating
the proposed alternatives for impacts in his
area of expertise.

A representative from Design will be included
on the Scoping Team. The Design
representative will evaluate the alignment,
cross section elements, intersections,
interchanges, drainage, traffic, etc., for each
alternative. Of these elements, the likely
right-of-way needs is often the single most
important road design factor in the
environmental analysis. He will report his
analyses to the Project Coordinator from the
Transportation Planning Branch for
consideration in the overall project evaluation.

3.83.2 Project Design Stage

Once the preferred project alternative has
been selected, the project is transferred to
Design for detailed construction plan
development. = The Project Engineer is
responsible for ensuring that all
environmental commitments made during the
project development stage are fully
implemented in the project design. These
may include:

1. implementation of any environmental
mitigation plans,

2. developing proper monitoring and
enforcement provisions during
construction for inclusion in the contract
Special Provisions, and

3. properly addressing the noise, water
quality, historical, archeological and
erosion impacts of the project.
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3.9 PUBLIC HEARINGS/MEETINGS

39.1 General

The Transportation Planning Branch within
the Planning Division has overall
responsibility for the advertisement and
conduct of public hearings and meetings. The
Branch has prepared the ODOT Action Plan,
which discusses the Department’s criteria for
public involvement. The Action Plan meets
the requirements of the FHWA for public
hearings.

392 Types

ODOT conducts two types of public hearings/
meetings:

1. Informa] Public Meetings. These are
typically held relatively early in project
development (e.g., before the study of
alternative locations begins) to generally
inform the public of project status and
likely future developments.

2. Formal Public Hearing. These are held

(or an opportunity is advertised) for all
Class I and Class II projects. The hearing
will include a detailed discussion on the
proposed alternatives and the impacts
each one will have. As appropriate, the
public hearing may include a discussion
on relocation assistance programs, right-
of-way acquisition and tentative
construction schedules.

The Action Plan discusses the advertisement
for and conduct of the public hearing/meeting
in more detail.

393 Design Division Role

Design typically has a significant role in the
presentation of the public hearing/meeting

for roadway projects. The typical attendees
from Design will be the Division Engineer (or
his designee), the Project Engineer and,
where applicable, the consultant. Any of
these may discuss the design features of the
proposed alternatives such as roadway width,
right-of-way impacts; access control, drainage
requirements, traffic impacts, erosion control
measures, etc. The design personnel will
assist the Planning Division in the preparation
of displays as requested. Planning Division
personnel will be responsible for conducting
the public hearing and providing handouts
and pertinent materials to the audience.
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of federal funds and to ensure that ODOT
meets the applicable engineering
requirements for their proposed highway
projects. FHWA maintains a Division Office
within each State, and this is the basic point
of contact for ODOT.

The designer must coordinate with the
FHWA during key points in project
development. The FHWA involvement in a
project may include:

1. approving the justification for new or
modified interstate interchanges,

2. participating in the project scoping
process,

3. providing design acceptance,
4. participating in design reviews,

5. approving the plans, specifications and
estimate (PS&E),

6. participating in Value Engineering (VE)
programs,

7. conducting routine construction
inspections, and

8. conducting final project inspections.

The designer also must inform the FHWA of
any significant changes in the proposed
design. At the discretion of the Division
Engineer, all contacts with the FHWA should
be at the Project Engineer level or higher.

3.13.2 Other Federal Agencies

ODOT may need to coordinate project
development activities with other Federal
agencies, depending upon the nature of the
project. In many cases, this will be for

environmental reasons. Some of these

agencies include:

Fish and Wildlife,

Environmental Protection Agency,
U.S. Forest Service,

Federal Emergency Management Agency,
Bureau of Land Management,

Army Corps of Engineers,

U.S. Coast Guard,

Federal Aviation Administration,

. Bureau of Indian Affairs,

10. Interstate Commerce Commission, and
11. National Park Service.

VP ND LW

Typically, when coordination is needed, the
designer will not be responsible for direct
contacts with the Federal agency. For
example, the Bridge Division will be
responsible for securing the Army Corps
Section 404 permit. However, the designer
will be responsible for supplying much of the
information needed to work with and
coordinate with the Federal agency.

3.1.33 Other State Agencies

Depending upon the nature of the project, the
designer may need to coordinate project
development activities with other State
agencies. Some of these agencies may
include:

Department of Health,
Department of Wildlife,

Parks Department,

State Aeronautics Commission,
Farmrail Cooperation,
Corporation Commission, and
Water Resources Board.

NN~
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Chapter Four

PLAN DEVELOPMENT

This chapter will be prepared and submitted in the future.
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Chapter Five

- BASIC DESIGN CONTROLS

5.1 HIGHWAY SYSTEMS
5.1.1 Project Prefixes

Table 5.1A presents prefixes for both Federal-
aid and State-funded projects. These are
used to identify projects and to indicate the
source of funds for each project.

5.12 Functional Classification System

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 Oklahoma
serves two basic and often conflicting
functions — access to property and travel
mobility. 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. .

The functional classification system provides
the framework for determining the geometric
design of individual highways and streets.
Once the function of the highway facility is
defined, the highway designer can select an
appropriate design speed, roadway width,

roadside safety elements, amenities and other
design values. The entire ODOT Roadway
Design Manual is based upon this systematic
concept to determining highway design.

The ODOT Planning Division has functionally
classified all public highways and streets
within Oklahoma. The project engineer
should contact the Planning Division to
determine the applicable highway functional
classification.

5.12.1 Arterials

Arterial highways are characterized by a
capacity to quickly move relatively large
volumes of traffic but an often restricted
capacity to serve abutting properties. The
arterial system typically provides for high
travel speeds and the longest trip movements.
Rural arterials provide connections between
the major urban areas and provide a level of
service suitable for statewide or interstate
travel. The rural arterial system provides
integrated, continuous movements without the
need for stub connections.

In urban areas, the arterial system provides
these functions: (1) It serves the major
centers of activity within the urban area; (2)
it carries the highest traffic volumes and
longest trip movements; and (3) it serves both
major intra-city and through trips. The rural
and urban arterial systems are connected to
provide continuous through movements at
approximately the same level of service.
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In Oklahoma, arterials include the following:

1. Principal Arterials. In both rural and
urban areas, the principal arterials
provide the highest traffic volumes and
the greatest trip lengths.  Principal
arterials can be further subdivided into
the following classifications:

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

b. (Other) Principal Arterials. These
facilities may be 2 lane or multilanes,
with or without a median. Partial
control of access is desirable along
these facilities, but control of access
by regulation is often provided. The
access is limited by the governing
regulations (e.g, ODOT Policy on
Driveway Regulations for Oklahoma
Highways (5)) or by local jurisdictions.

2. Other Arterials. In rural areas, other
arterials will provide a mix of interstate
and interregional travel service. In urban
areas, other arterials may carry local bus
routes and provide intra-community
connections, but they wil not, for
example, penetrate neighborhoods. When
compared to the principal arterial system,
other arterials may provide lower travel
speeds, accommodate shorter trip lengths
and lower traffic volumes, but they

- provide more access to property.

5.122 Collectors

Collector routes are characterized by a
roughly even distribution of their access and
mobility functions. Traffic volumes and
speeds may be somewhat lower than those of
arterials. In rural areas, collectors serve intra-
regional needs and provide connections to the
arterial system. All cities and towns within a
region will be connected. In urban areas,
collectors act as intermediate links between
the arterial system and points of origin and
destination. =~ Urban collectors typically
penetrate residential neighborhoods and
commercial/industrial areas. Local busroutes
will often include collector streets.

5.123 Local Roads and Streets

All public roads and streets not classified as
arterials or collectors are classified as local
roads and streets. 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.

5.13 Urban Design Classification e
of Area)

The functional classification system is divided
into urban and rural categories. However, in
many cases an urban/rural designation is not
sufficiently specific to determine the
appropriate project design.  Therefore,
ODOT has adopted urban design classifi-
cations of "suburban" and "urban" to reflect
the extent of roadside development. These
designations are reflected in the tables of
geometric design criteria for new construc-
tion/reconstruction (Chapter Twelve) and for
existing highways (Chapter Thirteen). The
designer should consider the following
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descriptions when selecting the applicable
design classification for urban areas:

1. Suburban. These areas are usually located
at the fringes of urbanized and small
urban areas. The predominant character
of the surrounding environment may be
residential, but it will also typically include
a considerable number of commercial
establishments and especially strip
commercial development. There may also
be a few industrial parks in suburban
areas. On suburban roads and streets,
drivers usually have a significant degree of
freedom but, nonetheless, they must also
devote some of their attention to entering
and exiting vehicles. Roadside develop-
ment is characterized by low to moderate
density. Pedestrian activity may or may
not be a significant design factor. Right-
of-way is often available for roadway
improvements.

A typical suburban arterial may have strip
commercial development and perhaps a
few residential properties. Posted speed
limits usually range between 35 and 50
mph, and there may be several signalized
intersections along the arterial.

Local and collector streets in suburban
areas may be located in residential areas,
but may also serve commercial areas.
Posted speed limits typically range
between 25 and 50 mph. The majority of
intersections will have stop or yield
control, but there may be an occasional
traffic signal.

2. Urban. These areas normally refer to the
densely developed commercial areas. The
roadside development is most often
commercial on arterials. A substantial
number of collector/local roads and
streets in urban areas pass through a high-
density, residential environment (e.g,
apartment complexes, row houses).

Access to property is the primary function
of the road network in urban areas; the
average driver rarely passes through an
urban area for mobility purposes.
Pedestrian considerations may be
important, especially at intersections.
Right-of-way for roadway improvements is
usually not available.

Because of the high density of develop-
ment in urban areas, the distinction be-
tween the functional classes (local,
collector or arterial) becomes less
important when considering geometric
design elements such as design speed.
The primary distinction among the three
functional classes is often the relative
traffic volumes and, therefore, the number
of lanes. As many as half the intersections
may be signalized; posted speed limits
typically range between 25 and 45 mph.

5.14 Federal-Aid System

The Federal-aid system consists of those
routes within Oklahoma which are eligible for
the categorical Federal highway funds.
ODOT, working with the local governments
and in cooperation with FHWA, has
designated those routes within the State which
are eligible for Federal funds. The criteria
are based on the relative importance of the
highway route and the anticipated functional
classification 5-10 years in the future. United
States Code, Title 23, describes the applicable
Federal criteria for establishing the Federal-
aid system.

The Intermodal Surface Transportation
Efficiency Act (ISTEA) of 1991 implemented
a major realignment of the Federal-aid
system.  Traditionally, the system had
previously been divided into Interstate,
primary, secondary and urban Federal-aid
systems. Separate categories of Federal funds
were available for eligible Federal-aid projects
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on each system. The following sections briefly
describe the Federal-aid system created by
the 1991 ISTEA.

5.14.1 National Highway System

The National Highway System (NHS) is the
system of those highways determined to have
the greatest national importance to
transportation, commerce and defense in the
United States. Ultimately, the NHS will
represent a total highway mileage not to
exceed 155,000 miles nationwide. Each State,
in cooperation with local officials, must
designate its proposed NHS by December
1993, with ultimate Congressional approval by
September 1995. As an interim measure, the
NHS consists of all Interstate highways and all
other principal arterials.

To properly manage the NHS, the FHWA has
mandated that each State highway agency
develop and implement several management
systems for those facilities on the NHS.
These include management systems for
pavements, bridges, traffic monitoring,
congestion and safety.

5.142 Surface Transportation Program

The Surface Transportation Program (STP)
provides Federal funds for Federal-aid roads.
These are defined as public roads not on the
NHS and not functionally classified as a
minor rural collector or a local road or street.
The STP replaced a portion of the former
Federal-aid primary system and replaced all
of the former Federal-aid secondary and
urban systems, and it includes some collector
routes which were not previously on any
Federal-aid system. The basic objective of the
STP is to provide Federal funds for
improvements to facilities not considered to
have significant national importance. The

STP requires a minimum of Federal
requirements for funding eligibility.

The STP established minimum set asides for
specific activities. These are a 10%
requirement for safety improvements (e.g.,
hazard elimination projects) and 10% for
"transportation enhancement activities" (e.g.,
pedestrian and bicycle facilities, landscaping,
historic preservation).

5.14.3 Off-System

Off-system roads and streets are any public
facilities not on any Federal-aid system and
not a Federal-aid road. = FHWA has
established programs which, in certain cases,
provide funds for these routes (e.g, the
Highway Bridge Replacement and Rehabilita-
tion Program.)

5.1.5 Jurisdictional System

The State of Oklahoma contains approxi-
mately 111,180 miles of public roads as of
1988. The network has been divided into
several jurisdictional systems based on the
organization or agency responsible for
highway and street improvements, for
maintenance and/or for traffic enforcement.

5.1.5.1 State Highway System

The State highway system, under the
jurisdiction of the Oklahoma Department of
Transportation, consists of those intercounty
and interstate highways, including their
extensions through incorporated areas, as
designated by the Oklahoma Transportation
Commission. The State highway system
contains 12,300 miles (1988), which is
approximately 11% of all public roads in
Oklahoma. In rural areas, the State system
includes all principal and minor arterials
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(primary State highways) and all major
collector routes. In urban areas, the State
system includes all principal and minor
arterials and many collector routes. The State
highway system is subdivided into primary and
secondary routes.

The Oklahoma Transportation Commission,
at its discretion, may designate as a part of
the State highway system any roads
connecting State Parks, National Parks and
Stated-owned institutions with the State
highway system, county highway system or city
street where the right-of-way for such
connection has been obtained and title
thereto is in the State of Oklahoma or any
agency thereof. See Reference 6.

5.1.52 County Road System

The county governments are responsible for
all rural roads within their boundaries which
are not on the State highway system. There
are 86,800 miles (1988) of county-maintained
roads in Oklahoma. The Department’s Local
Government Division is responsible for
administering both State and Federal funds
which are available for highway improvements
on eligible county routes. See Reference 6.

5.1.53 Municipal Street System

The municipal street system consists of all
local city streets within the corporate limits
not on the State highway system. The
extension of these routes outside the
corporate limits, but still within the urbanized
or small urban area, are also the responsibility
of the city. The county may, in some cases,
have jurisdiction of section line roads within
the urban boundary (see the ODOT Planning
Division). For some facilities outside the
corporate city limits but within the urban
boundary, the city and county have
established agreements for funding

improvements, maintenance and traffic
enforcement.

5.1.5.4 Special Purpose Highways

ODOT provides funds for several special
purpose highways which are not part of the
State, county or municipal systems. These
highways include:

1. Lake and Recreation Access Highways.
Those highways which are intended to

provide direct access to public user
facilities located within the immediate
vicinity of lakes and other recreation
areas operated by a public agency of the
State of Oklahoma, one of its political
subdivisions or the Federal government.

2. Industrial Access Highways.  Those
highways which encourage and assist local

efforts toward industrial development by
providing direct access facilities to specific
industrial operations or to officially
designated industrial areas wherein
industrial operations are under way or
have been committed by a specific time
schedule. The industrial operations must
be guaranteed by the public jurisdiction or
by the commitment of either public or
private funds to receive State funds. The
State and public jurisdiction must also
agree on maintenance and traffic
enforcement arrangements.

3. Airport Access Highways. Those
highways which provide access between

airports owned or operated by local
governments and the State or local
highway system. To receive State funds,
the State and local government must
reach agreement on funding, maintenance
and traffic enforcement arrangements.
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OKLAHOMA DEPT. OF TRANSPORTATION

Roadway Design (405)521-2695

To: All Roadway Design Personnel

From: Roadway Design Engineer

Subject: Design Speed and Highway Geometrics

Seipanco Slder

Date: April 8, 1998

Attached you will find an excerpt from Title 47 of Oklahoma Statutes, the Vehicle Code. As a
result of this 1996 change to the code, the legal speed limit on many of Oklahoma highways was

increased.

While it is not always possible to obtain higher design speeds and at the same time stay within
project scope, the following should serve as preferred guidelines:

Design Speeds
Typical English Metric

Interstate Rural 75 mph 120 km/hr

Urban 65 mph 110 kev/hr
4 lane divided 70 mph 110 kmv/hr
2on4 70 mph 110 kmv/hr
Super 2 (w/passing lanes) 70 mph 110 kmv/hr
2 lane w/shoulders 65 mph 110 km/h
4/5 lane undivided w/shldrs. 55/65 mph* 90/110 kmv/hr*
curb and gutter section 45 mph** 70 kan/hr**

* See section 9.4.4 of ODOT Design Manual

** or as posted speed limits warrants

Although site conditions sometimes prohibit, a prudent designer will try to obtain mid-range or
high values for horizontal and vertical curves when designing a new alignment rather than

obtaining minimum values.

C hnslone . seherul
Christine M. Senkowski, P. E.
Roadway Design Engineer

CMS:BS:mg

cc: Managers
Squad Supervisors

G4sst Dur. - Preconsat.
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§47-11-801.

A. Any person driving a vehicle on a highway shalil drive the
same at a careful and prudent speed not greater than nor less than is
reasonabie and proper, having due regard to the traffic, surface and
width of the highway and any other conditions then existing, and no
person shall drive any vehicle upon a highway at a speed greater than

-will permit the driver to bring it to a stop within the assured clear

distance ahead.

B. Except when a special hazard exists that requires lower speed
for compliance with subsection A of this section, the limits
specified in this act or established as hereinafter authorized shall
be maximum lawful speeds, and no perscn shall drive a vehicle on a
highway at a speed in excess of such maximum limits:

1. Seventy-five (75) miles per hour in locations comprising:

a. the turnpike system, and ‘ -

b. rural segments of the interstate highway system, as may
be designated by the Transportation Commission.
Provided, however, the Commission shall determine prior
to the designation of such segments that the public
safety will not be jeopardized;

2. Seventy (70) miles per hour in locations which are:

a. four-lane divided highways including, but not limited
to, the interstate highway system, and

b. super two-lane highways. As used in this section, a
super two-lane highway shall mean any two-lane highway
with designated passing lanes, and consisting of paved
shoulders nct less than eight (8) feet in width.

3. Sixty-five (65) miles per hour in other locations;

4. No person shall drive a school bus at a speed greater than a
maximum of fitty (50) miles per hour except on turnpikes and
interstate highways where the maximum shall be sixty-five (65) miles
per hour;

5. On any highway outside of a municipality, the speed limit in
a properly marked school zone shall be a maximum of twenty-five (25)
miles per hour, provided the zone is marked with appropriate warning
signs placed in accordance with the latest edition of the Manual on
Uniform Traffic Control Devices. The Department of Transportation
shall mark such school zones, or entrances and exits onto highways by
buses or students, so that the maximum speed provided by this section
shall be established therein. Exits and entrances to
contralled-access highways which are within such school zones shall
be marked in the same manner as other highways. The county
commissioners shall mark such school zones along the county roads so
that the maximum speed provided by this section shall be established
therein. Said signs may be either permanent or temporary. The
Department of Transportation shall give priority over all other
signing projects to the foregoing duty to mark school zones. The
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52 SPEED

52.1 Definitions

1.

Design Speed. Design speed is the
maximum safe speed that can be

maintained over a specified section of
highway when conditions are so favorable
that the design features of the highway
govern.

Running Speed. Running speed is the
average speed of a vehicle over a
specified section of highway. It is equal
to the distance traveled divided by the
running time (the time the vehicle is in
motion). The average running speed is
the distance summation for all vehicles
divided by the running time summation
for all vehicles.

Average Travel Speed. Average travel
speed is the distance summation for all

vehicles divided by the total time
summation for all vehicles. (Note:
Average running speed only includes the
time the vehicle is in motion. Therefore,
on uninterrupted flow facilities which are
not congested, average running speed and
average travel speed are equal.)

Operating Speed. The term "operating
speed” is commonly used to characterize

prevailing vehicular speeds on a highway
segment, either through field
measurements of speed or through
informal field observations. Although no
precise percentile is used to define
operating speed, it may be assumed to be
between the 80th and 90th percentile of
actual travel speeds.

85th-Percentile Speed. The 85th-
percentile speed is the speed below which
85 percent of vehicles travel on a given
highway. 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. Field
measurements for the 85th-percentile
speed will be conducted during off-peak
hours when drivers are free to select their
desired speed.

6. Posted Speed Limit. The initial posted
speed limit on State highways is based on
an engineering and traffic investigation.
The Traffic Engineering Division conducts
the study on the State highway system.
The selection of a posted speed limit is
based on several factors:

a. the 85th-percentile speed and pace
speed;

b. the design speed used during project
design;

c. road surface characteristics, shoulder
condition, grade, alignment and sight

distance;

d. functional classification and type of
area;

e. type and density of roadside develop-
ment, cultural and roadside friction;

f. the accident experience during the
previous 12 months;

g. parking practices and pedestrian
activity; and

h. safe speed for curves or hazardous
locations within the zone (11).

5.22 Design Speed Selection

A design speed is selected for each project
which will establish criteria for several design
elements including horizontal and vertical

52(1)
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curvature, superelevation and sight distance.
Chapter Twelve presents the design speed
criteria for new construction and
reconstruction projects. Chapter Thirteen
provides the design speed criteria for projects
on existing highways.

In addition to the above, the selected design
speed should equal or exceed the anticipated
posted/regulatory speed limit of the facility
after construction. This applies to all projects.
The posted speed limit will be determined
based on actual operating speeds of the
completed facility and on several factors not
directly related to the project design speed.
Therefore, to avoid a potential conflict, the
project engineer should, early in project
development, coordinate the design speed
selection with the Traffic Engineering
Division to assist in predicting the posted
speed limit of the completed facility. If the
proposed design speed will be less than the
predicted posted speed limit, the project
engineer must choose one of the following
approaches:

1. increase the project design speed to equal
the predicted posted speed limit;

2. post the project with a legal speed limit
equal to the design speed; or

3. on Federal-aid projects, seek a design
exception from FHWA.

Of these options, posting the project at the
design speed may be the least desirable. This
approach will likely ensure that actual
operating speeds will exceed the posted speed
limit. :

In selecting a design speed, the project
engineer should avoid artificially selecting a
design speed low enough to eliminate any
design exceptions. For example, if the ODOT
criteria yield a design speed of 60 mph and
one or more geometric features are adequate

only for 45 mph, the project design speed
should be 60 mph and not 45 mph. The
project engineer will then be required to seek
design exceptions for the 45-mph geometric
features.
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53 TRAFFIC VOLUME ANALYSES

5.3.1 Definitions

1.

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

Level of Service (LOS). A qualitative

concept which has been developed to
characterize acceptable degrees of
congestion as perceived by motorists. In
the Highway Capacity Manual, the
qualitative descriptions of each level of
service (A to 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;
interchange ramps;

two-lane, two-way rural highways;
multilane rural highways;
signalized intersections;
unsignalized intersections; and
urban and suburban arterials.

RSO A0 o

Chapters Twelve and Thirteen present
guidelines for selecting the level of service
for highway design.

Average Annual Daily Traffic (AADT).

The total yearly volume in both directions
of travel divided by the number of days in
a year.

Average Daily Traffic (ADT). The

calculation of average traffic volumes in
both directions of travel in a time period
greater than one day and less than one

PHF =

7.

year and divided by the number of days in
that time period. Although incorrect,
ADT is often used interchangeably with
AADT. The use of an ADT may produce
a bias because seasonal peaks could be
included or excluded during the count
period.

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

Peak-Hour Factor (PHF). A ratio of the

volume occurring during the peak hour to
the peak rate of flow during a given time
period within the peak hour (typically, 15
minutes). PHF is calculated as follows:

Hourly Volume
Peak Rate of Flow (within the hour)

If 15-minute periods are used, then:

14
4 x V15

PHF =

hourly volume, vph

volume during the
peak 15-minute period
of the peak hour, vph

The Highway Capacity Manual discusses
the peak-hour factor in more detail.

Design Hourly Volume (DHV). The 1-

hour volume in both directions of travel in
the design year selected for determining
the highway design. Note that, for
capacity analyses, the DHV is typically
converted to an hourly flow rate based on
the maximum 15-minute flow rate during
the DHV.

5.3(1)
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16.

11.

12.

13.

[y
o

15.

Directional Distribution (D). The

division, by percent, of the traffic in each
direction of travel during the DHV, ADT
and/or AADT.

Directional _Design Hourly Volume
(DDHV). The 1-hour volume in one

direction of travel during the DHV. The
DDHYV is calculated as follows:

DDHV = AADT x K x D

where each term is defined in this section
of the ODOT Roadway Design Manual.

(Design) Service Flow Rate. The

maximum hourly vehicular volume which
can pass through a highway element at the
selected level of service.

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

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

Truck Factor (T). A factor which reflects
the percentage of heavy vehicles (trucks,
buses and recreational vehicles) in the
traffic stream during the DHV, ADT
and/or AADT.

. K. The proportion of AADT occurring in

the design hour. K will vary based on the
hour selected for design and the
characteristics of the specific highway
facility.

AM/PM Peak - Off-Peak Volumes. The

1-hour volumes for each movement at an
intersection or interchange. AM/PM

peak, off-peak volumes should be used for
intersection and interchange analyses in
suburban and urban areas, or where
traffic volumes are high.

532 Design Year Selection

53.2.1 Roadway Design

A highway should be designed to
accommodate the traffic volumes expected to
occur within the life of the facility under
reasonable maintenance.  This involves
projecting the traffic conditions for a selected
future year. Recommended design years are
presented in Table 5.3A. The design year is
measured from the expected construction
completion date. Future traffic volumes on
State highways are provided by the Planning
Division.

5322 Other Highway Elements

The following presents other design year
recommendations that should be considered:

1. Bridges/Underpasses. The structural life

of a bridge or underpass may be 50 years
or more. For new bridges (including
bridge replacements), the initial clear
roadway width of the bridge or underpass
will be based on the 20-year traffic volume
projections beyond the construction
completion date. In addition, the bridge
designer should, on selected projects,
evaluate if the bridge and underpass
design will reasonably accommodate
structural expansion to meet the clear
roadway width needs based on a 50-year
projection.

Bridge rehabilitation projects are those
for which a significant amount of the
existing substructure or superstructure will
remain in place. For bridge rehabilitation
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Table 53A

RECOMMENDED DESIGN YEAR SELECTION
(Traffic Volumes for Road Design)

PROJECT SCOPE OF WORK TYPICAL MINIMUM
New Construction/Reconstruction
(All Projects) 20 Years 20 Years
3R Freeway Projects 20 Years 10 Years
3R Non-Freeway Projects 10 Years Current
Spot Improvements 10 Years Current

NOTE:

Some major projects require the development of functional plans. This stage of project

development is assumed to occur approximately 10 years before construction completion.
Therefore, on these projects, traffic volume projections will be based on 30 years beyond the

year the functional plans are prepared.

projects which include non-safety
improvements to all or part of the
substructure or superstructure (including
the bridge deck), the clear roadway width
will be based on the 20-year traffic volume
projection beyond the construction
completion date. See Chapters Twelve
and Thirteen.

. Right-of-Way.  The designer should
consider potential right-of-way needs for
the anticipated long-term corridor growth
for a year considerably beyond that used
for roadway design. No specific design
year is recommended; however, when
selecting an initial median width on a
divided highway, for example, the designer
should evaluate the potential need for
future expansion of the facility to add

through travel lanes. As another example,
flatter side slopes in the initial design
provide more future options.

. Drainage Design. Drainage appurte-

nances are designed to accommodate a
flow rate based on a specific design year
(or frequency of exceedance). The
selected design year or frequency will be
based on the functional class of the facility
and the specific drainage appurtenance,
such as culverts. The ODOT Drainage
Manual and Chapter Fifteen of the
ODOT Roadway Design Manual present
ODOT’s criteria for selecting a design
year for drainage.

Pavement Design. The pavement
structure is designed to withstand the
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vehicular loads it will sustain during the
design analysis period without falling
below a selected terminal pavement
serviceability.  The pavement design
analysis period will vary according to the
urban/rural location and traffic volume of
the facility and functional class. Chapter
Sixteen presents ODOT’s criteria for
selecting a design year for pavement
design.

5. Environmental Analyses. Some environ-
mental analyses require the selection of a
future year for design (e.g, noise
analyses). The Planning Division
determines the specific criteria for
environmental analyses.

53.3 Capacity Analyses
533.1 Objective

The highway mainline, intersection or
interchange should be designed to
accommodate the selected design hourly
volume (adjusted for the peak-hour factor) at
the selected level of service. For multilane
facilities, the directional design hourly volume
is used to conduct the capacity analysis. In
addition, the designer should analyze
intersections and interchanges using AM/PM
peak, off-peak volumes in urban and suburban
areas or where traffic volumes are high. This
often impacts the geometric design of the
highway.

The capacity analysis involves adjusting the
various highway factors which affect capacity
until the proposed design meets the level of
service (LOS) criteria specified in Chapters
Twelve and Thirteen, adjusted for the peaking
characteristics. The capacity analysis of the
proposed facility will include the following
factors:

1. the selected design year (Section 5.3.2);

2. the selected level of service (Chapters
Twelve and Thirteen);

3. the projected traffic volumes (from the
Planning Division);

4. the measure of effectiveness for the
specific highway element (Table 5.3B);

5. the proposed geometrics of the highway
element;

6. the analytical methods in the Highway
Capacity Manual; and

7. the analytical methods in Procedure for
Analysis and Design of Weaving Sections, A
Users Guide (7), when ramp and weaving
conditions exceed the Highway Capacity
Manual limitations.

If the proposed highway design does not meet
the level of service (LOS) criteria specified in
Chapters Twelve and Thirteen, the highway
design should be modified so that the LOS
criteria is satisfied.

5332 Responsibility

The project engineer is responsible for
coordinating all capacity analyses required by
the project. The Geometric Design Branch of
the Urban Design Division is available as a
resource to the project engineer to assist in all
capacity analyses. The Traffic Engineering
Division is also available as a resource to
assist in capacity analyses for signalized
intersections. The capacity analyses should
then become part of the permanent project
file.

5.3(4)
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Table 53B

MEASURES OF EFFECTIVENESS FOR CAPACITY ANALYSES

TYPE OF FACILITY MEASURE OF EFFECTIVENESS
Freeways
Basic freeway segments Density (pc/mi/ln)
Weaving areas Average travel speed (mph)
Ramp junctions Flow rates (pcph)
Multilane Highways Density (pc/mi/In)
Two-Lane Highways Percent time delay (%)

Average travel speed (mph)

Signalized Intersections Average individual stopped delay (sec/veh)
Demand flow rate to capacity ratio

Unsignalized Intersections Reserve capacity (pcph)
Arterials Average travel speed (mph)
Source: (2)
Definitions:
1. pc/mi/ln = passenger cars/miles/lane
2. pcph = passenger cars/hour
3. sec/veh = seconds/vehicle

53(5)
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54 ACCESS CONTROL

Access control is defined as the condition
where the public authority fully or partially
controls the right of abutting owners to have
access to and from the public highway. The
functional classification of a highway is
partially determined by the degree of access
it allows. Access control may be exercised by
statute, zoning, right-of-way purchases,
driveway controls, turning and parking
regulations or geometric design (e.g., grade
separations and frontage roads).

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

1. Full Control. Full control of access means
that the authority to control access is
exercised to give preference to through
traffic by providing access connections
with selected frontage roads or local roads
only and by prohibiting crossings at grade
or direct driveway connections. The
freeway is the common term used for this
type of highway. Full control of access
maximizes the capacity, safety and
vehicular speeds on the freeway.

2. Partial Control. Partial control of access
means that the authority to control access
is exercised to give preference to through
traffic to a degree that, in addition to
access connections with selected frontage
or local roads, there may be some
crossings at grade and some private
driveway connections. The proper
selection and spacing of at-grade
intersections and service connections will
provide a balance between the mobility
and access service of the highway.

3. Control by Regulation. All highways
warrant some degree of access control. If

access points to other public roads and
driveways are properly spaced and
designed, the adverse effects on highway

capacity and safety will be minimized.
These access points should be located
where they can best suit the traffic and
land-use characteristics of the highway
under design. Their design should enable
vehicles to enter and exit safely with a
minimum of interference to through
traffic. Control by regulation is exercised
by ODOT on the State highway system
and by local jurisdictions on other
facilities to determine where private
interests may have access to and from the
public road system.

The designer should reference the following
to determine the allowable access for the
State highway system:

1. ODOT Policy on Driveway Regulations for
Oklahoma Highways for 3R non-freeway
projects) (5);

2. Oklahoma Transportation Commission
Rules, Regulations, Policies and Procedure

(6);

3. ODOT Right-of-Way Specifications Manual
(8); and

4. ODOT Roadway Design Manual:

a. Section 9.7 "Warrants for Median
Openings,"

b. Section 9.8 "Driveway Design" (for
new construction/reconstruction
projects),

c. Section 10.5 "Access Control at
Interchanges," and

d. Section 10.1 "New Access Points for
Interstate Highway System."

5.4(1)
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5.5 NON-HIGHWAY DESIGN CONTROLS

The characteristics of drivers and vehicles
significantly influence the selected design
criteria. When the driver and vehicle are
properly accommodated, the safety and
serviceability of the highway system are
enhanced. When they are not accommodated,
accidents and inefficient operation may result.

5.5.1 Driver

The appropriate considerations for drivers are
already built into the applicable geometric
design values (stopping sight distance,
horizontal curvature, superelevation, roadway
widths, etc.). However, a brief discussion of
"typical" drivers has value.

Drivers vary widely in their operating skills,
experience, intelligence and physical
condition. The highway should be as forgiving
as practical to minimize the adverse effects of
driver errors. The following discusses certain
principles and driver traits which should be
incorporated into the highway design:

1. Information Processing.  Drivers are
limited in how quickly they can gather
information, make a decision and take
action. They must process information
related to lane placement, speed, traffic
control devices, highway alignment,
roadside conflicts and weather. If the
amount, complexity or clarity of the
information is inappropriate or excessive,
driver error leading to an accident can
result.

2. Primacy. Certain driving functions are
more important than others. In order of
importance they are:

a. Control — activities related to the
physical control of the vehicle via the
steering wheel, brake or accelerator.

b. Guidance — activities related to
selecting a safe speed and vehicular
path on the highway.

c. Navigation — activities related to
planning and executing a trip from
point of origin to destination.

The highway designer must be aware of
the relative importance of these activities
and ensure that the more important

~ highway information is properly conveyed
to the driver. This could result in
removing or relocating lower priority
information, if it is likely to interfere with
the higher priority information.

3. Expectancy. Drivers are conditioned
through experience and training to expect
and anticipate what lies ahead on the
highway. If this driver expectancy is
violated, it will increase the time needed
by the driver to assess the situation and
make the correct decision.  These
violations should be avoided. Where they
are unavoidable, the designer should allow
for increased warning time.

4. Speed. Speed must be considered when
accommodating the driver. Higher speeds
reduce the visual field and restrict
peripheral vision.

A User’s Guide to Positive Guidance (FHWA)
(9) contains more detailed information
related to driver characteristics and highway
design accommodation for the driver.

5.5.2 Vehicle

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.

5.5(1)
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Vehicular characteristics which impact design
include:

1. Offtracking. The design of intersection
turning radii, travelway 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.

2. Storage Requirements. Turn bay storage
lengths, bus turnouts and parking layouts

are determined by the number and types
of vehicles to be accommodated.

3. Acceleration and Deceleration. Eye
height and braking distances vary for

passenger cars and trucks, which can
impact sight distance considerations.
Acceleration and deceleration rates often
govern the dimensioning of such design
features as speed-change lanes at inter-
sections or interchange ramps, climbing
lanes or passing lanes.

4. Vehicular Stability. Certain vehicles with
high centers of gravity may be prone to
skidding or overturning, affecting design
speed selection and superelevation design
elements.

Tables 5.5A and 5.5B present vehicular

dimensions and characteristics for the
AASHTO design vehicles.

5.5(2)



Table 5.5A

DESIGN VEHICLE DIMENSIONS

Dimensions (feet)
Design Vehicle Type Symbol Overall Overhang Wheelbases
Height  Width  Length Front Rear WB, WB, S T WB, | WB,

Passenger car P 4.25 7 19 3 5 1
Single unit truck su 135 85 30 4 6 20
Single unit bus BUS 135 85 40 7 8 25
Articulated bus A-BUS 10.5 85 60 85 9.5 18 4 20*
Combination trucks

Intermediate semitrailer WB-40 13.5 85 50 4 6 13 27

Large semitrailer WB-50 135 85 55 3 2 20 30

“Double Bottom" semi-trailer WB-60 135 85 65 2 3 9.7 20 4v 5.4° 209

~ full-trailer

Interstate Semitrailer WB-62* 135 85 69 3 3 20 40-42

Interstate Semitrailer WB-67** 135 8.5 74 3 3 20 4547

Triple Semitrailer WB-96 135 85 102 25 33 135 20.7 33d 64 21.7 217

Turnpike Double Semitrailer WB-114 135 85 118 2 2 22 40 2° 6° 4
Recreation vehicles

Motor home MH 8 30 4 6 20

Car and camper trailer P/T 8 49 3 10 11 18 5

Car and boat trailer P/B 8 42 3 8 1 15 5

Motor home and boat trailer MH/B 8 53 4 8 20 21 6

* = Design vehicle with 48’ trailer as adopted in 1982 STAA (Surface Transportation Assistance Act). Source: (1)
** = Design vehicle with 53’ trailer as grandfathered in 1982 STAA (Surface Transportation Assistance Act).

an oe
Hon

i

Combined dimension 24, split is estimated.
Combined dimension 9.4, split is estimated.
Combined dimension 8, split is estimated.

Combined dimension 9.3, split is estimated.

WB,, WB,, WB,, WB, are effective vehicle wheelbases.

§ is the distance from the rear effective axle to the hitch point.
T is the distance from the hitch point to the lead effective axle of the following unit.

(©)s's
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Table 5.5B

MINIMUM TURNING RADII OF DESIGN VEHICLES

radius (ft)

Semi-
Semi- | Trailer Motor
Semi- | Trailer Full Inter- Inter- Turnpike Passenger | Passenger | Home
Single Single | Articu- | Trailer | Combi- | Trailer | State State Triple | Double Car with Car with and
Design Vehicle Passenger |  Unit Unit lated Inter- | nation | Combi- | Semi- Semi- Semi- Semi- Motor Travel Boat and | Boat
Type Car Truck Bus Bus mediate | Large | nation | Trailer | Trailer | Trailer | Trailer Home Trailer Trailer | Trailer
Symbol P suU BUS | A-BUS | WB40 | WB-50 | WB-60 | WB-62* | WB-67** | WB-96 | WB-114 MH P/T P/B MH/B
Minimum design 2 42 4 38 40 45 a5 45 45 50 60 40 2% 2% 50
turning radius (ft)
Minimium inside § 138 | 278 | 244 | 140 | 189 | 192 | 222 | 91 00 207 17 260 20 65 3

*  Design vehicle with 48’ trailer as adopted in 1982 STAA (Surface Transportation Assistance Act).
**  Design vehicle with 53’ trailer as grandfathered in 1982 STAA (Surface Transportation Assistance Act).

h)s's

Source: (1)
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5.6 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 will determine
which criteria in the ODOT Roadway Design
Manual apply to the geometric design of the
project. The following are intended to
provide general definitions for the project
scopes of work.

5.6.1 New Construction

New construction is defined as horizontal and
vertical alignment on new location. In
addition, any intersection or interchange
which falls within the project limits of a new
highway mainline or is relocated to a new
point of intersection is considered new
construction. Chapters Five through Twelve
present ODOT’s criteria for new construction.

5.6.2 Reconstruction

Reconstruction of an existing highway
mainline will typically include the addition of
travel lanes and/or reconstruction of the
existing horizontal and vertical alignment, but
the highway will remain essentially within the
existing highway corridor. These projects will
usually require right-of-way acquisitions. The
primary reason to perform reconstruction of
an existing highway is often because the
facility cannot accommodate its current or
future traffic demands or because the existing
alignment is significantly deficient. The
extent of pavement improvement will also be
a major factor in defining a reconstruction
project. In addition, any intersection which
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 will

be determined by the criteria for new
construction.  Therefore, Chapters Five
through Twelve will apply to reconstruction
projects.

5.63 3R Projects (Non-Freeways)

3R projects (rehabilitation, restoration,
resurfacing) on non-freeways are primarily
intended to extend the service life of the
existing facility and to enhance highway
safety. In addition, 3R projects should make
cost-effective improvements to the existing
geometrics, where practical. 3R work on the
mainline or at an intersection is typically work
within the existing alignment. Right-of-way
acquisition is usually not involved, although
small takings (e.g, easements for culvert
extensions) are sometimes justified. 3R
projects may include any number of the
following project-level improvements:

1. pavement resurfacing, rehabilitation
and/or reconstruction;

2. lane and shoulder widening;

3. converting an existing median to a two-
way, left-turn (TWLT) lane;

4. adding a TWLT lane;
5. adding a truck-climbing lane;

6. converting an uncurbed urban street into
a curbed street;

7. geometric and/or roadside safety
improvements;

8. drainage improvements; and/or
9. intersection improvements (e.g., adding
turn lanes, flattening turning radii,

channelization, corner sight distance
improvements, etc.).

5.6(1)
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In addition to the basic project-level
improvements, it may be warranted to include
other incidental improvements as part of the
3R non-freeway project. These may include
any number of the following:

1. flattening an occasional horizontal or
vertical curve;

2. adjustments to the roadside clear zone;
3. flattening side slopes;

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

5. adding or removing parking lanes;

6. adding sidewalks;

2

relocating utility poles; and/or

8. upgrading guardrail and other safety
appurtenances to meet current criteria.

Chapter Thirteen presents the ODOT criteria
for the design of 3R non-freeway projects.

5.6.4 3R Projects (Freeways)

3R projects (resurfacing, restoration, and/or
rehabilitation) on existing freeways are
primarily intended to extend the service life of
the existing facility and to enhance highway
safety. In addition, these projects should
make cost-effective improvements to the
existing geometrics, where practical. 3R
freeway projects may include any number of
the following project-level improvements:

1. pavement resurfacing, rehabilitation and/
or reconstruction;

)

geometric and/or roadside safety
improvements;

3. drainage improvements;

4. addition of auxiliary lanes (e.g., a truck-
climbing lane);

5. realigning or widening an existing ramp or
modifying an existing interchange; and/or

6. adding a new interchange.

In addition to the basic project-level
improvement, it may be warranted to include
other incidental improvements as part of the
3R freeway project. These may include any
number of the following:

1. adjusting the roadside clear zone,

2. flattening side slopes,

3. improvements to interchange gore areas,

4. upgrading guardrail and other safety
appurtenances to meet new criteria,

5. flattening a horizontal or vertical curve,
and/or

6. lengthening existing acceleration or
deceleration lanes.

Chapter Thirteen presents the ODOT criteria
for the design of 3R freeway projects.

5.6.5 Spot Improvements

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

5.6(2)
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1. safety improvements funded by the
Surface Transportation Program, and

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

Chapter Thirteen presents the ODOT criteria
for the design of spot improvement projects.

5.6(3)
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5.7 SIGHT DISTANCE

5.7.1 Stopping Sight Distance

Stopping sight distance (SSD) is a basic
design control which has a critical effect on
the safety and serviceability of the highway
facility. = The following sections present
various SSD criteria.

5.7.1.1 Passenger Cars (Level Grade)

Table 5.7A presents SSD criteria for
passenger cars on level grades for various
assumptions within the SSD model. Except
for the last column, these criteria are for
information only and should not normally be
used directly for design. The last column in
Table 5.7A presents the AASHTO SSD
criteria (desirable and minimum). These
values will normally be used in design.

5.7.12 Trucks (Level Grade)

Table 5.7B presents SSD criteria for trucks on
level grades. The designer should consider
using these criteria at the following sites:

1. facilities with high truck volumes,

2. facilities with a high incidence of truck
accidents,

3. railroad/highway grade crossings, and

4. special use facilities (e.g., truck weigh
stations).

5.7.13 Passenger Cars (Grade Adjusted)

Table 5.7C presents the AASHTO SSD

criteria adjusted for downgrades. If the

downgrade is 3% or steeper, the designer
should consider using these SSD values.

»

5.7.1.4 Trucks (Grade Adjusted)

Table 5.7D presents the truck SSD values
from Table 5.7B adjusted for grades. The
designer should consider using these criteria
at the sites listed in Section 5.7.1.2 and where
the downgrade is 3% or steeper.

5.7.1.5 SSD Application

The application of the SSD to a specific
geometric element (e.g., crest vertical curve)
is discussed in the applicable section of the
ODOT Roadway Design Manual.

5.72 Decision Sight Distance

Drivers may be required to make decisions
where information is difficult to perceive or
where unexpected maneuvers are required.
These are areas of concentrated demand
where the roadway elements, traffic volumes
and traffic control devices may all compete
for the driver’s attention. This may increase
the required driver perception/reaction time
beyond that provided by the AASHTO SSD
values (2.5 seconds). Examples of these
locations include:

1. freeway exits,
2. freeway lane drops,

left-side entrances or exits,

Lt

4. at-grade intersections near a horizontal
curve,

5. railroad/highway grade crossings,
6. detours,
7. along high-speed, high-volume urban

arterials with considerable roadside
friction, or
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Table 5.7A

STOPPING SIGHT DISTANCE*®
(Passenger Cars — Level Grade)

AASHTO

Initial Perception/ Total
Vehicular Reaction Distance Braking Braking Calculated Rounded for
Speed (V)* Time® Traveled Action® Distances SSD Design®
(mph) (seconds) (feet) (feet) (feet) (feet)
Locked-Wheel 33 62 -
20 10 2 Comfort 33 62 --
25 5 Locked-Wheel 33 106 Des: 125 Min: 125
' Comfort 33 106 --
Locked-Wheel 55 92 --
25 10 37 Comfort 55 92 --
25 % Locked-Wheel 55 147 Des: 150 Min: 150
Comfort 55 147 --
Locked-Wheel 77 121 --
30 10 4 Comfort 86 130 --
25 110 Locked-Wheel 77 187 Des: 200 Min: 200
Comfort 86 196 --
1.0 s1 Locked-Wheel 120 171 -
35 Comfort 147 198 =
25 128 Locked-Wheel 120 248 Des: 250 Min: 225
) Comfort 147 275 --
1.0 59 Locked-Wheel 167 226 --
40 Comfort 216 275 =
25 147 Locked-Wheel 167 314 Des: 325 Min: 275
) Comfort 216 363 --
1.0 66 Locked-Wheel 218 284 --
45 Comfort 298 364 =
25 165 Locked-Wheel 218 383 Des: 400 Min: 325
Comfort 298 463 --
1.0 7 Locked-Wheel 278 351 --
50 Comfort 380 453 -
25 183 Locked-Wheel 278 461 Des: 475 Min: 400
) Comfort 380 563 -

BUWOYEPO
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Table 5.7A

rWIOYEPO

STOPPING SIGHT DISTANCE®
(Passenger Cars — Level Grade)
(Continued)
Initial Perception/ Total AASHTO
Vehicular Reaction Distance Braking Braking Calculated Rounded for
Speed (V)* Time® Traveled Action® Distances SSD Design®
(mph) (seconds) (feet) (feet) (feet) ' (feet)
1.0 81 Locked-Wheel 336 417 --
55 Comfort 500 581 =

25 202 Locked-Wheel 336 538 Des.: 550 Min: 450

) Comfort 500 702 --

1.0 88 Locked-Wheel 414 502 -

60 ’ Comfort 619 707 .-
25 220 Locked-Wheel 414 634 Des: 650 Min: 525

) Comfort 619 839 --

1.0 95 Locked-Wheel 486 581 --

65 Comfort 781 876 -

25 238 Locked-Wheel 486 724 Des: 725 Min: 550

i Comfort 781 1019 --

Locked-Wheel 583 686 -

2 10 103 Comfort 943 1046 --
25 257 Locked-Wheel 583 840 Des: 850 Min: 625

’ Comfort 943 1200 --

(e)s

.V, is the speed of the vehicle when the object in the road is first perceptible to the driver.

. Perception/reaction time is the time needed by the driver, from the moment the object is perceptible, to comprehend the nature of the object and to
apply the brakes. The 1.0-second time is considered adequate for most drivers in a panic situation; i.e., if the hazard is serious and obvious, most drivers
react quickly. The 2.5-second time is the perception/reaction time adopted by the AASHTO A Policy on Geometric Design of Highways and Streets.
It is considered adequate for 90% of drivers in simple to moderately complex environments.

. AASHTO assumes a locked-wheel, emergency braking maneuver on a wet pavement in A Policy on Geometric Design of Highways and Streets.
"Comfort" braking action assumes that the brakes never lock and assumes that the average driver is unable to fully use the vehicle’s braking power.
The numerical values are from NCHRP 270 Parameters Affecting Stopping Sight Distance.

. These are the SSD values presented for use in design by AASHTO in 4 Policy on Geometric Design of Highways and Streets, where V; = design speed
on a project. Desirable SSD values are based on the design speed; minimum SSD values are based on an assumed initial speed equal to the low-volume

average running speed.
. Use 3.5-ft height of eye and 0.5-ft height of object. See Chapters Six and Seven.
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Table 5.7B

STOPPING SIGHT DISTANCE!
(Trucks — Level Grade)

Initial Perception/ Total
Vehicular Reaction Distance Braking Braking Calculated

Speed (V)* Time" Traveled Action® Distances® SSD
(mph) {(seconds) (feet) (feet) (feet)
0 1.0 29 Comfort 77 106

2.5 73 Comfort 77 150

1.0 37 Comfort 132 169

» 2.5 92 Comfort 132 224

30 1.0 44 Comfort 186 230

2.5 110 Comfort 186 296

1.0 51 Comfort 265 316

3 2.5 128 Comfort 265 393

10 1.0 59 Comfort 344 403

25 147 Comfort 344 491

45 1.0 66 Comfort 441 507

2.5 165 Comfort 441 606

1.0 73 Comfort 538 611

%0 2.5 183 Comfort 538 721

1.0 81 Comfort 641 722

53 25 202 Comfort 641 843
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Table 5.7B

BUIOYRRO

s

STOPPING SIGHT DISTANCE?
(Trucks ~ Level Grade)
(Continued)
Initial Perception/ Total
Vehicular Reaction Distance Braking Braking Calculated

Speed (V)" Time® Traveled Action® Distances® SSD
(mph) (seconds) (feet) (feet) (feet)
60 1.0 88 Comfort 744 832
25 220 Comfort 744 964

6 1.0 95 Comfort 879 974
25 238 Comfort 879 1117

70 10 103 Comfort 1013 1116

2.5 257 Comfort 1013 1270

.V, is the speed of the vehicle when the object in the road is first perceptible to the driver.

. Perception/reaction time is the time needed by the driver, from the moment the object is perceptible, to comprehend the nature of the object and to
apply the brakes. The 1.0-second time is considered adequate for most drivers in a panic situation; i.e., if the hazard is serious and cbvious, most drivers
react quickly. The 2.5-second time is the perception/reaction time adopted by the AASHTO A Policy on Geometric Design of Highways and Streets.
It is considered adequate for 90% of drivers in simple to moderately complex environments.

. For trucks, only a "comfort" braking action is assumed; a "locked-wheel” stop is considered inappropriate for trucks. The numerical values are from
TRR 1208 in a paper entitled "Stopping Sight Distance Design for Large Trucks" (Table 5). The values are based on a driver control efficiency of 0.62,
considered a worst-performing driver.

. Use 8.0-ft height of eye and 0.5-ft height of object. See Chapters Six and Seven.
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Table 5.7C

STOPPING SIGHT DISTANCE*
(Passenger Cars — Grade Adjusted)
3% Downgrade 6% Downgrade 9% Downgrade
Design Speed
(mph) Desirable Minimum Desirable Minimum Desirable Minimum
(feet) (feet) (feet) (feet) (feet) (feet)
20 125 125 130 130 135 135
25 155 155 160 160 170 170
30 210 210 220 220 230 230
35 265 240 280 255 300 275
40 345 295 365 315 395 345
45 425 350 455 380 490 415
50 505 430 545 470 595 520
55 590 490 640 540 - -
60 700 575 760 635 - -
65 785 610 855 680 --- -
70 920 695 1010 785 - --

Source: (1) Revised

Notes: 1. The grade-adjusted SSD’s are calculated from the AASHTO formula for vehicular breaking distances on grades (d = V2/30

(f £ G)). The perception/reaction time is 2.5 seconds. See A Policy on Geometric Design of Highways and Streets.

2. The grade-adjusted values are calculated by assuming V" equals the design speed for the SSD grade increase for both the
desirable and minimum SSD values.

3. For downgrades intermediate between 3%, 6% and 9%, use a straight-line interpolation to calculate SSD.

4. Use 3.5-ft height of eye and 0.5-ft height of object. See Chapters Six and Seven.
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Table 5.7D
STOPPING SIGHT DISTANCE?
(Trucks - Grade Adjusted)
3% 6% 9%
Design Speed Downgrade Downgrade Downgrade
(mph) (feet) (feet) (feet)

20 166 191 234
25 255 305 398
30 339 407 533
35 457 562 766
40 574 708 968
45 714 891 1236
50 850 1060 1465
55 996 1242 1707
60 1136 1408 1910
65 1321 1646 2250
70 1504 1874 2557

Notes: 1.  The grade-adjusted SSD’s for trucks are calculated by first determining the
average coefficient of friction (f) from the truck braking values on level grade in
Table 5.7B (f = V2/30d). The value of f is then used to calculate the truck braking
distance on grade using the AASHTO formula (d = ¥?/30 (f + G)). This braking
value is then added to the distance traveled in 2.5 seconds of perception/reaction
time to produce the grade-adjusted truck SSD’s.

2. For downgrades intermediate between 3%, 6% and 9%, use a straight-line
interpolation to calculate SSD.

3. Use 8.0-ft height of eye and 0.5-ft height of object. See Chapters Six and Seven.
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8. traffic signals on high-speed rural
highways.

Table 5.7E presents the decision sight
distance criteria. The application of the
criteria will depend upon the rural/urban
location and on the type of avoidance
maneuver.

5.7.3 Passing Sight Distance

Passing sight distance considerations are
limited to two-lane, two-way highways. On
these facilities, vehicles may overtake slower-
moving vehicles, and the passing maneuver
must be accomplished on a lane used by
opposing traffic.

Passing sight distance values provided in
Table 5.7F are based on the distance needed
to safely complete a normal passing
maneuver. Table 5.7F also presents the
MUTCD (11) values used by the Traffic
Engineering Division for marking no-passing
zones. The MUTCD values are based on a
different set of assumptions than the passing
sight distance criteria. Also note that the
MUTCD pavement marking criteria are used
for capacity adjustments on two-lane, two-way
highways (percent no-passing zones).

The designer should note that, on existing
highways, it will rarely be warranted to
improve the existing passing sight distance on
the highway. On new construction/
reconstruction projects, the designer should
provide passing sight distance over as high a
proportion of the highway as practical
However, it will not likely be warranted to
make significant improvements to the
horizontal and vertical alignment solely to
increase the available passing sight distance.

5.7(8)
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Table 5.7E
DECISION SIGHT DISTANCE?
Vehicular Decision Sight Distance for Avoidance Maneuver (ft)
Speed
(mph) A B C D E
30 220 500 450 500 625
40 345 725 600 725 825
50 500 975 750 900 1025
60 680 1300 1000 1150 1275
70 900 1525 1100 1300 1450
Source: (1)
Application:
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 Use 3.5-ft height of eye and 0.5-ft height of object. See Chapters Six and Seven.

Table 5.7F

PASSING SIGHT DISTANCE/MUTCD CRITERIA

AASHTOP MUTCD®
Passing Sight 85th Percentile Passing Sight
Design Speed Distance Speed Distance
(mph) (feet) (mph) (feet)
30 1100 30 500
40 1500 40 600
50 1800 50 800
60 - 2100 60 1000
70 2500 70 1200

Sources: (1) and (11)

b Use3.5-ft height of eye and 4.25-ft height of object (AASHTO).

¢ Use 3.5-ft height of eye and 3.5-ft height of object (MUTCD).
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5.8 ADHERENCE TO DESIGN CRITERIA

The ODOT Roadway Design Manual presents
literally thousands of pieces of information on
geometric design for application on individual
projects. In general, the project engineer is
responsible for making every reasonable effort
to meet these criteria in the project design.
However, it will not always be practical to
meet the ODOT criteria. Therefore, this
Section presents ODOT’s procedures for the
necessary action when ODOT’s design criteria
are not met.

5.8.1 Design Criteria Checklist

The end of this Section presents ODOT’s
"Design Criteria Checklist." This form must
be completed by the project engineer for
every project under his responsibility. It will
become part of the permanent project file.
The Checklist establishes the following
hierarchy of importance for ODOT’s design
criteria.

5.8.1.1 Level One (Design Exceptions)

Level One includes the controlling design
criteria established by the FHWA and the
handicapped accessibility criteria.  These
criteria are judged to be those design
elements which are the most critical indicators
of a highway’s safety and its overall
serviceability. On Federal-aid projects, it will
be necessary to obtain a written design
exception from FHWA when the proposed
project design will not meet any one of these
criteria. See Section 5.8.2 and the Design
Criteria Checklist.

5.8.1.2 Level Two (Design Documentation)

ﬂ
/ Level Two includes design criteria which are

o

judged to be important indicators of a

el
oo

v

highway’s safety and serviceability but not as
critical as the Level One criteria. When Level
Two criteria are not met, no formal approval
from FHWA is required; however, the project
engineer should discuss the Level Two criteria
at functional and/or construction plan-in-hand
stage or earlier. See the Design Criteria
Checklist.

5.8.1.3 Level Three (Design Decision)

Level Three includes all design criteria not on
the Design Criteria Checklist. No action is
required when Level Three criteria are not
met; however, the project engineer may
‘determine that his supervisor should be
informally notified of the situation.

5.8.2 Federal Aid Projects

On Federal aid projectss, FHWA must
approve any exceptions to the Level One
design criteria listed on the Design Criteria
Checklist. See FHPM 6-2-1-1 for more
information on the FHWA process. The
following procedure will apply to the request
for design exceptions on Federal aid projects:

1. The project engineer will complete the
"Design Exceptions" form for the Level
One design criteria. (See next page.)

2. The project engineer will prepare a report
on the requested design exception(s).
The report will present supporting doc-
umentation, which may include discussions
on:

a. the ODOT criteria for the element,

b. the proposed value for the element,

c. the accident experience in the vicinity
of the element,

5.8(1)



DESIGN EXCEPTION
To: Federal Highway Administration

From: Division

Subject: Design Exception for Project Number

J/P #: _ System: Route:

County: Field Division:

Project Location:

Functional classification: Rural: Arterial:
(Check one from each column) Urban: Collector:
Local Road:
Freeway:
Major exceptions to ODOT design:
Design Speed Lane Width

Shoulder Width
Structural Capacity
Vertical Alignment
Stopping Sight Distance
Superelevation

Grades

Cost to build to full standard:

Bridge Width
Horizontal Alignment

Cross Slopes
Vertical Clearance

Cost to build with design exception:

Mitigating measures:

Attached:

Return to ODOT by:

ODOT Concurrence:

In Report:

Engineer Manager Design Division Engineer

Asst. Director - Design

FHWA District Engineer

Comments:

Date

Date‘

Attachments: Bridge data Accident history
Location map Traffic data

Special conditions (traffic generators)
Other
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d. the environmental impacts of meeting
the ODOT criteria,

e. the construction costs of meeting the
ODOT criteria,

f. the serviceability impacts of not
meeting the ODOT criteria (e.g., level
of service), and

g. the mitigating actions taken for each
element which does not meet ODOT
criteria.

3. The project engineer will submit the
package to the ODOT Design Division
Engineer, whichever applies, requesting
his review.

4. The Design Division Engineer will review
the request and return the package to the
project engineer with any comments
noted.

5. After the package has been revised by the
project engineer, the Design Division
Engineer and Assistant Director — Design
will sign the "Design Exception" form on
the indicated lines.

6. The project engineer will prepare the
package for submission to the FHWA
Division Office with a cover letter
requesting concurrence from FHWA.
The Design Division Engineer will sign
the cover letter to FHWA.

7. The FHWA Division Administrator will
concur with the request, if deemed
appropriate. NOTE: Any requested
exceptions to the accessibility criteria for

handicapped individuals must be approved
by the FHWA Washington Office.
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Oklahoma Department of Transportation

DESIGN CRITERIA CHECKLIST

Application

The project engineer must complete this form in its entirety for every project under his jurisdiction.
This Checklist will document the adherence of the proposed project design to the design criteria
adopted by ODOT and documented in the ODOT Roadway Design Manual. The form will then
become part of the permanent project file.

Project Identification

State Job/Piece No.:
Project No.:

Route No.:

Functional Classification:
Project Location:

County/City:
Project Length:

Project Scope of Work

Check the appropriate box. See Section 5.6 of the ODOT Roadway Design Manual for definitions.

New construction
Reconstruction
3R (non-freeway)
3R (freeway)
Spot improvement

Ooo0ooo

Provide a brief project description:

Page 1



Level One Design Criteria (Design Exceptions) FHWA (learance, - mene. tnvslued

Check the appropriate boxes on Page 3 of the "Design Criteria Checklist." Note that the
determination of whether or not the proposed project design meets ODOT’s design criteria is
dependent upon the project scope of work. If, for example, a 3R non-freeway project is under
design, Chapter Thirteen of the ODOT Roadway Design Manual will apply. For Federal aid
projects, see Section 5.8.2 of the Manual. For any proposed design element which does not meet
ODOTs criteria on non Federal-aid projects, the project engineer should prepare an attachment
to this form which:

identifies the design element,

identifies ODOT’s criteria,

identifies the proposed design criteria, and
provides justification for the variation.

PPN

Level Two Design Criteria - &me opoT

Check the appropriate boxes on Page 4 of the "Design Criteria Checklist." Note that the
determination of whether or not the proposed project design meets ODOT’s design criteria is
dependent upon the project scope of work. If, for example, a 3R non-freeway project is under
design, Chapter Thirteen of the ODOT Roadway Design Manual will apply. For any proposed
design element which does not meet ODOT’s criteria, the project engineer should prepare an
attachment to this form which:

identifies the design element,

identifies ODOT’s criteria,

identifies the proposed design criteria, and
provides a brief justification.

b e S

Page 2



Level One Design Criteria

Design Criteria for Mainline Does the proposed design meet ODOT’s criteria?
(Provide numerical value for project, where

indicated.) Yes No* N/A

1. Design Speed mph

2. Lane Width feet

3. Shoulder Width feet

4. Bridge Widths

5. Through Travel Lane Cross
Slope: %

6. Structural Capacity

7. Horizontal Curvature (Maximum Degree of
Curve)

8. Stopping Sight Distance at Horizontal
Curves (Level SSD)

9. Superelevation Rate

10. Stopping Sight Distance at Vertical Curves
(Level SSD)

11. Comfort Criteria at Sag Vertical Curves
(3R non-freeway projects only)

12. Maximum Grades (new construction/
reconstruction projects only)

13. Vertical Clearances

14. Accessibility Criteria for Handicapped
Individuals ‘

Justification for design exception must be prepared and approved. See Section 5.8 of ODOT Roadway
Design Manual.

Note: Numbers 1, 2, 3, and 5 apply throughout the project. The remaining criteria (e.g., superelevation
rates) apply to specific sites within the project limits.

Page 3



Level Two Design Criteria

Design Criteria

Does the proposed design meet ODOT’s criteria?

1. Basic Design Controls

a.

Level of service (mainline)

Yes No* N/A

SSD application at horizontal
curves (downgrade adjusted Horz.
SSD used)

SSD application for vertical
curves (downgrade adjusted Vert.
SSD used)

Truck SSD (level) (at specific sites)

2. Horizontal Alignment (Mainline)

a. Travelway widening

b.  Design criteria for compound curves

c.  Superelevation transition length

d.  Superelevation distribution between
tangent and curve

e.  Rollover of outside shoulder on super-
elevated curves

f.  Superelevation development on reverse

curves :

3. Vertical Alignment (Mainline)

Minimum grade

* See Section 5.8 of ODOT Roadway Design Manual. Page 4



Design Criteria Does the proposed design meet ODOT’s criteria?
Yes No* N/A

b.  Critical length of grade

c.  Warrants for truck-climbing lanes

d.  Design criteria for truck-climbing lanes
(e.g., lane width)

e.  Minimum length of vertical curve

f.  Maximum drainage length of vertical
curve (curbed facilities)

g Maximum grade (3R projects)

4. Cross Section Elements (Mainline)

a.  Shoulder cross slopes

b.  Design of parking lanes

c.  Use of barrier curb (V<45 mph)

d.  Design of sidewalks

e. Fill slopes

f.  Roadside ditch slopes

g Cross section transitions at
bridges/underpasses

h.  Design of frontage roads

* See Section 5.8 of ODOT Roadway Design Manual. Page 5



Design Criteria

Does the proposed design meet ODOT’s criteria?

Yes No* N/A

1 Median widths

j-  TWLT lane width

k.  Cross section transition details (e.g.,
4-lane to 2-lane)

5. Roadside Safety

a. Horizontal clearances (clear zones)

b.  Barrier warrants

c.  Barrier length of need

d.  Deceleration criteria for impact
attenuators

* See Section 5.8 of ODOT Roadway Design Manual. Page 6



Design Criteria

Does the proposed design meet ODOT’s criteria?

6. At-Grade Intersections

a. Level of service

Yes No* N/A

b. Skew angle

c. Profile

d.  Design for right turns

e.  Turning roadway widths

f. Turn-lane warrants

Approach Taper
g Turn-lane tapers| Departure Taper
Bay Taper
h. Turn-lane Deceleration
lengths
Storage

i.  Intersection sight distance

j-  Median opening length

k. Minimum island size

I.  Driveway widths

m. Traffic control

n. Maximum grade

* See Section 5.8 of ODOT Roadway Design Manual. Page 7




Design Criteria

Does the proposed design meet ODOT’s criteria?

7. Interchanges

Yes No* N/A

Deceleration
a.  Exit design Taper
Gore Treatment
. Acceleration
b.  Entrance design
Taper

c.  Ramp design speed

d. Ramp maximum grade

e. Ramp width

f.  Ramp horizontal curvature

Superelevation Rate

g Superelevation Transition Length

development "
P Distribution Between

Tangent & Curve

h.  Ramp vertical curvature

1 Access control

Decision sight distance (in advance of
exit gore)

St o

k.  Level of service (weaving and ramps)

1. Freeway lane Location
drops Taper
Prepared By
Project Engineer (ODOT) or Consultant
Date

* See Section 5.8 of ODOT Roadway Design Manual. Page 8
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Chapter Six

"HORIZONTAL ALIGNMENT

Chapter Six presents ODOT criteria for the
design of the elements of horizontal
alignment. This includes horizontal curvature,
superelevation, travelway widening and sight
distance around horizontal curves.

6.1 HORIZONTAL CURVES

6.1.1 Types of Horizontal Curves
6.1.1.1 General

This Section discusses the several types of
horizontal curves which may be used to
achieve the necessary highway deflection. For
each type, the discussion briefly describes the
curve and presents the ODOT application or
usage of the curve type. Section 6.6 presents
detailed figures for the basic curve types
(simple, compound and spiral), and Section
6.6 presents the necessary details and
mathematical equations for the typical
applications of horizontal curves to highway
alignment.

6.1.1.2 Simple Curves

Simple curves are continuous arcs of constant
radius which achieve the necessary highway
deflection without an entering or exiting
taper. The degree of curvature (D) defines
the circular arc that a simple curve will
transcribe. ODOT uses the arc definition to
define a simple curve on mainline. This is
defined as the central angle subtended by a

100-ft distance measured on the circle’s
circumference (the "arc"). All angles and
distances of simple curves are computed in a
horizontal plane.

Because of their simplicity and ease of design,
survey and construction, ODOT typically uses
the simple curve on highway mainline.

6.1.1.3 Compound Curves

Compound curves are a series of two or more
simple curves. ODOT uses compound curves
on highway mainline only to meet field
conditions where a simple curvature is not
applicable (e.g., to avoid obstructions which
cannot be relocated).  When used on
mainline, the degree of curve for any one
circular arc should be greater than or equal to
2/3 the degree of curve of the succeeding arc
(1.5 D, 2 D).

Chapter Nine discusses the use of compound
curves at intersections at-grade (e.g., for curb
radii, for turning roadways). Chapter Ten
discusses the use of compound curves on
interchange ramps and at intersections
between ramps and crossing roads.

6.1.14 Spiral Curves

Spiral curves provide an entering transition
into a simple curve with a variable rate of
curvature along its layout. In the most
common application on highway mainline, the
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rate of curvature begins at D=0° (tangent)
and gradually increases up to D for the
curvature of the simple curve.

ODOT uses spiral curves on highway mainline
only to meet field conditions where a simple
curve is not applicable (e.g, to avoid
obstructions which cannot be relocated).
Existing spiral curves are typically retained
where improvements are made to existing

highways.

6.1.1.5 Reverse Curves

Reverse curves are two simple curves with
deflections in opposite directions which are
joined by a relatively short tangent distance.
Superelevation development for reverse
curves requires special attention. This is
discussed in Section 6.2.

6.12 General Theory

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).

6.1.2.1 Bali-Bank Indicator

When a vehicle moves in a circular path, it is
forced radially outward by centrifugal force.
Figure 6.1A illustrates the dynamics of a
vehicle negotiating a horizontal curve, and it
presents the geometry of the ball-bank
indicator. This is a device which can be
mounted on a vehicle in motion. The ball-
bank reading indicates the combined effect of
the body roll angle (p), centrifugal force angle
(8) and superelevation angle (¢). The
centrifugal force is counterbalanced by the
vehicle weight component related to the

roadway superelevation or the side friction
developed between tires and surface or by a
combination of the two.

6.12.2 Basic Curve Equations

The point-mass formula is used to define
vehicular operation around a curve. Where
the curve is expressed using the 100-ft arc
definition, the basic equation for a simple
curve is:

D - 85,660 (e + f)
V2
where:
D degree of curvature

superelevation rate
side-friction factor
vehicular speed, mph

e
f
\%

Where the curve is expressed using its radius,
the basic equation for a simple curve is:

V2
15 (e + f)
where:
R = radius of curve, ft
e = superelevation rate
f = side-friction factor
V = vehicular speed, mph

Curve radii and degree of curvature are
related as follows (see Section 6.6 for the
derivation of the equation):

R = 5729.577951/D
In general, ODOT practice is to use "D" for
simple curves which have a radius greater

than 500 ft and to use "R" for curve radii less
than or equal to 500 ft.
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Centrifugal
Force

Ball-bank indicator angle
Body roll angle
Centrifugal force angle
Superelevation angle

b-p

D DD KR
How uwown

Source: (1)
GEOMETRY FOR BALL-BANK INDICATOR

Figure 6.1A
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6.12.3 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-Roadwav _Conditions. The
theoretical basis for horizontal curvature

assuming open-roadway conditions
includes:

a. relatively low side-friction factors (i.e.,
a relatively small level of driver
discomfort)(see Section 6.1.2.5); and

b. the use of AASHTO Method 5 to
distribute side friction and
superelevation (see Section 6.2).

Open-roadway conditions apply to all
rural facilities and all urban facilities
where the design speed (V) >45 mph.

2. Low-Speed Urban Streets. The theoreti-
cal basis for horizontal curvature assuming
low-speed urban street conditions
includes:

a. relatively high side-friction factors to
reflect a high level of driver
acceptance of discomfort (see Section
6.1.2.5); and

b. the use of AASHTO Method 2 to
distribute side friction and
superelevation (see Section 6.2).

Low-speed urban streets are defined as
streets within an urban or urbanized area
where the design speed (V) < 45 mph.

3. Turning Roadway Conditions. The
theoretical basis for horizontal curvature

assuming turning roadway conditions
includes:

a. higher side-friction factors (than open-
roadway conditions) to reflect a higher
level of driver acceptance of
discomfort (see Section 6.1.2.5); and

b. a range of acceptable superelevation
rates for combinations of curve radius
and design speeds to reflect the need
for fiexibility to meet field conditions
for turning roadway and ramp design
(see Chapters Nine and Ten).

Turning roadway conditions typically apply
to turning roadways at intersections at-
grade and to interchange ramps where the
curve radius (R) < 500 ft.

6.1.2.4 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 (e,,) based on the
operational characteristics of the facility. e,
values used by ODOT are discussed in
Section 6.2.

6.1.2.5 Side Friction

AASHTO has established limiting side-friction
factors (f) for various design speeds and
various highway operating conditions (see
Figure 6.1B). It is important to note that the
f values used in design represent a threshold
of driver discomfort not the point of
impending skid. As indicated in Figure 6.1B,
different sets of f values have been
established for different operating conditions
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(see Section 6.1.2.3). The basis for the
distinction is that drivers, through
conditioning, will accept different levels of
discomfort on different facilities.

6.1.3 Maximum Degree of Curvature

The following tables present the maximum
degree of curvature (D,,,,) for open-roadway
facilities and low-speed urban streets; criteria
for turning roadways are presented in
Chapter Nine. To define D, ,,, 2 maximum
superelevation rate (e, ) must be selected.
These are indicated in the following sections.
See Section 6.2 for more discussion on the
selection of e,,.

The tables for D, ., are as follows:

1. Table 6.1A is applicable for facilities
where e, = 0.08 and open-roadway

conditions apply.

2. Table 6.1B is applicable to facilities where
€max = 0.06 and open-roadway conditions

apply.

3. Table 6.1C is applicable to low-speed
urban streets where e, = 0.06.

4. Table 6.1D is applicable to low-speed
urban streets where e, = 0.04.

6.1.4 Maximum Deflection Without Curve

It may be appropriate to design a facility
without a horizontal curve where small
deflection angles are present. As.a guide, the
designer may retain deflection angles of about
1° or less for mainline through traffic
conditions. The absence of a horizontal curve
will not likely affect driver response or
aesthetics. See Chapter Nine for deflections
at intersections at-grade.

6.1.5 Minimum Length of Curve

The following will apply when the calculated
length of curve (100 A/D) is less than the
following recommended minimums:

1. A < 5°. The minimum length of curve
should be as follows for open roadways:

a. 1° < A <3° 300ft
b. 3° < A < 5° 500 ft

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

o

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

3. Freeways. For aesthetics, it is desirable
that the minimum length of curve be 30V.
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MAXIMUM DEGREE OF CURVATURE (Dy,x)
(enaxy = 0.08, Open-Road Conditions)

Table 6.1A

. Maximum Degree
Desxg(n mSg;sed, v € max fnax of Curvature,
Dmax*
20 0.08 17 53° 30"
25 0.08 .165 33° 30
30 0.08 .16 22° 45’
35 0.08 155 16° 30
40 0.08 15 12° 15
45 0.08 .145 9° 30’
50 0.08 14 7° 30
55 0.08 13 6° 00’
60 0.08 12 4° 45’
65 -0.08 11 3° 45'—
70 0.08 .10 3° 00’

MAXIMUM DEGREE OF CURVATURE (Dy,x)
(emax = 0.06, Open-Road Conditions)

Table 6.1B

: Maximum Degree
Design Speed, V
g(nmp%) €max fax of C]grva:ure,
max

20 0.06 17 49° 15’
25 0.06 .165 30° 45’
30 0.06 .16 21° 00°
35 0.06 155 15° 00’
40 0.06 15 11° 15
45 0.06 .145 8° 45’
50 0.06 14 6° 45’
55 " 0.06 13 5° 15
60 0.06 A2 4° 15
65 0.06 11 3° 30’
70 0.06 .10 2° 45

* D= 85,660V§e + f)
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Table 6.1C
MAXIMUM DEGREE OF CURVATURE (Dy,x)
(€pax = 0.06, Low-Speed Urban Streets (V<45))

. Minimum Maximum
Design Speed, e £ Radius Degree of
V (mph) max max * Curvature,

(ft) D *x

‘lp_ax

20 0.06 .300 75 77° 00

25 0.06 252 135 50° 45’

30 0.06 221 215 26° 45’

35 0.06 197 320 17° 45’

40 0.06 178 450 12° 45’

45 0.06 .163 610 9° 15’

Table 6.1D
MAXIMUM DEGREE OF CURVATURE (Dy,x)
(€pax = 0.04, Low-Speed Urban Streets (V < 45))

Minimum Maximum
Design Speed, e £ Radius Degree of
V (mph) max max " Curvature,

(ft) D »*

m_ax

20 0.04 .300 80 72° 45

25 0.04 252 145 47° 30’

30 0.04 221 230 24° 45

35 0.04 197 345 16° 45’

40 0.04 178 490 11° 30’

45 0.04 .163 665 8° 30’

* - V2 1) = 83.660 (e +
R 15(e + 1) D=

Note: Both minimum radius and maximum degree of curvature have been independently rounded

for design purposes from their basic equations; there is not an exact conversion between the
two values in the tables.
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6.2 SUPERELEVATION

6.2.1 Definitions

1.

Superelevation (S). Superelevation is the

amount of cross slope or "bank" provided
on a horizontal curve to help counter-
balance the outward pull of a vehicle
traversing the curve.

Maximum Superelevation (e..). The

maximum rate of superelevation (e,,,,) is
an overall superelevation control used on
a specific facility. Its selection depends
on several factors including -climatic
conditions, terrain conditions, type of area
(rural or urban) and highway functional
class.

Superelevation Transition Length. The

superelevation transition length is the
distance required to transition the
roadway from a normal crown section to
the full superelevation (S) needed.
Superelevation transition length is the
sum of the tangent runout and super-
elevation runoff:

a. Tangent Runout (TR).  Tangent

runout is the change from a normal
crown section to a point where the
adverse cross slope of the outside lane
or lanes is removed (i.e., the outside
lane(s) is level).

b. Superelevation Runoff (L). Super-

elevation runoff is the change in cross
slope from the end of the tangent
runout (adverse crown removed) to a
section that is sloped at the design
superelevation (S).

Axis of Rotation. The superelevation axis
of rotation is the line about which the

~ pavement is revolved to superelevate the

roadway. This line will maintain the

normal highway profile throughout the
curve.

5. Superelevation _Breakover. Super-
elevation breakover is the algebraic

difference (A) between the superelevated
travel lane slope and shoulder slope on
the outside of a horizontal curve.

6. Normal Crown (NC). The typical cross

section on a tangent section (i.e., no
superelevation).

7. Reverse Crown (RC). A superelevated

roadway section which is sloped across the
entire traveled way in the same direction
and at a rate equal to the cross slope on
a tangent section, typically 2%.

6.2.2 Distribution of Superelevation and Side
Friction

As discussed in Section 6.1, the maximum
degree of curvature is based on the e_,, and
f..ax Which apply to the facility. For curvature
flatter than the maximum, a methodology
must be applied to distribute superelevation
and side friction for a given degree of
curvature and design speed. The following
will apply:

1. Open-Roadway Conditions.
Superelevation and side friction are
distributed by AASHTO Method 5, which
allows S and f to gradually increase in a
curvilinear manner up to e, and f ..
See Reference (1) for more information.

2. Low-Speed Urban _Streets. Super-
elevation and side friction are distributed

by AASHTO Method 2, which allows f to
increase up to f . before any super-
elevation is introduced. The practical
effect of AASHTO Method 2 is that
superelevation is rarely warranted on low-
speed urban streets (V<45 mph). See

6.2(1)
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Reference (1) for more information. See
the discussion in Section 6.2.4 for ODOT
practices for where low-speed urban street
conditions apply.

The distribution methodology for super-
elevation and side friction determines the
development of superelevation criteria
presented in Sections 6.2.3 and 6.2.4.

6.23 Superelevation Rates (Open-Roadway
Conditions)

6.23.1 General

Open-roadway conditions are typically used
on all rural highways and all urban facilities
where V>45 mph. 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 S5 (for
distribution of superelevation and side
friction). The following sections present the
specific design criteria for superelevation
rates assuming open-roadway conditions.

6.2.3.2 Maximum Superelevation Rate

The selection of a maximum rate of
superelevation (e, ) depends upon several
factors. These include urban/rural location,
prevalent climatic conditions within
Oklahoma, highway component (road or
bridge), pavement type (paved or unpaved)
and, for freeways, whether the facility is
elevated. For open-roadway - conditions,
ODOT has adopted the following for the
selection of e, .:

1. Rural, Paved Roadways. An e, = 0.08
is typically used on all rural roadways
which are paved. However, bridges on
rural roadways typically have an e, =

0.06 (see Comment #4). Exceptions to
using €., = 0.08 on the roadway should
be evaluated on a case-by-case basis.
Exceptions may include areas of frequent
traffic congestion, where at-grade
intersections occur on a horizontal curve,
or where slow-moving vehicles frequently
negotiate the curve (e.g., a curve near the
entrance of an industrial facility). In
these cases, an €, = 0.06 may be more
appropriate.

Urban Freeways. An e, , = 0.08 is
typically used on urban freeways which
are not elevated. Exceptions should be
evaluated on a case-by-case basis.

Urban Non-Freeways (V>45 mph). An
€max = 0.06 is typically used on all urban
non-freeways where the design speed is
greater than 45 mph. Exceptions should
be evaluated on a case-by-case basis. For
example, an e_, = 0.08 may be appropri-
ate where drainage considerations
indicate.

. Urban Non-Freeways (V<45 mph).

Desirably, these facilities will be designed
assuming open-roadway conditions and an
€max = 0.06. However, it may be
acceptable to assume low-speed urban
street conditions and/or an e_,, = 0.04.
See Section 6.2.4 for more discussion.

. Bridges. Ane,, = 0.06 is typically used

on all bridges where open-roadway
conditions apply regardless of geographic
location. This application means, for
example, that a rural arterial will typically
be designed with e , = 0.08, but any
curves on bridges on the arterial will
typically be designed with e, = 0.06.

Elevated Roadways. An e, , = 0.06 is
typically used on all elevated roadways,
either continuous or intermittent.

6.2(2)
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7. Gravel County Roads. Some counties

within Oklahoma use an e, = 0.10 on
gravel roads. This is an acceptable design.

6.2.3.3 Superelevation Tables

Based on the selection of e, and the use of
AASHTO Method 5 to distribute S and {, the
following tables allow the designer to select
the superelevation rate (S) for any
combination of degree of curvature (D) and
design speed (V):

1. Table 6.2A applies to e,, = 0.08 for
V = 30 mph to 70 mph.
2. Table 6.2B applies to e, = 0.06 for

V = 30 mph to 70 mph.

3. Table 6.2C applies to V = 20 and 25 mph
for e, = 0.06 and 0.08.

Where an e, = 0.10 or e, = 0.04 is used,
the designer should see Reference (1) for
superelevation rates.

6.2.3.4 Maximum Curvature Without Super-
elevation

A horizontal curve with a very small degree of
curvature does not require superelevation.
For a given design speed, the normal crown
section (NC) used on tangent sections can be
maintained throughout a very flat curve. On
sharper curves for the same design speed, a
point is reached where a slope of .020 across
the total pavement width is desirable (RC).
Table 6.3D provides the threshold (or
maximum) degree of curvature for a normal
crown section and a reverse crown section at
various design speeds. This table applies to
all highways where open-roadway conditions
are used, and it applies to all e, values.

6.2.4 Superelevation Rates (Low-Speed
Urban Streets)

6.2.4.1 General

Low-speed urban street conditions may be
used for superelevating streets in urban and
urbanized areas where V<45 mph. On these
facilities, providing superelevation at
horizontal curves is frequently impractical
because of roadside conditions and, in some
cases, may result in undesirable operational
conditions. The following lists some of the
characteristics of low-speed urban streets
which may complicate superelevation
development:

1. surface drainage considerations,

2. built-up roadside development,

3. frequent intersections and driveways,
4. non-uniform travel speeds,

5. limited right-of-way,

6. wide pavement areas, and

7. prevailing construction practices in
Oklahoma.

On urban non-freeways where V<45 mph, the
designer should desirably apply open-roadway
conditions; if so, the superelevation rates are
determined by the criteria presented in
Section 6.2.3. It is acceptable to design the
horizontal curvature on these facilities
assuming low-speed urban street conditions,
based on the truck volume (T) as follows:

1. T <2%. Typically, it will be acceptable to
assume low-speed urban street conditions.

2. 2% < T <4%. The acceptability of using

low-speed urban street criteria will be
determined on a case-by-case basis.
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Table 6.2A

SUPERELEVATION RATE(S) AND LENGTH OF RUNOFF (L,)

(Open-Roadway Conditions)
D V = 30 mph V = 35 mph V = 40 mph V = 45 mph V = 50 mph V = 55 mph V = 60 mph V = 65 mph V = 70 mph
S Ly(ft) S L,(ft) S L,(ft) S L(ft) S L,(ft) S Ly(ft) S L,(ft) S Ly(ft) S Ly(ft)
0° 15’ NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0
0° 30’ NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 RC 59* RC 60*
0° 45’ NC 0 NC 0 NC 0 NC 0 RC 48* RC 52¢ 022 59* 025 74* 028 84
1° 00’ "NC 0 NC 0 NC 0 RC 46* 021 51* 025 64* 029 78* 032 94* 036 108*
1° 15/ NC 0 NC 0 RC 42° 021 48* 026 63* 030 7" 035 94* 039 115° 044 132+
1° 30/ NC 0 RC 40° 021 45° 025 57¢ 030 72° 035 9%0* 041 110* 046 135+ 051 153*
1° 45/ NC 0 RC 40* 024 51* 029 66* 034 82* 040 103* 046 123* 052 153+ 058 174*
2° 00’ RC 36* 022 44* 027 57* 033 75¢ 038 92* 045 116* 051 136* 058 170* 065 195*
2° 157 RC 36* 024 47* .030 63° 036 82* 042 101* 049 126* 056 150* 063 185+ 071 213
2° 30’ 021 38* 027 53¢ 033 70* 039 88* 046 111* 053 136* .061 163* .068 200 075 225
2° 45¢ 023 42 029 LYAd 035 74* 042 95* 049 118* 057 146* 065 174* 072 211 078 234
3° 00’ 025 45* 031 61* .038 80° .045 102* 053 128* 060 154* .068 182 075 220 D = 3° 00!
3° 15/ 026 47 033 65* 041 87° 048 109* 056 135* 064 164* 071 190 078 229 mnax
3° 30’ 028 51* 035 69* 043 91* 051 116* 058 140* 066 169* 074 198 079 232
3° 45/ 030 54+ 037 73* 045 95* 053 120* 061 147+ 069 177 076 203 080 235
4° 00’ 031 56* 039 77" 047 99* 056 127+ 063 152 071 182 078 208 D = 3° 45"
4° 30’ 035 63* 043 85* 052 110* 060 136 068 164 075 192 .080 214 max
5° 00’ 038 69* 047 92* .055 116* 064 145 071 17 078 200 "
52300 | .041 74 050 98 | .059 124 | 067 | 152 | 074 | 178 | 080 | 205 | Dpay =4°45'
6° 00’ 043 78* 053 104* .062 131 070 158 077 185 D... = 6° 00’
6° 30’ 046 83* .055 108* .064 135 073 165 079 190 max
7° 00’ 048 87* 058 114 067 141 075 170 080 192
7° 30° 050 90* 060 118 069 145 077 174 .080 192
8° 00’ 053 96* 062 122 071 150 078 176 D = 7% 30/
8° 30’ 054 98* 064 126 073 154 079 179 max
9° 00’ 056 101 066 130 075 158 080 181
9° 30’ 058 105 068 134 076 160 .080 181
10° 00’ 060 108 070 137 078 164 - go
10°30 | o6t | 10 | om | 13 | om | 164 | Deax=5"3% Cmax = 008
11° 00’ 063 114 073 143 079 166
11° 30’ 064 116 074 145 .080 168
12° 00’ 065 117 075 147 .080 168
13° 00’ 068 123 077 151 Key: D = Degree of curvature
14°00° | 070 126 079 155 g V= Design speed
15° 000 | 072 130 | 09 | 15 | Dam=12°15 S = Superclevation Rate @
= Length of superelevation runoff (from adverse crown removed
16: 00 074 134 080 157 b to full superelevation) for 2-lane roadway
17° 00’ .076 137 NC = Normal crown
18° 00 | 077 139 = 16° 30’ RC = Reverse crown; superelevate at normal crown slope (.020 typical)
19°00' | 078 | 141 | Dmax = 16°30 ' :
20° 00’ 07 143
21° 00’ .080 144 * These are calculated lengths. See Table 6.2G for
22° 007 080 144 minimum superelevation runoff lengths.
Dpax = 22° 457
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Table 6.2B

SUPERELEVATION RATE(S) AND LENGTH OF RUNOFF (L,)

(Open-Roadway Conditions)
D V = 30 mph V = 35 mph V = 40 mph V = 45 mph V = 50 mph V = 55 mph V = 60 mph V = 65 mph V = 70 mph

S L,(ft) S L,(ft) S L,(ft) S L,(ft) S L,(ft) S Ly(ft) S L(ft) S L,(ft) S L,(ft)
0° 15/ NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0
0° 30’ NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 RC 59* RC 60*
0° 45/ NC 0 NC 0 NC 0 NC 0 NC 0 RC 52* 021 56* 024 71* 026 78*
1° 00’ NC 0 NC 0 NC 0 RC 46* RC 48* 023 59* 027 72* | 030 88* 033 99+
1° 15¢ NC 0 NC 0 RC 42* RC 46* 024 58* 028 72* 032 86* 036 106* .040 120*
1° 30/ NC 0 RC 40* RC 42 024 55* 028 68* 032 82* 037 99* 041 121* .046 138*
1° 45' NC 0 RC 40* 023 49* 027 61* 032 T7* 036 93* 041 110* 046 135* 051 153*
2° 00’ RC 36* 021 42+ 025 53¢ 030 68* 035 8 040 103* 045 120* 050 147+ 055 165*
2° 15! RC 36* 023 45* 028 59* 033 75* 038 92* 043 110* 048 128* 053 * 057 171*
2° 30’ RC 36* 025 49* 030 63* 035 79* 040 96* 045 116* 051 136* 056 164* 059 177*
2° 45/ 022 40* 027 53* 032 68* .038 86* 042 101* .048 123+ 053 142+ 058 170* 060 180*
3° 00’ .023 42* 029 57* 034 2* .040 91* 045 108* .050 128* .055 147* 059 173+ D_._ = 2° 45’
3°15¢ 025 45* 030 59* 036 76* 041 93+ 046 111* 052 133* 057 152* .060 176* max
3° 30/ 026 47* 032 63* 038 80* 043 98* 048 116* 054 139* 058 155* -
3° 45/ 028 51° 034 67* 039 82* 045 102* 050 120* 055 141° 059 158* Dy = 3° 30
4° 00’ 029 53* 035 69* 041 87* 046 104* .052 125* 057 146* 060 160*
4° 30’ .031 56* .038 75* .043 91* 049 111* .054 130* 059 151*
5° 00’ 034 62" 040 79* 046 97¢ 051 116* 056 135* 060 154* -
5° 30/ 036 65° 042 83 048 101* | .054 122¢ | .058 140* Dy = 4° 15/
6° 00’ 038 69* 044 87* 050 105* 055 125* 059 142* D = 5° 15
6° 30’ .039 7* .045 89* 052 110* 057 129* .060 144* max
7° 00’ .041 74* 047 92* .053 112* 058 131* D = 6°457
7° 30’ .042 76* 049 96* 055 116* 059 134* max ~
8° 00’ .043 78* .050 98* 056 118* .060 136*
8° 30’ .045 81° 051 100* 057 120* 060 136*
9° 00’ .046 83* 053 104* 058 122* "
9° 30/ 047 8s5* 054 106* | 059 124* | Dpay =8°45'
10° 00’ 048 87* 055 108* 059 124* e 0.06
10° 30! 049 89¢ 056 110* 060 126 max — "
11° 00’ .050 9%0* 057 112* .060 126
11° 30/ 051 92* 058 114*
g: %: %3 %: ggg Ez: Dy = 11° 157 Key: D = Degree of curvature
14° 00° | 055 9+ | 060 | 118* vz Designspeed
152000 | 056 | 101 | ‘60 | 118 S I e e

: . L, = Length of superelevation runoff (from adverse crown removed
16° 00/ .058 105 D = 15° 00’ to full superelevation) for 2-lane roadway
17° 00! 058 105 oax NC = Normal crown .
18° 00’ 059 107 RC = Reverse crown; superelevate at normal crown slope (.020 typical)
19° 00’ 060 108 v
o
0w 060 108 * These are calculated lengths. See Table 6.2G for
Dpx = 21° 00/ minimum superelevation runoff lengths.
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Page 6.2(6)
Table 6.2C
SUPERELEVATION RATE(S) AND LENGTH OF RUNOFF (L)
(V=20 mph and 25 mph, Open-Roadway Conditions)
e = 0.08 € = 0.06 e = 0.08 € = 0.06
D V=20 mph V' =20 mph V' = 25 mph V= 25 mph
S_ L(ft) S Ly(ft) S Ly(ft) S Ly(ft)
0° 15/ NC 0 NC 0 NC 0 NC 0
° 30! NC 0 NC 0 NC 0 NC 0
0° 45/ NC 0 NC 0 NC 0 NC 0
1° 00’ NC 0 NC 0 NC 0 N 0
O N
1° 35/ NC 0 NC 0 NC 0 NC 0
° 00’ NC 0 NC 0 NC 0 NC 0
372 NN~ N T T T - I " -
2° 350 NC 0 NC 0 RC . RC 35°
° 00’ NC 0 NC 0 RC 35* RC 35°
ol | L K] L s B K| OB
3° 357 RC 32° RC 32 023 40* 021 36*
4° 00’ RC 32* RC 32° 024 41* 023 40°
300 02 3% RC 3 0 & 057 o
5° 30/ 023 37+ 022 36* 031 53+ 029 50*
6° 00’ 025 40* 023 37* 034 58+ 031 53+
s | B | 2| B || B | 8| B | ¥
7° 30/ 030 48+ 027 44~ 040 69* 035 60"
8° 00’ 031 50 029 47" 042 72* 037 *
B | oW | 8 | B | o | & | K| B | &
9° 30’ 036 58 032 52 047 81 69*
0° 00’ 037 60 033 53 049 7} 041 70*
tE Ol 0B | 08 | B2 BB Z
1° 30° 041 66 036 58 053 91 043 74*
2° 00’ 043 69 037 054 93 044 75
& | 2B S B| 2|oB | B
5° 00’ 049 i 040 061 104 049 84
6° 00’ 051 82 041 063 08 050 86
gl OB OE | B9 8| BB | ¥
9° 00’ 056 90 045 16 054 93
20° 00’ 057 91 046 74 070 20 055 94
ze B R | % | B BB g
23° 00’ 061 98 048 77 074 27 057 98
24° 00’ 062 99 049 79 075 28 058 99
2@ B B R B BB R
27° 00’ 066 06 052 83 078 33 059 101
° 00’ 067 07 052 83 078 33 060 103
e B BB 8| BB BB
31° 00’ 070 12 054 87 1080 37 ’
32° 00’ 070 12 055 88 080 37 -
NS I O I ) S
35° 00’ 073 17 057 91
el oB B 8| ) [
° 00’ 075 20 038 93
39° 00’ 076 2 058 93
40° 00’ 076 2 .059 95
g | Z2 | BB 8|
43° 00 0m 5 059 9% D = Degree of curvature
° nnr 078 25 060 % V = Design speed
° 00/ )y : S = Superelevation Rate
45° 00 079 27 060 96 .
° 0O/ 079 27 060 96 L, = Length of superelevation runoff (from adverse
47° 00’ 079 27 060 96 crown removed to full superelevation) for 2-
° 00’ 079 27 060 9 lane roadway
49: 00’ .080 28 060 96 NC = Normal crown
. 00: .080 28 RC = Reverse crown; supereievate at normal crown
51° 00 080 28 slope (.020 typical)
52° 00! 080 128 D, = 49° 15'
53° 00 080 128 e *  These are calculated lengths. See Table 6.2G for
minimum superelevation runoff lengths.
D = 53° 307
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Table 6.2D

DEGREE OF CURVATURE FOR NORMAL CROWN SECTION
AND REVERSE CROWN SECTION

(Open-Roadway Conditions)
Degree of Curvature
Design Speed Tables 6
(mph) See Tables 6.2A,
Normal Crown Reverse Crown 6.2B, or 6.2C
20 D < 3° 25 3°25 <D <4° 29 D > 4° 29’
25 D < 2° 30’ 2° 30’ <D < 3° 23 D > 3° 23
30 D < 1° 45 1°45 <D <2° 18’ D> 2° 18
35 D < 1°25 1°25' <D < 1° 54 D > 1° 54’
40 D < 1° 04’ 1°04’ <D < 1° 22 D > 1° 22’
45 D < 0° 53’ 0° 53’ <D < 1° 08’ D > 1° 08’
50 D < 0° 43’ 0° 43’ <D < 0° 55 D > 0° 55’
55 D < 0° 37 0° 37" <D < 0° 48 D > 0° 48’
60 D < 0° 31’ 0°31" <D <0° 41 D > 0° 41
65 D < 0° 28’ 0° 28" <D <0° 34’ D > 0° 34/
70 D < 0° 25 0° 25 <D <0° 31 D > 0° 31’
Notes:

L Table is based on e, = 0.08, but it may be used for both e, = 0.06 and e, = 0.08.

2. The limit for NC is based on a theoretical superelevation rate of +.015. The upper limit
for RC is based on a theoretical superelevation rate of +.020.

6.2(7)
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3. T > 4%. It will rarely be acceptable to
assume low-speed urban street conditions.

Because of the criticality of trucks negotiating
horizontal curves with a high demand for side
friction, T includes all trucks considered
"light" trucks and heavier.

Where used, AASHTO Method 2 is used to
distribute superelevation and side friction in
determining superelevation rates for the
design of horizontal curves on low-speed
urban streets. In addition, as discussed in
Section 6.1, relatively high side-friction factors
are used. The practical impact is that
superelevation is rarely warranted on these
facilities. The following sections present the
design criteria for superelevation rates
assuming low-speed urban street conditions:

6.2.4.2 Maximum Superelevation‘ Rates

The following will apply to e_,,, whether
open-roadway or low-speed urban street
conditions are used:

1. Desirable. An e, = 0.06 will desirably
be used.

2. Acceptable. It is acceptable to use an
€max = 0.04. '

6243 Superelevation Figure

Figure 6.2A is used to determine the
superelevation rate for horizontal curves of
known radii on a low-speed urban street of
known design speed. The figure is divided
into three areas. The following examples
illustrate how to use Figure 6.2A for site
conditions within each area.

* % % %k %k %k ¥ k k ¥

Example 6-1

Given: Design speed = 25 mph
Radius = 200’
Cross slope (on tangent) = 2%

Problem: Determine thesuperelevationrate.

Solution: From Figure 6.2A, the required
superelevation rate = -.043
Therefore, a normal crown section
may be maintained throughout the
curve (ie., S = -.020).

Example 6-2

Given: Design speed = 35 mph
Radius = 400’

Problem: Determinethe superelevationrate.

Solution: From Figure 6.2A, the required
superelevation rate = +.007. This
falls in the area where the
roadway should be uniformally
superelevated at the cross slope of
the roadway on tangent (typically
.020). This is the desirable
treatment. However, it is
acceptable to superelevate the
roadway at the theoretical super-
elevation rate (+.007), if this is
consistent with field conditions
(e.g., surface drainage will work

properly).

Example 6-3

Given:  Design speed = 40 mph
Radius = 500’

Problem: Determine the superelevationrate.

6.2(8)
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Notes:

1. Figure denotes three areas for the determination of superelevation rates. See Section 6.2.4
for examples on how to use the figure.

2. Desirably, e_,, = 0.06; it is acceptable to use e, = 0.04.

3. The basic equation for the figure is:

VZ
15 (e +f)

where:

me L%

side-friction

curve radius, ft
design speed, mph
superelevation rate

factor

For design purposes, rounded minimum radii are used as follows:

Design Speed, mph

20 25 30 35 40 45
Rpin (£0), 80 | 145 | 230 | 345 | 490 | 665
e = .040 -
R, (ft), a
e nin 060 75 135 | 215 | 320 | 450 | 610

Source: (1)
SUPERELEVATION RATES
(Low-Speed Urban Streets)

Figure 62A

6.2(9)
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Solution: Figure 6.2A yields a required
superelevation rate = +.035.
Therefore, the entire pavement
should be transitioned to this rate.

Sk ok ok X k ¥ ¥ X % %

62.44 Minimum Radii Without Super-
elevation

As with highways designed using open-
roadway conditions, horizontal curves with
sufficiently large radii do not require
superelevation; i.e., the normal crown section
can be maintained around a curve. The
threshold exists where the theoretical
superelevation equals -.020. The lower
boundary of the shaded area in Figure 6.2A
illustrates this threshold. For convenience,
Table 6.2E presents corresponding radii for
normal crown (NC) and reverse crown (RC).

6.2.5 Transition Length (Open-Roadway
Conditions)

As defined in Section 6.2.1, the super-
elevation transition length is the distance
required to transition the roadway from a
normal crown section to the full design
superelevation (S) (as determined from the
tables based on the selected e, ). The
superelevation transition length is the sum of
the tangent runout distance (TR) and
superelevation runoff length (L).

6.25.1 Two-Lane Roadways

Superelevation Runoff

Tables 6.2A, 6.2B and 6.2C present the
calculated superelevation runoff lengths (L,)
for two-lane roadways for various
combinations of degree of curvature and

design speed. The lengths are calculated as
follows:

L,=SxWxRS>L .

where:

L, = Superelevation runoff length
for a two-lane roadway.

W = Width of rotation (assumed to
be 12').

RS = Relative longitudinal slope
between the profile grade and
far edge of two-lane roadway
(see Table 6.2F)

S = Superelevation rate

L,, = Minimum superelevation

runoff length regardless of
calculated L, (see Table 6.2G)

Table 6.2F provides the maximum RS values
for each design speed. The calculated L,
values are subject to minimum lengths (L),
which are based on approximately two
seconds of travel time. These are presented
in Table 6.2G.

The superelevation runoff lengths for two-lane
roadways apply to the following:

1. a two-lane, two-way roadway rotated
about its centerline;

2. a two-lane, two-way roadway rotated
about either edge of travelway; or

3. either directional roadway of a four-lane
divided facility, where the median width
exceeds 40 ft, rotated either about its
centerline or edge of travelway.
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Table 6.2E
RADII FOR NORMAL CROWN SECTION AND REVERSE CROWN SECTION
(Low-Speed Urban Streets)
Design Speed Curve Radii
h

(mph) Normal Crown Reverse Crown* See Figure 6.2A

20 R > 9524 95.24' < R < 83.33’ R > 8333

25 R > 179.60’ 179.60’ < R < 153.19° R > 153.19

30 R > 29851’ 298.51’' < R < 248.96’ R > 248.96

35 R > 461.39’ 46139’ < R < 376.34’ R > 376.34'

40 R > 675.11" 675.11' < R < 538.72’ R > 538.72

45 R > 944.06’ 944.06' < R < 737.70 R > 737.70

*  The shaded area in Figure 6.2A reflects these radii ranges. In this range, it is desirable to
reverse the crown and superelevate the roadway at a uniform slope of +.020. However,
it is acceptable to superelevate at the theoretical rate from Figure 6.2A, if consistent with
field conditions.

Note: The limit for NC is based on a theoretical superelevation rate of -.020. The upper
limit for RC is based on a theoretical superelevation rate of +.020. Radii are
calculated from:

1S (e + f)

6.2(11)
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Table 6.2F
RELATIVE LONGITUDINAL SLOPES
(RS)
Design RS Grade
Speed (minimum) Difference
(mph) G(%) (max.)*
20 133 0.75
25 142 0.70
30 150 0.67
35 163 0.61
40 175 0.58
45 188 0.53
50 200 0.50
55 213 0.47
60 222 0.45
65 244 0.41
70 250 0.40

* G(%) = 1/RS x 100

Table 6.2G
MINIMUM SUPERELEVATION
RUNOFF LENGTHS (L))
Minimum
Design Speed Superelevation
(mph) Runoff Lengths
(ft)
20 50
25 75
30 100
35 110
40 125
45 135
50 150
55 160
60 175
65 190
70 200

Tangent Runout

The tangent runout distance is calculated as
follows:

TR = Snormal/ K
where:
TR = Tangent runout distance for a

two-lane roadway

Spormat = Travel lane cross slope on
tangent (typically .02)

K = Transition rate = S/L,

S = Design superelevation rate
(i.e., full superelevation for
horizontal curve)

L, = Superelevation runoff length

for a two-lane roadway
The use of the transition rate, K, will ensure
that the relative longitudinal gradient of the

tangent runout equals that of the super-
elevation runoff.

6.2.5.2 Multilane Highways

Superelevation Runoff

The superelevation runoff distance for
multilane highways is calculated by:

L=LxC2xL_,,

where:
L = Superelevation runoff length
L, = Superelevation runoff length

for a two-lane roadway

6.2(12)
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C = Ratio of runoff length for a TR = S, ma/K
multilane highway to runoff
length for a two-lane roadway where:
(see Table 6.2H)
TR = Tangent runout distance for
L., = Minimum superelevation the multilane highway
runoff length regardless of
calculated L (see Table 6.2G) Spormat = Travel lane cross slope on
tangent (typically .02)
K = Transition rate = S/L
Table 6.2H
S = Design superelevation rate
C VALUES (ie., full superelevation for
(Superelevation Runoff Lengths) horizontal curve)
C L = Superelevation runoff length
Number of Lanes for the multilane highway
(Both Directions) | pesjrable | Minimum
The use of the transition rate, K, will ensure
2 L0 1.0 that the relative longitudinal gradient of the
3 L5 1.2 tangent runout equals that of the super-
4 20 15 elevation runoff.
> 25 18 Where the travel lanes on tangent have
6 3.0 2.0 variable cross slopes, the tangent runout
7 3.5 2.3 distance is calculated in two steps. First, it is
necessary to flatten the steeper cross slope to
8 4.0 2.5 match the flatter cross slope as follows:

Note: Where the median width is greater than
40 ft, each roadway is evaluated
separately. For example, if a 6-lane
divided facility has a median width
greater than 40 ft, the number of lanes
in one direction (three) is used in the
table to read C = 1.5 desirable and
C = 1.2 minimum.

Tangent Runout

Where all travel lanes have the same cross
slope on tangent, the tangent runout distance
is caiculated as follows:

TR; = A Slope;/K
where:
TR, = Distance needed to rotate the
steeper cross slope to match

the flatter cross slope.

ASlope, = Difference between the two
cross slopes, ft/ft

K = Transition rate = S/L
After TR, has been implemented, a uniform

pavement slope is present on the outside
travel lanes. From this point, the second

6.2(13)
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segment of the tangent runout is calculated as
follows:

TR, = A Slope,/K
where:

TR, = Distance needed to rotate
the cross slope of the
outside travel lanes to a
level slope

Difference between the
=  cross slope of the outside
travel lanes and level (i.e,,
zero slope)

ASlope,

K = Transition rate = S/L

6.2.53 Application of Transition Length

Once the superelevation runoff and tangent
runouts have been calculated, the designer
must determine how to fit the length in the
horizontal and vertical planes. The following
will apply:

1. Simple Curves. Typically, 75% of the
superelevation runoff length will be placed
on the tangent and 25% on the curve.
Exceptions to this practice may be
necessary to meet field conditions. The
generally acceptable range is 60% - 80%
on tangent and 20% - 40% on curve. In
extreme cases, the superelevation runoff
may be distributed 50% - 100% on the
tangent and 0% - 50% on the curve (e.g.,
to avoid placing any superelevation
development on a bridge).

2. Spiral Curves. The superelevation runoff
length is typically fitted to the spiral curve
length (TS to SC and CS to ST). All of
the tangent runout is placed on the
tangent before the TS and after the ST.

3. Compound/Reverse Curves. See Sections

6.29 and 6.2.10 for a discussion on
superelevation development for compound
and reverse curves.

4. Field Application (Vertical Profile). At
the beginning and ending of the

superelevation transition, angular breaks
would occur in the profile if not
smoothed. These abrupt angular breaks
are smoothed by field personnel during
construction, as discussed in the ODOT
Standard  Specifications for Highway
Construction, by the insertion of short
vertical curves at the two angle points.
Designers should graphically or
numerically work the transition areas to
check potential drainage runoff pocketing.
As a guide, the transitions should have a
length in feet equal to the design speed in
mph.

5. Ultimate Development. If the facility is
planned for ultimate development to an
expanded facility, the designer should,
where practical, reflect this 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 runoff length for the initial
four-lane facility should be consistent with
the future requirements of the six-lane
facility.

6. Typical Figures/Examples. Sections6.2.12
and 6.2.13 present typical figures for

superelevation development and examples
for the calculation of tangent runout and
superelevation runoff.

6.2.6 Transition Length (Low-Speed
Urban Streets)

Low-speed urban streets are those urban
facilities where V<45 mph. If open-roadway

6.2(14)
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conditions are used to determine the
superelevation rate (Section 6.2.3), then the
superelevation transition length should be
determined by the criteria for open-roadway
conditions (Section 6.2.5). If the
superelevation rate is determined by low-
speed urban street conditions (Section 6.2.4),
then the superelevation transition lengths may
be determined by the criteria that follow.

62.6.1 Two-Lane Roadways

Superelevation Runoff

Table 6.2 presents the minimum
superelevation runoff (L,) lengths for two-
lane roadways. With the use of a straight-line
interpolation for intermediate superelevation
rates, the superelevation runoff may be
calculated for any design speed and
superelevation rate.

Tangent Runout

The tangent runout distance is calculated as

. SHe
follows: 4 /w,‘, e
5‘“«(%‘}“__‘!—& ..U'iE. io
TR = Spoma/K = 7 g > SRR
where:
TR = Tangent runout distance for a

two-lane roadway

Spormat = Iravel lane cross slope on
tangent (typically .02)

K = Transition rate =.S/L,
S = Design superelevation rate
(i.e, full superelevation for

horizontal curve)

L, = Superelevation runoff length
for a two-lane roadway

The use of the transition rate, K, will ensure
that the relative longitudinal gradient of the
tangent runout equals that of the super-
elevation runoff.

6.2.6.2 Multilane Highways

Section 6.2.5 presents criteria for super-
elevation transition lengths for multilane
highways assuming open-roadway conditions.
The procedures and formulas also apply to
multilane highways assuming low-speed urban
street conditions, with the following changes:

1. L,, the superelevation runoff length for
two-lane roadways, will be based on Table
6.21.

2. L _. will be based on Table 6.21.

‘min

6.2.6.3 Application of Transition Length

The criteria presented in Section 6.2.5.3 for
open-roadway conditions also apply to low-
speed urban streets.

6.2.7 Axis of Rotation

The following discusses the axis of rotation
for two-lane, two-way highways and multilane
highways. Section 6.2.12 presents typical
figures illustrating the application of the axis
of rotation in superelevation development.

6.2.7.1 Two-Lane, Two-Way Highways

The axis of rotation will typically be about the
centerline of the roadway on two-lane, two-
way highways. This method will yield the
least amount of elevation differential between
the pavement edges and their normal profiles.
It is acceptable to rotate about the inside or
outside edge of the travelway. This may be

6.2(15)
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Table 6.21
SUPERELEVATION RUNOFF LENGTHS
(Low-Speed Urban Streets, Two-Lane Roadways)
. Superelevation - . Superelevation
Deszlg:‘llpngeed Rate memlzrfrt)) Radius Runoft (L,)
) (ft)
02 85 65
20 .04 80 70
.06 75 75
.02 155 70
25 .04 145 75
.06 135 80
02 250 75
30 .04 230 85
.06 215 90
.02 380 85
35 .04 345 95
.06 320 100
02 540 95
40 .04 490 105
.06 450 115
.02 740 110
45 .04 665 120
.06 610 130

Note:

For superelevation rates intermediate between those in table, use a straightline
interpolation to calculate the superelevation runoff length.
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necessary to meet field conditions (e.g.,
drainage on a curbed facility, roadside
development).

On a two-lane highway with an auxiliary lane
(e.g., climbing lane), the axis of rotation will
typically be about the centerline of the two
through lanes.

6.2.72 Multilane Divided Highways

The axis of rotation will typically be about the
profile grade or base line(s) for the multilane
facility. The two median edges are typically
the two base lines on divided facilities. When
these are used as the axes of rotation, the
median will remain in the same horizontal
plane throughout the curve.

Depending upon field conditions, it may be
acceptable to use any travel lane edge as the
axis of rotation. For example, on a four-lane
divided facility, the axes of rotation may be
about the centerlines of the two roadways.
Unless the two roadways are on independent
alignment, this method results in different
elevations at the median edges and, therefore,
a compensating slope is necessary across the
median.

Several highway features may significantly
influence superelevation development for
multilane divided highways. These include
guardrail, median barriers, drainage and other
field conditions. = The designer should
carefully consider the intended function of
these features and ensure that the
superelevated section and selected axis of
rotation does not compromise their operation.
In addition, the designer should consider the
likely ultimate development of the facility and
select an axis of rotation that will lend itself
to future expansion.

6.2.8 Shoulder Superelevation

Figure 6.2B illustrates shoulder treatment on
superelevated sections. The examples in
Section 6.2.13 illustrate the details of shoulder
superelevation.  The following discusses
specific criteria.

6.2.8.1 High Side (Outside Shoulder)

On the high side of superelevated sections,
there will be a break in the cross slopes of the
travel lane and shoulder. The following
criteria will apply to this shoulder breakover:

1. Algebraic_Difference. If practical, the
breakover should not exceed 7%. It is
acceptable for the breakover to be 8%.

2. Minimum Shoulder Slope. The minimum
cross slope is 1% on the high-side
shoulder in a superelevated section.

AU VBV OIS TA DAV Y W Ty 5 Waas WAAW VIWT wa

lane would yield an 8.5% breakover. This
exceeds the recommended 8% limit.

4. Shoulder as Deceleration Lane. At some
intersections, drivers may use a paved
shoulder as a right-turn lane on a
superelevated horizontal curve. Chapter
Nine presents cross slope breakover
criteria between a turning roadway and a
through travel lane at an intersection at-
grade. Where the shoulder is used by
turning vehicles, the designer may want to
use the turning roadway breakover criteria
(4% to 5%) rather than the 8% maximum
breakover.

6.2(17)
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[SHOULDER TRAVEL LANES SHOULDER|
OUTSIDE INSIDE
CURVE I CURVE
~SHOULDER
UPERELEVATED .
SHOULDER: SLoPE -, | BREAKOVER %

\

—SUPERELEVATED
\ ROADWAY

{

SHOULDER
SLOPE

TYPICAL SECTION

Note: See Section 6.2.8 for criteria on treatment of shoulders through superelevated curves.

SHOULDER TREATMENT THROUGH SUPERELEVATED CURVE

Figure 6.2B

6.2.8.2 Low Side (Inside Shoulder)

On the low side of a superelevated section,
the following will apply:

1. Bituminous_Shoulder. ODOT typical
practice is to retain the normal shoulder
slope throughout the entire superelevated
section. See Chapter Twelve for ODOT
criteria. However, where the shoulder is
currently used as a travel lane or will
likely be converted to a travel lane in the
future, the shoulder superelevation should
be as described in #2.

™

Concrete Shoulder. For PC concrete
shoulders, ODOT typical practice is to
retain the normal shoulder slope until the
adjacent superelevated travel lane reaches
that slope.  The shoulder is then
superelevated concurrently with the travel
lane until the design superelevation is
reached (i.e, the inside shoulder and
travel lane will remain in a plane section).

6.2.9 Compound Curves

Superelevation development for compound
curves requires the consideration of several
factors. For two-lane roadways, these are
discussed in the following sections for two
Cases:

1. CaseI: The distance between the PC and
PCC is 300 ft or less.

2. Case II: The distance between the PC
and PCC is greater than 300 ft.

6.29.1 Casel

For Case I, superelevation development for
compound curvature on two-lane roadways
should meet the following objectives:

1. Relative Longitudinal Gradient (RS). A
uniform RS should be provided

throughout the superelevation transition
(from normal section to full super-
elevation at the PCC).

6.2(18)
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2. Superelevation at PCC. The criteria in
Section 6.2.3 (open-roadway conditions)
or 624 (low-speed urban street
conditions) will yield the design
superelevation (S,) for the second curve.
S, should be reached at the PCC.

3. Superelevation at PC. Section 6.2.3 or
6.2.4 will yield the design superelevation
(S,) for the first curve. At the PC, % S,
should be reached.

4. Superelevation Runoff Length. Section
6.2.3 or 6.2.4 will yield the superelevation

runoff (L) for the first curve. The
superelevation should be developed such
that % L is reached at the PC.

5. Tangent Runout Length. TR will be

determined as described in Section 6.2.3
or 6.24.

To meet all or most of these objectives, the
designer may need to try several combinations
of curve lengths, degree of curvature and
longitudinal gradients to find the most
practical design. Section 6.2.12 presents a
typical figure for Case 1 superelevation
development for a compound curve. Section

6.2.13 presents an example problem for Case
L

6292 Casell

For Case II, the distance between the PC and
PCC (>300 ft) is normally large enough to
allow the two curves to be evaluated
individually. Therefore, the superelevation
development on two-lane roadways should
meet the following objectives for Case II:

1. First Curve. Superelevation should be
developed assuming the curve is an
independent simple curve. Therefore, the
criteria in Section 6.2 for superelevation

rate, transition length and distribution
between tangent and curve apply.

2. Intermediate Treatment. Superelevation
for the first curve (S,) is reached a
distance of % the superelevation runoff
length beyond the PC. S, is maintained
until it is necessary to develop the needed
superelevation rate (S,) for the second
curve.

3. Second Curve. Assuming the second
curve has a higher degree of curvature
than the first curve, a higher rate of
superelevation will be required (S, > S,).
S, should be reached at the PCC. The
distance needed for the additional
superelevation development is not
specified, except that the maximum RS
for the highway design speed must not be
exceeded. One logical treatment would be
to apply the same RS used for the
superelevation transition of the first curve.
This would provide a uniform change in
gradient for the driver negotiating the
compound curve.

Section 6.2.12 presents a typical figure for
Case II superelevation development for a
compound curve.

6.2.9.3 Multilane Highways

Superelevation development for compound
curvature on multilane highways should, as
practical, be designed to:

1. meet the principles of superelevation
development for simple curves on
multilane highways (see applicable criteria
in Section 6.2); and

2. meet the objectives for Case I or Case II
as described for two-lane roadways.

6.2(19)
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The treatment for multilane highways will be TR, = Tangent runout length for
determined on a case-by-case basis, reflecting second curve, ft
individual site conditions.

L, = Superelevation runoff

6.2.10 Reverse Curves

Reverse curves are two closely spaced simple
curves with deflections in opposite directions.
For this situation, it may not be practical to
achieve a normal crown section between the
curves. A plane section continuously rotating
about its axis (e.g., the centerline) can be
maintained between the two curves, if they
are close enough together. The designer
should adhere to the applicable
superelevation development criteria for each
curve. The following will apply to reverse
curves:

1.

‘These criteria yield the tfollowing
minimum tangent distance (between PT of
first curve and PC of second curve):

L., 2 75L, + TR, + 2(1.467V) + TR,

+ .75L,

tan

where:

L., = Tangent distance between
PT and PC, ft

L, = Superelevation runoff
length for first curve, ft

TR, = Tangent runout length for
first curve, ft

v = Design speed, mph

length for second curve, ft

As a modification to the equation for L, ,
developing a normal section is acceptable
if between 60% - 80% of L, and L, can
be provided on the intervening tangent.

2. Continuously Rotating Plane. If a normal
section is not provided, the pavement will
be continuously rotated in a plane about
its axis. In this case, the minimum
distance between the PT and PC will be
that needed to meet the superelevation
transition requirements:

L

tan

= 75L, + TR, + TR, + .75L,

where terms are as defined in Comment
#1. As a modification to the equation for
L, it is acceptable to provide between

60% - 80% of L, and L, on the inter-
vening tangent.

6.2.11 Bridges

If practical, horizontal curves and
superelevation transitions should be avoided
on bridges. The designer should not,
however, avoid placing a curve on a bridge if
this results in sharp horizontal curves on
either approaching roadway. Where a curve
is necessary on a bridge, a simple curve
should be used on the bridge and, if practical,
any superelevation development should be
placed on the approaching roadway. In some
cases, however, superelevation transitions are
unavoidable on bridges; if properly designed,
most bridges will operate adequately where
this occurs.
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6.2.12 Typical Superelevation Figures

The following figures illustrate superelevation
development for various conditions:

1. Figure 6.2C "Axis of Rotation about
Centerline (Two-Lane Roadway)."

2. Figure 6.2D "Axis of Rotation About
Edge of Travelway."

3. Figure 6.2E "Axis of Rotation About
Centerline (Four-Lane Undivided
Highway)." This figure illustrates the
method of attaining superelevation where
the cross slope of an outside travel lane is
steeper than the cross slope of an
adjacent travel lane. See the discussion in
Section 6.2.5; Section 6.2.13 presents an
example calculation.

4. Figure 62F "Axis of Rotation About
Centerline (Compound Curves)." The
figure illustrates two Cases. See Section
6.2.9 for a discussion.

6.2(21)
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® L=L,xC>L,. See Section 6.2 for
superelevation runoff calculations. Transition
rate, K = S/L.

® TR = S(normal)/K. See Section 6.2 for

tangent runout calculations.

AXIS OF ROTATION ABOUT EDGE OF TR

_—] W—
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® S = K x X. See Section 6.2 for more
information.
@  Grade difference G(%) = 1/RS x 100. See

Section 6.2 for values of RS.

AVELWAY

Figure 6.2D
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(Four-Lane Undivided Highway)
Figure 6.2E
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PCC

NORMAL

TANGENT RUNOUT
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This distance may be determined by application of RS for the first curve to the increase in

superelevation for the second curve (S, - S).

Note: See Section 6.2.9 for a discussion on compound curves.

AXIS OF ROTATION ABOUT CENTERLINE
(Compound Curves)

Figure 6.2F
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6.2.13 Examples

The following examples illustrate the application of the superelevation development criteria in
Section 6.2 to specific site conditions. In all of the examples, a negative cross slope or
superelevation rate slopes down from left to right, and a positive cross slope or superelevation rate
slopes up from left to right.

Example 64 (Two-Lane Roadway)

Given: Facility — Two-lane rural arterial
Travel lane cross slope = 2% (on tangent) = 0.020 ft/ft = S
Shoulder cross slope = 4% (on tangent) = 0.040 ft/ft
Lane width = 12 ft
Shoulder width = 8 ft
Design Speed = 60 mph
D =3°
-PC = Station 10+00
PT = Station 16+00

normal

Problem: With the axis of rotation about the pavement centerline, determine the applicable details
for superelevation development for the horizontal curve, including:

emax

superelevation rate, S

superelevation runoff length, L

tangent runout length, TR

shoulder treatment, and

relative longitudinal slopes for the two outside edges of travelway.

A S od

Solution: The details of the superelevated curve are determined as follows, and Figure 6.2G
presents the completed example and shows all stationing.

1. Determine e,,,. As discussed in Section 6.2.3, e_, = 0.08 for rural highways and
open-roadway conditions.

2. Determine Superelevation Rate (S). From Table 6.2A, S = 0.068 ft/ft for D = 3°
and V = 60 mph.

3. Determine Superelevation Runoff Length (L). Runoff length, L, is equal to the
greater of (L, x C) or L ;,. From Table 6.2A, L, = 182 ft. From Table 6.2H, C =

1.0. L,xC = 182.0 ft x 1.0 = 182.0 ft. From Table 6.2G, L_;, = 175.0ft. (L,xC)
> Ln- Therefore, use L = 182.0 ft.

4. Determine Transition Rate (K). K = S/L = 0.068 ft/ft / 182 ft = 0.000374 ft/ft/ft.
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Determine Tangent Runout Length (TR). TR = S, .../K = 0.020 ft/ft / 0.000374
ft/ft/ft = 53.53 ft.

Determine Shoulder Treatment. Desirably, the maximum shoulder breakover on
the outside of curve should not exceed 7%. Therefore, with a shoulder cross slope

- of 4% on tangent, begin rotating the outside shoulder where the travel lanes reach

a superelevation rate of -0.030 ft/ft. To determine the station where S = -0.030
ft/ft, use the equation from Figure 6.2C for superelevation at any distance "X" from
point B:

S=KxX
0.030 ft/ft = 0.000374 ft/ft/ft/ x X
X = 80.30 ft

The station at point B is the PC Sta. minus % (L) = Station 10+00 - %(182.0 ft) =
8+63.50 (see Figure 6.2G). Therefore, S = -0.030 ft/ft at Station 8§+63.50 + 80.30
ft = Station 9+43.80.

A similar calculation yields S = -0.03 ft/ft at Station 17+36.50 - 80.30 ft = Station
16+56.20. Station 17+36.50 was calculated using the following equation: PT Sta.
+ % (L) = Station 16+00 + %(182.0 ft) = 17+36.50.

The shoulder cross slope when the curve is fully superelevated is equal to 0.07 ft/ft -

0.068 ft/ft = 0.002 ft/ft. As stated in Section 6.2.8, the minimum continuous
shoulder cross slope should be 1%. To meet the 7% maximum breakover criteria
and the minimum shoulder cross slope criteria, the outside shoulder should continue
to rotate until its cross slope is -1% (i.e., the shoulder slopes toward the travel lane
at a rate of 1%). The rate of shoulder transition is the same as that used for the
travelway (K = 0.000374 ft/ft/ft). Following is a summary of shoulder rotation:

a. Begin shoulder rotation at Station 9+43.80, S = 0.04 ft/ft (calculated above).

b. The shoulder will continue to rotate until S = -0.01 ft/ft. The station where S
= 0.01 ft/ft is calculated using the following equations:

Station where S = -0.01 ft/ft

= Station where S = 0.04 ft/ft + {change in shoulder cross slope/K)
= Station 9+43.80 + ((0.040 ft/ft - (-0.010 ft/ft))/0.000374 ft/ft?ft)
= Station 10+77.63 |

End shoulder rotation at Station 10+77.63, S = -0.010 ft/ft.

¢. The shoulder cross slope will remain at -0.010 ft/ft until Station 15 +22.37. This
station is calculated for the exiting portion of the curve as follows:

Station where S = -0.010 ft/ft
= Station where S = 0.040 ft/ft - (change in shoulder cross slope/K)
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= Station 16+56.20 - ((0.040 ft/ft - (-0.010 ft/ft))/0.000374 ft/ft/ft)
= Station 15+22.37

Begin shoulder rotation at Station 15+22.37, S = -0.010 ft/ft.
d. End shoulder rotation at Station 16+56.20, S = 0.040 ft/ft (calculated above).
See Figure 6.2G.
NOTE: As stated in Section 6.2.8, a maximum breakover of 8% is acceptable.

If 8% is used above, the shoulder rotation could end where S = +0.010
ft/ft (i.e., the shoulder slopes away from the travel lane).

. Determine Relative Longitudinal Slopes (RS). The RS values are calculated using

the following equation:

Distance from Pt. X to Pt. Y

RS =
Elev. @ X - Elev. @ Y

and Elevation of profile gradeline = 0.0.
a. RS for Edge of Travelway at "a" from Point A to F:

182.0 ft - 53.53 ft

S = = 223.04
(0.020 ft/fr)(12 fr) - (-0.068 f/ft)(12 fr)
b. RS for Edge of Travelway at "¢" from Point C to F:
< 182.0 ft - 53.53 ft - 223.04

> (0020 AR ) - (-0.068 FIRNIZ )
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AXIS OF ROTATION ABOUT CENTERLINE
(Example 6-4)

Figure 6.2G
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Example 6-5 (Four-Lane Divided Highway)

Given: Facility — Four-lane divided rural arterial
Travel lane cross slope = 2% (on tangent) = 0.02 ft/ft = S
Shoulder cross slope = 4% (on tangent) = 0.04 ft/ft
Pavement width = 24 ft
Inside shoulder width = 4 ft
Outside shoulder width = 10 ft
Median width = 40 ft
Design speed = 70 mph
D=2°
PC = Station 10+00
PT = Station 20+00

normal

Problem: With the axis of rotation about the median edge, determine the applicable details for
superelevation development for the horizontal curve, including:

emax

superelevation rate, S
superelevation runoff length, L
transition rate, K

tangent runout length, TR
shoulder treatment, and

relative longitudinal slopes for the two outside edges of travelway.

Nk wWbh =

Solution: The details of the superelevated curve are determined as follows, and Figure 6.2H
presents the completed example and shows all stationing.

1. Determine e ... As discussed in Section 6.2.3, e, = 0.08 for rural highways and
open-roadway conditions.

2. Determine Superelevation Rate (S). From Table 6.2A, S = 0.065 ft/ft for D = 2°
and V = 70 mph.

3. Determine Superelevation Runoff Length (L).
Runoff length is equal to the greater of (L, x C) or L,

From Table 6.2A, L, = 195.0 ft

For a divided highway with a median > 40 ft, treat each direction as a separate
roadway.

From Table 6.2H,.C = 1.0

L,xC =195.0ftx 1.0 = 195.0 ft

From Table 6.2G, L, = 200.0 ft

(LZ X C) < Lmin

Therefore, L = 200.0 ft

4. Determine Transition Rate (K). K = S/L = 0.065 ft/ft / 200.0 ft = 0.000325
ft/ft/ft.
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Determine Tangent Runout Length (TR). TR = S, .../K = 0.020 ft/ft /0.000325
ft/ft/ft = 61.54 ft.

Determine Shoulder Treatment. Desirably, the maximum shoulder breakover on the
outside of curve should not exceed 7%. Therefore, with a shoulder cross slope of

4% on tangent, begin rotating the outside shoulder where the travel lanes reach a

superelevation rate of -0.030 ft/ft. To determine the station where S = 0.030 ft/ft,

use the equation from Figure 6.2C for superelevation at any distance "X" from point
B:

S=KxX ,
0.030 ft/ft = 0.000325 ft/ft/ft x X
X =9231ft

The station at point B is PC Sta. minus % (L) = Station 10+00 - %(200.0 ft) =
Station 8+50.00 (see Figure 6.2H). Therefore, S = -0.030 ft/ft at Station 8+50.00
+ 9231 ft = Station 9+42.31.

A similar calculation yields S = -0.030 ft/ft at Station 21+50.00 - 92.31 ft = Station
20+57.69. Station 21+50.00 is calculated using the equation: PT Sta. + %(L) =
Station 20+00 + 3%(200).

The shoulder cross slope when the curve is fully superelevated is equal to 0.07 ft/ft
- 0.065 ft/ft = 0.005 ft/ft. As stated in Section 6.2.8, the minimum continuous
shoulder cross slope should be 1%. To meet the 7% maximum breakover criteria
and the minimum shoulder cross slope criteria, the outside shoulder should continue
to rotate until its cross slope is -1% (i.e., the shoulder slopes toward the travel lane
at a rate of 1%). The rate of shoulder transition is the same as that used for the
travelway (K = 0.000325 ft/ft/ft). Following is a summary of shoulder rotation:

a. Begin shoulder rotation at Station 9+42.31, S = 0.040 ft/ft (calculated above).

b. The shoulder will continue to rotate until S = -0.010 ft/ft. The station where S
= -0.010 ft/ft is calculated using the following equations:

Station where S = -0.010 ft/ft

= Station where S = 0.040 ft/ft + (change in shoulder cross slope/K)
= Station 9+42.31 + ((0.040 ft/ft - (-0.010 ft/ft))/0.000325 ft/ft/ft)

= Station 10+96.16

End shoulder rotation at Station 10+96.16, S = -0.010 ft/ft.

c. The shoulder cross slope will remain at -0.010 ft/ft until Station 19+ 03.84. This
station is calculated for the exiting portion of the curve as follows:

Station where S = -0.010 ft/ft
= Station where S = 0.040 ft/ft - (change in shoulder cross slope/K)
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= Station 20+57.69 - ((0.040 ft/ft - (-0.010 ft/ft))/0.000325 ft/ft/ft)
= Station 19+03.84

Begin shoulder rotation at Station 19+03.84, S = -0.010 ft/ft.
~d. End shoulder rotation at Station 20+57.69, S = 0.040 ft/ft (calculated above).
See Figure 6.2H.
NOTE: As stated in Section 6.2.8, 2 maximum breakover of 8% is acceptable.

If 8% is used above, the shoulder rotation should end where S = +0.01
ft/ft (i.e., the shoulder slopes away from the travel lane).

7. Determine Relative Longitudinal Slopes (RS). The RS values are calculated using

the following equation:

_ Distance from Pt. X to Pt. Y
Elev. @ X -Elev. @Y

and Elevation of profile gradeline = 0.0.
a. RS for Edge of Travelway at "a" from Point A to F:

200.0 fr + 61.54 fr

S = = 128.21
(0.020 ft/ft)(24.0 fr) - (-0.065 ft/ft)(24.0 fr)
b. RS for Edge of Travelway at "d" from Point C to F:
200.0 fr - 61.54 ft - 12821

>~ 0B FIMEAD ) - (0065 TR0 )
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Example 6-6 (Four-Lane Undivided Highway)

Given:

Facility — Four-lane undivided urban arterial
Design Speed = 45 mph

D =6°

PC = Station 10+00

PT = Station 16+00

Typical section as follows:

&

CURB CURB
7 0.0 0.02 0.02 0.03 r
V—“" W
l 14° | 12' 12° ] 14° l
| TRAVEL LANE | TRAVEL LANE|TRAVEL LANE| TRAVEL LANE |

Problem: Assuming rotation about the centerline, determine the applicable details for
superelevation development for the horizontal curve, including:

Solution:

SQUnd LN

emax .
superelevation rate, S

superelevation runoff length, L

transition rate, K

tangent runout length, TR, and

relative longitudinal slopes for all travelway edges.

The details of the superelevated curve are determined as follows, and Figure 6.21
presents the completed example and shows all stationing.

1.

4.

Determine e,.. As discussed in Section 6.2.3, e_, = 0.06 for urban highways;
desirably, open-roadway conditions are used.

Determine Superelevation Rate (S). From Table 6.2B, S = 0.055 ft/ft for D = 6°
and V = 45 mph..

Determine Superelevation Runoff Length (I). Runoff length, L, is equal to the
greater of (L, x C) or L;;,. From Table 6.2B, L, = 125.0 ft. From Table 6.2H, C
= 2.0 (desirable). L, x C = 125.0 ft x 2.0. From Table 6.2G, L ;, = 135.0 ft. (L,
xC) > L, Therefore, use L = 250.0 ft.

Determine Transition Rate (K). K = S/L = 0.055 ft/ft / 250.0 ft = 0.000220 ft/ft/ft.

6.2(34)



Oklahoma HORIZONTAL ALIGNMENT July 1992

5. Determine Tangent Runout Length (TR).

As indicated in the "Given" information, the roadway has a variable cross slope for

the travel lanes on tangent. Therefore, as described in Section 6.2.5.2, first calculate

the distance needed to change the 3% cross slope of the outside travel lane on the
* outside of the horizontal curve to match the 2% slope of the inside travel lane:

TR, = change in cross slope/K = (0.030 ft/ft - 0.020 ft/ft)/0.000220 ft/ft/ft.
TR, = 4545 ft

Next, calculate the distance needed to rotate the two travel lanes on the outside of
the horizontal curve from a 2% cross slope to a zero cross slope (i.e., level):

TR, = change in cross slope/K = (0.020 ft/ft - 0.000 ft/ft)/0.000220 ft/ft/ft.
TR, = 9091 ft

The total tangent runout distance is:

TR = TR, + TR, = 4545 ft + 90.91 ft
TR = 136.36 ft

6. Determine Relative Longitudinal Slope (RS). The RS values are calculated using

the following equation:

_ Distance from Pt. X to Pt. Y
Elev. @ X - Elev. @ Y

RS

and Elevation of profile gradeline = 0.0.
a. RS of outside travel lane at Edge "a" from Point A to Point B:

4545 ft

RS = =324.64
(12 f2)(0.020 ft/ft) + (14 f2)(0.030)) - ((12 f)(0.020 fz/ff) + (14 f©)(0.020 ft/fr))

b. RS of outside travel lane at Edge "a" from Point B to Point G:

90.91 ft + 250.0 fr

>~ 0B A0 F) - (005 FIEES

c. RS of inside travel lane at Edge "b" from Point B to Point G:

. 90.91 fr + 250.0 ft _ 3788
(0.020 fi/f6)(12.0 fr) - (-0.055 fe/f6)(12.0 fo)
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d. RS of outside travel lane at Edge "e" from Point D to Point E:

(12 (0020 7iffiy + (14 FoX(0.030 Ji/)) -~ (2 FO(=0030 Fiffy + (1@ FoX(0.030 Felfoy)

" e. RS of outside travel lane at Edge "e" from Point E to Point G:

S - 250.0 ft - 136.36 ft -1
(-0.030 ft/ft)(26.0 ft) - (-0.055 ft/ft)(26.0 ft)

74.8

f. RS of inside travel lane at Edge "d" from Point D to Point G:

250.0 ft - 90.91 ft

g - ‘ - 378.8
(=0.020 fi/f5)(12.0 f) - (-0.055 ft/f)(12.0 o)
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Example 6-7 {Compound Curve}

Given: Facility — Two-lane rural arterial
Travel lane cross siope = 2% on tangent
Design Speed = 60 mph
3-centered symmetrical compound curve with: D, = D; = 2°, D, = 4°
Distance from PC to PCC < 300 ft

Problem: Determine the superelevation details for transitioning from a normal section to the
required superelevation at the PCC.

Solution: As discussed in Section 6.2.9, superelevation development on compound curves requires
a process of meeting, as practical, several objectives. This example is solved using the
following steps (for Case I):

1.

Determine e... As discussed in Section 6.2.3, e, = 0.08 for rural highways and
open-roadway conditions.

Determine Superelevation Rates (S, and S,). From Table 6.2A:

S, = 0.051 ft/ft for D; = 2° and V = 60 mph
S, = 0.078 ft/ft for D, = 4° and V = 60 mph

Determine Superelevation Runoff Lengths (I, and L,). From Table 6.2A:

Ll
L,

From Table 6.2G, L, = 175 ft for V = 60 mph. Therefore, the objective will be
to superelevate the compound curve such that, when viewing each curve
independently:

136 ft for Curve #1
208 ft for Curve #2

L, 21751t
L, > 208 ft

Determine Transition Rate (K) for Curve #1. One objective is to develop Curve

#1 as if it is an independent simple curve. This yields for the transition rate:

K; = §,/L, = 0.051 ft/ft /175 ft = 0.000291 ft/ft/ft

Determine L,. One objective is to provide a uniform longitudinal gradient
throughout the superelevation runoff from the end of the tangent runout to S, at the

PCC. Using the transition rate for Curve #1:

L, = S,/K, = 0.078 ft/ft /0.000291 ft/ft/ft
L, = 268 ft
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This distance is greater than L, would be if Curve #2 is developed as an
independent simple curve. Therefore, using a total superelevation runoff of 268 ft
is an acceptable treatment for superelevation development on the compound curve.

The superelevation runoff length (L = 268 ft) must be distributed between the

“tangent and Curve #1 (i.e., up to the PCC). One objective for compound curves is

to provide % S,, at the PC. Therefore, the distance between the end of the tangent
runout and the PC is calculated as follows:

Lpc = Spo/K = (%)(0.051 ft/ft) / 0.000291 ft/ft/ft
Lpe = 13144 ft

The remainder of the runoff length (137 ft) is provided between the PC and PCC.
Note that this distance is less than 300 ft, which is the guideline for using Case I for
superelevation development on compound curves.

. Determine Tangent Runout Length (TR). Section 6.2.5 describes how to calculate
TR:

TR = S, ma/K = 0.02 ft/ft / 0.000291 ft/ft/ft
TR = 69 ft

Figure 6.2] presents the completed Example 6-7.
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6.3 DESIGN PRINCIPLES AND
PROCEDURES

63.1 General Controls

As discussed elsewhere in Chapter Six, the
design of horizontal alignment involves, to a
large extent, complying with specific limiting
criteria. These include maximum degree of
curvature, superelevation rates and sight
distance around curves. In addition, the
designer should adhere to certain design
principles and controls which 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. Sharp curves at the ends of
long tangents and sudden changes from
gentle to sharply curving alignment should
be avoided.

2. Directional. Alignment should be as
directional as possible 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 Maximum Curvature. The use of
maximum curvature should be avoided if
practical.

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

5. Alignment Reversals. Avoid abrupt
reversals in alignment (S or reverse
curves). Provide a sufficient tangent
distance between the curves to ensure
proper superelevation transitions for both

10.

11.

curves. (See Chapter Fourteen for a
discussion of horizontal alignment within
detours.)

Broken-Back Curvature. Avoid where
possible.  This arrangement is not
aesthetically pleasing, violates driver
expectancy and creates undesirable
superelevation development require-
ments. (See Chapter Thirteen for a
discussion on existing highways.)

Coordination _with Natural/Man-Made

Features.  The horizontal alignment
should be properly coordinated with the
natural topography, available right-of-way,
utilities, roadside development and
natural/man-made drainage patterns.

Environmental Impacts. Horizontal
alignment should be properly coordinated

with environmental impacts (e.g,
encroachment onto wetlands).  The
Planning Division’s Transportation
Planning Branch is responsible for
evaluating environmental impacts.

Intersections. Horizontal alignment
through intersections may present special
problems (e.g., intersection sight distance,
superelevation development). See
Chapter Nine for the design of
intersections at-grade.

Coordination _with Vertical Alignment.
Chapter Seven discusses design principles

for the coordination between horizontal
and vertical alignment.

Bridges. Horizontal alignment must be
coordinated with bridges. Curvature and
superelevation development should be
evaluated for each bridge location.
Crossing angles between the mainline and
roadway, railway or waterways should
desirably not exceed 60°. In extreme
conditions, crossing angles for waterways

[#3)
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may be 45° and intersecting roadways or
railways may be 30°.

63.2 Design Procedures

632.1 General

In the design of horizontal alignment, the
designer should be aware of his responsibility
to communicate properly with other ODOT
personnel (e.g., drafting, field survey). The
following provides examples of elements of
horizontal alignment which the designer
should reflect in his design:

1.

2.

Preparation of Plans. Chapter Four "Plan
Development" discusses the content and
format of the plan sheets, abbreviations,
symbols, scales and the use of ODOT’s
CADD system. The designer must ensure
that the presentation of the horizontal
alignment is consistent with ODOT
practices.

Equations in_Stationing. = Departures
from the line surveyed in the field may be

necessary and usually involve changes in
the length of alignment. To avoid revising
the stationing throughout the project,
equations in stationing are introduced.
The equation identifies two station
numbers, one that is correct when
measuring on the line back of the
equation and one that is correct when
measuring on the line ahead of the
equation.

Survey Lines (Divided Highways). Where

the median width is less than 40 ft and
remains relatively constant, the stationing
and all other alignment computations are
typically based on a single survey base
line, normally the center of the median.
A common profile grade and one set of
curve data established from the base line
will serve both roadways.

When the median width on a divided
highway exceeds 40 ft, each roadway will
typically have separate horizontal and
vertical controls independent of a single
survey base line. Each roadway will have
its own separate profile grade and
horizontal curve data.

Curve Orientation on Divided Highways.
Where independent alignment is not used,

the typical practice for horizontal
curvature on divided highways is the use
of concentric curves (common center of
radii). The deflection angle (A) and PC
stationing will be identical for the survey
line, inside roadway and outside roadway.
The remaining curve data including D and
L will vary for each line. Equations in
stationing will re-establish common
stationing from the PT on both roadways
as discussed in #2 above. See Figure
6.3A.

Non-concentric curves may also be used if
field conditions indicate this arrangement
is advantageous.

Superelevation Development. The rate of
superelevation should be shown on the

cross section sheets. In the transition
portions of the superelevated curve,
superelevation data should be provided at
25-ft intervals to facilitate construction
staking. These elevations and
superelevation rates may be in a separate
table, on the plan/profile sheets and/or
on joint/spot layouts. All elevations
should be the finished surface elevations.

Survey (General). Horizontal curves are
normally staked in the field by the
deflection method for simple curves. In
general, the designer should ensure that
the horizontal alignment is consistent with
the ODOT’s field survey practices. See
Section Four of the ODOT’s Manual of
Policies and Procedures.
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6.3.22 Mathematical Computations

Section 6.6 presents numerous figures which
provide the needed mathematical equations
and techniques to make various computations
for horizontal -curves.
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6.4 TRAVELWAY WIDENING
6.4.1 Warrants

Wherever practical, widening of the traveled
way should be considered on the inside edge
of horizontal curves to make operating
conditions on the curves comparable to those
on tangent. Travelway widening will typically
be considered only on two-lane, two-way
facilities. This feature may be especially
applicable to 3R non-freeway projects (see
Chapter Thirteen).

The designer should evaluate the need for
travelway widening on a case-by-case basis
considering the functional class, type of
shoulder, traffic volumes, truck volumes and
urban/rural location. In general, widening is
more beneficial on lower-class facilities
because of the typically narrower roadway
width and the presence of unpaved shoulders.
Travelway widening may also be warranted in
known maintenance problem areas (e.g,
where the inside shoulder has broken up
because of traffic).

To determine warrants, two tables are
presented for widths of travelway widening
with application as follows:

1. High Truck Volumes. Table 64A
presents travelway widening design
criteria for facilities with high truck
volumes. These values should be used
according to the following guidelines:

a. For truck AADT > 500, Table 6.4A
will typically apply.

b. For truck AADT < 200, Table 6.4A
will typically not apply.

c. For truck AADT between 200 and
500, the use of Table 6.4A will be
determined on a case-by-case basis.

d. Regardless of the truck AADT, the
use of Table 64A should be
considered where T>20%.

On all State highways, the paved width
(travel lane plus shoulder) should meet
the criteria in Table 6.4A regardless of
truck volumes.

2. All Other Facilities. Table 6.4B applies to
all facilities where Table 6.4A does not

apply.

6.42 Design

Widening should be applied to the inside edge
of pavement only. Desirably, the transition
distance for travelway widening will equal the
superelevation runoff length, and it will be
applied coincident with the superelevation
runoff. At a minimum, the widening will
occur over a distance of 100-200 ft.

Figure 6.4A illustrates a tangent line to
achieve the travelway widening. This is the
simplest method. The designer may insert
short horizontal curves at the angle breaks to
improve its appearance.
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Table 6.4A
TRAVELWAY WIDENING ON HIGHWAY CURVES
(High Truck Volumes)
Travelway = 24’
Degr eeiDo§ Curve Design Speed (mph)
30 40 50 60 70

1° 0.0 0.0 0.0 0.0 0.0
2° 0.5 0.5 0.5 1.0 1.0
3° 1.0 1.5 1.5 2.0 2.0
4° 1.5 2.0 2.0 25 25
5° 2.0 25 3.0 3.0

6° 3.0 3.0 3.5

7° 3.5 4.0 4.0

8° 4.0 45 5.0

9° 4.5 5.0

10° 5.5 5.5

15° 7.5 8.0

20° 10.0

25° 12.5

Notes:
1. Application. Use this table where a sufficient number of trucks use the

facility to govern design. See discussion in Section 6.4.1.

2. Other Travelway Widths. Table applies directly to 24’ travelways on
tangent. For 22’ travelways, increase table values by 1.0’; for 20’
travelways, increase by 2.0".

3. Number of Lanes. Table applies to two-lane, two-way facilities.

4. Minimum Width of Widening. On all highways, the minimum width of
widening should be 2.0’. Widening less than 2.0’ will not be required.

S. Basis. Values in table were calculated assuming a WB-67 design vehicle.
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Table 6.4B
TRAVELWAY WIDENING ON HIGHWAY CURVES
(All Other Facilities)
Travelway = 24’
Degr e(zDo§ Curve Design Speed (mph)
30 40 50 60 70

1° 0.0 0.0 0.0 0.0 0.0
2° 0.0 0.0 0.0 0.5 0.5
3° 0.0 0.0 0.5 0.5 1.0
4° 0.0 0.5 0.5 1.0 1.0
5° 0.5 0.5 1.0 1.0
6° 0.5 1.0 1.0 1.5
7° 0.5 1.0 1.5
8° 1.0 1.0 1.5
9° 1.0 1.5 2.0

10° 1.0 1.5

15° 2.0 2.0

20° 25

25° 3.0

Notes:

1. Application. Table 6.4B applies where Table 6.4A does not apply. Where
the value of the WB-50 design vehicle is sufficient to govern design, increase
the widths in Table 6.4B as follows:

a. D = 10°, increase by 0.5'.
b. D = 15°, increase by 1.0.

2. Other Travelway Widths. Table applies directly to 24’ travelways on
tangent. For 22’ travelways, increase table values by 1.0’; for 20’
travelways, increase by 2.0°.

3. Number of Lanes. Table applies to two-lane, two-way facilities.

4. Minimum Width of Widening. On all highways, the minimum width of
widening should be 2.0°. Widening less than 2.0’ will not be required.

5. Basis. Values in table were calculated assuming a SU design vehicle.
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6.5 HORIZONTAL SIGHT DISTANCE
6.5.1 General

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

652 L>S

Where the length of curve (L) is greater than
the sight distance (S) used for design, the
needed clearance on the inside of the
horizontal curve is calculated as follows:

M =330 l-cos(SXD)
D 200
where:

M = Middle ordinate, or distance from
the center of the inside travel lane
to the obstruction, ft

D = Degree of curvature

S = Sight distance, ft

Figures 6.5A and 6.5B provide the horizontal
clearance criteria for various combinations of
sight distance and degree of curvature. As
discussed in the following sections, the
designer should select a sight distance "S"
which is appropriate for the given highway

conditions. For those selections of S which
fall outside of Figures 6.5A or 6.5B (i.e.,
M > 50 ft and/or D > 25°), the designer
should use the basic equation to calculate the
needed clearance.

6.5.2.1 Stopping Sight Distance (SSD)

At a minimum, SSD will be available
throughout the horizontal curve. The SSD
values for various assumptions are presented
in Section 5.7. The SSD values include:

1. Passenger Cars (Level Grade). Table
5.7A presents desirable and minimum
SSD values. The minimum SSD for
passenger cars on level grade represent
the lowest acceptable sight distance at the
horizontal curve. The designer should
make every reasonable effort to provide a
design which meets or exceeds the
desirable SSD values.

2. Passenger Cars (Downgrade Adjustment).
Table 5.7C presents minimum and
desirable SSD values for passenger cars
adjusted for 3% - 9% downgrades. If the
downgrade on the facility is 3% or
steeper, the designer should provide
horizontal clearances adjusted for grade.

3. Trucks (Level Grade). Table 5.7B
presents SSD values for trucks on level
grades. On facilities with high truck
volumes, the designer should consider
providing horizontal clearances which
reflect the longer braking distances
needed by trucks. A high accident history
with trucks may also indicate the need to
consider truck SSD values.

4. Trucks (Downgrade Adjustment). Table
5.7D presents SSD values for trucks

adjusted for 3% - 9% downgrades. On
facilities with high truck volumes and
downgrades 3% or steeper, the designer
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should consider providing horizontal
clearances which reflect this operational
condition.

The Example on Figure 6.5C illustrates the
determination of clearance requirements at a
horizontal curve.

6.5.2.2 Decision Sight Distance (DSD)

At some locations, it may be warranted to
provide DSD at the horizontal curve. Section
5.7 discusses candidate sites and provides
design values for decision sight distance.
These "S" values should be used in the basic
equation to calculate "M."

6.52.3 Entering/Exiting Portions

The M values from Figures 6.5A and 6.5B
apply between the PC and PT. In addition,
some transition is needed on the entering and
exiting portions of the curve. The designer
should use the following steps:

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

Step 2:  Locate the point which is a
distance M measured laterally
from the center of the inside
travel lane at the PC.

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

Step 4: A symmetrical application of Step
#’s 1-3 should be used beyond the
PT.

The Example on Figure 6.5C illustrates the
determination of clearance requirements
entering and exiting from a curve.

653 L<S

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

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

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

M’ 12 L

- = , and

M S

M - 1.2LxM’
S

where: M' <M

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

Step 4:  Connect the two points located in
Step #’s 2 and 3. The area
between this line and the roadway
should be clear of all continuous
obstructions.

Step 5: A symmetrical application of Step

#’s 2-4 should be used on the
exiting portion of curve.
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CENTER OF INSIDE LANE

SHADED AREA SHOULD BE
FREE OF SIGHT OBSTRUCTIONS

Q,Q-
Q
%
§°

Example 6-8

Given: Urban Freeway
Design Speed = 60 mph
D = 4°30, L = 1200 ft
Truck DDHV > 250 vph
Grade = 2% downgrade

Problem: Determine the horizontal clearance requirements for the horizontal curve.
Solution: Given the high truck volumes, the curve should desirably be designed to accommodate

truck SSD values (on level grade). Table 5.7B yields a SSD of 964 ft for 60 mph. Using
the equation for horizontal clearance (L > S):

M=£Z§2 l—cossxD
D 200

M=.5_7_§9 i —COSM = 90.16’
4.5 200

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
Figure 6.5C

6.5(5)



Oklahoma

HORIZONTAL ALIGNMENT

July 1992

* %k k k k k kK Xk k ¥

Example 6-9

Given: Design Speed = 70 mph
D = 3°00’
L = 600’
Truck DDHV < 250 vph
Grade = 5% downgrade

Problem:  Determine the horizontal clear-
ance requirements for the horizontal
curve.

Solution:  Because the downgrade is great-

er than 3%, the curve should desirably be
designed for passenger cars adjusted for
grade. Table 5.7C yields a desirable SSD
of 980’ for 70 mph and a 5% downgrade.
Therefore, L < S (600 ' < 980'), and the
horizontal clearance is calculated as

follows:
ML >S) = 3730 1 - cos G80)3)
3 200
M = 6252’
M (L <S)-= 1.2 (600)(62.52)
980
M' = 4593’

Therefore, a maximum clearance of
45.93' should be provided at a distance of
L/2 = 300' beyond the PC. The
obstruction-free triangle around the
horizontal curve would be - defined by
M’ (45.93") at L/2 and by points at the
shoulder edge at S/2 = 490’ before the
PC and beyond the PT.

*® k k Xk Xk Xk Xk Kk k %

654 Application

For application, the height of eye is 3.5 ft and
the height of object is 0.5 ft. 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 ft above the
center of the inside lane.

6.5.5 Longitudinal Barriers

Longitudinal barriers can cause sight distance
problems at horizontal curves. These include
guardrail, median barriers and bridge rails.
The problem results because barriers are
placed relatively close to the travel lane
(often, 10 ft or less) and because their height
is greater than 2 ft. However, barrier location
is determined by factors other than sight
distance considerations, and there may be no
practical alternatives to their location.

The designer should, however, check the line
of sight over a barrier along a horizontal
curve and attempt, if practical, to locate the
barrier such that it does not block the line of
sight. The following should be considered:

1. Superelevation. An elevated roadway will
elevate the driver eye and, therefore,
improve the line of sight over the barrier.

2. Grades. The line of sight over a barrier
may be improved for a driver on an
upgrade and lessened on a downgrade.

3. Barrier Height. The higher the barrier,
the more obstructive it will be to the line
of sight.

Each barrier location on a horizontal curve
will require an individual analysis to
determine its impacts on the line of sight.
The designer must determine the elevation of
the driver eye, the elevation of the object (6
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inches above the pavement surface) and the
elevation of the barrier where the line of sight
intercepts the barrier run. If the barrier does
block the line of sight to a 6-inch object, the
designer should consider relocating the
barrier or revising the horizontal alignment.
If the barrier blocks the sight distance needed
for minimum SSD, on the mainline, it will be
necessary to obtain a design exception. See
Section 5.8.
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6.6 MATHEMATICAL DETAILS FOR
HORIZONTAL CURVES

This Section presents mathematical details design of horizontal curves. Table 6.6A

used by ODOT for various applications to the

Table 6.6A

MATHEMATICAL DETAILS FOR HORIZONTAL CURVES

summarizes the figures in Section 6.6.

Figure Number Figure Title

Figure 6.6A Basic Trigonometric Formulas (Right Triangle Solution)

Figure 6.6B Curve Symbols, Abbreviations and Formulas

Figure 6.6C Arc Definition of Circular Curve

Figure 6.6D Simple Curves (Geometric Principles)

Figure 6.6E Simple Curves (Various Elements)

Figure 6.6F Simple Curves (Various Elements)

Figure 6.6G Simple Curves (Various Elements)

Figure 6.6H Simple Curve Computation

Figure 6.61 Simple Curves (Stationing)

Figure 6.6J Alignment Computation (Simple Curve - Different Degree, Tangent
Offset & Parallel)

Figure 6.6K Alignment Computation (Simple Curve - Compute PC & PT, Joining
Tangent Offsets)

Figure 6.6L Curve (Between Two Fixed Curves)

Figure 6.6M Curve (Between A Fixed Curve and Fixed Tangent)

Figure 6.6N Curve (Establish a Tangent Between Two Curves)

Figure 6.60 Symmetrical 3-Centered Curve

Figure 6.6P Curve Introduction

Figure 6.6Q Alignment (Common Point of Tangency for Two Curves)

Figure 6.6R Common Point of Tangency for Two Curves (Sample Problem)

Figure 6.6S POC Computation Using Right Triangles

Figure 6.6T POC Computation Using Right Triangles (Sample Problem)

Figure 6.6U POC Computation Using Right Triangles

Figure 6.6V POC Computation Using Right Triangles (Sample Problem)

Figure 6.6W POC Computation Using Oblique Triangle

Figure 6.6X POC Computation Using Oblique Triangle (Sample Problem)

Figure 6.6Y POC of Line 90° to Curve Tangent
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Table 6.6A

MATHEMATICAL DETAILS FOR HORIZONTAL CURVES

Figure Number Figure Title

Figure 6.6Z Reversed Curves to Parallel Tangents

Figure 6.6AA Reversed Curves to Parallel Tangents (Sample Problem)
Figure 6.6BB Reversed Curves (Tangent Not Parallel)

Figure 6.6CC Reversed Curves (Between Parallel Curves)

Figure 6.6DD Reversed Curves (To Parallel Tangents with Tangent Between)

Figure 6.6EE Curve Between Fixed Tangent and Fixed Curve (Case I)
Figure 6.6FF Curve Between Fixed Tangent and Fixed Curve (Case I)
(Sample Problem)

Figure 6.6GG Curve Between Fixed Tangent and Fixed Curve (Case II)
Figure 6.6HH | Curve Between Fixed Tangent and Fixed Curve (Case III)
Figure 6.611 Curve Between Fixed Tangent and Fixed Curve (Case IV)

Figure 6.6]J Curve Between Fixed Tangent and Fixed Curve (Case V)
Figure 6.6KK Three Curves Tangent to Each Other

Figure 6.6LL Intersection of Two Curves

Figure 6.6MM | Spiraled Curves

Figure 6.6NN Spiraled Curve (Definitions)

Figure 6.600 Spiral Formulas

Figure 6.6PP Spiral Example

Figure 6.6QQ Parallel Transitions

Figure 6.6RR 3-Centered Curves

Figure 6.6SS 3-Centered Curve Example

Figure 6.6TT Compass Tangent Construction
Figure 6.6UU | Compass Tangent Construction
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B
B
C
a
X
A 5 C
Let BC = a, AC = b, AB = ¢. Then:

1. sina=2 4. cscoz=,1 =£
c sihn ¢ a
2. cosa=2 5. sec a = 1 = £
c Ccos o b
3. tana =2 6. cot a = 1 =2
b tan ¢ a
7. vers ¢« =1 - cos a 9. exsec a =sec a - 1

8. covers & =1 - sin a 10. coexsec o« = csc &« - 1

11. a2 + b2 =¢? 12. a + B = 90°

13. Area = ab

0| =

BASIC TRIGONOMETRIC FORMULAS
(Right Triangie Solution)

Figure 6.6A
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CURVE SYMBOLS CURVE FORMULA

A = Intersection Angle A = LD/100
D = Degree of curve based on 100’ arc D = 5729.57795/R for 100’ Arc
T = Tangent Distance = distance from PC

to PI = distance from PI to PT D =100 A/L
L = Length of curve in ft = distance from

PC to PT along curve sin 2
R = Radius of curv%: in ft T = R(tan (4/2)) = R ?()s.((_‘://Z)j
E = External Distance (PI to mid-point of

curve) L =100 A/D
V = Intersection of radii at center of

circular arc R = 5729.57795/D for 100’ Arc
C = Length of long chord in ft - PC to PT
M = Middle Ordinate (mid-point of arc to R

mid-point of long chord) E - Tos (872) R
a = Length of arc in ft
¢ = Length of any chord from PC to any C = 2R (sin (4/2))

point on curve, or chord for any given M = R(1-cos (4/2))

arc in ft a =200d/D
d = Deflection angle from tangent to any ¢ = 2R (sin aD/200)

point on curve d = aD/200
x = Distance along tangent from PC to cosd = (R -1t)/2R

any point on curve (perpendicular to x =R sin 2d = (c) cos d

radius line) t =(c)sind
t = Tangent offset to any point on curve

CIRCULAR CURVE ABBREVIATIONS

PC. = PC = Point of Curvature
(Beginning of Curve)

PT. = PT = Point of Tangency
(End of Curve)

PI. = PI = = Point of Intersection
of Tangents

PR.C. = PRC = Point of Reverse
Curvature

P.CC. = PCC = Point of Compound
Curvature

P.OS.T.= POST = Point on Sub-Tangent

t =R - R? - X2
t =R - (R cos 2d)
t = R(1 - cos 2d)
nt = 3.141592653

CURVE SYMBOLS, ABBREVIATIONS AND FORMULAS

Figure 6.6B
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Note: All highway circular curves are based on the arc definition; most railroad circular curves are
based on the chord definition.

ARC DEFINITION OF CIRCULAR CURVE

Figure 6.6C
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GEOMETRIC PRINCIPLES

The radius of a circular curve drawn to the
tangent point is perpendicular to the tangent
at that point.

- JAn TANGENT
B &"L"*/té
—
0 ! ~—
o0

I
1
[}

d CENTER

From any point on a circular curve, the angle
intercepting a given arc on the same circular
curve is equal to %2 the central angle (A) for
that particular arc.

The figure below forms an isosceles triangle.
Therefore, Angle O = Angle D. Also,
B+D+0=180° (sum of the interior angles of
a triangle). Also, A+B=180° (angle around
a point forming a straight line). Therefore,
A =0+D and, having shown that O=D, then
A=0+0=2x0o0or O=(A/2).

The figure below shows the 2 tangents and 2
radii of a simple curve. A+A=180°. Also,
A+90°+90°+C=360° (sum of the interior
angles in a 4-sided figure) or A+C=180°.
Therefore, A=C. C is sometimes called the
central angle but is usually designated by A.

o
h Q
// ‘50\\'
P
P c °

SIMPLE CURVES
(Geometric Principles)

Figure 6.6D
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ARC DEFINITION

The "Arc Definition" for degree of curve
states that D is the central angle subtended by
an arc of 100’ (generally used in highway
work). '

Do not confuse this with the "Chord
Definition" which states that D is the central
angle subtended by a chord of 100’ (generally
used in railroad work).

The illustration shows a circle with D
representing the degree of curve. Thus:

100 x 360

D
Also 2rR = Circumference. Therefore:
100 x 360

D

Where: Risin ft
D is in degrees

Circumference =

2nR =

Solving for R:
xR = S0 x 360
D
R = S0x 360 . R - 5729.58
nD D
Also: D = 572958

R

(It can be readily seen that the radius of a 1°
curve is 5729.58").

A=DELTA ANGLE OR INTERSECTION
ANGLE

A = The deflection angle from the first
tangent extended. This is the same
angle as the angle between radii
(central angle). This should be known
before the other parts of the curve are
computed.

R=RADIUS

Formulas: R = 272938
D
OR R=-__T _
tan (A/2)
OR R=._° _
2 sin (A/2)

Where R is in ft and D and A are in
degrees.

SIMPLE CURVES
(Various Elements)

Figure 6.6E
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L = LTENGTH OF CURVE T = TANGENT LENGTH
D = DEGREE OF CURVE

Formulas: T =R tan (A/2)

B C
T= 2 cos (A/2)

Where T, L & R are in ft, and D is in

With a constant A, L increases or decreases in
degrees.

direct ratio to R.

M = MIDDLE ORDINATE

Formulas for D: D = 572}3-58
D=2 x100

L
Formulas for L: L = % x 100

Where A and D are in degrees.

Or, L is in direct ratio to A. Thus:

L = 3_20x21tR Where M, C, R and E are in ft.

Formulas:

Reducing to: L = .0174533 AR C
M = 5 tan (A/4) Also: M = E cos (A/2)

Where L and R are in ft,"and A is in

or
degrees.

M =R -Rcos (A/2); M =R (1 - cos (A/2))

SIMPLE CURVES
(Various Elements)

Figure 6.6F
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C = CHORD

Formulas:
C ] .
5 - R sin (A/2); or

C = 2R sin (A/2)

Also: C = 2T cos (4/2)

The main chord and short chords are often
convenient to use in laying out the curve.

Figure can be applied to the whole chord or
to the chord of any part of the curve. A
would then be the central angle of the arc of
whatever part of the curve is being
considered.

E = EXTERNAL

Formulas:
1
E=R|1 - —____
[ cos (A/Z))
Also: E = M

cos (A/2); or
E =T tan (A/4);0r

E - % (tan (A/2) - tan (A/4))

DEFLECTION ANGLES

In circular curves for highways, the deflection
angle to a point on a curve is usually turned
from the tangent with a set-up on the PC.
(See figure below.)

DEFLECTION
ANGLES

PC

- TOTAL
\* DEFLECTION

The deflection angle in degrees for 200 ft of
arc on a circular curve is equal to D
(See figure below.)

an
/' \
/200" \|
N 20 /
<L
The deflection angle (in degrees):
For 100/ =2 Forso = 2
2 4
For 25’ = D For 10/ = D
8 20
For 1/ = 2
200

The deflection angle in minutes per ft

- 80D _ap
200

The deflection angle in minutes for any arc =
0.3D x arc length.

SIMPLE CURVES
(Various Elements)

Figure 6.6G

6.6(9)



Oklahoma HORIZONTAL ALIGNMENT July 1992

A = Central Angle
R = Radius
D = Degree of Curve
T = Tangent PC T Pl
L = Length of Curve _———
M = Middle Ordinate EXTERNAL (E)
E = External \ .
R = For 1° = 5729.578’

5729.578  or T
R [ —— R =

D tan (A/2)

5729.578
D=_R—_ T =R tan (A /2)
L=2x100

D

M =R - (R cos(A /2)) or

M =R (1 - cos (A/2))

R

When Risknown, E=_ " __ - R
cos (A/2)

When T is known, E

T (tan (A/4))

Example: 2. T =R tan (A /2) = 687.5493 x 0.60284
Given: T = 41448
, A . _ 62.1666 Py
= A= 62°10: = 8°20/ 3. L =_x100 = ——— x 100 = 746.00
PI = Sta.161 + 60.35; A = 62°10"; D = 8°20 p*! 83333
To find: Sta. of PC and PT 4. Therefore:
L Change 8°20’ to decimals or 8.3333°: PI - Sta. 161+60.35
_5729.578 _ , T = -414.48
R = gazz ~ 073 PC = Sta 157+4587
- L = +746.00
PT = Sta. 164+91.87

SIMPLE CURVE COMPUTATION

Figure 6.6H
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10.

11.

STATIONING

The station at the first PI is 6 + 18.38.

The station at the first PC = 6 + 18.38 - 224.00 = 3 + 94.38.

The station at the first PT = 394.38 + 438.60 = 8 + 32.98.

The station at the second PC = 832.98 + (838.77 - 224.00 - 247.80) = 11 + 99.95.
The station at the second PI = 11 + 99.95 + 247.80 = 14 + 47.75.

The station at the second PT = 1199.95 + 479.32 = 16 + 79.27.

The station at the third PC = 1679.27 + (938.82 - 247.80 - 261.38) = 21 + 08.91.
The station at the third PI = 2108.91 + 261.38 = 23 + 70.29.

The station at the third PT = 2108.91 + 500.07 = 26 + 08.98.

The station at the final POT = 2608.98 + (677.91 - 261.38) = 30 + 25.51.

Check: (618.38 + 838.77 + 938.82 + 677.91) - (2x 224.00 + 2 x 247.80 + 2 x 261.38 -
438.60 - 479.32 - 500.07) = 30 + 25.51.

SIMPLE CURVES
(Stationing)

Figure 6.61
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CONSTRUCTION §:
ORIGINAL G

ft—— F

R+3818.72 PC (CONSTRUCTION) STA. 94+08.89

R-2864.79 PC (ORIGINAL)
STA 94-84.85

Given: Simple Curve Problem:
Original PI = 100 + 00.00 Compute: Simple curve of different degree where
A = 29°00' Rt. one tangent is offset a specified distance from and
2 = 205 15 parallel to the original tangent.
= - D = 1°30', F = 30.0' Rt.
L = 1000.00’ 30°, 300" Rt
R = 2864.79'
Solution:
Y = F/sin A = 30.0/sin 20° = 30.0/0.34202 = 87.71’
X = F/ftan A = 30.0/tan 20° = 30.0/0.36397 = 8242’
T = (R)tan (A/2) = 3819.72 tan 10° = 673.53'
L = 100 A/D = (100)(20°)/1°30" = 1333.33'
CONSTRUCTION CURVE STATIONING
DATA
PI = 100 + 8242 Orig. PI =  100+00.00 Const. T = 6+73.53
A = 20°00' Rt. +x = 82.42 +Y = 87.71
D= 1°30 Const. PI = 100+ 82.42 7+61.24
T= 67353 ) -T= 673.53 Orig. T = - 5+405.15
L = 1333.33 Const. PC = 94 +08.89 A= 2+56.09
R = 3819.72 +L = 1333.33 Orig. PT = 104+94.85
Const. PT = 107+42.22 Orig. POT = 107+50.94

Equation Const. PT 107+42.22 Bk = Orig. POT 107 +50.94 Fwd

ALIGNMENT COMPUTATION
(Simple Curve - Different Degree, Tangent Offset & Parallel)
Figure 6.6]
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|
P

— — — —

b
[

ORIGINAL §
CONSTRUCTION § =]

S
S |& .
g : Given: Original Curve Data:
»y
ol PI = 100+00.00
a |8 A = 58°00'Rt.
2 |5 D = 2°
38 T = 158798
L = 2900.00

Compute: PC, PT of given simple curve joining
tangents offset a specified distance from original
tangents. Also, resulting equation:

Offset F,=100.00'Rt., Offset F,=64.00'Rt.

Z = F,/sin A = 100.00/sin 58° = 100.00°/0.84805 = 117.92'
Y = F,/tan A = 100.00/tan 58° = 100.00'/1.60033 = 62.49’
X = F,/sin A = 64.00'/sin 58° = 64.00'/0.84805 = 75.47'

W = Fy/tan A = 64.00/tan 58° = 64.007/1.60033 = 39.99'
Const. Pl = Orig. Pl + Y- X
= 100+00.00 + 62.49'-75.47' = 99+98.02

Note: In many cases, Y>X & W>Z or offsets may be to other side of original tangents causing the picture
of problem to look different, but the principles of the problem remain the same.

Const. PI = 99+87.02

-T = 15+87.98

Const. PC = 83+99.04

+L = 29+00.00

Const. PT = 112+99.04
A=7Z-W-=11792" - 39.99' = 71.93
Orig. PT = 113+12.02

+A = 71.93

113+89.95  (Orig. POT 64’ Lt. of Const. PT 113 +89.95)

Equation: Const. PT 112+99.04 Bk = Sta. 113+89.95 Fwd

ALIGNMENT COMPUTATION
(Simple Curve - Compute PC & PT, Joining Tangent Offsets)

Figure 6.6K
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CASEI- TOINTRODUCE A CURVE OF
SELECTED DEGREE BETWEEN
TWO FIXED CURVES

Part A: Fixed curves of equal degree.

Given:

R, and R, = Radii of fixed curves with
radials AO, and BO, fixed on coordinate
system.

Solution:

Determine length and bearing of O,0, from
given coordinates of O, and O,.

A=2 sin'lL
2(R,-R-Pa)*

«=0=90° -4
2

Determine bearing O,0 by applying « to
bearing O,0,.

Determine bearing O,0 by applying 8 to
bearing O,0,.

A, = difference in bearings of O,0 and O,A.
A, = difference in bearings of O,0 and O,B.

Determine remaining properties of each curve
through usual procedure.

* Where R is greater than R, and/or R,:

R = Radius selected for intermediate curve. - 0,0,

A= 2o SRR - Fa)

-R, -Pa
Pa, Pa, and Pa, = Offset ("p" distance) to !
permit insertion of selected spirals; without
- spirals, Pa=0. I '
Problem:
To determine A, A, and A, and the remaining
properties of each curve.
CURVE
(Between Two Fixed Curves)
Figure 6.6L
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Part B: Fixed curves of unequal degree.

Given:

R, and R, = Radii of fixed curves with
radials AO; and BO, fixed on coordinate
system.

R = Radius selected for intermediate curve.
Pa, Pa; and Pa, = Offset ("p" distance) to
permit insertion of selected spirals; without
spirals, Pa=0.

Problem:

To determine A, A, and A, and the remaining
properties of each curve.

Solution:

Determine length and bearing of O,0, from
given coordinates of O; and O,.

OO, =R, - (R + Pa)*
00, =R, - (R + Pa,)*

002 + 00, - 0,0, ?
2x 00, x 00,

A = cos™!

2 2 2
2x 00, x 0,0,
6 =180° - (A + <)

=« = COS

Determine bearing 0,0 by applying « to
bearing O,0,.

Determine bearing O,0 by applying 6 to
bearing O,0,.

A, = difference in bearings of 0,0 and O,A.
A, = difference in bearings of O,0 and O,B.

Determine remaining properties of each curve
through usual procedure.

* Where R is greater than R, and/or R,:
00, =R - (R, + Pay)

00, =R - (R, + Pa,)

CURVE
(Between Two Fixed Curves)

Figure 6.6L (Continued)
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CASE II - TOINTRODUCE A CURVE OF

SELECTED DEGREE BETWEEN A
FIXED CURVE AND A FIXED
TANGENT

Part A:

Selected curve of lesser degree
than the fixed curve.

R, = Radius of fixed curve with coordinated
radial AO,.

C = Any coordinated point on fixed
tangent of known bearing.

R = Radius of selected curve.

P & Pa = Offset ("p" distance) to permit in-
sertion of selected spirals; without
spirals, P and Pa=0.

- Problem:

To determine A, A; and remaining properties

of each curve.

Solution:

In AO,CB, solve for O,B, or d.
OE =0OD -ED =(R+P)-d

Determine remaining properties of each curve
through usual procedure.

Part B:  Selected curve of greater degree
than the fixed curve.

. CO-ORDINATES
Given FIXED
R; = Radius of fixed curve with coordinated
radial AO,.

C = Any coordinated point on fixed
tangent of known bearing.

R = Radius of selected curve.
P & Pa = Offset ("p" distance) to permit in-

sertion of selected spirals; without
spirals, P and Pa=0.

Problem:

_To determine A, A, and remaining properties

of each curve.

Solution:

In AO,CB, solve for OB, or d.
OE =d-(R+P)

1O.F 1.d-(R+P)

) A=cos"'—— =co
A= cos'l_OE = cos’! (R+P ) -d 0,0 Ry - (R + Pa)
00, R - (R, + Pa) Determine remaining properties of each curve
through usual procedure.
CURVE
(Between a Fixed Curve and Fixed Tangent)
Figure 6.6M
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CASE III - TO ESTABLISH A TANGENT
BETWEEN TWO CURVES

Part A: Curves in reverse direction.
R

Given:

R, & R, = Radii of fixed curves with
coordinated radials AO; & BO,.

P, & P, = Offset ("p" distance) to permit
insertion of selected spirals;
without spirals, P, and P,=0.

Problem:

To determine length and bearing of tangent
MN, A,, A, and the remaining properties of
each curve.

Solution:

Determine length and bearing of O,0, from
known coordinates; then, in AO,0,C:
; Ry + P)x + (R, + P,)x

0,0,

MN = [(R; + P)* + (R, + P,)+] tan «

o = COS~

Determine angles a and b from bearings of
O,A, O,B and O0,0;:

Ay=a-e<A,=b-«

Determine remaining properties of each curve
through usual procedure.

Part B: Curves in same direction.

Given:

R, & R, = Radii of fixed curves with coordi-
nated radials AO, & BO,.

P, & P, = Offset ("p" distance) to permit in-
sertion of selected spirals; without
spirals, P, and P,=0.

Problem:

To determine length and bearing of tangent
MN, A,, A, and the remaining properties of
each curve.

Solution:

Determine length and bearing of O,0, from
known coordinates; then, in AO,0,C:

o (R, + P))* - (R, + P))*
0102

MN = [(R, + Pz)* - (R, + P))*]+ tan «

o« = CO

Determine angles a and b from bearings of
O,A, O,B and O,0;:

Ay=2a-90°- <A, =b-90° + =

Determine remaining properties of each curve
through usual procedure.

*P, and P, = 0 when spirals are not used.

CURVE
(Establish a Tangent Between Two Curves)

Figure 6.6N
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CASE 1V - TO INTRODUCE A SYM-
METRICAL 3-CENTERED CURVE OF
SELECTED RADII BETWEEN TWO
GIVEN TANGENTS OF KNOWN
INTERSECTION

R \ KNOWN
TT X 3. COORDNATES

L-=" "0y
07
KNOWN
COORDINATES

Given:

Radii r and R and angle A.

Problem:

To determine the external tangent, Te.

- Solution:
Az = (A'AI) +2-

Compute remaining properties (L, T, etc.) for
each curve.

Establish PC (Point A) and PT (Point D)
using distance Te.

r, . Rsin(8/2) - (R - 1) sin(&,/2)]
cos (A/2)

CASE V- TO INTRODUCE A CURVE,
AND TO DETERMINE ITS RADIUS,
BETWEEN A GIVEN POINT ON A
FIXED CURVE AND SOME POINT
ON A FIXED TANGENT

Given:
Tangent DF, its bearing and coordinates of D.

R, and coordiantes of O, and A.

Problem:

To gietermine R and A.

SYMMETRICAL 3-CENTERED CURVE
Figure 6.60
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Solution:

Method 1: Determine bearing and length of
DA or a from known coordinates.
Determine « from bearings DA and DF.
Determine A from bearings O;A and O,C.

From solution of triangle DIA:
a sin «
sin (180° - A) tan (A/2)

Method 2: Determine bearing and length of
DO,, or b, from known coordinates.
Determine 6 from bearings O;D and O,C.
Determine A from bearings O;A and O,C.
From solution of triangles DO,C and
EQ,O:

b cos @ - R cos A
R =
1 -cos A

Note: If spiral is used at B, Method 2 must
be employed; then:

bcos® -Rycos A-P
R =
1 -cos A

Where P is offset of curve for spiral at B, use
expression for R without P first, and find
approximate R; then substitute in latter
equation, using value of P for the
approximate R and find new R. Same
formulas apply whether R < or > R;.

SYMMETRICAL 3-CENTERED CURVE

(Continued)

Figure 6.60
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CASE VI- TO INTRODUCE A CURVE 4? - R2
AND TO DETERMINE ITS RADIUS R - 1
BETWEEN A GIVEN POINT ON A 2 (dcos = - Ry)
FIXED TANGENT AND SOME POINT
ON A FIXED CURVE and

\\O‘ A=Sin_l dSin"‘
- R —
T\\ ~ \Dllg_oo" - o€ R, -R
] \\ ~
° /

FIXED CURVE Determine bearing BO, by application of A to

bearing AD,, then A, = difference in bearings

GIVEN POINT of BO, and CO,.

FIXED TANGENT £ Note: This solution is applicable whether R

<or >R,
Given:
R; and coordinates of O, and C. Tangent
AE, its bearing and coordinates of A.
Problem:
To determine R, A and A,.
Solution:
- Erect right triangless AO;D and O,OD.
Determine length and bearing of AO, or d
from known coordinates of A and O,. From
solution of triangles AO,D and O,0D:
CURVE INTRODUCTION
Figure 6.6P
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Triangles Involved:

1. GHI
2. DFG
3. ABC & CDE

Given:

One of the curves already established (JF, A,
T): Radii of curves (R; & R,). Intersection
point and angle of the two centerlines

(H & ¢).

Distance JH is thereby known and HI can be
determiend by subtracting JH from T for
established curve.

Distance between curve centers
(BE = R, +R,).

Triangle No. 1. GHI
Find: /G & GI

1. y=180°-¢
2. /G =180°-(y + A)
3. HI = T (est. curve) - JH
_ HI sin y
sin /G
Triangle No. 2, DGF

Find: /D & DF

4. GI

5. FG = T (est. curve) + GI
6. DF = FG tan /G
7. (D =90°- (G

COMMON POINT
OF TANGENCY

Triangles No. 3, ABC & CDE

Find: /e (/s at B & E are thus determined)
BC+ CE =R, + R,

In triangle ABC:

R,
BC =
sin 6
R .
BC“"CE:.I +DE.SmW=R1+R2
sin 6 sin 6
In triangle CDE:
8. DE = R, -DF
9. W= 180°-/D
CE - DE'sin w
sin 6
R in W
10. sin 6 = R + DE sin
R, + R,

11. /B = 90°- 6
12. (E = 180°- (8 + W)

Length of curves, tangent length, etc., are
determined.

ALIGNMENT
(Common Point of Tangency for Two Curves)

Figure 6.6Q
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Given
¢ = 64°33'10"
JH = 1211.77
A = 37°18'22"
T = 263744
R, = 7813.06
R, = 2864.79

Y = 180°00'00" - 64°33'10" = 115°26'50"

LG = 180°00°00” - (115°26'50" + 37°18'22") = 27°14'48"

HI = 2637.44-1211.77 = 1425.67 o . )
4 oI = (142567)(90298146) _ »a11 007

45782219
5. FG = 2637.44 + 2811.907 = 5549.347
6. DF = (5449.347)(.5149602) = 2806.197
7. (D = 90°00°00" - 27°14'48" = 62°45'12"
8. DE = 7813.06 - 2806.197 = 5006.863
9. (W = 180°00'00" - 62°45'12" = 117°14'48"
10. sin @ = 2864.79 + (5006.863)(.88904378) _ 68516695
2864.79 + 7813.06
0 = 43°14/55.46"

1. /B = 90°00'00" - 43°14'55.46" = 46°45'04.54"
12. .ZE = 180°00'00" - (46°45'04.54" + 117°14'48") = 16°00'07.46"

COMMON POINT OF TANGENCY FOR TWO CURVES
(Sample Problem)

Figure 6.6R
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Given:

AE, Angle E and Curve Data

Required:

EF and Arc Dist. AF

Solution:

From triangle ABE:

1. B
2. BE

3. AB

90° - E
AE

sin B

BE cos B

From triangle BCD:

BC
CD
BD
Cl

SRRV

Radius - AB
BCsin B
BCcos B
90° - B

From triangle CDF:

8. CF = Radius
. DC
9. F = ==
sin CF
10. C = 90°-F
2. DF = CFcosF
13. EF = BD + BE - DF
. _ C 100
4. . = P X 1006
i4. Arc Dist. AF Deg. of Curve

POC COMPUTATION USING RIGHT TRIANGLES

Figure 6.6S
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Given:

Angle E
AE
Radius
Curve D

NN EW N o=
0
O

A

sin F
.C
.G,
. DF
. EF

ke
W N = O

[
&

o won non

14. Arc AF =

41°58'54"
1732.60
7813.06
0°44’

FXAN%: 1Y 4

" C
4648.984

90°00°00" - 41°58'54* = 48°01/06"
_1732.60 _ 5330771
74335880

(2330.771)(.66889278) = 1559.036
7813.06 - 1559.036 = 6254.024

(6254.024)(.74335889) = 4648.984

(6254.024)(.66889278) = 4183.271
90°0000” - 48°01'06* = 41°58'54"
7813.06

4648.984 _ o gan
el30s = 59502730 F = 36°30'52.48

90°00°00* - 36°30°52.48% = 53°29'07.52"
53°29'07.52" - 41°58'54" = 11°30'13.52"
(7813.06)(.80370550) = 6279.399

4183.271 + 2330.771 - 6279.399 = 234.64

< o
11.50375567 100 - 1568.69
.73333333°
POC COMPUTATION USING RIGHT TRIANGLES
(Sample Problem)
Figure 6.6T
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Given:

AB, Angle A and Curve Data A

Required:
AE and Arc Dist. BE

Solution:
1. BC = Radius
2. AC = {(4B)? + (BC)? y /
3. sinCj = ﬁg
AC
4. A, = 90°-C,
5. A, = A-A
6. CD = ACsinA,
7. AD = ACcos A,
8. EC = Radius
9. sinE, = L
EC
10. DE = ECcosE,
11. C, = 90° - A,
12. C, = 90° -E,;
14. = AD-DE
AE Cx (100)
15. Arc Dist. BE =

Degree of Curve
POC COMPUTATION USING RIGHT TRIANGLES

Figure 6.6U
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Given:

Angle A
AB
Radius
Curve D

nowonon

1. BC
2. AC

3. sinCj =

4. A
5. Az
6. CD
7. AD
8. EC

9. sinE,

10. DE
11. G
12. C,

13.C,
14. AE

8002.862

80'07‘?’_7/
0°0723"

8
1732.60
7813.06
0°44’

7813.06
J(7813.06)* + (1732.60)* = 8002.862
1732.60

= 2164975  C, = 12°30712.15"

90°00'00” - 12°30'12.15" = 77°29'47.85"
80°07'23.00" - 77°29'47.85" = 2°37'35.15"
(8002.862)(.04582381) = 366.722
(8002.262)(.99894954) = 7994.456

7813.06

366.722 = 04693705 E, = 2°41'25.02"

7813.06

(7813.06)(.99889785) = 7804.449

90°00'00” - 2°37'35.15" = 87°2224.85"

90°00'00” - 2°41'25.02" = 87°18'34.98"

12°30'12.15" + 87°22'24.85" - 87°1834.98" = 12°34'02.02"
7994.456 - 7804.449 = 190.01

12.567228° (100)

= 1713.71
.73333333°
POC COMPUTATION USING RIGHT TRIANGLES
(Sample Problem)
Figure 6.6V
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Given:

AB, Angle B and Curve Data

Required:
BC and Arc Dist. AC

Solution:
1. AD = Radius
2. BD = {(4BY + (ADY?
] AB
3 D = ——_—
sin BD
B, = 90°00' - D
5. B, = 180°00’ - (B + B1)
. BD sin B,
6. smC = <
Radius
7. Dy = 180° - (B2 + C)
8 BC - Raditfs sin D,
sin B,
9. 1 = D+ D
Ix 100

10. Arc Dist. AC =

Degree of Curve

POC COMPUTATION USING OBLIQUE TRIANGLE
Figure 6.6W

6.6(27)



Oklahoma

HORIZONTAL ALIGNMENT July 1992

Given:

AB
Angle B
Radius
Curve D

Solution:

N

o

w)
I

[
E.
v
I

“no
oo llve]
N -
nu

[«
m-
5
@]
i

9.1 =

10. Arc AC =

1732.60

99°52'37" -
7813.06

0°44'

7813.06

J(1732.60)? + (7813.06) = 8002.862

173260 _ 5164975 D = 12°30712.15"
5002.362

90°00" - 12°30'12.15* = 77°29'47.85"

180°00" - (99°52'37" + 77°29'47.85") = 2°37'35.15"
(8002.862)(.04582381) _

7813.06
180°00" - (2°37'35.15" + 177° 18'34.99") = 0°03'49.86"
(7813.06)(.00111439)
104582381 _

12°30'12.15" = 0°03'49.86" = 12°34'02.01"
12.567225°
773333333°

POC COMPUTATION USING OBLIQUE TRIANGLE
(Sample Problem})

Figure 6.6X

0469370  C = 177°18’ 34.99"

= 190.01

x 100 = 1713.71
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EXAMPLE
Given: Given:
AB and Curve Data. AB = 1892.54
Radius = 7813.06
Curve D = 0°44’
Required:
BC and Arc Dist. AC. Solution:
1. CD = 7813.06
Solution: 2. sinl = 189234 _ 5450077
. 7813.06
1. €D = Radius I = 14°01°05.00"
2 s _ AB
- snlo= w5 3. BC = 7813.06-
s e e - V(7813.06)? - (1892.54)?
3. = - -
CD 1 (fg)) (AB) = 7813.06 - 7580.38 = 232.68
) X
4. Arc AC = 14.018056° :
. =~ x 100 = 1911.55
Degreeof Curve 4. Arc AC =135 x

POC OF LINE 90° TO CURVE TANGENT
Figure 6.6Y
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Given: Radius & BG

1.
- 5

3.
4.

S.

R,

BG

cos A,
AG

sin A,

tan A,

Q_’\v

EQUAL RADII

R, A=A, L
P B
2.
R, - 2P
Ry 3.
J4PR, - P2
AG 4.
R, + R,
AG 5.
R, +R,-P
6.

4

R,

UNEQUAL RADII
Given: R1, AG & P

sin A; =

cos A; =

tan A; =

A,

AB?
2P
AG

R, + R,

R,

R, +R,-P

R, + R,

AG
Rl +R2—P

REVERSED CURVES TO PARALLEL TANGENTS

Figure 6.6Z
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EQUAL RADII
R, = R, = 7813.06
P = 5000
7813.06 - 25.00

. - ~ 9968002
1. cos 4, 7813.06

A = A, = 4°35'05.00"
2. AG = y(4)(50.00)(7813.06) - (50.00)> = 1249.0444

. 1249.0444
. - - 07993311
3. 08I0y = e+ 781306

A, = 4°35'05.00"
4. tan A, = 1249.0444 - 08018970

7813.06 + 7813.06 - 50.00
A, = 4°35'05.00"

UNEQUAL RADII

R, = 7813.06
P = 50.00
AG= 1000.00
1. AB = {(1000.00)> + (50.00> = 1001.249
2
2. R, (1001249)7 _ 7813 06 = 2211.94
(2)(50.00)
. 1000.00
3. sin A, = - 09975062
5T 1306 + 221194
A, = A, = 5°43'29.32"
7813.06 + 2211.94 - 50.00
4. cos A; = - 99501246
€5 S 7813.06 + 2211.04
A, = A, = 5°4329.32"
5. tan A, = 1000.00 - 1002506

7813.06 + 2211.94 - 50.00
A, = A, = 5°43'29.32"

REVERSED CURVES TO PARALLEL TANGENTS
(Sample Problem)

Figure 6.6AA
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= C
Given: EXAMPLE:
I, AD, R, and R, Given:
, I = 2°13'16"
Required: AD = 53.17
A, and A, R, = 17,188.73
o . R, = 2148592
AD
1. AC = = L AC = 31T 371017
sin 1 ' 103875599
2. BG = DF =R,cosI-AD 2. BG = (21,485.92)(.99924870) - 53.17
= 21,416.61
3. cosA; = R + BG
R, + R, 3 _ 17,188.73 + 21,416.61 _
. COs A, = =
4. A, = A -1 17,188.73 + 21,485.92
9982078
A, = 3°25'51.00"
4. A, = 3°25'51.00" - 2°13'16.00" =
1°12/35.00"
REVERSED CURVES
(Tangents Not Parallel)
Figure 6.6BB
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EQUATIONS: EXAMPLE:
1 sing; J (S -b)S -0 R, = 10,692.96, R, = 10,792.96, R = 1909.86
) 2 bc
a = 10,792.96 - 1909.86 = 8,883.10
Where: a= R.-R b = 10,692.96 + 1909.86 = 12,602.82
b= R +R ¢ = (2)(1909.86) = 3,819.72
c= R s = Y(8,883.10 + 12,602.82 +
s=  Yaa+b+c) 3,819.72) = 12,652.82
2. sing = 2Rsin4 sind; | (50.00)(8,883.10) _| 441,655.00
R, - R 2 (12,602.82)(3,819.72) | 48,139,243.6104
= 0.09578377
3. A, = A+ 0
% = 5°29/47.155" , A, = 10°59/34.31"
Given
R = Insid g sin 8 - 2(1909.86)(0.19068675) _ 728.36996
2 = Inside Curve Radius 10,792.06 - 1909.86 _ 8883.10
R, = Outside Curve Radius = 008199502
R = Equal Radii of Reverse Curve )
0 = 4°42'11.70"
ired: A, = 10°59'34.31" + 4°42'11.70" =
Required: 2 T 15°41/46.01"
A, & A,
REVERSED CURVES
(Between Parallel Curves)
Figure 6.6CC
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(o)
Given: Degree of Curvature of Reversed Curve
- < CE = Length of tangent between curves
P = Distance between parallel tangents
~iD é((
\ Required: A of reversed curves
\ Note: Length CE is governed by superelevation runoff
\ design criteria.
\
\ F
al H ._t ._N —_ ’l_r -
v L= °\
A B \
\
EXAMPLE: \ 8. A = 8°37'46.10" - 0°59'59.63" =
Given: D = 1°00 \ 7°37'46.47
CE = 200.00’ A
’ EQUATIONS:
P = 12800 \ EQUATIONS:
Solution: \\ 1. OC = Radius for given degree of
curvature
1. OC = 572958 » CD = £2£
2. co = 2099 _ 100.00
330 = oc-2
3. OH = 5729.58 - 64.00 = 5665.58’ 2
- YCD? + OC?
4. OD = (100) + (5729.58)2 4. OD
- = {/32,838,086.9764 = 5730.4526 .-~ CD
100.00 5. sinS = _——_
5. sins = 100 _ 001745062 ob
5730.4526
S = 0°59°59.63" 6. HD = {OD? - OH?
6. HD = /5730.4526)* - (5665.58)* 7 snT - HD
= /739,290.2634 = 859.8198 oD
8. A = T-8§
7. sinT = 528198 415004305
5730.4526

T = 8°37'46.10"
REVERSED CURVES

(To Paraliel Tangents with Tangent Between)
Figure 6.6DD
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OV parallel to BD &

OB parallel to SD

HE = Fixed Curve Tangent
Length

Given:
Fixed Curve Data, HC, 8 & R, A
Note:

6 must be less than 90° for this solution.
WE = fixed curve

5. sinK = SV
R, + R,

Equations: 6. A, = 90°-K

7. M = 8+K
1. CE = HE-HC 8. L = 90°-M
2. OA = CEtan6-R,
3. OB = DV = OA cos ¢ 9. __Lx100 _ 4 Iengt ET
4. SV = R,-DV Degree of Curve

CURVE BETWEEN FIXED TANGENT AND FIXED CURVE
(Case 1)
Figure 6.6EE

6.6(35)



Oklahoma HORIZONTAL ALIGNMENT July 1992
991.69
T y 918.17 PI Sta. 2116+82.46
; s A, =88°04'00"
.24 |V D =1°00'
83005'49.35" T =553044
L =8806.67
R, =5729.58
67007l24.65" E =2239‘95
3
3 =
w)
o M &
) Y
S
n )
& /8
AJ
(%)
w O v
a HC = 1118.24
6 = 60°13'14"
R, = 1909.86'
88°04'00"
. 0 o
N
60°13'14" ;R
A
1. CE = 8806.67 - 1118.24 = 6. A, = 90°-6°54'10.65" =
7688.43 83°05'49.35"
2. OA = (4421.20)(1.7475519) 7. M = 60°13'14.00" + 6°54'10.65"
- 5729.58 = 1996.70 = 67°0724.65"
3. OB = DV = (1996.70)(0.49666261) 8. L = 90° - 67°0724.65" =
= 991.69 22°52'35.35"
4. SV = 1909.86 - 991.69 = 918.17
5. sinK = 91817 0.12018812 L x 100 = Arc Length ET
7639.44 ' Degree of Curve
K = 6°54'10.65"
CURVE BETWEEN FIXED TANGENT AND FIXED CURVE (CASE 1)
(Sample Problem)
Figure 6.6FF
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OV parallel to BD &
OB parallel to SD

0 =6
\// HE = Fixed Curve Tangent Length
B
/
Given: Equations:
Fixed Curve Data, HC, 6 & R, 1. CE = HE - HC
2. OA = R;-CEtan6
3. OB = DV = OA cos ¢
Note: 4. SV = R, + DV
6 must be less than 90° for this solution 5 sin K = SV
WE = Fixed Curve R, +R,
6. A, = 90° -K
7. L = 90° - (K + ¢)
L x 100

= Arc Length ET

Degree of Curve

CURVE BETWEEN FIXED TANGENT AND FIXED CURVE
(Case II)

Figure 6.6GG
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Given: \

Fixed Curve Data, HC, 6 & R,.

Note:

6 must be less than 90°

WE = Fixed Curve
OV parallel to BC &
OB parallel to SD
6=4¢
HE = Fixed Curve Tangent
Length
Equations:
1. CE = HE-HC
2. OA = CEtan6-R;
3. OB = DV =0Acos¢
4. SV = R,-DV
. SV

5. K =

o R, - R,
6. A, = 90° + K
7. M = 90° - ¢
8. L = M-K

L x 100

= Arc Length ET

Degree of Curve

CURVE BETWEEN FIXED TANGENT & FIXED CURVE
(Case III)

Figure 6.6HH
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Given:

Fixed Curve Data, HC, 6 & R,

Note:

6 must be less than 90° for this solution
WE = Fixed Curve

OV parallel to BC &

OB parallel to SD

8=¢

HE = Fixed Curve Tangent Length

Equations:

1. CE = HE - HC
2. OA = R;-CEtan 6
3. OB = DV = OA cos ¢
4., SV = R,-DV

. SV
5. K = ~—
sin R -F,

. Az = 900 + K

7. L = 90° - (K + ¢)

L x 100
Degree of Curve

= Arc Length ET

CURVE BETWEEN FIXED TANGENT & FIXED CURVE
(CASE IV)

Figure 6.6I1
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Given: AN

"WE" Curve Data, HC, 6 & R,

OF parallel to VD
VF parallel to AD

Equations:
1. « = 180° - (6 + ¢) 7. OF = OJ-R,
2. HA = HCsin® 8 snL = —2F

sin « R, + R,
3. AE = HA - HE 9. A, = 90° + L
4. BE = AE tan « 10. M = 90°-G
5. OB = R, -BE 11. N = 90°-L
6. OJ = OBsin G 12. P = A;-M-N

Arc Length WT = P x 100

Degree of fixed curve (WE)

CURVE BETWEEN FIXED TANGENT & FIXED CURVE
(Case V)

Figure 6.6
6.6 (40)
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Given:

"WE" Curve Data, HC, 6, R,, R,

lﬂ ote:

6 must be less than 90°

AD = Fixed Tangent
WE = Fixed Curve

A, & L computed according
to example in Case I

Equations:
G x 100
. . Arc Length DK =
( S 4, =J (¢ -b)s -¢) 6 g Degree of Curve with Arc DK
) 2 bc
. 7. Arc Length KJ = B2 x 100_
:p (R, + R,)) sin A; Degree of Curve with Arc KJ
2. sinP =
Ry + Ry Where:
o (R, + R;) sin A;
3. smp = R + R a =0S=R; +R,
1 3
b =NS=R,+R,
¢ =ON=R; +R,
4. Arc Length EJ = (L +P) x 100 s =% (a+ l; + ¢)

Degree of -Curve with Arc EJ
S. G=A -F
THREE CURVES TANGENT TO EACH OTHER

Figure 6.6KK
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Given:

Both curve data, azimuth or bearing of curve
tangents, DE, DF & .

Required:
Arc EC and Arc FC

1. Coordinates at D either given or assume
grid system

2. Determine coordinates at centers of
curves (A & B)

3. Determine length and bearing AB

4. BC=R,=23,AC=R,=b
AB =c¢

5. 8§ = %a(at+b+c)

6. sin 9=J (s =b)s -0
2 bc

_Rlsine

7. sin ¢
R,

8. Determine bearings of AC & BC

9. Determine L & M from bearings

10. Arc EC = M x 100
Degree of Curve EG
11. Arc FC = L x 100

Degree of Curve FH

INTERSECTION OF TWO CURVES

Figure 6.6LL
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MASTER PI
T A )2
ao 7
w Pi ¢
K&
/4\ Pl v A
c £ I J2c
I $r
A SC CS
¢
A Qs A <
L N &9 0 ¢
\V g Ac e , . '
p te Q9 s 7
TS > & g ST

Note:

All highway spirals to be computed from data
shown in Transition Curves for Highways by
Public Roads Administration (Joseph
Barnett).

All railroads in Oklahoma except M.K. & T.
R.R. use 10-chord spiral definition. M.K. &
T. R.R. uses Searles spiral. For additional
information, contact the Rail Planning Branch
within the Planning Division.

PI. to circular curve must be set on External
(E,) and not from spiral PI (PI,) and spiral
end point (SC or CS).

See next page for definition of terms.

SPIRALED CURVED

Figure 6.6MM
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SPIRAL TRANSITION CURVE NOMENCILATURE

Master PI = Point of intersection of the
main tangents.

PI. = Point of intersection of circular curve
tangents.

PL, = Point of intersection of the main
tangent and tangent of circular curve.

TS = Tangent to spiral, common point of
spiral and near transition.

SC = Spiral to curve, common point of spiral
and circular curve of near transition.

CS = Curve to spiral, common point of
circular curve and spiral of far transition.

ST = Spiral to tangent, common point of
spiral and tangent of far transition.

=
"

. = Radius of the circular curve.

L, = Length of spiral.

=
[

s = Tangent distance PI to TS or ST, or
tangent distance of completed curve.

E; = External distance Master PI to midpoint
of circular curve portion.

LT = Long tangent of spiral only.
ST = Short tangent of spiral only.

LC = Long chord of spiral.

P = Offset distance from the main tangent to
the PC or PT of the circular curve
produced.

K = Distance from TS to point on main
tangent opposite the PC of the circular
curve produced.

A = Intersection angle between tangents of
the entire curve.

A, = Intersection angle between tangents at
the SC and the CS or the central angel of
the circular curve portion of the curve.

6, = Intersection angle between the tangent
of the complete curve and the tangent at
the SC, the spiral tangents intersection

angle.

D, = Degree of the circular curve. Same as
degree of the spiral at the SC (arc
definition).

¢ = Deflection angle from tangent at TS to
SC.

X.Y, = Coordinates of SC from the TS.

SPIRALED CURVE
(Definitions)

Figure 6.6NN
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1. P is obtained from Transition Curves for 3. 0 = i
Highways Book. 200 °
4. ¢=2
2. Eg=(R.+P)(1/cos (A/2)-1) + P = 3’
(R, + P) If 6, < 15°00°.
——7r ~ (R + P)| + P 0
cos(A /2) 5. ¢ = 3 G,
If 6, > 15°00".
Corrections for C in Formula ¢ = % -C
0, in Degrees 15 1 20 | 25 | 30 | 35 | 40 | 45 | 50
C in Minutes 02104 |08 14 ] 22| 34| 48| 6.6
6. Y. = LCsin¢ 15. A, = A -26
7. X, = LCcos ¢ 16. Deflection angle from TS or ST to any
8. K = X, -R;sin6 point "n" on Spiral.
Y,
9. ST = < o, (L[
sin 6, ==
3 |L;
Y,
10. LT = X, - (——) .
tan 6, 17. The exact values of ¢ by coordinates
X 4
1. LC = ¢ tan ¢ = 3
cos ¢
12.T, = (R. + P)tan (4/2) + K Note: All spiral functions should be taken
13. 0 = L? 0 from Transition Curves for Highways
Y L’ s by Joseph Barnett for all highway

(A - 26,) x 100

computations.

4. L, = = Length of Circular Curve
D
c
Minimum Transition Lengths (ft)
D, 30 MPH 20 MPH 50 MPH 60 MPH 70 MPH D,
L L, L, L L
1°30° 150 150 150 150 150 1°30°
2°00° 150 150 150 150 200 2°00'
2°30° 150 150 150 150 250 2°30°
3°00° 150 150 150 150 300 3°00°
3°30° 150 " 150 150 200 350 3°30°
3°00" 150 150 150 250 300 4°00°
5°00" 150 150 150 300
6°00" 150 150 200 350
7°00° 150 150 250 Based on Ly = 1.6 V3
8° to 9° 150 150 300 R,
10° 10 12° 150 200 Min L, = 150 ft
13° 10 14° 150 250
15° to 23° 150 Where V = 0.75 design speed in mph
SPIRAL FORMULAS
Figure 6.600 6.6 (45)
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MASTER PI STA. 273+84.00

CIRCUIAR CURVE DATA

A = 76°0000" Rt. PI Sta. 278+28.49
T, = 159282 A, = 70°00'00" Rt.
E, = 514.89 D, = 3°00’
- T, = 133730
L, = 233333
SPIRAL DATA R, = 1909.86
E, = 42165
6, = 3°00'
LC = 200.00 MASTER P!
LT = 13335
ST = 66.68 DA
X, = 199.95
Y, = 349 2 ..'f N
A5, Al P
Given / ﬁ Ae
o ik Lc'
PI = 273+84.00 +Y 7 '
D, = 3°00’ ¢ 4 ‘
A = 76°00' Rt. Y 2y - <
L, = 200.00 / A3/ W
TS F P \\\ “ //, 2 ST
Solution: \,
1. p = 200" Spiral Table = 0.87 Unit Length Table (200) (.00435) = 0.87
2 B = |Be*D g iplep- [(1909'86 * 087) _ (1909.86 + 0.87)| + 0.87 = 514.89
cos(A/2) ¢ 78801075
3.6, = S D Q00) 5o _ 3o
200 (200)
3] 120 NN’
4 ¢ =_§‘= > = 1°00
5. Y, = 200 Spiral (Table V) = 3.49 Unit Length (Table II) = (200)(.01745) = 3.49
6. X, = 200’ Spiral (Table V) = 199.95 Unit Length (Table II) = (200)(.99973) = 199.95
7. K = 200’ Spiral (Table V) = 99.99 Unit Length (Table IT) = (200)(.49995) = 99.99
8. ST = 200’ Spiral (Table V) = 66.68 Unit Length (Table IT) = (200)(.33342) = 66.68
9. LT = 200’ Spiral (Table V) = 133.35 Unit Length (Table IT) = (200)(.66676) = 133.35
10.LC = 200’ Spiral (Table V) = 199.98 Unit Length (Table II) = (200)(.99988) = 199.98
1.T, = (R, + p) tan(A/2) + K = (1909.86 + 0.87) tan38°00’ + 99.99 =
(1910.73)(.78128564) + 99.99 = 1592.82
12. A, = A -26, = 76°00" - 6°00" = 70°00" (All circular curve data computed as usual.)

SPIRAL EXAMPLE
Figure 6.6PP
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Sometimes it is necessary to stake a line
parallel to the centerline of the roadway.
Generally, this is done by offset from the
centerline. When this is impractical, the
parallel line may be treated as a separate
alignment with each circular curve concentric
with the corresponding curve of the centerline
with a radius equal to the radius of the
centerline circular curve plus or minus the
offset distance. The value of p is the same as

Example:

Calculations for transition curve parallel to
centerline with transition.

that of the centerline and the PC of the
circular curve produced is opposite that of
the centerline, but the transition for a curve
inside of the centerline must be shorter due
to the increase in D, and the transition for a
curve outside of the centerline must be longer
due to the decrease in D, The length of
transition may be found by trial, using the
ratio of the value of D, as a guide in
choosing the length for first trial, as
illustrated in the example.

Given:
L, = 300ft D, = 9°, R = 636.62 ft
O, = 13°30’ and p = 300 x 0.01960 (Table 11) = 5.88 ft.

Design a parallel line 30 ft inside the centerline.

Try L, a little larger than 200 x 300.

9.45
TryL, =290 O, = 1.45x 9.45° = 13.70°
TryL, =292 O, = 146 x 9.45° = 13.80°

TryL, =293 O,

1.465 x 9.45° = 13.84°

p = 290 x 0.01989 = 5.76
p = 292 x 0.02003 = 5.85
p = 293 x 0.02009 = 5.8 O.K.

The TS of the offset curve is forward of the TS of the centerline curve a distance equal to the

difference of the k distances. For this example:

k for centerline
k for offset line

293 x 0.49903

The resulting curve is very nearly but not
exactly parallel to the centerline and is as
smooth and graceful in appearance as the
centerline with transition.

When pavements are widened on curves, the
inside edge may be given transition by the
method illustrated in the example except that
the throw, p, is the sum of the p of the

300 x 0.49908 (Table IT)

149.72
146.22

centerline and the widening of the pavement
on the inside of the curve. This procedure
results in a smooth curve without any break
at the SC, but a transition much longer than
the centerline transition is required. The
central circular portion and the tangents
leading to the centerline TS and ST must be
long enough to permit the extra length of
transition.

PARALLEL TRANSITIONS

Figure 6.6QQ
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EDGE OF PAVEMENT @
Given

R, = 180
R, = 65
0 = 45

The 3-centered curve is used to reduce the Using the given information and the Tables -
"3-Centered Curve," a State of Oklahoma

area of pavement required for longer, simple
publication, the curves are laid out as shown

curves and yet provide sufficient space for the
turning movement of the design vehicle. on the following page.

The determination of the proper radii and
offset (O) is based on the type and frequency

of the design vehicle. This determination is
a design rather than a technical function. See

Chapter Nine.

3-CENTERED CURVES
Figure 6.6RR
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1. Intersect the edge of pavements as shown
on the preceding detail (Point (1)).

2. Use the bearings (if given) or a
protractor to determine A.  From
example, A = 86°30".

3. From page 52, 3-Centered Curve Tables,
T =9723,T, = 4737, Y = 7.04, area
(shaded portion) = 1394.51 sq ft.

4. Locate points (2) and points (3).

5. Points (4) are perpendicular and R,
distance from points (2). Construct curve
of R, radius from points (2) to (3) using
points (4) as center of radius.

6. Connect points (3) and (4), the
intersection being point (5) (the center of
the curve with radius R,).

7. Construct a curve of R, radius which

connects points (3).

If the stations around the 3-centered curve
are required, the curve formulas shown in
Figure 6.6H are used. Knowing « (alpha)
and the radius, the curve length can be
readily computed. Note: 8 = A - 2a.

3-CENTERED CURVE EXAMPLE

Figure 6.6SS

6.6 (49)



Oklahoma

HORIZONTAL ALIGNMENT July 1992

Problem: To construct a line tangent to the inside of two curves of known center and radii.

c— T —

Given:

Two curves with centers at O; and O, and
radii of R, and R, respectively.

Solution:

1.

Join O, and O, and bisect this line to
produce Point A. AO, = AO,.

From Point Oy, swing an arc CD with a
radius R, + R,.

3. From Point A, swing an arc EF with a
radius AO, until it intersects arc CD at
Point B.

4. Join O, and B to produce point T;.

5. T, T,, the desired tangent line, is equal
and parallel to BO,; both of which are
perpendicular to BT, and O, T, which are
equal to R,.

This geometric construction should delineate
the ease of computing the necessary distances
and angles by trigonometry.

COMPASS TANGENT CONSTRUCTION

Figure 6.6TT
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Problem: To construct a line tangent to the inside of two curves of known center and radii.

Given:

Two curves with centers at O, and O, and
radii of R, and R, respectively.

Solution:

1.

Join O; and O, and bisect this line to
produce Point A. AO, = AO,.

From Point O,, swing an arc CD with a

radius R, - R,.

3. From Point A, swing an arc EF with a
radius AO, until it intersects arc CD at
point B.

4. Join O, and B and extend this line to
produce Point T,.

5. T, T,, the desired tangent line, is equal
and parallel to BO,; both of which are
perpendicular to BT, and O, T, which are
equal to R,.

This geometric construction should delineate
the ease of computing the necessary distances
and angles by trigonometry.

COMPASS TANGENT CONSTRUCTION

Figure 6.6UU
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Chapter Seven

VERTICAL ALIGNMENT

Chapter Seven presents ODOT criteria for
the design of vertical alignment elements.
This includes grades, vertical curves, vertical
clearances and truck-climbing lanes.

7.1 GRADES

7.1.1 Terrain (Definitions)

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

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

In general, rolling terrain generates
steeper grades, causing trucks to reduce
speeds below those of passenger cars.

3. Mountainous. Longitudinal and
transverse changes in elevation are
abrupt, and benching and side hill
excavation are frequently required to
provide the desirable highway alignment.

Mountainous terrain aggravates the
performance of trucks relative to
passenger cars, resulting in some trucks
operating at crawl speeds.

7.12 Maximum Grades

Chapters Twelve and Thirteen present ODOT
criteria for maximum grades based on
functional classification, urban/rural location,
type of terrain, design speed and project
scope of work. The maximum grades should
be used only where absolutely necessary.
Where practical, grades much flatter than
maximum should be used.

7.1.3 Minimum Grades

1. Curbed Streets. The centerline profile on
highways and streets with curb should
have a minimum longitudinal gradient of
0.4%. Desirably, the minimum gradient
will be 0.5%.

2. Uncurbed Roads. It is desirable to
provide approximately a 0.5% longitudinal
grade. This allows for the possibility that
the original crown slope is subsequently
altered as a result of swell, consolidation,
maintenance operations or resurfacing.
Level longitudinal gradients may be
acceptable on pavements which are
adequately crowned to drain laterally. If
so, special ditches may be required.

7.14 Ciritical Length of Grade

Critical length of grade is the maximum
length of a specific upgrade on which a loaded
truck can operate without an unreasonable

7.1(1)
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reduction in speed. The highway gradient in
combination with the length of grade will
determine the truck speed reduction on
upgrades. The following will apply for the
critical length of grade:

1.

Criteria. Figure 7.1A  provides the
critical length of grade for a given percent
grade and acceptable truck speed
reduction. The figure is based on an
initial truck speed of 55 mph. For design
purposes, the 10-mph speed reduction
curve should be used. For entering
speeds other than V = 55 mph, use
Figures 7.5C or 7.5D.

Momentum Grades. Where an upgrade is
preceded by a downgrade, trucks will
often increase speed to make the climb.
A speed increase of 5 mph on moderate
downgrades (3-5%) and 10 mph on
steeper downgrades (6-8%) of sufficient
length are reasonable adjustments. These
can be used in design to allow the use of
a higher speed reduction curve in Figure
7.1A. However, the designer should
consider that these speed increases may
not be attainable if traffic volumes are
high enough that a truck may be behind a
passenger vehicle when descending the
momentum grade.

Measurement. Vertical curves are part of
the length of grade. Figure 7.1B
illustrates how to measure the length of
grade to determine the critical length of
grade from Figure 7.1A.

Application. If the critical length of grade
is exceeded, the designer should either
flatten the grade, if practical, or should
evaluate the need for a truck-climbing
lane (see Section 7.5).

Highway Types. The critical length of
grade criteria applies equally to two-lane

or multilane highways and applies equally
to urban and rural facilities.

6. Example Problems. Examples 7-1 and 7-2
ilustrate the use of Figure 7.1A to
determine the critical length of grade.
Example 7-3 illustrates the use of both
Figures 7.1A and 7.1B. In the examples,
the use of subscripts 1, 2, etc., indicate the
successive gradients and lengths of grade
on the highway segment.

* %k Kk Kk k k ¥ Xk Kk X

Example 7-1

Given: Level Approach
G = +4%
L = 1200 ft (length of grade)
Entering Speed = 55 mph

Problem: Determine if the critical length of
grade 1s exceeded.

Solution: Figure 7.1A yields a critical length
of grade of 1000 ft for a 10-mph
speed reduction. The length of
the grade (L) exceeds this value.
Therefore, the designer should
flatten the grade, if practical, or
evaluate the need for a climbing

lane.
Example 7-2
Given: Level Approach
G, = +5%
L, = 400 ft
L, = 600 ft

Entering Speed = 55 mph
Problem: Determine if the critical length of

grade is exceeded for the
combination of grades G, and G,.

7.1(2)
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AN
\ \ \ \\\\ -SPEED REDUCTION IN M.P.H.
| |
A Y
\ \ \ \\25 N
3 \ \ \ N
g \ 20 \
N N
15
N
. \
~J I
\ \ T
\\
500 1000 1500 2000 2500
LENGTH OF GRADE,FT.
Source: (1)
Notes: 1. Typically, the 10-mph curve will be used.
2. See examples in Section 7.1 for use of figure.
3. Figure based on a 300-Ib/hp truck with initial speed of 55 mph.

CRITICAL LENGTH OF GRADE

Figure 7.1A
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Notes:

1.

LENGTH OF GRADE, LG
L2
4

te
2

CREST VERTICAL CURVE

-~

1 S~ -

2 L2 VPl
ry

LENGTH OF GRADE, LG

SAG_VERTICAL CURVE

Source: (1) Revised

For vertical curves where the two tangent grades are in the same direction (both
grades + or both grades -), 50% 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 + and one grade -), 25% of the curve length will be part of the length of
grade.

MEASUREMENT FOR LENGTH OF GRADE
Figure 7.1B
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Solution: Using Figure 7.1A, G, yields a assume a 5-mph increase in truck speed
truck speed reduction of 5 mph. for the 3% "momentum" grade (G,) which
G, yields approximately 3 mph. precedes G,  Therefore, the speed
The total of 8 mph is less than the reduction may be as high as 15 mph
allowable 10 mph. Therefore, the before the combination grade exceeds the
critical length of grade is not critical length of grade. Assuming the
exceeded. benefits of the momentum grade leads to

the conclusion that the critical length of
grade is not exceeded.

Example 7-3

Xk k %k Xk k k k %k ¥ X

‘Given: Figure 7.1C illustrates the vertical
alignment on a low-volume, two-
lane rural highway.

Problem: Determine if the critical length of
grade is exceeded for G, or the
combination upgrade G;/G,.

Solution: Figure 7.1B presents the criteria
for determining the length of grade.
These are calculated as follows for this

example:

LG, = 1999 . 600 + 850 _ 1063
7 7

LG, = 80 4 600 + 290 _ 1013
7 2

LG, = 390, 500 + 800 _ gqpr

Read into Figure 7.1A for G, (3%) and
find a critical length of grade of 1400 ft.
LG, is less than this value and, therefore,
the critical length of grade is not
exceeded.

Read into Figure 7.1A for G, (3.5%) and
LG, = 1013’ and find a speed reduction
of 9 mph. Read into Figure 7.1A for G,
(2%) and LG, = 900’ and find a speed
reduction of 4 mph. Therefore, the total
speed reduction on the combination
upgrade G,/G, is 13 mph. However, for
low-volume roads, the designer may



()19

LGy -1063' | | LGy ~1013 LG, -900'

600 ' 600 500’
425' 425 +Ga
. 5%

CRITICAL LENGTH OF GRADE CALCULATIONS
(Example 7-3)

Figure 7.1C
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72 VERTICAL CURVES

7.2.1 Crest Vertical Curves

Crest vertical curves are in the shape of a
parabola. = The basic equations for
determining minimum length of a crest
vertical curve are:

L = KA (Equation 7-1)
AS?
= (Equation 7-2)
100(21, + 2n, )
where:
L = length of vertical curve, ft
K = horizontal distance needed to

produce a 1% change in gradient

A = algebraic difference between the
two tangent grades, percent

S = sight distance, ft

h, = height of eye above road surface,
ft

h, = height of object above road
surface, ft

The length of the crest vertical curve will
depend upon "A" for the specific curve and
upon the selected sight distance, height of eye
and height of object. Following sections
discuss the selection of these values.

7.2.1.1 Stopping Sight Distance

The principal control in the design of crest
vertical curves is to ensure that, at a
minimum, stopping sight distance (SSD) is
available throughout the curve. Table 7.2A

presents K-values for various operational

conditions.

The following discusses the

application of the K-values:

1.

r

Passenger Cars (ILevel Grade). Table

7.2A presents minimum and desirable K-
values for passenger cars on level grades.
These are calculated by assuming h; = 3.5
ft, h, = 05 ft and S = SSD_nimum O
SSD4eqirabie in the basic equation for crest
vertical curves (Equation 7-2). See
Section 5.7 for SSD values. The minimum
values represent the lowest acceptable
sight distance on a facility. However, the
designer should make every reasonable
effort to provide a design which meets or
exceeds the desirable K-values.

Figures 7.2A and 7.2B present graphical
relationships between the algebraic
difference (A), the K-value based on SSD
and the length of curve (L). Figure 7.2A
should be used to rough out the vertical
alignment in the early stages of design.
At the detailed design stage, the
applicable K-value should be used to
calculate the vertical curve length. The
calculated length should be adjusted to fit
actual field conditions.

Passenger Cars (Downgrade Adjustment).

Table 7.2A presents minimum and
desirable K-values for passenger cars
adjusted for 3% - 9% downgrades. If the
downgrade on the facility is 3% or
steeper, the designer should consider
providing the K-value adjusted for grade.
This adjustment reflects the longer
braking distances which may be needed
on downgrades.

Trucks (Level Grade). Table 7.2B

presents K-values for trucks on level
grades. These are calculated by assuming
h, = 80ft, h, = 0.5 ft and S = SSD for
trucks in the basic equation for crest
vertical curves (Equation 7-2). See

7.2(1)
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K-VALUES FOR CREST VERTICAL CURVES

Table 72A

(Passenger Cars)
No rac Dozl ®
Design Ad]usgment
Speed (K = §%/1329) 3% 9%
(mph)
Desirable | Minimum (1) | Desirable | Minimum | Desirable | Minimum | Desirable | Minimum
20 10 10 12 12 13 13 14 14
25 20 20 20 20 20 20 22 22
30 30 30 34 34 37 37 40 40
35 50 40 53 44 59 49 68 57
40 80 60 90 66 101 75 118 90
45 120 80 136 93 156 109 181 130
50 160 110 192 140 224 167 267 204
55 220 150 262 181 309 220 -- --
60 310 190 369 249 435 304 -- -
65 400 230 464 280 550 348 -- --
70 540 290 637 364 768 464 -- --
Source: (1) Revised
Notes:
1. The minimum K-values for passenger cars with no grade adjustment are the minimum acceptable values in design.
2. For downgrades intermediate between 3%, 6% and 9%, use a straight-line interpolation to calculate K.
3. Desirable values are based on design speed; minimum values are based on an assumed average running speed.

4. Assumed height of eye is 3.5 ft; height of object is 0.5 ft. For No Grade Adjustment, S is the Stopping Sight Distance (SSD)
in Table 5.7A, "AASHTO Rounded for Design." For Downgrades, S is the SSD value in Table 5.7C.

rwoyepO
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Table 7.2B
K-VALUES FOR CREST VERTICAL CURVES
(Trucks)
Design No Grade Downgrades (K =5%/2500)
Speed Adjustment
(mph) (K = §%/2500) 3% 6% 9%
20 10 12 15 22
25 21 27 38 64
30 36 46 67 114
35 62 84 127 235
40 97 132 201 375
45 147 204 318 612
50 208 289 450 859
55 285 397 618 --
60 372 517 793 --
65 500 699 1084 --
70 646 905 1405 -
Notes:
1. For downgrades intermediate between 3%, 6% and 9%, use a straight-line interpolation to
calculate K.

2. Assumed height of eye is 8.0 ft; height of object is 0.5 ft. For No Grade Adjustment, S is
the Stopping Sight Distance (SSD) in Table 5.7B for 2.5 seconds Perception/Reaction Time.
For Downgrades, S is the SSD value in Table 5.7D for 2.5 seconds Perception/Reaction

Time.
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Section 5.7 for SSD values. The designer
should consider providing the truck K-
values at the following sites:

a. facilities with high truck volumes,

b. facilities with a high incidence of truck
accidents,

c. railroad/highway grade crossings, and

d. special use facilities (e.g., truck weigh
stations).

4. Trucks (Downgrade Adjustment). Table

7.2B presents K-values for trucks adjusted
for 3% - 9% downgrades. The designer
should consider using these K-values at
the sites listed above and where the
downgrade is 3% or steeper.

'lePuCD 1c5u1 UICTHD UL LIIC Calcuialcu lCllslll
of vertical curve.

72.12 Decision Sight Distance

At some locations, it may be warranted to
provide decision sight distance in the design
of crest vertical curves. Section 5.7 discusses
candidate sites and provides design values for
decision sight distance. These "S" values
should be used in the basic equation for crest
vertical curves (Equation 7-2, in Section
7.2.1). In addition, the following will apply:

1. Height of Eye (h;). For passenger cars,
h, is 3.5 ft. For trucks, h; is 8.0 ft.

2. Height of Object (h,). Decision sight

distance, in many cases, is predicated
upon the same principles as stopping sight
distance; 1.e., the driver needs sufficient
distance to see a 6" object. Therefore, h,

is 0.5 ft at many locations. However,
candidate sites for decision sight distance
may also be candidate sites for assuming
that the object is the pavement surface
(e.g., freeway exit gores). Therefore, the
designer may decide to assume that
h, = 0.0 ft for application.

7.2.13 Drainage

Drainage should be considered in the design
of crest vertical curves where curbed sections
are used. Drainage problems should not be
experienced if the vertical curvature is sharp
enough so that a minimum longitudinal grade
of at least 0.3% is reached at a point about 50
ft from either side of the apex. To ensure
that this objective is achieved, the length of
the vertical curve should be based upon a K-
value of 167 or less. For crest vertical curves
on curbed sections where this K-value is
exceeded, the drainage design should be more
carefully evaluated near the apex.

For uncurbed sections of highway, drainage
should not be a problem at crest vertical
curves. However, it is desirable to provide a
longitudinal gradient of at least 0.15% at
points about 50 ft on either side of the high
point (K = 333).

See Chapter Fifteen and the ODOT Drainage
Manual for more information.

722 Sag Vertical Curves

Sag vertical curves are in the shape of a
parabola. Typically, they are designed to
allow the vehicle’s headlights to illuminate the
roadway surface (i.e., the height of object =
0.0 ft) for a given distance "S." These
assumptions yield the following basic
equations for determining the minimum
length of sag vertical curves:

7.2(6)



Oklahoma VERTICAL ALIGNMENT July 1992

L = KA (Equation 7-1)
2
- AST (Equation 7-3)
200h, + 3.58
where:
L = length of vertical curve, ft

K = horizontal distance needed to
produce a 1% change in gradient

A = algebraic difference between the
two tangent grades, percent

S = sight distance, ft

h; = height of headlights above
pavement surface, ft

The length of the sag vertical curve will
depend upon "A" for the specific curve and
upon the selected sight distance and headlight
height. The following sections discuss the
selection of these values.

722.1 Stopping Sight Distance

The principal control in the design of sag
vertical curves is to ensure that, at a
minimum, stopping sight distance (SSD) is
available for headlight illumination throughout
the curve. Table 7.2C presents K-values for
various operational conditions. These are
calculated for level conditions and they apply
to all sites; i.e., the grade adjustment for SSD
does not apply to sag vertical curves. The
following discusses the application of the K-
values:

1. Passenger Cars. Table 7.2C presents
minimum and desirable K-values for
passenger cars. These are calculated by
assuming h; = 2.0 ft, S = SSD_ ;. or
SSDegirable 1IN the basic equation for sag

vertical curves (Equation 7-3).  See
Section 5.7 for SSD values. The minimum
values represent the lowest acceptable
sight distance on a facility. However, the
designer should make every reasonable
effort to provide a design which meets or
exceeds the desirable K-values.

Figures 7.2C and 7.2D present graphical
relationships between the algebraic
difference (A), the K-value based on SSD
and the length of curve (L). Figure 7.2C
should be used to rough out the vertical
alignment in the early stages of design.
At the detailed design stage, the
applicable K-value should be used to
calculate the vertical curve length. The
calculated length should be adjusted to fit
actual field conditions.

. Trucks. Table 7.2C presents K-values for

trucks. These are calculated by assuming
h; = 4.0 ft and S = SSD for trucks in the
basic equation for sag vertical curves
(Equation 7-3). See Section 5.7 for SSD
values. The designer should consider
providing the truck K-values at the
following sites:

a. facilities with high truck volumes,

b. facilities with a high incidence of truck
accidents,

c. railroad/highway grade crossings, and

d. special use facilities (e.g., truck weigh
stations).

QPPIICD 1 wRALUICIY UL LU vaivuiactocu lcllélll

of vertical curve.

One exception to this minimum length on
sag vertical curves may apply. If the sag

7.2(7)
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Table 7.2C

K-VALUES FOR SAG VERTICAL CURVES

Passenger Cars
Design Speed (K = S?/(400 + 3.5S)) Trucks
(mph) (K = S%/(800 + 3.5S))
Desirable Minimum (1)
20 20 20 20
25 30 30 32
30 40 40 48
35 50 50 71
40 70 60 96
45 90 70 126
50 110 90 157
55 130 100 190
60 160 120 223
65 180 130 265
70 220 150 308

Source: (1) Revised

Notes:

1 The minimum K-values for passenger cars are the minimum acceptable values in design.

2. Desirable values are based on design speed; minimum values are based on an assumed
average running speed.

3. For passenger cars, assumed height of eye is 3.5 ft, height of object is 0.5 ft, and S is the

Stopping Sight Distance (SSD) in Table 5.7A, "AASHTO Rounded for Design."

4. For trucks, assumed height of eye is 8.0 ft, height of object is 0.5 ft, and S is the Stopping
Sight Distance (SSD) in Table 5.7B for 2.5 seconds Perception/Reaction Time.

7.2(8)
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is in a "sump," the use of the minimum
length criteria may produce longitudinal
slopes too flat to drain the stormwater
without exceeding the criteria for the
limits of ponding on the travel lane. See
Chapter Fifteen and the ODOT Drainage
Manual for more discussion.

7.2.2.2 Comfort Criteria

On fully lighted continuous sections of
highway and where it is impractical to provide
stopping sight distance, it may be warranted
to design a sag vertical curve to meet the
comfort sag criteria. These criteria are based
on the comfort effect of change in vertical
direction in a sag vertical curve because of 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
ft/ secg. The length-of-curve equation for the
comfort criteria is:

L = A_V2 (Equation 7-4)
46.5

where:

L length of vertical curve, ft

A

algebraic difference in tangent
grades, percent

V = design speed, mph

Section 9.1 presents comfort criteria for sag
vertical curves which apply specifically to at-
grade intersections. These criteria yield sags
which have sharper curvature than sags based
on Equation 7-4. The criteria in Section 9.1
are not considered appropriate for sags on
mainline away from intersections.

7223 Underpasses

The designer should check sag vertical curves
through underpasses to ensure that the
underpass structure does not obstruct the
driver’s visibility. The following equation
applies to underpasses:

L = AS? (Equation 7-5)
800 (C - 4.25)

where:
L = length of vertical curve, ft
A = algebraic difference between the
two tangent grades, percent
S = sight distance, ft
C = vertical clearance of underpass, ft

The L calculated from Equation 7-5 for
underpasses should be compared to the L
calculated based on headlight illumination
(Equation 7-3). The larger of the two lengths
will govern.

7224 Decision Sight Distance

At some locations, it may be warranted to
provide decision sight distance in the design
of sag vertical curves. Section 5.7 discusses
candidate sites and provides design values for
decision sight distance. These "S" values
should be used in the basic equation for sag
vertical curves (Equation 7-3). The height of
headlights (h,) is 2.0 ft.

7225 Drainage
Drainage should be considered in the design

of sag vertical curves where curbed sections
are used. Drainage problems are minimized

7.2(11)
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if the sag vertical curve is sharp enough so
that both of the following criteria are met:

1. a minimum longitudinal grade of at least
0.3% is reached at a point about 50 ft
from either side of the low point, and

2. there is at least a 4-inch elevation
differential between the low point in the
sag and the two points 50 ft to either side
of the low point.

To ensure that the first objective is achieved,
the length of the vertical curve should be
based upon a K-value of 167 or less. For sag
vertical curves on curbed sections where this
K-value is exceeded, the drainage design
should be more carefully evaluated near the
low point. For example, it may be necessary
to install flanking inlets on either side of the
low point.

For uncurbed sections of highway, drainage
should not be a problem at sag vertical curves.
However, it is desirable to provide a
longitudinal gradient of at least 0.15% at
points about 50 ft on either side of the low
point (K = 333).

See Chapter Fifteen and the ODOT Drainage
Manual for more information.

723 Low-Speed Urban Streets

In general, the criteria presented in Section
7.2 applies to the use of vertical curves on
low-speed urban streets (V<45 mph). In
addition, the following will apply:

1. Angular Breaks (Sags). On the mainline

of low-speed urban streets, a maximum
angular break (i.e., no vertical curve) of
0.8% is acceptable where the following
conditions are met:

2.

a. The facility is curbed.
b. The angular break is in a sag.

c. Field conditions make the use of a
vertical curve impractical.

Note that a series of angular breaks in
lien of a vertical curve is not an
acceptable design, even where the angular
breaks do not exceed 0.8%.

Angular Breaks (Crests). These are not

allowed; i.e., a crest vertical curve must be
inserted.

72(12)
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7.3 DESIGN PRINCIPLES AND
PROCEDURES

7.3.1 General Controls

As discussed elsewhere in Chapter Seven, the
design of vertical alignment involves, to a
large extent, complying with specific limiting
criteria.  These 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 which will
determine the overall safety 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 character of terrain,
rather than a line with numerous breaks
and short lengths of tangent grades.

2. Roller Coaster. The "roller-coaster" type
of profile should be avoided. They may
be proposed in the interest of economy,
but they are aesthetically undesirable and
may be hazardous.

3. Broken-Back Curvature. Avoid "broken-
back" grade lines (two crest or sag
vertical curves separated by a short
tangent). One long vertical curve is more
desirable.

4. 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.

5. Intersections. Maintain moderate grades
through intersections to facilitate turning
movements. See Chapter Nine for
specific information on vertical alignment
through intersections.

6. Sags. Sag vertical curves should be
avoided in cuts unless adequate drainage
can be provided.

7. Coordination with Natural/Man-Made
Features. The vertical alignment should
be properly coordinated with the natural
topography, available right-of-way,
utilities, roadside development and
natural/man-made drainage patterns.

8. Environmental Impacts. Vertical
alignment should be properly coordinated

with environmental impacts (e.g.,
encroachment onto wetlands).  The
ODOT Planning Division is responsible
for evaluating environmental impacts.

732 Coordination of Horizontal and
Vertical Alignment

Horizontal and vertical alignment should not
be designed separately, especially for projects
on new alignment. Their importance
demands that the designer carefully evaluate
the interdependence of the two highway
design features. This will enhance highway
safety and improve the facility’s operation.
The following should be considered in the
coordination of horizontal and vertical
alignment:

1. Balance. Curvature and grades should be
in proper balance. Maximum curvature
with flat grades or flat curvature with
maximum grades does not achieve the
desired balance.

2. Coordination. Vertical curvature
superimposed upon horizontal curvature
(i.e., vertical and horizontal P.I’s at
approximately the same stations) generally
results in a more pleasing appearance and
reduces the number of sight distance
restrictions. However, this must be

7.3(1)
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tempered somewhat by Comment #’s 3
and 4, as follows.

3. Crest Vertical Curves. Sharp horizontal
curvature should not be introduced at or
near the top of pronounced crest vertical
curves. This may be hazardous because
the driver cannot perceive the horizontal
change in alignment, especially at night
when headlight beams project straight
ahead into space. The potential hazard
can be avoided if the horizontal curvature
leads the vertical curvature.

4. Sag Vertical Curves. Sharp horizontal
curves should not be introduced at or
near the low point of pronounced sag
vertical curves or at the bottom of steep
vertical grades. Night visibility is again
one problem, and this alignment creates
an undesirable, distorted appearance.

5. Passing Sight Distance. In some cases,

the need to provide a higher percentage
of passing sight distance may supersede
the desirability of combining horizontal
and vertical alignment.

6. Intersections. At intersections, horizontal
and vertical alignment should be as flat as
possible. See Chapter Nine.

7. Divided Facilities. On divided facilities
with wide medians, it is frequently
advantageous to provide independent
alignments for the two one-way roadways.

733 Profile Grade Line
733.1 General

The profile grade line is perhaps the roadway
geometric characteristic which has the
greatest impact on a facility’s costs, aesthetics,
safety and operation. The profile grade is a
series of tangent lines connected by vertical

curves. It is typically placed along the
roadway centerline of undivided facilities and
at the two median edges on divided facilities.
The designer must carefully evaluate many
factors when establishing the profile grade
line. These include:

1. maximum and minimum gradients;

2. sight distance criteria;

3. earthwork balance;

4. bridges and other structures;

5. high water levels;

6. drainage considerations;

7. highway intersections and interchanges;
8. snow drifting;

9. railroad/highway crossings;

10. types of soil;

11. adjacent land use and values;

12. highway safety;

13. coordination with other geometric
features (e.g., cross section, design speed);

14. topography/terrain;

15. truck performance;

16. right-of-way;

17. utilities;

18. urban/rural location;

19. aesthetics/landscaping; and

20. construction costs.

7.3(2)
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The following sections discuss the
establishment of the profile grade line in
more detail.

7332 Earthwork Balance

Where practical and where consistent with
other project objectives, the designer should
design the profile grade line to provide a
balance of earthwork. This should not be
achieved, however, at the expense of smooth
grade lines and sight distance requirements at
vertical curves. Ultimately, a project-by-
project assessment will determine whether a
project will be borrow, waste or balanced.

The following should be considered in
earthwork balance:

1. Basic Approach. The best approach to
laying grade and balancing earthwork is to
provide a significant length of roadway in
embankment, to limit the number and
amount of excavation areas, and to
provide the maximum practical length of
roadway between balance points (e.g., up
to two miles). The designer should, as
practical, avoid long lengths of roadway in
excavation and avoid several short balance
distances.

2. Urban/Rural.  Earthwork balance is
typically a practical objective only in rural
areas. In urban areas, other project
objectives (e.g., limiting right-of-way
impacts) may have a higher priority than
balancing earthwork.

3. Borrow Sites. The availability and quality
of borrow sites in the vicinity of the
project will impact the desirability of
balancing the earthwork.

4. Daylighting. Where practical, daylighting
at cut areas should be provided.

5. Mass Diagram. A mass diagram
illustrates the accumulated algebraic sum
of yardage between project limits. These
diagrams are wuseful in balancing
earthwork and calculating haul distances
and quantities. The mass diagram may
indicate:

a. the most economical procedure for
disposing of excavated material,

b. whether material should be moved
backward or forward, or

c. whether borrowing or wasting is more
economical than achieving earthwork
balance.

Depending upon the nature of the project,
the designer may decide to construct a
mass diagram. See Chapter Four for
more information.

6. Balance Points. Where practical, balance
points should be located at natural and
man-made interruptions in the roadway
(e.g., bridges, railroad crossings,
intersections).

7. Earthwork Computations. Chapter Four
discusses the proper methods to compute
and record the project earthwork
quantities.

7333 Bridges

The design of profile grade lines must be
carefully coordinated with any bridges within
the project limits. The following will apply:

1. Vertical Clearances. The criteria in
Chapters Twelve and Thirteen and
Section 7.4 must be met. When laying the
preliminary grade line, an important
element in determining available vertical
clearance is the assumed structure depth.
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This will be based on the structure type,
span lengths and depth/span ratio. For
preliminary design, the designer should
assume a 23 ft to 25 ft distance between
the finished grade of the roadway and the
finished grade of the bridge deck. For
final design, the designer must coordinate
with the Bridge Division to determine the
roadway and bridge grade lines.

2. Bridges Over Water. Where the proposed
facility will cross bodies of water, the
bridge elevation must be consistent with
the necessary waterway opening to meet
ODOT hydraulic requirements. The
designer must coordinate with the Bridge
Division to determine the approach
roadway elevation to meet the necessary
bridge elevation.

3. Railroad Bridges. Any proposed facilities
over railroads must meet the applicable
criteria (e.g., vertical clearances, structure
type and depth). The designer should
coordinate with the Planning Division,
Rail Planning Branch and Bridge Division
to establish the proper grade line.

4. Highway Under Bridge. Where 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 it will reduce the
ponding of water which may weaken the
earth foundation beneath the bridge. To
achieve these objectives, the low point of
a roadway sag should be at least 100 ft
from the bridge.

5. High Embankments. The designer should
consider the impacts of high
embankments on structures. This will
increase the span length thus increasing
structure costs.

7.3.3.4 Drainage/Snow

The profile grade line should be compatible
with the roadway drainage design and should
minimize snow drift problems. The following
will apply:

1. Culverts. The roadway elevation should
meet the ODOT criteria for minimum
cover at culverts and minimum freeboard
above the head water level at culverts.
See Chapter Fifteen and the ODOT
Drainage Manual for more information.

2. Coordination with Geometrics. The
profile grade line must reflect
compatibility between drainage design and
roadway geometrics. These 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.

3. Snow Drifting. For some rural roadways,
the designer should consider locating the
profile grade line at least 3 ft above the
natural ground level to prevent snow from
drifting onto the roadway.

7.33.5 Soils

The type of earth material encountered often
influences the grade line at certain locations.
If rock is encountered, for example, it may be
more economical to raise the grade and
reduce the rock excavation. Soils which are
unsatisfactory for embankment or cause a
stability problem in cut areas may also be
determining factors in establishing a grade
line. The designer should coordinate the
development of the profile grade with the
Materials Division, which will conduct a
pedological survey.
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7.33.6 Erosion Control

Section 17.14 discusses erosion control in
general. Specifically related to the profile
grade line, the following will minimize
erosion: ‘

1. Minimize the number of cut and fill
sections.

2. Conform to the contour and drainage
patterns of the area.

3. Make use of natural land barriers and
contours to divert runoff and confine
erosion and sedimentation.

4. Minimize the amount of disturbance.
5. Make use of existing vegetation.

6. Reduce slope length and steepness and
ensure that erosion is confined to the
right-of-way and does not deposit
sediment on or erode away adjacent land.

7. Avoid locations having high base erosion
potential.

8. Avoid cut or fill sections in seepage areas.

733.7 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 adjacent highway
section.  Existing grade lines should be
considered for a sufficient distance beyond
the beginning and end of a project to ensure
adequate sight distance. Connections should
be made which are compatible with the design
speed of the new project and which can be
used if the adjoining road section is
reconstructed.

7.3.4 Design Procedures

In the design of vertical alignment, the
designer should be aware of his responsibility
to communicate properly with other ODOT
personnel (e.g, drafting, field survey).
Section 7.3.3 provides several examples of
needed coordination in the development of
the profile grade line. The following also
applies:

1. Preparation of Plans. Chapter Four "Plan
Development" discusses the content and
format of the plan sheets, abbreviations,
symbols, scales and the use of ODOT’s
CADD system. The designer must ensure
that the presentation of the vertical
alignment is consistent with ODOT
practices.

2. Project Development. Chapter Two
"Project Development Process" indicates

the necessary timing for the coordination
between vertical alignment design and
other highway activities (e.g., bridge
elevations).

3. Survey (General). The designer should
ensure that the vertical alignment is

consistent with ODOT field survey
practices. See Section Four of the
ODOT’s Manual of Policies and
Procedures.

7.3.5 Mathematical Computations

Section 7.6 presents numerous figures which
provide the needed mathematical equations
and techniques to make various computations
for vertical curves.
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7.4 VERTICAL CLEARANCES

Table 7.4A summarizes the minimum vertical Twelve provides additional information.
clearances for various conditions for new Chapter Thirteen provides vertical clearance
construction/reconstruction projects. Chapter information for existing highways.

Table 74A

MINIMUM VERTICAL CLEARANCES
(New Construction/Reconstruction)

Type Minimum Clearance
Roadway under Other Roadway or Railroad 16'-9% (1)
(State or non-State)
Roadway under Pedestrian Bridge 17'-9" (1)
Roadway under Traffic Signal 17" £ 1" (2)
Railroad under Roadway 230" typ. (3)
Roadway under Sign Truss 18'-0% (1)

Notes:
1. Value allows 9" for future resurfacing.

2. Distance is measured from roadway surface to the bottom of signal at the bottom of the back plate
or to the mast arm. See ODOT Traffic Standard Drawings.

3. Contact the Planning Division, Rail Planning Branch and Bridge Division to determine acceptable
vertical clearance.
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7.5 TRUCK-CLIMBING LANES
75.1 Warrants

A truck-climbing lane may be warranted to
allow a specific upgrade to operate at an
acceptable level of service. For desirable
warranting criteria see Highway Capacity
Manual (HCM). The following minimum
criteria will apply.

75.1.1 Two-Lane Highways

A truck climbing lane on a two-lane, two-way
highway will generally be warranted if the
following conditions are satisfied:

1. the critical length of grade is exceeded for
the 10-mph speed reduction curve (see
Figure 7.1A); and

2. one of the following conditions exists:

a. the level of service (LOS) on the
upgrade is E or F, or

b. there is a reduction of two or more
LOS when moving from the approach
segment to the upgrade; and

3. the construction costs and the
construction impacts (e.g., environmental,
right-of-way) are considered reasonable.

Truck-climbing lanes may also be warranted
where the above criteria are not met if, for
example, there is an adverse accident
experience on the upgrade related to slow-
moving trucks. .

75.12 Multilane Highways

A truck-climbing lane will generally be
warranted on a multilane highway if the
following conditions are satisfied:

1. the critical length of grade is exceeded for
the 10-mph speed reduction curve (see
Figure 7.1A); and

2. the directional service volume exceeds
1000 vph; and ‘

3. one of the following conditions exists:
a. the LOS on the upgrade is E or F, or

b. there is a reduction of two or more
LOS when moving from the approach
segment to the upgrade; and

4. the construction costs and the
construction impacts (e.g., environmental,
right-of-way) are considered reasonable.

Truck-climbing lanes may also be warranted
where the above criteria are not met if, for
example, there is an adverse accident
experience on the upgrade related to slow-
moving trucks.

7.5.2 Capacity Procedures
7.52.1 Two-Lane Highways

The objective of the capacity analysis
procedure is to determine if the warranting
criteria in Section 7.5.1 are met for two-lane
facilities. This is accomplished by calculating
the service flow rate for each LOS level (A
through D) and comparing this to the actual
flow rate on the upgrade. Because a LOS
worse than D warrants a truck-climbing lane,
it is not necessary to calculate the service flow
rate for LOS E.

The following capacity procedure, which is
based on the 1985 Highway Capacity Manual
(HCM), will allow the designer to perform
these calculations. This procedure is the
HCM capacity methodology for a specific
grade on a two-lane, two-way facility. The
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HCM also presents a separate capacity
methodology for analyzing general terrain
segments, which applies to highway segments
of at least 2 miles in length.

The mathematical expression for the LOS
calculation is:

SF; = 2800 x (v/c), x fy x f,, x fo  fuy
where:

SF, = total service flow rate in both
directions for LOS; for prevailing
roadway and traffic conditions,

vph
2800

capacity of a two-lane, two-way
facility (both directions) under
ideal conditions, passenger cars

per hour (pcph)

(v/c); ratio of vehicular flow rate (for
passenger cars unaffected by
grade) to ideal capacity (2800

pcph) for LOS;

fy = adjustment factor for directional
distribution

f, = adjustment factor for narrow lanes
and restricted shoulder width

f = adjustment factor for operational
effects of grades on passenger cars

fyuv = adjustment factor for the presence
of heavy vehicles in the upgrade
traffic stream

Based on the specific characteristics of the
upgrade, the calculation of SF; will yield the
vph (both directions for a mixed traffic
composition) at the lower limit of the range
of traffic volumes for LOS,. Therefore, if the
actual vph (both directions for a mixed traffic
composition) on the upgrade yields LOS E or

F, the truck-climbing lane capacity warrant is
satisfied. In addition, if the LOS on the
upgrade is two or more levels worse than the
LOS on the highway segment approaching the
upgrade, the truck-climbing lane capacity
warrant is satisfied.

The following step-by-step procedure is used
to calculate SF;;:

1. Compile the following data for the
analysis:

a. average annual daily traffic (AADT)
(mixed composition for year under

design);

b. the K factor (i.e., the proportion of
the AADT occurring in the design
hour);

c. the directional distribution (D) during
the design hour (DHV);

d. the truck factor (T) during the DHV
(ie., the % of trucks, buses and
recreational vehicles);

e. peak-hour factor (PHF) from Table
7.5A (default values);

f. the design speed;

g lane and shoulder widths (ft);

h. percent grade;

i. percent no-passing zones (based on
the MUTCD criteria for striping of
no-passing zones), see Section 5.7 and
Reference 6; and

j- length of grade (in miles).

2. Use Table 7.5B to determine the average
upgrade speed for LOS.

75(2)



Oklahoma VERTICAL ALIGNMENT July 1992
Table 7.5A Table 7.5B
PEAK-HOUR FACTORS LEVEL-OF-SERVICE CRITERIA
(Default Values) FOR SPECIFIC GRADES
Level of Service Peak-Hour Factor Level of Average Upgrade
Service Speed (mph)
A 0.91
B 0.92 A 235
C 0.94 B 230
D 0.95 c 2 45
E 1.00 D 2 40
E > 25-40%
F < 25-402
Source: (2)

Notes: Source: (2)

L ;%g:e‘;zgzb;;’g licable for the calculation of a ’I7}e exact speed at which capacity occurs varies

with the percentage and length of grade, traffic

2. Table only applies to two-lane, two-way rural composition and volume.
facilities.

3. Use Table 7.5C to determine v/c for LOS; P, = proportion of passenger cars
for the percent grade and percent no- in the upgrade traffic stream,
passing zones for the upgrade under expressed as a decimal
design.

L, = impedance factor for

4. Use Table 7.5D to determine f; for the passenger cars, computed as:
directional distribution.

I, =002 (E -E)

5. Use Table 7.5E to determine f, for the

effects of lane and shoulder width. E = base passenger-car equivalent for
a given percent grade, length of
6. grade and average upgrade speed

To determine f, use the following
equation:

fo =11+ (P,1)]

where:

f, = adjustment factor for the
operation of passenger cars on
grades

(see Table 7.5F)

E, = base passenger-car equivalent for
0% grade and a given speed (see
Table 7.5F)

To determine fyy, use the following
equation:

fav = V[ + Pyy (Egy - 1)]

75(3)



Oklahoma VERTICAL ALIGNMENT July 1992
Table 7.5C
VALUES OF v/c RATIO? vs. SPEED, PERCENT GRADE,
AND PERCENT NO-PASSING ZONES FOR SPECIFIC GRADES
AVERAGE PERCENT NG-PASSING ZONES
PERCENT UPGRADE

GRADE SPEED (MPH) 0 20 40 60 80 100
3 55 0.27 023 0.19 0.17 .14 0.12
525 0.42 0.38 0.33 031 0.29 0.27

50 0.64 0.59 0.55 0.52 0.49 047

45 1.00 0.95 091 (.88 0.86 .84

425 1.00 0.98 097 0.96 055 094

40 1.00 1.00 1.00 1.00 1.00 1.00

4 55 0.25 0.21 0.18 0.16 0.13 0.11
525 0.40 0.36 031 0.2 027 0.25

50 0.61 0.56 0.52 0.49 047 045

45 097 0.92 0.88 0.85 0.83 0.81

425 0.99 0.96 0.95 0.94 093 0.92

40 1.00 1.00 1.00 1.00 1.00 1.00

5 55 0.21 0.17 0.14 0.12 0.10 0.08
525 0.36 031 0.27 0.24 0.22 0.20

50 0.57 049 0.45 041 0.39 0.37

45 0.93 0.84 0.79 0.75 0.72 0.70

425 0.97 0.90 0.87 0.85 0.83 0.82

40 0.98 0.96 095 094 093 0.92

35 1.00 1.00 1.00 1.00 1.00 1.00

6 55 0.12 0.10 0.08 0.06 0.05 0.04
525 0.27 0.22 0.18 0.16 0.14 0.13

50 0.49 0.40 0.35 031 0.28 0.26

45 0.85 0.76 0.68 0.63 0.59 0.55

425 0.93 0.84 0.78 0.74 0.70 0.67

40 0.97 091 0.87 0.83 0.81 0.78

35 1.00 0.96 095 093 091 090

30 1.00 0.99 0.99 0.98 0.98 0.98

7 55 0.00 0.00 0.00 0.00 0.00 0.00
525 0.13 0.10 0.08 0.07 0.05 0.04

50 034 0.27 0.22 0.18 0.15 0.12

45 0.77 0.65 0.55 0.46 0.40 0.35

425 0.86 0.75 0.67 0.60 0.54 0.48

40 093 0.82 0.75 0.69 0.64 0.59

35 1.00 091 0.87 0.82 0.79 0.76

30 1.00 0.95 0.92 0.90 0.88 0.86

Source: (2)

& Ratio of flow to ideal capacity of 2,800 pcph, assuming passenger-car operation is unaffected by grade.

NOTE: Interpolate for intermediate values of "Percent No-Passing Zones"; round "Percent Grade" to the next
higher whole number.
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Table 7.5D
ADJUSTMENT FACTOR FOR DIRECTIONAL DISTRIBUTION ON
SPECIFIC GRADES, f,
Percent of Traffic On Upgrade Adjustment Factor
100 0.58
90 0.64
80 0.70
70 0.78
60 0.87
50 1.00
40 1.20
<30 1.50
Source: (2)
Table 7.5E

ADJUSTMENT FACTORS FOR THE COMBINED EFFECT
OF NARROW LANES AND RESTRICTED SHOULDER WIDTH, f,,

Usable 12-ft 11-ft 10-ft 9-ft
Shoulder Lanesb Lanesb Lanesb Lanesb
Widtha
(f) LOS LOS LOS LOS LOS LOS LOS LOS
A-D E A-D E A-D E A-D E
26 1.00 1.00 0.93 0.94 0.84 0.87 0.70 0.76
4 0.92 0.97- 0.85 0.92 0.77 0.85 0.65 0.74
2 0.81 0.93 0.75 0.88 0.68 0.81 0.57 0.70
0 0.70 0.88 0.65 0.82 0.58 0.75 0.49 0.66
Source: (2)

2 Where shoulder width is different on each side of the roadway, use the average shoulder width.
b For analysis of specific grades, use LOS E factors for all speeds less than 45 mph.
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where: where:
fyv = adjustment factor for the 12 = the equivalent hourly flow rate
presence of heavy vehicles in during a given time interval
the upgrade traffic stream less than one hour (usually 15
' minutes), vph
Pyy = total proportion of heavy
vehicles (trucks + RV’s + \Y% = the total number of vehicles
buses) in the upgrade traffic for the DHV, vph
stream, expressed as a decimal
PHF = peak-hour factor
Eyv = passenger-car equivalent for

10.

specific mix of heavy vehicles
present in the upgrade traffic
stream, computed as:

Egy =1+ (025 + Py (E - 1)

Pryv = proportion of trucks among
heavy vehicles; ie, the
proportion of trucks in the
traffic stream divided by the
total proportion of heavy
vehicles in the traffic stream,
expressed as a decimal

E = base passenger-car equivalent
for a given percent grade,
length of grade and speed (see
Table 7.5F)

From the data in Step #’s 1-7, calculate
SF; for each LOS;.

Calculate the V=DHV (mixed vph for
both directions during the design hour):

DHV = AADT x K
where terms are defined under Step #1.

Convert the DHV to an hourly flow rate
using the PHF:

v = V/PHF

11. Compare SFp, (for LOS D) from Step #8
to v from Step #10. If SF 2 v, the
upgrade will operate better than LOS E
and, therefore, the climbing-lane capacity
warrant is not satisfied. If SF, < v, the
upgrade will operate at LOS E or F and,
therefore, the climbing-lane capacity
warrant is satisfied.

12. Compare the service flow rates from Step
#8 to v from Step #10 to determine the
actual LOS on the upgrade. If the
upgrade LOS is two or more levels worse
than the LOS on the highway segment
approaching the upgrade, then the
climbing-lane capacity warrant is satisfied.

Figure 7.5A provides a worksheet which
allows for a convenient documentation of the
data and calculations in the capacity analysis.

* %k Xk %k % % % X ¥k X%

Example 74

Given: An upgrade on a rural two-lane

highway is described as follows:

AADT = 4000

K=125%

PHF = 0.85

Percent trucks = 10%

Percent RV’s = 2%

Percent buses = 1% .

Directional distribution during DHV = 60/40
(with 60% in upgrade direction)
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Table 7.5F

PASSENGER-CAR EQUIVALENTS FOR SPECIFIC GRADES ON
TWO-LANE RURAL HIGHWAYS, E AND E,

) LENGTH OF AVERAGE UPGRADE SPEED (mph)

G (%) E G (mi) E 55.0 525 50.0 450 40.0 30.0
0 All 2.1 1.8 1.6 14 13 1.3
3 Va 29 23 20 1.7 1.6 1.5

Yo 3.7 29 24 20 1.8 1.7
Ya 48 3.6 29 23 20 19
1 6.5 4.6 35 2.6 23 21
12 11.2 6.6 51 34 29 2.5
2 19.8 9.3 6.7 4.6 3.7 29
3 71.0 210 10.8 73 56 38
4 a 48.0 20.5 11.3 7.7 49
4 Va 32 25 22 1.8 1.7 1.6
Y2 44 34 28 22 20 1.9
Ya 63 44 35 2.7 23 21

1 9.6 6.3 4.5 32 2.7 24 .
12 19.5 10.3 74 4.7 3.8 31
2 43.0 16.1 10.8 6.9 53 3.8
3 2 480 200 12.5 9.0 5.5
4 : 2 510 228 138 74
5 Ya 36 28 23 20 18 1.7
Y2 54 39 32 25 22 20
Ya 83 5.7 43 31 2.7 24
1 14.1 8.4 59 40 33 28
1% 340 16.0 10.8 63 49 3.8
2 91.0 28.3 174 10.2 15 48
3 2 2 370 220 14.6 7.8
4 : : 2 55.0 250 115
6 Va 40 31 25 21 1.9 1.8
2 6.5 48 3.7 28 24 22
Ya 11.0 72 52 3.7 31 2.7
1 204 11.7 7.8 49 40 33
12 60.0 252 16.0 85 6.4 4.7
2 a 50.0 282 153 10.7 6.3
3 a a 70.0 38.0 239 113
4 a a a 90.0 45.0 18.1
7 Va 45 34 2.7 22 2.0 1.9
Ve 79 57 42 32 2.7 24
Ya 14.5 9.1 6.3 43 36 3.0
1 - 314 16.0 10.0 6.1 48 38
12 a 395 23.5 11.5 84 58
2 a 88.0 46.0 22.8 154 82
3 a 2 a 66.0 385 161
4 a a a a a 28.0

Source: (2)

8 Speed not attainable on grade specified.

NOTE: Round "Percent Grade” to next higher whole number.
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WORKSHEET FOR SPECIFIC GRADES Page 1
Site Identification: Date: Time:
Name: Checked by:
1. GEOMETRIC DATA
Shoulder it Design Speed: mph
________________ Grade: , mi
NORTH ft % No Passing Zones:
Shoulder it
II. TRAFFIC DATA
Total Volume, Both Dir. vph Directional Distribution:
Flow Rate = Volume <+ PHF Traffic Composition: %T, %RV, %B
= : PHEF:
III. SOLVING FOR ADJUSTMENT FACTORS fs AND f,y
f;’“1/[1'*'1:';:1131 fuv=1/[1+Pyy (Eyy—1)]
I,=0.02(E—E,) Eyy=1+(0.25+P ) (E—1)
Speed | P, I, E E, £, ||Puv | Ewv | Prmv E fv
(mph) (Pr/Puy)
55
52.5
50
45
40
30
IV. SOLVING FOR SERVICE FLOW ilATE
Speed (mph) SF 2800 X v/e X f, X f, f, X fuv
55 (LOS A) 2,800
52.5 2,800
50 (LOSB) 2,800
45 (LOSQ) 2,800
40 (LOsD) 2,800
30 2,800
Source: (2) Figure 75A 7.5(8)
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Upgrade = 4%

Percent no-passing zones = 50%
Length of upgrade = 14 miles
Lane width = 12 ft

Shoulder width = 8 ft

Design speed = 60 mph

Note: Determine if:

a. the critical length of grade is exceeded,
based on a 10-mph truck-speed reduction,
and

b. the highway segment approaching the
upgrade has LOS A.

Problem:

Determine if a truck-climbing lane is
warranted based on the capacity analysis in
Section 7.5.

Solution:

The following presents the calculations
specifically to determine SFp,. The completed
worksheet at the end of the Example presents
the service flow calculations for LOS A, B and
C. As indicated in the procedure, it is not
necessary to calculate LOS E to determine if
the truck-climbing lane capacity warrant is
satisfied.

The step-by-step procedure in Section 7.5.2
yields the following solution for SFp:

1. The "Given" data has been compiled.
2. Table 7.5B yields an average upgrade

speed of 40 mph for the lowest part of the
LOS D range.

3. Using the given data of a 4% upgrade,
50% no-passing zones and V = 40 mph,
Table 7.5C yields a v/c ratio of 1.00.

4. With a 60/40 directional distribution,
Table 7.5D yields f; = 0.87.

5. With 12-ft lanes and 8-ft shoulders, Table
7.5E yields f,, = 1.00.

6. For the operation of passenger cars on
upgrades:

fo = 1/[1 + (PL)]
fo = /11 + (0.87)(0.039)]

fg = 0.967

where:

P, = 1.00-0.13 = 0.87

E = 3.25 (interpolated from Table

7.5F with a 4% upgrade, V = 40
mph and a length of 1v4 miles)

E, = 13 (from Table 7.5F with a 0%
upgrade and V = 40 mph) -

I, = 002(E-E,) = 0.02(325-13) =
0.039

7. For the operation of heavy vehicles on
upgrades:

fav = 1/[1 + Pyy (Eyy - 1)]
fuv = L/[1 + (0.13)(3.293 - 1)]
v = 0.770

where:

Py = .10+ .02+ .01=013

E = 3.25 (from Step #6)

Pryy = 10 = _.1_9 = 0.769

10 + .02 + .01 13
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1+ (0.25 + Py )(E - 1)

1+ (0.25 + 0.769)(3.25 - 1)
= 329

b
3

8. From the data in Step #’s 1-7:

2800 x (v/c)p X fq X fo, X [ X fuv
(2800)(1.00)(0.87)(1.00)(0.967)
(0.770)

SFp, = 1814 vph

SFy,
SF,

9. The DHYV is calculated:

DHV = AADT x K = 4000 x .125
DHV = 500 vph

10. With a DHV = 500 and PHF = 0.85, the
equivalent hourly flow rate is:

v = V/PHF = 500/0.85
v = 588 vph

11. From Step #’s 8 and 9, SFy, is greater
than the actual flow rate. Therefore, the
LOS on the grade is better than LOS E;
therefore, a truck-climbing lane is not
warranted based on this criteria.

12. Based on the calculations for LOS A
through LOS D, the actual LOS on the
upgrade is LOS B. This is one LOS
worse than the LOS on the approaching
highway segment. Therefore, a truck-
climbing lane is not warranted based on
this criteria.

Figure 7.5B presents the completed worksheet
for the Example.

* %k %k % X %k %k * * *x
7.5.2.2 Multilane Highways
Climbing lanes on multilane highways are not

as easily justified as those on two-lane
facilities because of the operational advantage

of multilane highways; i.e., a passenger car
can pass a slow-moving truck without
occupying an opposing lane of travel. As
indicated in Section 7.5.1, ODOT has adopted
criteria to warrant a truck-climbing lane on
multilane highways. These are based on the
critical length of grade and on the LOS on
the upgrade.

The calculation of LOS for an upgrade on
multilane highways is similar to that on two-
lane highways (see Section 7.5.2.1). However,
the various adjustment factors to calculate the
service flow rate differ. This reflects the
operational differences between multilane and
two-lane facilities. = The designer should
reference the 1985 Highway Capacity Manual
for the detailed capacity methodology for
specific upgrades on multilane highways.

7.53 Design

Table 7.5G summarizes the design details for
a truck-climbing lane. One design element is
the determination of the beginning and
ending of the full-width lane. As indicated in
Table 7.5G, this should be determined by the
acceleration and deceleration characteristics
of the truck from Figures 7.5C and 7.5D. The
following example illustrates how to use the
figure.

% %k %k %k %k %k * %k % X
Example 7-5
Given:

Level Approach
G; = +3% for 700 ft (VPI to VPI)

G, = +5% for 4000 ft (VPI to VPI)

G; = -2% beyond the composite upgrade
(G1/Gy)

V = 60 mph (design speed)

7.5(10)



Oklahoma VERTICAL ALIGNMENT July 1992
WORKSHEET FOR SPECIFIC GRADES Page 1
Site Identification: E 7- Date: Time:
Name: Checked by:
L GEOMETRIC DATA
Shoulder 9 Design Speed: €O ___mph
O _______________ f Grade: %,_LZ‘L i
NORTH _ 24 ¢ % No Passing Zones:_S_Q_i:
Shoulder R &
II. TRAFFIC DATA
Total Volume, Both Dir. 500 vph  Directional Distribution:__@C/4O
Flow Rate = Volume + PHF Traffic Composition: 10 %T_ 2 %RV_! %B
S8 =500 +~0.85 PHF._O. €S
IIL. SOLVING FOR ADJUSTMENT FACTORS f, AND f,,,
f,=1/[1+P,1}] fuv=1/[14P,y Exy — 1]
1,=0.02 (E —E,) Eyy=1+(0.25+Py ) E—1)
Speed | P, I E E, fy Puv | Eny Pr/nv E frv
(mph) (Pr/Puv)
55 0.8 | a47|14.85 | 2.l | 8AQ||.I3P4.8| e? [14.55| 358
52.5 130 .30 | .2 |[898 8.4 £.20| ,s10
50 087|595 | 1.6 | 930 ©.0 595 | .06
45 051|395 | 1.4 | 158 4.0 .95 | .79
40 03%|3.25 | 1.3 |07 3.3 228 | 770
30 |V |pag|2.75 | 1.3 |9us|| V|28 ¥ |awvs | .gI0
IV. SOLVING FOR SERVICE FLOW RATE
Speed (mph) SF 2,800 X v/c X f, X f, £,X fory
55 (LOSA) 122 2800 |0 IO | 0.8 | 1.0OO | .82 | .353
52.5 335 2,800 |¢p. 300 898 | .10
50 (LOSB) | (,93 2,800 |0.S508 .30 | w06
5 oSO | )48 2800 |p. 865 958 .9
40 (LOSD) | g4 2,800 | ).000 L96T | .TTO
30 1924 | 2800 | sno| T | 975 .0
Source: (2) Figure 7.5B 7.5(11)
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Table 7.5G

DESIGN CRITERIA FOR TRUCK-CLIMBING LANES

DESIGN ELEMENT DESIRABLE MINIMUM
Lane Width Same as approach roadway. | Same as approach roadway.
Shoulder Width Same as approach roadway. | Freeway: 6’ paved

Non-Freeway: 4’ paved

Cross Slope on

Same as adjacent travel

Same as adjacent travel lane.

Tangent lane.

Superelevation (1) (1)

Beginning of Full- Near the VPT of the grade. | To where truck speed is 10 mph
Width Lane below highway design speed or 45

mph, whichever is less. (2)

End of Full-Width
Lane (3)

To where truck has reached
highway design speed or 55
mph, whichever is less.

To where truck has reached 10
mph below highway design speed
or 45 mph, whichever is less. (2)

July 1992

Entering Taper 25:1 150’
Exiting Taper 50:1 200’
ﬁl:;rtr}\‘um Full-Width N/A 1000’
Notes:
(1)  For horizontal curves on truck-climbing lanes, the designer will determine the proper

@
©)

superelevation of the climbing lane on the high side by reading into the applicable €, table
for V=40 mph or the design speed, whichever is less. See Chapter Six. This reflects the
slower operating speeds of the truck-climbing lane. The maximum difference in cross slope
between the travel lane and truck-climbing lane is 4%.

Use Figures 7.5C and 7.5D to determine truck deceleration and acceleration rates.

The designer should also consider the available sight distance to the point where the truck
will merge back into the through travel lane. At a minimum, this will be stopping sight
distance. The driver should have decision sight distance available to the merge point to
safely complete the maneuver, especially where the merge is on a horizontal curve and/or
on an upgrade.
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------- ACCELERATION (ON PERCENT GRADES
UP AND DOWN INDICATED)
DECELERATION (ON PERCENT UPGRADES INDICATED)
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Source: (1)

Note: For design speeds above 55 mph, use an initial speed of 55 mph. For design speeds 55 mph

and below, use the design speed as the initial speed.

PERFORMANCE CURVES FOR HEAVY TRUCKS

(0-9000 Feet)
Figure 7.5C
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------- ACCELERATION (ON PERCENT GRADES
UP AND DOWN INDICATED)

DECELERATION (ON PERCENT UPGRADES INDICATED)
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(300 LB/HP Criterion)

Source: (1) Revised

Note: For design speeds above 55 mph, use an initial speed of 55 mph. For design speeds 55 mph
and below, use the design speed as the initial speed.

PERFORMANCE CURVES FOR HEAVY TRUCKS
(0-2000 Feet)

Figure 7.5D

7.5(14)



Oklahoma

VERTICAL ALIGNMENT

July 1992

Problem:

Using the minimum criteria from Table 7.5G,
determine the beginning and ending points of
the full-width climbing lane.

Solution:

The beginning of the lane will be determined
by the point at which the truck has
decelerated to a speed of 45 mph. Using
Figure 7.5D, the truck will decelerate to a
speed of 50 mph on the 3% upgrade over a
distance of 700 ft. Using Figure 7.5D again,
determine the distance along the +5% line
from 50 mph to 45 mph. This occurs from
approximately 400 to 750 on the horizontal
axis. Therefore, the truck will decelerate
from 50 mph to 45 mph on the +5% upgrade
in a distance of 350 ft (750-400) beyond the
VPI between the 3% and 5% upgrades. This
is the point where the full-width truck-
climbing lane should begin. Further note that,
from Figure 7.5C, the grade is long enough
that the truck will reach a final speed of 18
mph (i.e., the terminal speed for a 5%

upgrade).

The end of the lane will be determined by the
point at which the truck has accelerated to a
speed of 45 mph. The truck will have a speed
of 18 mph as it enters the 2% downgrade at
the VPI. Read into Figure 7.5D at the 18-
mph point on the vertical axis over to the
dashed -2% line. This is at approximately 200
ft along the horizontal axis. The -2% line is
followed up to 45 mph, which is approxi-
mately 1800 ft along the horizontal axis.
Therefore, the truck will require 1600 ft
(1800-200) from the VPI to reach 45 mph.
The truck will require approximately an

additional 1200 ft to reach 55 mph (the

desirable criteria).

* ¥ k %k ¥ ¥ ¥ k ¥ %

7.5.4 Downgrades

Truck lanes on downgrades are not typically
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.
Therefore, consideration should be given to
providing a truck lane for downhill traffic on
a site-by-site basis.
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7.6 MATHEMATICAL DETAILS FOR Table 7.6B presents definitions for the basic
VERTICAL CURVES geometric elements of vertical curves.

This Section presents mathematical details
used by ODOT for various applications to the

design of vertical curves. Table 7.6A
summarizes the figures in Section 7.6.

Table 7.6A

MATHEMATICAL DETAILS FOR VERTICAL CURVES

Figure Number Figure Title

Figure 7.6A Running Grade

Figure 7.6B Vertical Curve Offsets

Figure 7.6C Vertical Curve Computations

Figure 7.6D Vertical Curve Computations

Figure 7.6E Vertical Curve Computations (Distance to Point on Curve)
Figure 7.6F Vertical Curve Computations (Gradient to Point on Curve)
Figure 7.6G Vertical Curve Extension

Figure 7.6H Unsymmetrical Vertical Curve

7.6(1)
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Table 7.6B

VERTICAL CURVE DEFINITIONS

ELEMENT ABBREVIATION DEFINITION
Vertical Point of Curvature VPC The point at which a tangent grade ends and the
vertical curve begins.
Vertical Point of Tangency VPT The point at which the vertical curve ends and the
tangent grade begins.
Vertical Point of Intersection VPI The point where the extension of two tangent

grades intersect.

Grade G, G, The rate of slope between two adjacent VPI’s
expressed as a percent. The numerical value for
percent of grade is the vertical rise or fall in ft for
each 100 ft of horizontal distance. Upgrades in the
direction of stationing are identified as plus (+).
Downgrades are identified as minus (-).

External Distance M The vertical distance (offset) between the VPI and
the roadway surface along the vertical curve.
Algebraic Difference in Grade A The value of A is determined by the deflection in
percent between two tangent grades.
Length of Vertical Curve L The horizontal distance in ft from the VPC to the
VPT.
TANGENT GRADE
L L
; AN 1 2 2 |
xGL ~ 6 PROF ILE
VPC Wl vpcGRADE M VPT
PROF ILE VPT =
GRAD G~ e
I L L I
Fl 7 TANGENT GRADE —/ VP!
REST VERTICAL CURVE SAG VERTICAL CURVE
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+0.25%

c
ol o|0 o} 0
clQ Qle ol
ciQ o|« ol«
A S|™ 2|
N ol _j 9:‘:'4.
<" <" <
- - -
n w (7]

FORMULA:

DIFFERENCE IN ELEV. BETWEEN ANY KNOWN STATIONS ON TANGENT
DISTANCE BETWEEN THOSE STATIONS

= % GRADE

EXAMPLE:
. ELEV.AT C - ELEV.AT A _ 34.00-30.00 _ g
CRADE A TO C: ==hetancE aTO C - 40 - 0%
RUNNING GRADE
Figure 7.6A
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L L L L
2 , 2 | 2 2 |
X ’ |E X ..
‘_—] ~ -
§ VPI :__G = &’.\ M - %
[ I > ~c7~ | -0
*GA M ~
3 Y =1 “vpy
FIG. 1 FIG. 2

CREST VERTICAL CURVE

SAG VERTICAL CURVE

Formulas: Required: M and offset Y.
-4 @ M =33 (6) = 2475
8 8
4 x 2 48 2 _ '
v =M x5 A (x? Y = (1.74)* = 0.835
L? 2L
Given:
Where: In Figure 2, G, = -4.55% and G, = +3.00%.
M = Maximum offset, ft ;I(hi lfr%ths of curve L = 5 Sta. The distance
A = Algebraic diff. of grades = 175 Sta.
(G, and G,), %
L = Length of curve in stations .o
Y = Offset at distance X from VPC or Required: M and offset Y.
VPT, ft 755
M= 222 (5) = 471"
Given: 4 x 4 72 2 _
= Y = (1.75)* = 2.31"
In Figure 1, G; = +4.45% and G, = +1.15%.
The length of curve L = 6 Sta. The distance
X = 1.74 Sta.
VERTICAL CURVE OFFSETS

Figure 7.6B
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COMPUTATIONS FOR ODD PI

G G2

_ DIFFERENCE IN ELEVATION
' BETWEEN GRADIENTS AT
EVEN STATIONS -

The distance X from any even Station to an odd PI is equal to:

Diff. in Elev. at Even Sta.

— - x 100
Algebraic Diff. of Gradients

Given: G; = -2.0% and G, = +3.0%. Difference in Elevation of 2.5 ft between gradients at
Sta. 100+ 00.00.

Required: Distance X

X - 2_55 (100) = 50’ VPI is at Sta. 100 + 50.00

COMPUTATION OF LOWEST OR HIGHEST POINT ON VERTICAL CURVE

X = Distance to lowest or highest point from VPC
G, = % of grade back of VPI
L = Length of vertical curve in stations
A = Algebraic difference in grades
Then:
X - G, L
A
L .
X =
G Ié
a
vPC z 2
r VPT
S~~~ ~—~ — ‘ - —
~— -
VPI

VERTICAL CURVE COMPUTATIONS
Figure 7.6C
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TO FIND STATION OF VPI WHERE TWO KNOWN GRADES INTERSECT

L i
X |

VPl3
Given: Station and Elevation at VPI; Let X = Distance between VPI; + VPI,.
Station and Elevation at VPI, Then:
Gy, G, (in %)
El.atVPI, =G, X +EL. VPI,
Find: Station and Elevation at VPI,
Solution: LetL = Distance between VPI, All distances in Stations.
and VPIL,. Then:
X< (EL.VPL,-ELVPIL) -G,L
G, -G,

TO PASS A VERTICAL CURVE THROUGH A GIVEN POINT (P)
D
———— vP|

//\ vPT

VvPC p y 02
Ga X |
L
|
A = Algebraic difference in grades 2. Substitute knowns into above equation
y = Vertical curve correction at point "P" and solve for X:
X = Distance from "P" to VPC
‘/ 2
D = Distance from "P" to VPI X = ~b2yb” - dac
L = Length of vertical curve 2a
Given: A,y, X 3. L=02)(D+X)
Find: L in Stations 4. Substitute X into the above equation and
solve for L
Solution:
Note: All distances in Stations (except
1. AX*-4yX-4yD =0 distance y).
VERTICAL CURVE COMPUTATIONS
Figure 7.6D
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TO FIND % OF GRADE AT ANY POINT ON A VERTICAL CURVE

Length of VC in Stations

Example: Find gradient at a point 500 ft
Distance from VPC in Stations

from VPC for an 800-ft vertical

]
nn

G, - G, curve.
A= c—
L G, = +2.0% L=8
G, = -3.5% x =35
Gradient at a point on curve x distance from
VPC. - 35-20 _ 56875
G=ax + G,
-+2-00,° < G .. = - = -
Gymre== % G = -0.6875(5) + 2.0 = -1.4375%
— T
g —
l X o
f ! >
TO FIND A POINT ON CURVE WHERE A GIVEN % OF GRADE OCCURS
Distz.mce x from VPC to point of selected a- -3.5 -20 _ -0.6875
gradient. 8
G -G
x = _20+15
a x=___ =
0.6875
Example: Find point on curve where x = 5.0909 Stations
gradient is -1.5%.

VERTICAL CURVE COMPUTATIONS
(Distance to Point on Curve)

Figure 7.6E
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| L(STA))
G o
F/GB”C,.
Y(FT.)
M(FT.)
1
] L K(STA)
Ky (STA) [—X(STA)
PROBLEM 1: PROBLEM 2:

Given: L, G;, G, MK El @A & El @C
Find: X, Y, G; and El @B

Let:
m = G
n = G -G,
D = 4M-In
E = -LnK
F = L’mK + L’ (El @A - El @C)
Solution:

1. DX +EX+F=0

.x-Ez VE? - 4DF

2D
2 Gs-Lm-nX
L
2
3, y - SMX*
L2

4. EI@B=El @4 +Y -GX

Given: G,;, G,, K, Y and El @B

Find: LM
Let:
n=G -G,
Solution:

4Y 4
1. L=2K + — (;‘/Y2 + YK;n)

VERTICAL CURVE COMPUTATIONS
(Gradient to Point on Curve)

Figure 7.6F

7.6(8)



(6oL

\\\

H = 1.7 STATIONS
VPl 0 °
i (]
: ~
s HIGH POINT =
in L, - 10.0 STATIONS
~
© X/a X/2
. |
> X
L=X/2+L,
- Equations:
Given B G - AX
3 T arr—e—e
A = Algebraic difference in grades (G, & G,), % Ly
L, = Length of existing vertical curve in Stations V=G, (H - X )
2
High Point:
s-Sh v - g - VAH/L) - 24V/L))
A (A/Ll)
B = Any known point on line G, Example:
H = Horizontal distance in stations
vV = Vertical Height in ft V =18.75 ft, H = 11.7Sta., Ll = 10.0 Sta.
A/L, =04, G, = +1.0%, G, = -3.0%
Find:
X = 1170 - \/(0.4 x 11.7)? - 2(0.4 x 18.75)
X (distance in stations) ’ 0.4
G; of grade X =5.1319 Sta.

G; =5.1319 x 0.4 =2.05276%

VERTICAL CURVE EXTENSION
Figure 7.6G

BWOYRPO
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Y,THI\

N i

A = Algebraic difference in grades
E = Middle ordinate
Y, = Offset at any point X,
Y, = Offset at any point X,
_ LixL,xA
ALy + Ly
( X, 2
Y, =E|L
L,
\ J
x,}
Yz = E —2-
L,
J

UNSYMMETRICAL VERTICAL CURVE

Figure 7.6H
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Chapter Eight

CROSS SECTION ELEMENTS

Chapter Twelve "Geometric Design Tables
(New Construction/Reconstruction),” pro-
vides numerical criteria for various cross
section elements on new construction and
reconstruction projects. Chapter Thirteen
provides criteria for cross section elements on
existing highways. Chapter Eight will provide
additional guidance which should be
considered in the design of these cross section
elements.

8.1 ROADWAY SECTION

Figure 8.1A presents schematics of the basic
elements of the roadway section. These
elements are discussed in the following
sections.

8.1.1 Travel Lanes
8.1.1.1 Width

Travel lane widths can vary between 9 and 12
ft, depending upon the functional
classification, traffic volumes, design speed,
rural/urban location and project scope of
work. The tables in Chapters Twelve and
Thirteen provide specific criteria for travel
lane widths.

8.1.12 Cross Slopes (State Highways)

Surface cross slopes are required for proper
drainage of through travel lanes on tangent

sections. This reduces the hazards of wet
pavements by quickly removing water from
the surface, and it reduces the likelihood of
ponding. On State highways, the following
will apply:

1. Typical. The travel lane cross slope can
range from 1.5% to 3%, depending on
surface width and drainage considerations,
with 2% typically used.

2. Open-Graded. Where an open-graded
friction course is used, the cross slope
should be a minimum of 2%.

3. Multilane/Curbed. On multilane facilities
with curbs, the typical cross slope is 3%
for any travel lanes adjacent to the curb.

4. Divided Facilities. For divided facilities
with two lanes in each direction, a
uniform cross slope sloping away from the
median is typically used (see Figure 8.8A).
With three lanes in each direction, either
a uniform cross slope or a crowned slope
may be used. The crown point may be at
either edge of an interior travel lane.

8.1.1.3 Cross Slopes (Non-State Highways)

For non-State highways, the travel lane cross
slopes will vary depending upon the pavement
surface and local practices. For paved
surfaces (including chip seal), the typical cross
slope is the same as for State highways (i.e.,
2%). For unpaved surfaces, the cross slopes

8.1(1)
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TTRAVEL LANE  _ TRAVEL LANE _, SHOWLDER _

UNCURBED
' CURB OFFSET
TRAVEL LANE , TRAVEL LANE . sueLr ¥
— PAVED

| / RE
BARRIER OR MOUNTABLE CURBT HINGE POINT

l URBAN - CURBED

TRAVEL LANE _, TRAVEL LANE _, SHOWDER _, SHELF

i CURB OFFSET IV

RURAL - CURBED

MOUNTABLE CURB

3 A PAVED SIDEWALK MAY ALSO BE PROVIDED

ROADWAY SECTION
(Definitions)

Figure 8.1A
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can range from 2% to 8%. Gravel surfaces
generally range from 2% to 4% with 3%
typically used. Dirt surfaces typically range
from 4% to 6% with a maximum acceptable
cross slope of 8%.

8.12 Shoulders/Curb Offsets
8.1.2.1 Definitions

The following definitions apply to the term
"shoulder":

1. Shoulder. The portion of the roadway
contiguous to the travel lane. For curbed
facilities, the term "shoulder" will apply
when this width is 4 ft or more.

2. Graded Shoulder Width. The width of
the shoulder measured from the edge of
travelway to the intersection of the
shoulder slope and fill slope planes. See
Figure 8.1B.

3. Usable Shoulder Width. The width of the
shoulder that can be used by a driver for
emergency parking or stopping. Figure
8.1B illustrates the definition for a usable
shoulder width for various side slope
conditions.

4. Curb Offset. On curbed facilities, the
portion of the roadway section from the
edge of travel lane to the gutter line when
that distance is less than 4 ft.

8.12.2 Functions

Shoulders serve many functions. The wider
the shoulder, the greater the benefits,
including:

1. providing structural support for the
travelway which prevents, for example,
pavement edge dropoffs;

2. increasing highway capacity;
3. encouraging uniform travel speeds;

4. providing space for emergency and
discretionary stops; '

5. improving roadside safety by providing
more recovery area for run-off-the-road
vehicles;

6. providing a sense of openness;

7. improving sight distance around
horizontal curves;

8. enhancing highway aesthetics;

9. facilitating maintenance operations (e.g.,
snow storage);

10. providing additional lateral clearance to
roadside appurtenances (e.g., guardrail,
traffic signals);

11. facilitating pavement drainage;

12. providing space for pedestrian and bicycle
use; and

13. providing space for bus stops.

8.1.23 Widths

Shoulder widths will vary according to
functional classification, traffic volumes,
urban/rural location, curbed/uncurbed
facilities and the project scope of work. The
tables in Chapters Twelve and Thirteen
present the shoulder width criteria for the
various conditions. To provide additional
offset, all shoulder widths should desirably be
increased by 2 ft when a barrier is present.

8.1(3)
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| GRADED ]
i SHOULDER i
]
-A- \
| USABLE i
I SHOULDER !
J 4:1
ROUNDING R Flarree
-B-
| USABLE
SHOULDER
J
ROUNDING [
-C-
Source: (1)

GRADED AND USABLE SHOULDERS

(Definitions)

Figure 8.1B
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8.12.4 Surface Type

Chapters Twelve and Thirteen indicate the
shoulder surface type for the various highway
conditions. The following summarizes general
ODOT and local practices:

1. Multilane Divided. Both left and right
shoulders will be paved on all multilane
divided facilities.

2. Rural Principal Arterials. Shoulders will
be paved.

3. Rural Other Arterial Highways.
Shoulders will typically be paved where

the DHV > 200 vph. Where the DHV <
200, 2 ft may typically be paved and the
remainder sodded.

4. Rural Collectors (State Highways).
Where the DHV > 200 vph, 4 ft will
typically be paved and the remainder
sodded. Where the DHV < 200, 2 ft may
typically be paved and the remainder
sodded.

5. Rural Non-State Roads (Collector/Local).
Shoulders will typically be either gravel or

sod.

6. Urban/Suburban Curbed Facilities. Curb
and gutter (curb offset) is typically used.

See Figure 8.1A.

7. Urban/Suburban _Uncurbed Arterials.
Shoulders will typically be paved.

8. Urban/Suburban Uncurbed Collectors.
Desirably, 2 ft will typically be paved and

the remainder sodded. Fully sodded
shoulders are acceptable.

9. Urban/Suburban Uncurbed Local Streets.
Shoulders will typically be either chip seal,
gravel or sod.

Where a barrier is placed on a shoulder which
is not paved, the full shoulder width (plus the
desirable 2-ft additional width) in the barrier
area should be paved.

8.12.5 Cross Slopes

The normal cross slope of the shoulder
depends on the type and width of shoulder.
The tables in Chapters Twelve and Thirteen
provide the cross slope used for each
classification. The following summarizes
ODOT and local practices:

1. Full-width paved shoulders are typically
3% - 4% on freeways and 2% - 4% on all
other facilities.

2. Combination paved/sodded shoulders are
typically sloped at a uniform rate of 2% -
4%.

3. Gravel shoulders typically range from 4%
to 6% cross slopes.

4. Sodded shoulders typically range from 4%
to 8% cross slopes.

5. The cross slope of a curb offset will be the
same as that of the adjacent travel lane.

8.13 Auxiliary Lanes

Auxiliary lanes are any lanes beyond the basic
through travel lanes which are intended for
use by vehicular traffic for specific functions.
Auxiliary lanes include:

1. left- and right-turn lanes at intersections,

2. truck-climbing lanes,

w

acceleration/deceleration lanes at
interchanges,
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4. weaving lanes within an interchange,

5. continuous auxiliary lanes between two
closely spaced interchanges, and

6. two-way, left-turn lanes.

Desirably, auxiliary lanes will be the same
width as the adjacent through lanes, although
in many cases a lesser width may be
appropriate. The tables in Chapters Twelve
and Thirteen present specific criteria for
auxiliary lanes. The tables also provide
criteria for shoulder widths adjacent to
auxiliary lanes.

The cross slope for an auxiliary lane will
typically be the same as the adjacent through
lane.

8.14 Parking Lanes

Depending upon the highway conditions, on-
street parking may be allowed. Section 17.1
discusses those factors which should be
considered for the introduction or retention
of on-street parking, and it discusses specific
design criteria (e.g., for angle parking).
Chapters Twelve and Thirteen present widths
for parking lanes.

8.1.5 Curbs and Curbed Sections

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. In
urban areas, curbs have a major benefit in
containing the drainage within the pavement
area and in channelizing or controlling traffic
into and out of adjacent properties.

8.1.5.1 Warrants (Curbed Section)

Selecting a curbed section or uncurbed section
depends upon many variables, including
vehicular speeds, wurban/rural location,
drainage and construction costs.  The
following discusses those factors which will
determine whether or not a curbed section is
warranted:

1. Urban Iocation. Because of restricted
right-of-way and other constraints, curbed
sections are typically used in urban areas.

2. Suburban Location. Where design speeds
are 50 mph or more, uncurbed sections
are typically used. The exceptions listed
under #3 for rural locations also apply to
high-speed suburban facilities. ~Where
design speeds are less than 50 mph, the
use of a curbed or uncurbed section will
be made on a project-by-project basis
considering  right-of-way  constraints,
drainage, pedestrian activity, channel-
ization needs, driveway access control, etc.

3. Rural Location. The use of curbs on rural
highways is usually limited to conditions
such as the following:

a. where a raised median is present;

b. where there is sufficient development
along the highway and there is a need
to channelize traffic into and out of
properties;

c. where it is absolutely necessary to
control drainage;

d. where restricted right-of-way provides
no room for roadside ditches; and/or

e. at other sites (e.g, interchanges,

intersections) as determined by the
Geometric Design Branch.
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8.152 Curb Types

There are two basic types of curbs —
mountable and barrier. By definition,
mountable curbs have a height of 6 inches or
less with a face no steeper than 1 horizontal
to 3 vertical. Barrier curbs may range in
height between 6 inches and 12 inches with a
face steeper than 1 horizontal to 3 vertical.

Figure 8.1C presents the basic curb types used
by ODOT. The ODOT Standard Drawings
provide additional information on the design
details and placement for the different curb
types. This includes details on driveway radii,
construction items, etc.

8.153 Curb Type Selection

The following discusses those factors which
should be considered when selecting a curb

type:

1. Material. Concrete curbs are typically
used.

2. Outside Curb. Barrier curbs are typically
used on the outside of the roadway.

3. Raised Medians. Mountable curbs are
typically used with raised medians.

4. Speeds. Barrier curbs may be used where
the design speed is 45 mph or less.
Mountable curbs may be used at any
design speed.

5. Vehicular Encroachment. Where
sidewalks, roadside appurtenances, etc.,
are present, it is desirable to restrict
vehicular encroachment beyond the curb.
Although no curb type will prohibit
encroachments, barrier curbs are superior
to mountable curbs. Where vehicular en-
croachment is permissible or even desir-
able, mountable curbs should be used.

6. Sidewalks. Where sidewalks are present,
barrier curbs are typically used.

7. Local Practices. Where local practices
differ from ODOT practices, ODOT
criteria should prevail on State highways.
On non-State highways, local practices will
normally govern.

8.1.5.4 Design Considerations

The use of a curbed section requires the
consideration and implementation of many
design elements. The following discusses
these design considerations:

1. Drainage. ODOT practices limit the
allowable amount of water ponding on the
roadway. A closed drainage system is
typically used with curbed sections. The
hydraulic analysis will, among other
factors, depend on several curb
characteristics. These include type of
material (concrete or asphalt), cross
slopes leading up to the curb, and shape
of the curb face. In addition, it may be
desirable or necessary to prevent the
gutter flow from overtopping the curb.
This will affect the selected curb height.
See the ODOT Drainage Manual for
specific criteria and procedures for
drainage analysis.

2. Cross Slopes. Where an integral curb and
gutter section is used, the cross slope of
the gutter is the same as the adjacent
pavement surface. Where a separate curb
and gutter section is used, the gutter pan
may have a steeper cross slope than the
adjacent pavement surface.

3. Roadside Safety. The clear zone distance
is based on whether a curbed or uncurbed
section is used. In addition, the
placement of barriers behind curbs must
meet certain criteria. Chapter Eleven
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discusses roadside safety criteria relative
to curbs.

4. Transitions. Figure 8.1D presents design
details for transitions from a curbed to an
uncurbed section.  See the ODOT
Standard Drawings for additional design
details.

5. Future Resurfacing. The designer should
consider the likelihood and depth of a
future resurfacing course when
determining the initial curb height. For
example, the curb height may be
determined by the sum of the water
overtopping depth (based on a drainage
analysis) and the future resurfacing depth.

6. Side Slopes. Side slope shape and
dimensions in cuts and fills are based on
the use of a curbed or uncurbed section.
See Section 8.3 for specific criteria.

7. Driveways. The ODOT Standard
Drawings and ODOT Policy on Driveway
Regulations for Oklahoma Highways
present design details for the use of curbs
at driveways.

8. Handicapped Accessibility. Curbs should
be designed with curb ramps at all

pedestrian crosswalks to provide adequate
access for the safe and convenient
movement of physically handicapped
individuals. Section 17.4 and the ODOT
Standard Drawings provide details on the
design and location of curb ramps.

8.1.6 Sidewalks
8.1.6.1 Warrants

The following guidance will determine the
warrants for sidewalks in the project design:

1

Sidewalks Currently Exist (Roadway and
Bridge). Where sidewalks currently exist

along a roadway, the sidewalk will
normally be reconstructed in kind. If a
bridge with an existing sidewalk is
replaced or rehabilitated, the sidewalk will
normally be retained.

Existing sidewalks may not be replaced if
currently there is little or no pedestrian
activity. Therefore, the designer should
evaluate the cost effectiveness of replacing
existing sidewalks.

Bridge Without Sidewalk/Roadway With
Sidewalk. If a bridge without a sidewalk
will be replaced or rehabilitated and if
existing sidewalks approach the bridge, a
sidewalk will normally be placed on the
replaced or rehabilitated bridge.

One _Side vs. Two Sides. If a sidewalk
only exists on one side of the road or
bridge, the designer will review the
criteria in Comment No. 4 to determine if
the construction of a new sidewalk on the
other side is warranted.

Sidewalks Currently Do Not Exist. The
need for sidewalks will be determined on

a case-by-case basis. In general, the
designer should consider providing
sidewalks along any roadway or on a
bridge where pedestrians normally move
or would be expected to move if they had
a sidewalk available (i.e., a latent demand
exists). In rural and suburban areas,
sidewalks may be justified at points of
community development such as schools,
local businesses and industrial plants that
result in pedestrian concentrations along
the highway. The typical urban locations
for sidewalks are in residential or
commercial areas.

The justification for the construction of
sidewalks depends in part on the vehicle/
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pedestrian hazard (which is governed by
the volume of pedestrian and vehicular
traffic) and the speed of vehicular traffic.
Table 8.1A provides general guidelines on
pedestrian traffic volumes which may
justify the construction of one sidewalk
and/or two sidewalks. @ The ODOT
Planning Division will provide a forecast
of pedestrian counts. In conducting the
evaluation, the designer should consider
the costs of adding a sidewalk (curbs,
grading, right-of-way, drainage, utility
relocations, etc.) and any other mitigating
factors (e.g., environmental impacts,
structural impacts on bridges, etc.).

On bridges, intersection sight distance
(ISD) may be a special consideration if
intersecting roads or driveways are near
the end(s) of the bridge. The presence of
a sidewalk will improve the ISD for
vehicles entering the main road. See
Section 9.2 for specific ISD criteria.

If the designer determines that sidewalks
are not currently warranted, the designer
should consider providing the necessary
grading adjacent to the roadway to ease
the construction of a sidewalk in the fu-
ture. Desirably, the graded width will be
8 ft and will have a cross slope of 2%-4%.

8.1.62 Sidewalk Design Criteria

In determining the sidewalk design, the
designer should consider the following:

1. Widths. Sidewalk widths may vary from 4

ft to 8 ft. A typical sidewalk is 4-ft wide
with a 2-ft buffer area between the
roadway and sidewalk. If there is no
buffer area provided, the sidewalk should
be 6-ft wide to accommodate any
appurtenances which may be included in
the sidewalk (see Comment No. 4).

High pedestrian volumes may warrant
greater widths in, for example,
commercial areas and school zones. In
these cases, the designer may conduct a
detailed capacity analysis to determine the
sidewalk width. Chapter Thirteen of the
Highway Capacity Manual should be used
for this analysis.

. Bicycles. If a sidewalk is frequently used

by both pedestrians and bicyclists, an
additional 4 ft should be added to the
sidewalk width. See Section 17.3 for more
discussion on bicyclists use of sidewalks.

. CBD Areas. The entire area between the

curb and building is often fully used as a
paved sidewalk.

. Appurtenances. The designer should also

consider the impacts of roadside
appurtenances within the sidewalk (e.g.,
fire hydrants, parking meters, utility
poles). These elements will reduce the
effective width because they interfere with
pedestrian activity.  Preferably, these
appurtenances should be placed behind
the sidewalk. If they are placed within
the sidewalk, the sidewalk should have an
effective width of 4 ft desirable and 3 ft
minimum. The effective width will be
measured from the edge of the
appurtenance to the edge of the sidewalk.
The 3-ft minimum is necessary to meet
the handicapped accessibility require-
ments (see Section 17.4).

. Cross Slope. The typical cross slope on

the sidewalk is 2%. If the sidewalk is on
an accessible route, then the maximum
cross slope will be 2%. See Section 17.4.

. Buffer Areas. If the available right-of-way

is sufficient, buffer areas between the curb
and sidewalk are desirable. These areas
provide greater separation between
vehicle and pedestrian. The buffer area
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Table 8.1A

PEDESTRIAN AND VEHICLE VOLUMES FOR WHICH THE
CONSTRUCTION OF SIDEWALKS MAY BE CONSIDERED

) Pedestrians per day suggested for construction of
Vehu(:;x)lg‘;l;rafﬁc sidewalks when design speed, mph, is:
30 to S0 60 to 70
Sidewalk, one side:
30t0100 .............. 150 100
More than 100 .......... 100 50
Sidewalk, both sides:*
50t0100 .............. 500 300
More than 100 .......... 300 200

* Smaller pedestrian traffic volume may justify two sidewalks to avoid a considerable amount of

cross traffic.

Source: (3)

should be at least 2-ft wide to be effective
and, if practical, should be 8 to 12 ft in
width.

. Pedestrian Rails (on Bridges). Chapter

Eleven provides criteria for when a
pedestrian rail will be required on a
bridge to separate vehicular and
pedestrian flows.

8.1(12)



Oklahoma

CROSS SECTION ELEMENTS

July 1992

82 MEDIANS
8.2.1 Functions

A median is defined as the portion of a
divided highway separating the traveled way
for traffic in opposing directions. Medians
are desirable on many multilane highways.
The principal functions of a median are:

1. to provide separation from opposing
traffic,

2. to prevent undesirable turning move-
ments,

3. to provide an area for deceleration and
storage of left-turning vehicles,

4. to provide an area for storage of vehicles
crossing the mainline at intersections,

5. to facilitate drainage collection,

6. to provide an area for pedestrian refuge,
and

7. to provide width for future lanes.

8.2.2 Median Widths
8.22.1 General

In general, the median should be as wide as
can be used advantageously. The median
width is measured from the edge of the two
inside travel lanes. Figure 8.2A presents
median schematics which define the median
width for the three basic median types (see
Section 8.2.3). The design width will depend
on the functional class, type of median,
availability of right-of-way, construction costs,
maintenance, acceptable median slopes, the
anticipated ultimate development of the
facility, operations at crossing intersections

and field conditions. Several factors will
determine the appropriate median width:

1. Left Turns. The need for left-turn bays
should be considered when selecting a
median width.

2. Crossing Vehicles. A median preferably
should be a minimum of 25-ft wide to
safely allow a crossing passenger vehicle
to stop between the two roadways.

3. Freeways. Median widths of 40 ft or
more are considered widely separated. In
general, median widths of 20 ft or more
may not require glare screens.

4. Signalization. At signalized intersections,
wide medians may lead to increased
crossing times a