
ODOT 

ROADWAY 

DESIGN MANUAL 

Oklahoma Department of Transportation 

Federal Highway Administration 

gineer 





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. I hope 

that ODOT employees and consultants use this document to provide quality plans for the roa~ 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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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 
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" cc.curs 
when a significant, discrete event occurs 
and/ or when the responsibility for the 
project (activity) is transferred from one 
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 AP.Plication. The flowchart 
represents an approximate project 
development process for a relatively 
complicated project. Not every activity 
will be applicable to every project; ie., 
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. 

3. Lines of Communication. The rigid 
application of the flowchart would lead to 
predetermined, precise points at which 
communication cc.curs 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. 

4. Road Desi1m 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 
(ie., the main spine of the flowchart). 

5. 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) 



MOTtt DASICO ICDIU Ml: 11IOSI: ACTIVlflH .. ICM ME .!!!!! THE 
1"111_., llltSl'!INSlllLllY OP' 1HE OlllJf DlSIC.. DIVISIOll 

Ot ----..J! i-~-1 I.,....,,., I 
I ~1.1111.-.. t--1 tst•t!IM • 

' '!.:': • I "9)4(T I 

~ 
_, _,_.,, 

,...LllUN.tlltl 
nlllllllllJIPI•' """""' ""' .... , ....... 

....... _,.., 
EICICIUI 

... .. 
1'11).Jltt 

J""''OllllllTll'Jll 

- - - - I! 
I ICU NGJlCT I 

_..., S(O'l'JIC f-., 
I dttrJIC I 

...... 

____ .11 

I ..,...,.,. I 
SCl!f'IMC • 

lllt:llOllT I 

:c 
0 ... ........ Ut!IKCTIQh; 

@ ----:I!> I llM I __.,..,, ...... ,M.. 
I CU.AlllMCI I l•ClllMllfli»I 

~ 

_,,. 
MSICMI 

lllCEP'llOll 

tn SF.11wn 
llll[I 

LIMITS -· ..... , C(lil[flA'f! 

Ulltlll'C 
Oltll.ll9 Lite 

...... -
"°'''"' 

.. 
·-~~-, 

OEWllCll' 
c;lli.tCUNCI 

'""· $11.(:TUllt 

.. 
r -Yl:l,.-; .... 

_, ___ !J 

I tMJUC'f I 
ll'lDCl.OG;ICM. 

Cll'Tllff;nr .._ 
.. _ 

••YllllJ" 
llUIC* ........ 

·----.. ----

,______. [J:ISflftC .__ ..... ·----··---------

1 fllQl!l-GI' ...... ,' 

~ 
..J 

% 
u ,_ 
i 

------··-----'0t1w1..,..1rT•'-----·-

--0[1&1Ll0 ...... 
WSIC• 

I 
;1 ,, 
:1 

--

" 

" 
:.::.~- 1----------· 
11'"'9CTICMI-

NOCUS I 

....... 
tf'IECIM. 

"'7fl110MS 

·~-.. , _,,. 

" .. _ .. ----» ----~ ----~ ----» 
I mu.a• I I f'JIEl'Mtt I t ... n I I LI' I 
' Ill ~ OICJ11Hlt'$ ...._.. ,,.. .___. "'°"'CT I 
I Q..UltlfCU ' I ISTl•Tt I I ll'ACUct 1 I I 

PROJECT DEVELOPMENT NETWORK 
(FOR ROADWAY DESIGN! 

FIGURE 2A 
OKLAHOMA DEPARTMENT OF TRANSPORTATION 

JULY 1992 



Oklahoma PROJECT DEVELOPMENT PROCESS July 1992 

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) 



Oklahoma 

Activiur Title: 

Activity No.: 

Responsible Unit: 

Activity Description: 

PROJECT DEVELOPMENT PROCESS 

RC'JAJ)··. DESIGN. J\cTIVITY 

Approve/Establish Project 

02 

State Transportation Commission/Deputy Director/ODOT 
Programs Division 

July 1992 

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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ROAD DESIGN ACTIVITY 

Activity Title: Assemble Project Information 

Activity 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): 

1. planning reports or studies; 
2. record plans (as-built); 
3. letters/correspondence on the project; 
4. accident data; 
5. traffic data and turning movements; 
6. documentation on any public or private meetings; 
7. original surveys; 
8. aerial photos; 
9. USGS quadrangle sheets; and 
10. information and comments from other ODOT units, FHWA or other agencies. 

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: 

1. Rural Design Division (Project Engineer, Drainage Engineer, Pavement Engineer); 
2. Urban Design Division (Project Engineer, Geometric Design Engineer); 
3. Bridge Division; 
4. Traffic Division; 
5. Right-of-Way Division (including Utilities Branch); 
6. Materials Division; 
7. Planning Division (Rail Planning Branch); 
8. Field Division; 
9. Federal Highway Administration; and 
10. local government entity. 

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 (7) 
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···.··•···· .. RO.AD DESIGN ACTIVITY 

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: 

1. an assessment of eariy coordination needs; 
2. a determination of the environmental class of action; 
3. the preparation of the necessary environmental documents (e.g., EIS); 
4. the administration of the public involvement process (e.g., public hearings); and 
5. the identification of all necessary permits (see Activity 34). 

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. 
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ROAD DESIGN ACTIVITY 

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; 

2. any geometric design exceptions; 
3. constructability /maintenance of traffic; 
4. updated cost estimate; 
5. right-of-way /utility impacts; 
6. environmental impacts; 
7. needed permits; and 
8. a recommendation on the need for value engineering studies. 

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. 

2 (9) 
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ROAD >DESIGN ACTIVITY 

Activity Title: Process Design Exceptions 

Activity 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 FHW A approvai 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. 

. 
••. < 

. .. 
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··.:.·· .. ::: :<:>>: .. :.:· .. ··:·:.: "<:-:.:. ·.:-.··::.·.:-:-·:.".· .. ·: :·:::.: . 
.. ·.· · .. · .· · .... · . 

ROAD DESIGN .ACTIVITY 

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/eievation) or surface features (x, y, z 

coordinates); and 

5. 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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ROA.JY DESlGN 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 Tide: Plot Pian 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: 

1. 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: 

Activity No.: 

Responsible Unit: 

Activity Description: 

PROJECT DEVELOPMENT PROCESS July 1992 

Evaluate/Prepare Geometric Design 

13 

ODOT Urban Design Division/Geometric Design Engineering 
Branch 

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: 

1. 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. 

") (15' ., .i. ) 
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DESIGN ACTIVITY 

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 estabiish the preiiminary 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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. . . 

.•. i ...... ,~LI ····DESIGN ACTIVITY. 

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: 

1. ROW titles and deeds, 

2. permanent easements, 

3. property lines and owners, 

4. existing utility accommodation, and 
5. existing limits of access. 

The ROW Division conveys its findings to the Project Engineer before the preliminary 

roadway plans are prepared (Activity 23). 

2 (17) 
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DESIGN ACTIVITY 

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. 
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ROAD DESIGN ACTIVITY 

Activity Title: Set Preliminary Grade 

Activity No.: 17 

Responsible Unit: 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. 
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..... . . ROAD DESIGN\ i!\.GTIVITY/ 
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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). 
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Activity Title: Secure Pavement Design Approval 

Activity No.: 19 

Responsible Unit: ODOI 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: 

1. the functional class of roadway; 

2. the structural support of the subgrade; 

3. the projected traffic volumes, especially the truck volumes; 

4. the design analysis period; and 
5. the selected terminal pavement serviceability. 

The Pavement Design Engineer secures approval of the proposed pavement design from the 

ODOI 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). 
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. ROAD. •DESIGN 1\.CTIVITY 

Activity Title: Design Major Roadway Cross-Drain Drainage System 

Activity No.: 20 

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. 
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I 

Activity Title: Optimize Grade Line 

Activity No.: 21 

Responsible Unit: Project Engineer 

Activity Description: 

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

1. plan and profile sheets (Activity 12), 
2. grading typical section (Activity 16), 
3. preliminary grade (Activity 17), and 
4. 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 
line, including: 

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 
wetlands). 

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

,., ,,.,3) 
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Activity Title: Generate Cross Sections 

Activitv 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); 

5. 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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Table2A 

DISTRIBUTION OF PIANS 

Project Stage 

Organization/Unit 
I 

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 i 

* 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 

Responsibl'e 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: 

1. Urban/Rural Design Division; 
2. Bridge Division; 
3. Traffic Engineering Division; 
4. Urban Design Division, Geometric Design Branch; 
5. Right-of-Way Division (including Utilities Branch); 
6. Planning Division (Transportation Planning Branch and Rail Planning Branch); 
7. Field Division; 
8. FHWA; and 
9. local entity. 

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 

Activitv 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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ROAD DESIGN ACTIVITY 

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 

Activitv 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; 

2. 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). 

2 (31) 



Oklahoma PROJECT DEVELOPMENT PROCESS July 1992 

·... :::·:::..:·:: .. ::::··. :.·::: . 

ROAD DESIGN ACTIVITY> 

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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~··· ...... · . .. ........ .···· R.oJ\.o DESIGN .• A.CTIVtrY• 
·. · .. ·.··.·· .·.·. .· 

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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· .. · RO.t\I).DESIGN ACTI\lITY.·. 

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 andjor 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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... ..... . . . ..... 

. · ROAD DESIGN. ACTIVITY··· 

Activicy Title: Calculate Project Quantities 

Activity No.: 33 

Responsible Unit: Project Engineer 

Activicy 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: 

Activity No.: 

Responsible Unit: 

Activity Description: 

............ 

ROAb DESIGN ACTIVITY 

Secure All Permits 

34 

ODOT Bridge Division and Planning Division/Transportation 
Planning Branch 

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: 

1. U.S. Army Corps of Engineers, Section 404 Discharge of Fill; 
2. U.S. Coast Guard, Section 9 Navigable Waters; 

3. U.S. Coast Guard, Section 10 Navigable Waters; 
4. Floodplains Development Permit; 

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

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

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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ROAD DESIGN ACTIVITY 

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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ROAD DESIGN ACTIVITY · 
.. ·. ·.... . 

Activity Title: Prepare Special Provisions 

Activity No.: 37 

Responsible Unit: Project Engineer /Specifications Engineer 

Activity Description: 

Special provisions are included m 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 shouid 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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ROAD DESIGN ACTIYITY 

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; 

5. local agency agreements; 

6. FHW A 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: 

1. average weighted prices for each pay item; 
2. quantity amount for each item (i.e., "large" quantities yield lower unit costs); 
3. geographic location; 
4. historical or recent trends for each item; 
5. project specific factors; and 
6. the judgment of the Office Engineer. 
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ROAD>DESIGN ACTIVITY ··········•.·}······· 

.· •· . ·. ... .. >< ···· ..... • 

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 ACTIVITY 

Activity Title: Let Project 

Activity No.: 42 

Responsible Unit: Office Engineer 

Activity Description: 

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

1. prepares the Proposal Book, 
2. develops a construction time schedule, 
3. mass reproduces the contract package, 
4. publishes the formal advertisement to solicit bids from interested contractors, 

5. conducts the bid opening, 
6. identifies the low bidder, 
7. evaluates bids, and 
8. recommends award of contract to the State Transportation Commission. 

Upon approval of award of bid by the Transportation Commission and concurrence by the 
FHW A, 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: 

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

2. Chapter One "ODOT Or~anization." 

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 units m 
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: 
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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. 
\\'here 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. 

3.1.23 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 

3.1 (2) 



Oklahoma POLICIES AND PROCEDURES July 1992 

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. 

3.1.2.4 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 will 
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. 

3.1.2.5 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. 

3.1.2.6 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. 

3.1.2. 7 Materials Division 

The Materiais 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. 

3.1.2.8 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 
followLr1g 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 is 
accommodated by the roadway plans. 

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

3.1.2.9 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 4V2 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 
hig..11way program. Their basic responsibility 
is to ensure that ODOT complies with all 
applicable federal laws in their expenditures 
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3.13.4 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 city 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. 

3.13.5 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 CONfROL 
REPORTS 

3.2.1 ODQT Prqject Manai:ement 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. AR1EMIS 
assists management in performing the 
following functions: 

1. Schedulini· 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 allow ODOT to 
quickly determine the status of a project 
or project activity. This allows 
management to determine if additional 

resources may be required to meet the 
project schedule. 

5. Financial Mana&ement. 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. 

3.2.2 Completion Percenta&es 

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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Table 3.2A 
PROJECT COMPLETION PERCENTAGES 

*SURVEY (CONVENTIONAL) 

Preliminary research and alignment studies completed __2% 
Control surveys (horizontal and vertical) completed _JQ% 
Preliminary data ~% 
Land and property surveys completed _JQ% 
Final alignment determined ~% 
Centerline staked ~% 
Topography obtained ~% 
Cross sections completed ~% 
Drainage survey completed _fill% 
Additional surveys completed (railroads, section line, etc.) _2Q% 
Office completion of notes, maps and survey submittal --1QQ% 

*SURVEY (PHOTOGRAMMETRIC) 

Reconnaissance aerial photography and large scale mapping obtained __2% 
Preliminary research and alignment studies completed _JQ% 
Control surveys (horizontal, vertical and ~hoto) completed ~% 
Des?a photography and photo control o tained __]Q% 
Lan and property surveys completed ~% 
Compilation and drafting of topographic maps completed ~% 
Final alignment determined ~% 
Centerline staked and field profile obtained ~% 
Topography obtained __@% 
Drainage survey completed ~% 
Additional surveys completed (railroad, section line, etc.) ___]j% 
Office completion of notes, maps and field submittal ~% 
Base P&P sheets and machine cross sections completed 100% 

GRADING AND DRAINAGE PLANS 

Project data received and scheduled ---"% 
Title and P &P sheets prepared __]Q% 
Submitted to Bridge Division ~% 
Preliminary grades laid and submitted for pedological survey _JQ% 
Pavement agproval based on pedological findings ~% 
Grading an drainage completed, ready for plan-in-hand __20% 
Plan-in-hand completed ~% 
Final R/W submitted ~% 
Plans ready for summarization _]j% 
Submitted for checking ~% 
Plans completed and ready for submission to Office Engineer -2.Q% 
Submitted to Office Engineer --1QQ% 

FUNCTIONAL PLANS 

Project data received and scheduled _lj% 
Title and P &P sheets prepared . __]Q% 
Submitted to Bridge Division ~% 
Geometric layout and preliminary grades laid and submitted __]Q% 
Proposed t;Jncal section for roadway classification ~% 
Grading an drainage proposed, ready for pian-in-hand __20% 
Plan-in-hand completed ___@% 
Plans ready for sUm.marization ~% 
Submitted for checking _8Q% 
Plans completed -1QQ% 

* Order may va.ry depending upon the project. 3.2 (5) 
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Table 3.2A (Continued) 
PROJECT COMPLEnoN PERCENTAGES 

SURFACING PLANS 

Subgrade soils report received 
Alternate pavement design completed 
Pavement type selected 
Typical sections drawn and approved 
Plans ready for plan-in-hand 
Plan-in-hand completed 
Plans completed and summarized 
Plans checked 
Ready for submission to Office Engineer 
Submitted to Office Engineer 

EROSION CONTROL PLANS 

Field measurements received 
Areas taken from cross sections 
Ready for summarization 
Quantities summarized 
Final sheets prepared 
Submitted to Roadside Development Branch 
Submitted to Office Engineer 

BRIDGE PLANS 

Ready for plan-in-hand 
Foundation studies 
Plan-in-hand completed 
Geometrics and hydraulics completed, plan-in-hand revisions made 
Superstructure design completed 
Plans detailed and checking comoleted 
Summary of quantities completea 
Plans reviewed and drafting finalized 
PS&E and final review completed, submitted to Office Engineer 

SIGNING PLANS 

Project data received and scheduled 
Prepare signing plan sheets and title sheet 
Plan-in-hand completed 
Prepare sign summary, pay <!uantities and notes 
Submitted for checking to Division, FHW A, etc. 
Address comments from checking 
Plans completed and ready for submission to Office Engineer 
Submitted to Office Engineer 

LIGHTING PIA."'lS 

Project data received, evaluated, warranted and scheduled 
Prepare title and plan sheets 
Prepare and submit preliminary lii;thting iayout and pertinent information for review. 
Correct preliminary design and submit revised plans and pertinent information for P-1-H 
Plan-in-hand com{>leted and plan-in-hand letter of items discussed 
Correct P-I-H revisions and submit revised plans and pertinent information for final 

review and ap)?roval 
ODOT final review and approval of plans 
Correct and submit fmal pfans and pertinent information for submission 
Agreement with City, special provismns and plans submitted to Office Engineer 

July 1992 

3.2 (6) 
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Table 3.2A (Continued) 
PROJECT COMPLETlON PERCENTAGES 

TRAFFIC SIGNAL PI.A.NS 

Review project site and photos taken 
Received data, engineer's estimate and schedule 
Field survey of project location completed 
Title and plan sheets prepared 
Prepare plans for plan-in-hand 
Plan-in-nand comeleted 
Plan-in-hand revisions completed 
Plans reviewed and checked 
Wiring diagram completed 
Timing schedule witli sequence and other details completed 
Plans completed; ready for submission 
Plans submitted to Printing Services; set-up submitted to Office Engineer 

TRAFFIC OPERA TIO NS PIANS 

Project data received and attend plan-in-hand 
Plan sheets prepared 
Planned detour route chosen and sheets prepared 
Summary of quantities and traffic control notes completed 
Plan sheets submitted for checking 
Plans submitted to Project Engineer 

July 1992 

-1Q% 
~% 
_]j% 
~% 
--28% 
-1.00% 

3.2 (7) 
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3.3 MEETINGS 

3.3.1 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 timeiy manner. The following will 
identify some of these meetings and indicate 
the purpose, the attendees and the reporting 
of the results. 

3.3.2 Administrative Meetinp 

3.3.2.1 Transportation Commission Meetin~ 

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, andior 

9. Federal-aid Secondary Route Changes. 

Items requiring action by the Commission 
may be prepared using the format shown in 
Figure 3.3A 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, 1Y2 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. 

3.3.2.2 Division Engineers Meetin~ and 
Other General Interdepartmental 
Meetin~ 

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. 

3.3 (1) 
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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 

July 1992 

3.3 (2) 
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3.3.2.3 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 an di 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. 

3.3.2.4 Pre-Bid Meeting 

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. 

3.3.25 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. 

3.32.6 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. 

3.3.2.7 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. 

3.33 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 shouid 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. 

33.4 Project Meetinp 

33.4.1 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, FHW A 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, FHW A 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. 

33.43 Pre-C.onstruction 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 
con~ract, 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. 

33.4.5 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. 

3.3 (4) 
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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-reiated 
correspondence. 

3.4.2 Incoming Corres.pondence 

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. 

3.4.3 Letter 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. 

3.4 (1) 
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3.5 DISTRIBUTION OF PRELIMINARY 
Pl.ANS 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. 

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

3. 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. 

4. 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. 

3.5 (1) 
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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 

ACCOUNflNG MT}) ACTIVITY CODE TABLES 

TABLE NUMBER TITLE 

Table 3.6B Division Account Number for Design 
Table 3.6C Activity Codes for Bridge Division 
Table 3.6D Activity Codes for Urban Design Division 
Table 3.6E Activity Codes for Rural Design Division 
Table 3.6F Activity Codes for Survey Design Division 
Table 3.6G Activity Codes for Traffic Engineering Division 

3.6 (1) 
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Table 3.6B 

DIVISION ACCOUNT NUMBERS FOR DESIGN 

UNIT 
ACCOUNT 
NUMBER 

Assistant Director - Design 330910 

Bridge Division - Overhead 331910 
Bridge Division - Structural 33i920 
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 

3.6 (2) 
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Table 3.6C 

ACTIVITY CODES FOR BRIDGE DIVISION 

DESCRIPTION ACTIVITY x NUMBER 

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 

3.6 (3) 
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DESCRIPTION 
ACTIVITY x 
NUM~ER 

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 440.x51 
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 =CA.DD 

3.6 (4) 
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Table 3.60 

ACTIVITY CODES FOR URBAN DESIGN DIVISION 

DESCRIPTION ACITVITY x 
NUMBER 

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.xOl 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.xlO 
Earthwork 330.xll 
Hydraulics 330.x12 

Field Inspection 330.013 
Training/Conferences 330.014 
Plan Review 330.015 

Supervision/ Administration 330.016 

3.6 (5) 
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Table 3.6E 

ACTIVITY CODES FOR RURAL DESIGN DIVISION 

DESCRIPTION ACTIVITY x NUMBER 

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.xOl 0 = Non-CADD 
Summary Sheet 220.x02 1 = CADD 
Special Detail Sheet 220.x03 2 = Checking 

Typical Section Sheet 
8 = Automation & 

220.x04 Graphics 
Plan & Profile Sheet 220.x05 
Cross Section Sheet 220.x06 

Quantities 220.x07 
Drainage 220.x08 
Joint Field Inspection 220.x09 

Comparative Estimates 220.xlO 
Meetings 220.xll 
Correspondence 220.x12 

Consultant Plans 220.x13 
Miscellaneous/Special Projects 220.x14 
Supervision/Training 220.x15 

3.6 (6) 
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DESCRIPTION ACTIVITY x NUMBER 

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 

i 

3.6 (7) 
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Table 3.6F 

ACITVITY CODES FOR SURVEY DMSION 

DESCRIPTION ACTIVITY x NUMBER 

All Survey Units 

General 110.001 0 = Non-CADD 
Correspondence and Reports 110.002 1 = 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.xlO 
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Table 3.6G 

ACTIVITY CODES FOR TRAFFIC ENGINEERINO DIVISION 

DESCRIPTION ACTIVITY x NUMBER 

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. 7 3 Selection of Design Projects Requiring 
En&ffieering 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 
wit~in 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. a study 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 33 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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OKLAHOMA STATE HIGHWAY DEPARTMENT 

ENGINEERING CONTRACT COST ESTIMATE 

·I E. C. NO. SWO NO. 
I 

COUNTY CITY PROJECT HO. 

HIGHWAY NO. DESCRIPTION 

NAME OF ORGANIZATION SUBMITTING ESTIMATE 

I Indicate cppropriole type of servicu at top of column such as: Field Survey, Functional Plons, Bridge Design 

i 

Raaclwoy Design, Etc. 

DIRECT SALARY COSTS MAN HOURS COST MAN HOURS COST MAN HOURS 

En9inee11 
s s 

Design.,! 

Orafumen I 

Surveyors 

Svperv i 1 ion 

Others (SpHily) 

Subtotal s s 

PAYROLL ADDITIVE PERCENT I 
(Vgcalion, sick leave, retirement, I 
FICA, etc.) s s s 

DIRECT NON°PAYROLL COSTS 
Motcrioh & 1vpplie1 ~ I s 
Reproduction 

Doto Processing 

Photo9rommetrfc mo pp in g 

TroYcl ••pen1e1 

E quipm•nt rental 

Outside en9r .. contuhontl 

Other (specify) 

Subtotal .. AH Direct Co1tl s $ s 

INDIRECT COSTS 

(Admini strotion, rent, utllltfe1, 

telephone, etc.) ~ s s 

Subtotal .. Olrect & Indirect I s s 

PROFBSIOHAL FEE (Profit) s $ s 

TOTAL ESTIMATED FEE $ s $ 

p,., ..... by Dote 

s;.,...,.,. 

ENGINEERING CONfRACT COST ESTIMATE 
(Sample Form) 

Figure 3.7A 

·cosT 

$ 

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

3.7.4 Selection of Consultin& Engineerin& 
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 m 
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 ac.ceptable 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. 

7. 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, ODOTwill execute the project 
Agreement. 

3.7.5 Completion Rq»0rt on Engineerini: 
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 deadlines, 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) 

OKlliliCl1A DEPAR.lMENr OF TRANSPORTATION 

CONSULTANT QUALITY APPRAISAL. 

Nama and Address: Expertise: 

Rating categories Points Rater A 

Scheaule 10 
Attitude 05 
Accuracy of Plans (Rdy, Br, R/W) L.O 
Legibility/Clarity of Plans 15 
Traffic Handling Plans 10 
Quality Control Plan 05 
Constructability 10 
Canpatibility of Plans Specifi-
cations, and Special Provisions 15 
Conformance with ooor Requirements 10 

1Ul'AL 100 

Date ot 
Appraisal: 

Rater B 

I 

Notes and Recaxmendatian: Overall Rating: 

Excellent (90-100) 

Good (80-89) 

Satisfactory (70-79) 

Unsatisfactory (-69) 

Prepared By: 

Rater C 



CUALITY APPRAISAL FORM (B) 

CONSTRUC'l'lON PT....AN PERFORMANCE 

l. Su...-rveying /Mapping 
2. Roadway Design 

a. Plan and Profile 
b. Gee.metrics 
c. Special detail drawings 
d. Capacity Analysis 

3. Roadway Dra.i...'1age 
4. Traffic Design 

a. Signing, Marking 
b. Signals 
c. Traf fie Control 
d. Lighting 

5. Materials 
a. Geotechnical Investigations 
b. Pavement Design 

n. 3ridges 
a. Hydraulic 
b. Structure Design 
c. Geanet.ric Accuracy 
d. Foundation Design 

Excellent 

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/Surrmary Sheet 
12. Cost Estimates 
13. E..·wironrcental Evalua.tion­

Consideration and Permits 
14. Public Hearing/Meetir.g 

Presentations 
:.s. Value Engineering Evaluations 
16. Const...TUctabili ty Review 

Explain adverse caments: 

R/W PLANS PERroR~CE 

1. Schedule (Tirreless) 
2. Attitude (Coot:eration) 
3. Accuracy 
4. Legibility/Clarity of Plans 

. (Quality} 

Explain adverse cam-ents: 

Excellent Good 

Fair Poor 

Poor 



) 

(,JJALI'IY APPRAISAL FORM ( C) 

FUNCTIONAL/PRELIMINARY PLANS 

a. 

b. 

d. 

e. 

--· 
g. 

Preliminary pennit applications 

Utility relocation plans 

R/W requirements 

Environmental reports 

Public meeting/hearing 
requirements 

.Z\ssigned project staff 

Contract administrative 
procedures 
( 1) Costs and progress reports 
(2) Project-related 

correspondence 
( 3) Changes in subconsultants 

or key staff 

h. Design notes and carp.ttations 

i. Progress rreetings 

j. Draft Special Provisions 

:.c. Preliminary quantity take-off 

Preliminary cost estimate 

n. Value engineering 

n. Constructibility 

o. Preliminary Design Sul:mi.ttal 

Catments: 

On Tine Late Adequate Inadequate 



C0ALITY APPRAISAL FOPM (D) 

CONl'RACl' CONS'l'RUC'mBILITY 

1. Accuracy of Survey Data 

2. i-lccuracy of Geanetric Data 

3. Existing and Proposed 
Plan Details 

4 • Legi.bili ty a:ncI Clarity 
of Plans 

5. Sequence of Construction/ 
Traffic Control 

6. l:tility Relocation Plans 

7. Accuracy of R/W Information 

8. Accuracy of Quantities 

9. ~leteness of Special Provisions 

Ccmnents: 

Excellent 

1. Construction Problems resulting fran 
Plans and Specifications 

2. Change order required due to plans 
or specifications 

3. Contractor claim sutmi.tted due to 
plans or specifications 

4. Liquidated damages assessed against 
Contractor 

Explain any yes responses: 

Good Fair Poor 

Yes 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. 

3.7.5.4 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 En&llteerin& 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 Eng:ineerin& 
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 ENVIRONMENfAL PROCEDURES 

3.8.1 General 

The Transportation Pianning 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 Oassifications 

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. 

3.8.2.1 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, would be 
considered a major action and thereby 
requiring an Environmental Impact Statement 
(EIS). 

3.8.2.2 Chm II 

Actions which require the acqu1Slt1on of 
significant amounts of rig.i'its-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 cuitural 
resources. If significant impacts are found, 
then an EIS is required, and the action needs 
to be reclassified as a Class I action. 

3.82.3 Class m 

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. 

3.82.4 Class IV (Categorical Exclusions) 

Actions normally classified as categoricai 
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. 

3.8.3 Desiaw Division Role 

3.8.3.1 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 prov1s1ons 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. 

July 1992 
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3.9 PUBLIC HEARINGS/MEETINGS 

3.9.1 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 FHW A for public 
hearings. 

3.9.2 ]l1g 

ODOT conducts two types of public hearings/ 
meetings: 

1. Informal 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. 

3.93 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 
FHW A during key points in project 
development. The FHWA involvement in a 
project may include: 

i. 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. 

3.132 Other Federal Agencie8 

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. 
agencies include: 

Some of these 

1. Fish and Wildlife, 
2. Environmental Protection Agency, 
3. U.S. Forest Service, 
4. Federal Emergency Management Agency, 
5. Bureau of Land Management, 
6. Army Corps of Engineers, 
7. U.S. Coast Guard, 
8. Federal Aviation Administration, 
9. Bureau of Indian Affairs, 
10. Interstate Commerce Commission, and 
11. National Park Service. 

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. 

3.1.3.3 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: 

1. Department of Health, 
2. Department of Wildlife, 
3. Parks Department, 
4. State Aeronautics Commission, 
5. Farmrail Cooperation, 
6. Corporation Commission, and 
7. Water Resources Board. 
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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.lA 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. 

5.1.2 Functional Oassification 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. 

5.1.2.1 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. 

5.1(1) 
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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 will not, for 
example, penetrate neighborhoods. When 
compared to the principal arteriai system, 
other arterials may provide lower travel 
speeds, accommodate shorter trip lengths 
and lower traffic volumes, but they 
provide more access to property. 

5.1.2.2 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 bus routes 
will often include collector streets. 

5.1.23 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 Oassification (hY JSpe 
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 Tnirteen ). 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. 

5.1.4 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 (!STEA) 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. 

5.1.4.1 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. 

5.1.4.2 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 mm1mum 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). 

5.1.4.3 ()ff-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.) 

5.15 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. 

5.15.1 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. 1.5.2 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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0KLAHOl\'IA DEPT. OF TRA.i~SPORTATION 
Roadway Design ( 405)521-2695 

Date: April 8, 1998 

To: All Roadway Design Personnel 

From: Roadway Design Engineer 

Subject: Design Speed and Highway Geometrics 

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: 

Typical English 

Interstate Rural 75mph 
Urban 65mph 

4 lane divided 70mph 
-

2 on 4 70mph 

Super 2 (w/passing lanes) 70mph 

2 lane w/shoulders 65mph 

4/5 lane undivided w/shldrs. 55/65 mph* 

curb and gutter section 45 mph** 

*See section 9.4.4 of ODOT Design Manual 
**or as posted speed limits warrants 

Design Speeds 
Metric 

120 km/hr 
110 km/hr 

110 km/hr 

110 km/hr 

110 km/hr 

110 km/h 

90/110 km/hr* 

70 km/hr** 

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. 

Christine M. Senkowski, P. E. 
Roadway Design Engineer 

CMS:BS:mg 

cc: Managers 
Squad Supervisors 
,Or-ss+ D 1r. - Pru.:1,-·1~t. 
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§47-11-801. 

A. Any person driving a vehicle an a highway shall drive the 
same at a careful and prudent speed not greater than nor less than is 
reasonable and proper, having due regard ta 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. 

8. Except when a special hazard exists that requires lower speed 
for compliance with subsection A of this section, !he limits 
specified in this act or established as hereinafter authorized shall 
be maximum lawful speeds, and no person shall drive a vehicle an 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 not 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 fifty (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 
controlled-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. 

2. 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. 

3. 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.) 

4. 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. 

5. 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). 

5.2.2 Design Speed Selection 

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

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 shouid 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 

53.1 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. 

2. 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: 

a. freeway mainline; 
b. freeway mainline/ramp junctions; 
c. freeway weaving areas; 
d. interchange ramps; 
e. two-lane, two-way rural highways; 
f. multilane rural highways; 
g. signalized intersections; 
h. unsignalized intersections; and 
i. urban and suburban arterials. 

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

3. Average Annual Daily Traffic (AADT). 
The total yearly volume in both directions 
of travel divided by the number of days in 
a year. 

4. Average Daily Traffic (ADT). The 
calculation of average traffic volumes in 
both directions of travel in a time period 
greater than one day and less than one 

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

5. 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). 

6. 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: 

PHF = Hourly Volume 
Peak Rate of Flow (within the hour) 

If 15-minute periods are used, then: 

Where: 

PHF = __ v ____ 
4 x v15 

V = hourly volume, vph 

V15 = volume during the 
peak 15-minute period 
of the peak hour, vph 

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

7. 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. 
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8. Directional Distribution (D). The 
division, by percent, of the traffic in each 
direction of travel during the DHV, ADT 
and/or AADT. 

9. Directional Design Hourly Volume 
(DDHV). The 1-hour volume in one 
direction of travel during the DHV. T'ne 
DDHV is calculated as follows: 

DDHV =AADT x K x D 

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

10. (Design) Service Flow Rate. The 
maximum hourly vehicular volume which 
can pass through a highway element at the 
selected level of service. 

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

12. 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. 

13. 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. 

14. 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. 

15. 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. 

53.2 Design Year Selection 

5.3.2.1 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. 

53.2.2 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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Table53A 

RECOMMENDED DESIGN YEAR SELECITON 
(Traffic Volumes for Road Design) 

PROJECT SCOPE OF WORK TYPICAL MINIMUM 

New Construction/Reconstruction 
20 Years 20 Years 

(All Projects) 

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. 

2. Ri&}1t-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 eA.-pansion of the facility to add 

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

3. 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. 

4. 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 Analvses. 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. 

533 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. 
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Table53B 

MEASURES OF EFFECTIVENESS FOR CAPACITY ANALYSES 

TYPE OF FACILITY MEASURE OF EFFECTIVENESS 

Freeways 

Basic freeway segments 
Weaving areas 

Ramp junctions 

Multilane Highways 

Two-Lane Highways 

Signalized Intersections 

Unsignalized Intersections 

Arterials 

Definitions: 

1. pc/mi/ln = 
2. pcph = 
3. sec/veh = 

passenger cars/ miles /lane 

passenger cars/hour 

seconds /vehicle 

Density (pc/mi/ln) 
Average travel speed (mph) 

Flow rates (pcph) 

Density (pc/mi/ln) 

Percent time delay (%) 
Average travel speed (mph) 

Average individual stopped delay (sec/veh) 

Demand flow rate to capacity ratio 

Reserve capacity (pcph) 

Average travel speed (mph) 

Source: (2) 
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5.4 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 bv 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. 
Tnese access points should be located 
where they can best suit the traffic and 
land-use characteristics of the highway 
under design. Their design should enabie 
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. Okiahoma 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." 
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55 NON-IIlGHWAYDESIGN 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. 

55.1 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 
steerhig 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 Guida.nee (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. 
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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. Stora&e Requirements. Tum 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. 

July 1992 
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Table55A 

DESIGN VEHICI.E DIMENSIONS 

Dimensions (feet) 

Design Vehicle Type Symbol Overall Overhang 

Height Width Length Front Rear WB1 

Passenger car p 4.25 7 19 3 5 11 
Single unit truck SU 13.5 8.5 30 4 6 20 
Single unit bus BUS 13.5 8.5 40 7 8 25 
Articulated bus A-BUS 10.5 8.5 60 8.5 95 18 

C..ombination trucks 
Intermediate semitrailer WB-40 13.5 8.5 50 4 6 13 
Large semitrailer WB-50 13.5 8.5 55 3 2 20 
"Double Bottom• semi-trailer WB-60 13.5 8.5 65 2 3 9.7 

- full-trailer 
..,_ 

Interstate Semitrailer WB-62* 13.5 8.5 69 3 3 20 
Interstate Semitrailer WB-67** 13.5 8.5 74 3 3 20 
Triple Semitrailer WB-96 13.5 8.5 102 2.5 3.3 13.5 
Turnpike Double Semitrailer WB-114 13.5 8.5 118 2 2 22 

'" 

Recreation vehicles 
Motor home MH 8 30 4 6 20 
Car and camper trailer Pff 8 49 3 10 11 
Car and boat trailer P/B 8 42 3 8 11 
Motor home and boat trailer MH/B 8 53 4 8 20 

.. 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) . 

t11 v1 
"~;> ............ 

a = Combined dimension 24, split is estimated. 
b = Combined dimension 9.4, split is estimated. 
c = Combined dimension 8, split is estimated. 
d = Combined dimension 9.3, split is estimated. 

WB1, WB2, WB3, WB4 are effective vehicle wheelbases. 
S 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. 

Wheelbases 

WBz s 

4• 

27 
30 
20 4b 

40-42 
45-47 
20.7 3.3d 

40 2c 

18 5 
15 5 
21 6 

T WBi 

208 

5.4b 20.9 

6d 21.7 
6c 44 

WB4 

21.7 

Source: (1) 

0 
~ 
~ 
~ 
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Table 5.5B 

MINIMUM TURNING RADII OF DESIGN VEHICLES 

" 
f'!oemi-

Semi- Trailer 
Semi- Trailer Full Inter- Inter-

Single Single Articu- Trailer Com bi- Trailer State State 
Design Vehicle Passenger Unit Unit lated Inter- nation Com bi- Semi- Semi-

Type Car Truck Bus Bus mediate Large nation Trailer Trailer 

Symbol p SU BUS A-BUS WB-40 WB-50 WB-60 WB-62* WB-67•• 
,__ ___ ,_ ·-

Minimum design 
24 42 42 38 40 45 45 45 

turning radius (ft) 

Minimium inside 
13.8 27.8 24.4 14.0 18.9 19.2 22.2 9.1 

radius (ft) 

' 

•• 
Design vehicle with 48' trailer as adopte;d in 1982 STAA (Surface Transportation Assistance Act). 
Design vehicle with 53' trailer as grandfathered in 1982 STAA (Surface Transportation A'>Sistance Act) . 

VI v. 
~ .......... 

.. ~ 
'•-" 

45 

00 

Turnpike 
Triple Double 
Semi- Semi-

Trailer Trailer 

WB-96 WB-114 

50 60 

20.7 17 

Passenger 
Car with 

Motor Travel 
Home Trailer 

MH P(f 
·-- -

40 24 

26.0 2.0 

Motor 
Passenger Home 
Car with and 
Boat and Boat 
Trailer Trailer 

P/B MH/B 

·---· 
24 50 

65 35 

Source: (1) 

0 

~ 
0 
3 
f.11 

~ ..... 
0 
d 
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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 existmg 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 TWL T 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.). 
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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; 

7. 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; 

2. 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: 
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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. 

July 1992 
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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. 

5.7.1.2 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. 

5.7.2 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, 

3. left-side entrances or exits, 

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 

5.7(1) 
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........... 
N .,,_, 

Initial 
Vehicular 

Speed (VJ8 

(mph) 

20 

25 

ln-u1111111111111nBA1M 

30 

35 

40 

45 

50 

Perception/ 
Reaction 

Timeb 
(seconds) 

1.0 

.2.5 

1.0 

2.5 

1.0 

2.5 

1.0 

2.5 

1.0 

2.5 

l.O 

2.5 

l.O 

2.5 

Table 5.7A 

STOPPJNG SIGHT DISTANrne 
(Passenger Cars - Level Grade) 

Distance Braking Braking 
Traveled Action• Distances 

(feet) (feet) 

29 
Locked-Wheel 33 

Comfort 33 
Locked-Wheel 33 

73 
Comfort 33 

Locked-Wheel 55 
37 

Comfort 55 
Locked-Wheel 55 

92 
Comfort 55 

Locked-Wheel 77 
44 

Comfort 86 
Locked-Wheel 77 

110 
Comfort 86 

Locked-Wheel 120 
51 

Comfort 147 
Locked-Wheel 120 

128 
Comfort 147 

Locked-Wheel 167 
59 

Comfort 216 
Locked-Wheel 167 

147 
Comfort 216 

Locked-Wheel 218 
66 

Comfort 298 
Locked-Wheel 218 

165 
Comfort 298 

Locked-Wheel 278 
73 

Comfort 380 
Locked-Wheel 278 

183 
Comfort 380 

Total 
Calculated 

SSD 
(feet) 

62 
62 
106 
106 
92 
92 
147 
147 
121 
130 
187 
196 
171 
198 
248 
275 
226 
275 
314 
363 
284 
364 
383 
463 
351 
453 
461 
563 

AASHTO 
Rounded for 

Designd 
(feet) 

--
--

Des: 125 Min: 125· 

--
--
--

Des: 150 Min: 150 

--
--
--

Des: 200 Min: 200 

--
--
--

Des: 250 Min: 225 
--
--
--

Des: 325 Min: 275 

--
--
--

Des: 400 Min: 325 
--
--
--

Des: 475 Min: 400 
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VI 
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.......... 

Initial Perception/ 
Vehicular Reaction Distance 

Speed (V;)• Timeb Traveled 
(mph) (seconds) (feet) 

1.0 81 
55 

2.5 202 

1.0 88 
60 

2.5 220 

1.0 95 
65 

2.5 238 

1.0 103 
70 

2.5 257 

Table 5.7A 

STOPPING SIGHT DISfANCEe 
{Pa&4lellger Cars - Level Grade) 

(Continued) 

Braking Braking 
Actionc Distances 

(feet) 

Locked-Wheel 336 
Comfort 500 

Locked-Wheel 336 
Comfort 500 

Locked-Wheel 414 
Comfort 619 

Locked-Wheel 414 
Comfort 619 

Locked-Wheel 486 
Comfort 781 

Locked-Wheel 486 
Comfort 781 

Locked-Wheel 583 
Comfort 943 

Locked-Wheel 583 
Comfort 943 

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

Total AASHTO 
Calculated Rounded for 

SSD Designd 
(feet) (feet) 

417 --
581 --
538 Des.: 550 Min: 450 
702 --
502 --
707 --
634 Des: 650 Min: 525 
839 --
581 --
876 --
724 Des: 725 Min: 550 
1019 "'" 

686 --
1046 --
840 Des: 850 Min: 625 
1200 --

b. 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. 

c. AASHTO assumes a locked-whee~ 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 numeric.al values are from NCHRP 270 Parameters Affecting Stopping Sight Distance. 

d. These are the SSD values presented for use in design by AASHTO in A 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-vohuu.e 
average running speed. 

e. Use 3.5-ft height of eye and 0.5-ft height of object. See Chapters Six and Seven. 
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Initial 
Vehicular 

Speed (Vu" 
(mph) 

20 

25 

30 

35 

40 

45 

50 

55 

Perception/ 
Reaction 

Timeb 
(seconds) 

1.0 

2.5 

1.0 

2.5 

1.0 

2.5 

1.0 

2.5 

1.0 

2.5 

1.0 

2.5 

1.0 

2.5 

1.0 

2.5 

Table 5.7B 

STOPPING SIGHT DISTANCEd 
(Trucks - Level Grade) 

Distance Braking 
Traveled Actionc 

(feet) 

29 Comfort 

73 Comfort 

37 Comfort 

92 Comfort 

44 Comfort 

110 Comfort 

51 Comfort 

128 Comfort 

59 Comfort 

147 Comfort 

66 Comfort 

165 Comfort 

73 Comfort 

183 Comfort 

81 Comfort 

202 Comfort 

Braking 
Distancesc 

(feet) 

77 

77 

132 

132 

186 

186 

265 

265 

344 

344 

441 

441 

538 

538 

641 

641 

Total 
Calculated 

SSD 
(feet) 

106 

150 

169 

224 

230 

296 

316 

393 

403 

491 

507 

606 

611 

721 

722 

843 
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VI 
'.....) 

,--... 
VI 
'-" 

Initial Perception/ 
Vehicular Reaction 

Speed (VJ• Timeb 
(mph) (seconds) 

1.0 
60 

2.5 

1.0 
65 

2.5 

1.0 
70 

2.5 

Table 5.7B 

STOPPING SIGHT DISTANcE1 
(Trucks - Level Grade) 

(Continued) 

Distance Braking 
Traveled Actionc 

(feet) 

88 Comfort 

220 Comfort 

95 Comfort 

238 Comfort 

103 Comfort 

257 Comfort 

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

Total 
Braking Calculated 

Distancesc SSD 
(feet) (feet) 

744 832 

744 964 

879 974 

879 1117 

1013 1116 

1013 1270 

b. 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. 

c. 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. 

d. Use 8.0-ft height of eye and 0.5-ft height of object. See Chapters Six and Seven. 
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Design Speed 
(mph) 

20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 

Table 5.7C 

STOPPING SIGHT DISTANCE'* 
(Passenger Cars - Grade Adjusted) 

3% Downgrade 6% Downgrade 

Desirable Minimum Desirable Minimum 
(feet) (feet) (feet) (feet) 

125 125 130 130 
155 155 160 160 
210 210 220 220 
265 240 280 255 
345 295 365 315 
425 350 455 380 
505 430 545 470 
590 490 640 540 
700 575 760 635 
785 610 855 680 
920 695 1010 785 

9% Downgrade 

Desirable Minimum 
(feet) (feet) 

135 135 
170 170 
230 230 
300 275 
395 345 
490 415 
595 520 
--- ---
--- ---
--- ---
--- ---

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.ID 

STOPPING SIGHT DISTANCE3 

(Trucks - Grade Adjusted) 

3% 6% 

July 1992 

9% 
Design Speed Downgrade Downgrade Downgrade 

Notes: 

(mph) 

20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 

1. 

(feet) (feet) (feet) 

166 191 234 
255 305 398 
339 407 533 
457 562 766 
574 708 968 
714 891 1236 
850 1060 1465 
996 1242 1707 

1136 1408 1910 
1321 1646 2250 
1504 1874 2557 

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 vaiue off is then used to calculate the truck braking 
distance on grade using the AASHTO formula (d = V2f30 (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. 

July 1992 
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Table5.7E 

DECISION SIGHT DISTANCEa 

Vehicular Decision Sight Distance for Avoidance Maneuver (ft) 
Speed 

A B c D E (mph) 

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 I 900 1525 1100 1300 1450 

Source: (1) 
AIWlication: 

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

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

a 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 CRTIERIA 

AASHTOb MUTCDC 

Passing Sight 85th Percentile I Passing Sight 
Design Speed Distance Speed Distance I 

(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 
c 

Use 3.5-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 
· ~ LA., criteria established by the FHW A 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) 

../..I" ,;:evel Two includes design criteria which are 
UY 1 lb judged to be important indicators of a - ~v 

ObOT 

~ 

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 
reguired 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 projects, 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 FHW A 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: 

County: Field Division: 

Project Location: 

Functional classification: 
(Check one from each column) 

Major exceptions to ODOT design: 

Design Speed 
Shoulder Width 
Structural Capacity 
Vertical Alignment 
Stopping Sight Distance 
Superelevation 

Cost to build to full standard: 

Rural: 
Urban: 

Cost to build with design exception: 

Mitigating measures: 

Route: 

Arterial: 
Collector: 

Local Road: 
Freeway: 

Lane Width 
Bridge Width 
Horizontal Alignment 
Grades 
Cross Slopes 
Vertical Clearance 

Attached:~~-In Report:~~-

Return to ODOT by=~~~~~~~~~~~~~~-

ODOT Concurrence: 
Engineer Manager Design Division Engineer 

Asst. Director - Design 

FHWA District Engineer 

Comments: 

Attachments: Bridge data 
Location map 

Special conditions 
Other 

Accident history 
Traffic data 

(traffic generators) 

Date 

Date 



Oklahoma BASIC DESIGN CONTROLS 

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 FHW A 
Division Office with a cover letter 
requesting concurrence from FHW A. 
The Design Division Engineer will sign 
the cover letter to FHW A. 

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. 

July 1992 
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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. 

D New construction 

D Reconstruction 

D 3R (non-freeway) 
D 3R (freeway) 

D Spot improvement 

Provide a brief project description: 

Page 1 



Level One Design Criteria (Design Exceptions) FH WA-~ -m~ Lnv~~ 

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 
ODOT's criteria on non Federal-aid projects, the project engineer should prepare an attachment 
to this form Which: 

1. identifies the design element, 
2. identifies ODOT's criteria, 
3. identifies the proposed design criteria, and 
4. provides justification for the variation. 

Level Two Design Criteria - ~~.ol>ol 

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: 

1. identifies the design element, 
2. identifies ODOT's criteria, 
3. identifies the proposed design criteria, and 
4. provides a brief justification. 

Page 2 



* 

Level One Design Criteria 

Design Criteria for Mainline Does the proposed design meet ODOT's criteria? 
(Provide numericai value for project, where 
indicated.) Yes No* N/A 

1. Design Speed mph 

2. Lane Width feet 

3. Shoulder Width feet 

4. Bridge Widths 

I 

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 I Individuals I i 

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. T'ne remaining criteria (e.g., superelevation 
rates) apply to specific sites within the project limits. 

Page 3 
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Level Two Design Criteria 

Design Criteria Does the proposed design meet ODOT's criteria? 

I 

1. Basic Design Controls 

a. Level of service (mainline) 

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

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

c. 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) 

a. Minimum grade 

* See Section 5.8 of ODOT Roadway Design Manual. 

Yes 

Page 4 



Design Criteria 

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 s: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 

Does the proposed design meet ODOT's criteria? 

Yes No* N/A 

* See Section 5.8 of ODOT Roadway Design Al anual. Page 5 



Design Criteria 

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 

Does the proposed design meet ODOT's criteria? 

Yes No* N/A 

* See Section 5.8 of ODOT Roadwa-y Design P..f anual. Page 6 



Design Criteria 

6. At-Grade Intersections 

a. Level of service 

b. Skew angle 

c. Profile 

d. Design for right turns 

e. Turning roadway widths 

f. Tum-lane warrants 

Approach Taper 

g. Tum-lane tapers Departure Taper 
1--~~~~~~~-+-~~~~~~1--~~~~~-+~~~~~---11 

h. Tum-lane 
lengths 

Bay Taper 

Deceleration 

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 

7. Interchanges 

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 

g. 

h. 

i. 

j. 

k. 

1. 

Superelevation 
development 

Superelevation Rate 

Transition Length 

Distribution Between 
Tangent & Curve 

Ramp vertical curvature 

Access control 

Decision sight distance (in advance of 
exit gore) 

Level of service (weaving and ramps) 

Freeway lane 
drops 

Location 

Taper 

Prepared By 

Date 

~~~~~~~~~~~~~~~~~~~-

Project Engineer (ODOT) or Consultant 

* See Section 5.8 of ODOT Roadway Design Manual. Page 8 
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5.9 REFERENCES 

1. A Policy on Geometric Design of Highways 
and Streets, AASHTO, 1990. 

2. Highway Capacity Manual, Speciai Report 
209, Transportation Research Board, 
1985. 

3. NCHRP 270 Parameters Affecting Stopping 
Sight Distance, Transportation Research 
Board, June 1984. 

4. "Stopping Sight Distance for Large 
Trucks," TRR 1208, Transportation 
Research Board, 1989. 

5. Policy on Driveway Regulations for 
Oklahoma Highways, ODOT, Revised 
January 1987. 

6. Okla.homa Transportation Commission 
Rules, Regulations, Policies and Procedures; 
Oklahoma Transportation Commission, 
Revised August 1989. 

7. Procedure for Analysis and Design of 
Weaving Sections - A Users Guide, Jack 
Leisch, October 1985. 

8. Right of Way Specifications Manual, 
Oklahoma Department of Transportation, 
November, 1987. 

9. FHWA Report No. FHWA-T0-81-1, A 
User's Guide to Positive Guidance, Federal 
Highway Administration, U.S. 
Department of Transportation, 1981. 

10. Federal Highway Policy Manual, Section 
6-2-1-1, Federal Highway Adminsitration, 
U.S. Department of Transportation. 

11. Manual on Unifonn Traffic Control 
Devices, Federal Highway Administration, 
U.S. Department of Transportation, 1988. 

5.9(1) 





Oklahoma HORIZONTAL ALIGNMENT July 1992 

Section 

6.1 

6.2 

Chapter Six 

Horizontal Alignment 

Table of Contents 

HORIZONTAL CURVES 6.1(1) 

6.1.1 Types of Horizontal Curves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.1(1) 

6.1.1.1 
6.1.1.2 
6.1.1.3 
6.1.1.4 
6.1.1.5 

General ....................................... . 
Simple Curves . . . . . . . . . . . . . . . . . . . . . . . ........... . 
Compound Curves ............................... . 
Spiral Curves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Reverse Curves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 

6.1(1) 
6.1(1) 
6.1(1) 
6.1(1) 
6.1(2) 

6.1.2 General Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.1(2) 

6.1.3 
6.1.4 
6.1.5 

6.1.2.1 
6.1.2.2 
6.1.2.3 
6.1.2.4 
6.1.2.5 

Ball-Bank Indicator .............................. . 
Basic Curve Equations . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Theoretical Approaches . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Superelevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Side Friction ................................... . 

Maximum Degree of Curvature ............................ . 
Maximum Deflection Without Curve ........................ . 
Minimum Length of Curve ................................ . 

SUPERELEVATION ......................................... . 

6.2.1 
6.2.2 
6.2.3 

Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Distribution of Superelevation and Side Friction ............... . 
Superelevation Rates (Open-Roadway Conditions) ............. . 

6.2.3.1 
6.2.3.2 
6.2.3.3 
6.2.3.4 

General ....................................... . 
Maximum Superelevation Rate ..................... . 
Superelevation Tables ............................ . 
Maximum Cmvature Without Superelevation .......... . 

6.1(2) 
6.1(2) 
6.1(4) 
6.1(4) 
6.1(4) 

6.1(6) 
6.1(6) 
6.1(6) 

6.2(1) 

6.2(1) 
6.2(1) 
6.2(2) 

6.2(2) 
6.2(2) 
6.2(3) 
6.2(3) 

6.2.4 Superelevation Rates (Low-Speed Urban Streets) . . . . . . . . . . . . . . . 6.2(3) 

6.2.4.1 
6.2.4.2 
6.2.4.3 
6.2.4.4 

General ....................................... . 
Maximum Superelevation Rates ..................... . 
Superelevation Figure ............................ . 
Minimum Radii Without Superelevation .............. . 

6.2(3) 
6.2(8) 
6.2(8) 
6.2(10) 

6(i) 



Oklahoma HORIZ01'i1TAL ALIGNMENT July 1992 

Section 

6.3 

Table of Contents 
(Continued) 

6.2.5 Transition Length (Open-Roadway Conditions) ................ . 

6.2.5.1 
6.2.5.2 
6.2.5.3 

Two-Lane Roadways ............................. . 
Multilane Highways . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Application of Transition Length . . . . . . . . . . . . . . . . . ... . 

6.2.6 Transition Length (Low-Speed Urban Streets) ................. . 

6.2.6.1 Two-Lane Roadways ............................. . 
6.2.6.2 Multilane Highways .............................. . 
6.2.6.3 Application of Transition Length .................... . 

6.2.7 Axis of Rotation ........................................ . 

6.2.7.1 Two-Lane, Two-Way Roadways ..................... . 
6.2.7.2 Multilane Divided Highways ....................... . 

6.2.8 Shoulder Superelevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 

6.2.8.1 High Side (Outside Shoulder) ...................... . 
6.2.8.2 Low Side (Inside Shoulder) ........................ . 

6.2.9 Compound Curves ...................................... . 

6.2.9.1 
6.2.9.2 
6.2.9.3 

Case I ........................................ . 
Case II ........................................ . 
Multilane Highways . . . . . . ........................ . 

6.2.10 Reverse Curves ........................................ . 
6.2.11 Brid~es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
6.2.12 Typical Superelevation Figures ............................. . 
6.2.13 Examples ............................................. . 

DESIGN PRINCIPLES AND PROCEDURES ...................... . 

6.2(10) 

6.2(10) 
6.2(12) 
6.2(14) 

6.2(15) 

6.2(15) 
6.2(15) 
6.2(15) 

6.2(17) 

6.2(17) 
6.2(17) 

6.2(17) 

6.2(17) 
6.2(18) 

6.2(18) 

6.2(18) 
6.2(19) 
6.2(19) 

6.2(20) 
6.2(20) 
6.2(21) 
6.2(26) 

6.3(1) 

6.3.1 General Controls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.3(1) 
6.3.2 Design Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.3(1) 

6.3.2.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.3(1) 
6.3.2.2 Mathematical Computations . . . . . . . . . . . . . . . . . . . . . . . . 6.3(2) 

6(ii) 



Oklahoma HORIZONTAL ALIGNMENT 

Section 

6.4 

6.5 

6.6 

6.7 

Table of Contents 
(Continued) 

TRA VELWAY WIDENING .................................... . 

6.4.1 
6.4.2 

Warrants 
Design 

HORIZONTAL SIGHT DISTANCE ............................. . 

6.5.1 General 
6.5.2 L > S 

6.5.3 
6.5.4 
6.5.5 

6.5.2.1 
6.5.2.2 
6.5.2.3 

Stopping Sight Distance (SSD) ...................... . 
Decision Sight Distance (DSD) . . . . . . . . . . . . . . ....... . 
Entering/Exiting Portions ......................... . 

Application ............................................ . 
Longitudinal Barriers .................................... . 

MATHEMATICAL DETAILS FOR HORIZONTAL CURVES ........ . 

REFERENCES ............................................. . 

July 1992 

6.4(1) 

6.4(1) 
6.4(1) 

6.5(1) 

6.5(1) 
6.5(1) 

6.5(1) 
6.5(4) 
6.5(4) 

6.5(4) 
6.5(6) 
6.5(6) 

6.6(1) 

6.7(1) 

6(iii) 



Oklahoma HORIZONTAL ALIGNMENT July 1992 

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 'Jlpes 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. 

6.1.12 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 D1 :i: D2). 

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. 

6.1.1.4 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. 

6.1.15 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. 

6.1.2 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 Ball-Bank Indicator 

When a vehicle moves in a circular path, it is 
forced radially outward by centrifugal force. 
Figure 6. lA 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 
(0) and superelevation angle ( 4> ). 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. 

6.1.2.2 Basic Cuive Equations 

The point-mass formula is used to define 
vehicuiar 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 
e = superelevation rate 
f = side-friction factor 
v = vehicular speed, mph 

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

v2 
R=----

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. 

6.1(2) 
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Centrifugal 

Force 

ex = Ball-bank indicator angle 
p = Body roll angle 
8 = Centrifugal force angle 
cl> = Superelevation angle 
p = cl> - p 

Source: (1) 

GEOMETRY FOR BALL-BANK INDICATOR 

Figure 6.1A 
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6.1.2.3 Theoretical Approaches assuming turning roadway conditions 
includes: 

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) s; 45 mph. 

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

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 flexibility 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) s; 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 ( emax) based on the 
operational characteristics of the facility. emax 
values used by ODOT are discussed in 
Section 6.2. 

6.1.25 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.lB, 
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 (Dmax) for open-roadway 
facilities and low-speed urban streets; criteria 
for turning roadways are presented in 
Chapter Nine. To define Dmax• a maximum 
superelevation rate ( emax) must be selected. 
These are indicated in the following sections. 
See Section 6.2 for more discussion on the 
selection of emax· 

The tables for Dmax are as follows: 

1. Table 6. lA is applicable for facilities 
where emax = 0.08 and open-roadway 
conditions apply. 

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

3. Table 6.lC is applicable to low-speed 
urban streets where emax = 0.06. 

4. Table 6. lD is applicable to low-speed 
urban streets where emax = 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 Jl /D) is less than the 
following recommended minimums: 

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

a. 1° ~ Jl < 3°: 300ft 
b. 3° ~ !::.. < 5°: 500 ft 

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

2. All Major Highways. The minimum 
length of curve should be 15V, where 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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25 
30 
35 
40 
45 
50 
55 
60 
65 
70 

HORIZONTAL ALIGNMENT 

Table 6.1A 

MAXIMUMDEGREEOFCURVATURE(DMA0 
(emu= 0.08, <>pen-Road Conditions) 

emax fmax 

0.08 .17 
0.08 .165 
0.08 .16 
0.08 .155 
0.08 .15 
0.08 .145 
0.08 .14 
0.08 .13 
0.08 .12 

-0.08 .11 
0.08 .10 

Table 6.lB 

MAXIMUM DEGREE OF CURVATURE (DMA0 
(emax = 0.06, Open-Road Conditions) 

emax fmax 

0.06 .17 
0.06 .165 
0.06 .16 
0.06 .155 
0.06 .15 
0.06 .145 
0.06 .14 
0.06 .13 
0.06 1 ") 

• .1. ... 

0.06 .11 
0.06 .10 I 

I 

* D = 85.660 (.e + f) 
v~ 

July 1992 

Maximum Degree 
of Curvature, 

Dmax* 

53° 30'' 
33° 30' 
22° 45' 
16° 30' 
12° 15' 
9° 30' 
7° 30' 
6° 00' 
4° 45' 
3° 45'~ 
3° 00' 

Maximum Degree 
of Curvature, 

Dmax * 

49° 15' 
30° 45' 
21° 00' 
15° 00' 
11° 15' 
8° 45' 
6° 45' 
5° 15' 
4° 15' 
3° 30' 
2° 45' 
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Design Speed, 
V (mph) 

20 
25 
30 
35 
40 
45 

Design Speed, 
V (mph) 

20 
25 
30 
35 
40 
45 
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Table 6.lC 

MAXIMUM DEGREE OF CURVATURE (D~ 
(emu= 0.06, Low-Speed Urban Streets (V:s;45)) 

Minimum 
emax fmax Radius 

(ft)* 

0.06 .300 75 
0.06 .252 135 
0.06 .221 215 
0.06 .197 I 320 
0.06 .178 450 
0.06 .163 610 

Table 6.lD 

MAXIMUM DEGREE OF CURVATURE (DMAJJ 
(emu= 0.04, Low-Speed Urban Streets (V :s; 45)) 

Minimum 
emax fmax Radius 

(ft)* 

0.04 .300 80 
0.04 .252 145 
0.04 .221 230 
0.04 .197 345 
0.04 .178 490 
0.04 .163 665 

R= 
15 (e + f) 

**D _ 85,660 (e + 0 - y1. 

July 1992 

Maximum 
Degree of 
Curvature, 

Dmax ** 

77° 00' 
50° 45' 
26° 45' 
17° 45' 
12° 45' 
9° 15' 

Maximum 
Degree of 
Curvature, 

Dmax** 

72° 45' 
47° 30' 
24° 45' 
16° 45' 
11° 30' 
8° 30' 

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 tabies. 
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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. 

2. Maximum Superelevation (emaxl· The 
maximum rate of superelevation ( emax) 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. 

3. Superelevation Transition Lenfnh. 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). 

4. 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 Distnbution of Superelevation and Side 
Friction 

As discussed in Section 6.1, the maximum 
degree of curvature is based on the emax and 
fmax 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 emax and fmax· 
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 fmax 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. 

Tne 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) 

623.1 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 5 (for 
distribution of superelevation and side 
friction). The following sections present the 
specific design criteria for superelevation 
rates assuming open-roadway conditions. 

6.23.2 Maximum Superelevation Rate 

The selection of a maximum rate of 
superelevation ( emax) 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 emax: 

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

0.06 (see Comment #4). Exceptions to 
using emax = 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 emax = 0.06 may be more 
appropriate. 

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

3. Urban Non-Freeways (V>45 mph). An 
emax = 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 emax = 0.08 may be appropri­
ate where drainage considerations 
indicate. 

4. Urban Non-Freeways (V ~45 mph). 
Desirably, these facilities will be designed 
assuming open-roadway conditions and an 
emax = 0.06. However, it may be 
acceptable to assume low-speed urban 
street conditions and/or an emax = 0.04. 
See Section 6.2.4 for more discussion. 

5. Bridges. An emax = 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 emax = 0.08, but any 
curves on bridges on the arterial will 
typically be designed with emax = 0.06. 

6. Elevated Roadways. An emax = 0.06 is 
typically used on all elevated roadways, 
either continuous or intermittent. 
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7. Gravel County Roads. Some counties 
within Oklahoma use an emax = 0.10 on 
gravel roads. This is an acceptable design. 

6.2.33 Superelevation Tables 

Based on the selection of emax and the use of 
AASHTO Method 5 to distribute S and f, 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 emax = 0.08 for 
V = 30 mph to 70 mph. 

2. Table 6.2B applies to emax = 0.06 for 
V = 30 mph to 70 mph. 

3. Table 6.2C applies to V = 20 and 25 mph 
for emax = 0.06 and 0.08. 

Where an emax = 0.10 or emax = 0.04 is used, 
the designer should see Reference ( 1) for 
superelevation rates. 

6.23.4 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 emax 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 s: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 m 
Oklahoma. 

On urban non-freeways where V s45 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 :s: 2%. Typically, it will be acceptable to 
assume low-speed urban street conditions. 

2. 2% < Ts 4%. The acceptability of using 
low-speed urban street criteria will be 
determined on a case-by-case basis. 
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D 
V •• 30 mph 

s Lz(ft) 

0° 15' NC 0 
0° 30' NC 0 
o• 45' NC 0 

1° 00' NC 0 
1° 15' NC 0 
1° 30' NC 0 
l° 45' NC 0 

2° 00' RC 36* 
2° 15' RC 36• 
2° '.ID' ,02) 38' 
2° 45' .023 42° 
30 001 .025 45• 
3° 151 .. 026 47• 
3° 30' .ow 51• 
3° 45 1 .030 54• 

4° 00' .031 56* 
4" 30' .0'.35 63* 
50 ()()' .()38 69* 
5° 30' JJ41 74• 

6° 00' .043 78* 
6° 30' .046 83* 
7" 00' .(>48 87° 
7° 30' .. 050 90• 

8" oo• .053 96* 
8° 30' .054 98* 
9• 00' .056 101 
9° 301 .058 105 

10° 00' .. 060 108 
10° 30' .061 110 
11° 00' .063 114 
11° 30' ,()(114 116 
12." 00' .. 065 117 
130 ()()' .0(.S 123 
14" ()()' .0'70 126 
15° 00' .072 130 

16" ()()' .074 134 
17• oo• .0"16 137 
18" 00' .077 139 
19° ()()' .0"78 141 .... 
20" 00' .. 079 143 
21. 00' .. 080 144 
22. 0 00 1 .080 144 -

Dmax = 22° 45' 

Table 6.2A 

SUPERELEVATION RATE(S) AND LENGTII OF RUNOFF (Lz) 
(Open-Roadway Conditions) 

-

V = 35 mph V = 40 mph V = 45 mph V = 50 mph V =SS mph V = 60mpb V = 65 mph V =_ 70 mph 

s Li(ft) s Li(ft) s Li(ft) s Li(ft) s l'2(ft) s Li(ft) s Li(ft) s Li(ft) 

NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 
NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 RC 59• RC 60* 
NC 0 NC 0 NC 0 RC 48' RC 52* .022 59• .025 74• .028 84* 

NC 0 NC 0 RC 46* .021 51* .025 64• .029 78' .032 94• .036 108* 
NC 0 RC 42* .021 48' .026 63* .030 n• .035 94• .039 us• .044 132" 
RC 40° .021 45• .025 57• .030 72• .035 90• .(l4l 110• .046 135* .051 153* 
RC 40• .024 51* .029 66' .034 82* .040 103* .046 123' .052 153* .058 174* 

.022 44• .027 57• .033 75• .038 92° .045 116" .051 136' .058 170' .065 195* 

.()24 47• .030 63' .036 82° .042 101• .049 126• .056 150' .063 185' .071 213 

.027 53• .033 70' .039 88' .046 111• .053 136* .061 163* .068 200 ,0'75 225 

.029 57• .o35 74• .042 95• .049 118* .057 146* .065 174' .072 211 .078 234 
'"' 

.031 61* .038 so• .045 102• .053 128* .060 154* .068 182 .o75 220 

.033 65* .041 87° .048 109° .056 135° .064 164* .071 190 .078 229 
[)ma• = 30 00' 

.035 69* .043 91* .051 116' .058 140* .. 066 169* .074 198 .079 232 

.037 73• .045 95• .053 120• .061 147* .069 1T1 .076 203 .080 235 

.039 Tl* .047 99• .056 121• .063 152 .071 182 .078 208 Dmax = 3° 45' 

.043 85* .052 110* .060 136 .068 164 .075 192 .080 214 

.047 92• .055 116* .064 145 .071 171 .078 200 

.050 98* .059 124' .067 152 .074 178 .080 205 Dmax = 4° 45' 

.053 104* .062 131 .070 158 .on 185 Dmax = 60 00' 

.055 108* .064 135 .073 165 .079 190 

.058 114 .067 141 .075 170 .080 192 

.060 118 .069 145 .on 174 .080 192 

.062 122 .071 150 .078 176 Dmax = 7° 30' 

.064 126 .073 154 .079 179 

.066 130 .075 158 .080 181 

.()68 134 .076 160 .080 181 

.o70 137 .078 164 Dmax = 9° 30' I . emax = 0.08 _] 

.071 139 .078 164 

.073 143 .079 166 

.074 145 .080 168 

.075 147 .080 168 

.. 077 151 Key: D = Degree of curvature 

.079 155 v = Design speed 

.079 155 Dmax = 12° 15' s = Superelevation Rate 

.080 
I.-:z = Length of superelevation runoff (from adverse crown removed 

157 to full superelevation) for 2-lane roadway 
NC = Normal crown 

DmH"' 160 301 RC = Reverse crown; superelevate at normal crown slope ( .020 typical) 

• These are calculated lengths. See Table 6.2G for 
minimum superelevation runoff lengths. 
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D 
V = 30 mph 

s l:z(ft) 

0° 15' NC 0 
0° 30' NC 0 
0° 45' NC 0 

1° 00' NC 0 
t 0 t5' NC 0 
1° 30' NC 0 
t 0 45' NC 0 

2° 00' RC 36• 
2° 15' RC 36* 
2° 30' RC 36* 
2° 45 1 .02:2 40• 

3° 00' .023 42° 
3° 1:5' .025 45• 
3" 30' .026 47• 
3° 45' Jl28 51* 

4• ()()' .029 53• 
4° 30' .03t 56* 
5° 00' .034 62* 
5° 30' .036 6.5* 

6° oo• .038 69* 
6° 30' .039 7t* 
7° 00' .041 74• 
7° 30' .042 76* 

8" ()()' .()43 78* 
s• 30' .045 St* 
9° 00' .()46 83* 
9° 30' ,()47 85* 

rn• 00' .048 87* 
10" 301 .049 89* 
11° 00' .. 050 90* 
11° 30' .051 92• 

12° 00' .052 94• 
13° 00' .054 98* 
14° 00' .055 99• 
t5° 00' .n56 101 

t6° 00' .058 t05 
17° 00' .058 105 
ts• oo• .059 107 
19° 00' .060 108 

20° 00' .060 HIS .. 
Dmax = 21° 00' 

Table 6.2B 

SUPERELEVATION RA'IE(S) AND LENGTII OF RUNOFF (LJ 
(Open-Roadway Conditions) 

-

V=35mph V=40mph V=45mph V = 50 mph V=55mph V = <iO mph V = 6.5 mph V=70mph 

s Lz(ft) s Lz(ft) s Lz(ft) s Lz(ft) s l:z(ft) s Lz(ft) s Lz(ft) s Lz(ft) 

NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 
NC 0 NC 0 NC 0 NC 0 NC 0 NC 0 RC 59• RC 60* 
NC 0 NC 0 NC 0 NC 0 RC 52° .021 56* .024 71• .026 78* 

NC 0 NC 0 RC 46* RC 48* .023 59* .027 72• .030 88* .033 99• 
NC 0 RC 42* RC 46* .024 58* .028 72* .032 86* .036 106* .040 120• 
RC 40* RC 42* .024 55• .028 68* .032 82* .037 99• .041 t2t* .046 t38* 
RC 4-0• .023 49• .027 6t* .032 77* .036 93• .04t 110• .046 135• .051 t53* 

.021 42* .025 53• .030 68* .035 84* .040 103* .045 t20* .050 147* .055 16.5* 

.023 45* .028 59* .033 75• .038 92* .043 110* .048 128* .053 156* .057 171* 

.025 49• .030 63* .035 79• .040 96* .045 116° .051 136* .056 164* .059 177* 

.027 53• .032 68* .038 86* .042 10t• .048 123* .053 t42* .058 t70* .060 t80* 

.029 57• .034 72• .040 91* .045 t08* .050 128* .055 147* .059 t73* Dmax = 2° 45' 

.030 59• .036 76* .041 93• .046 tll* .052 t33* .057 t52* .060 t76* 

.032 63* .038 80* .043 98* .048 116* .054 139* .058 t55* 

.034 67* .039 82* .045 102• .050 t20* .055 t4t* .059 t58* Dmax = 3° 30' 

.035 69* .04t 87* .046 t04* .052 t25* .057 t46* .060 t60* 

.038 75• .043 91* .049 111• .054 t30* .059 t5t* 

.040 79• .046 97• .05t 116* .056 135* .060 t54* 

.042 83* .048 101• .054 t22* .058 140* Dmax = 4° t5' 

.044 87* .050 105* .055 t25* .059 t42* Dmax = 5° t5' .045 89* .052 110• .057 t29* .060 t44* 

.047 92* .053 112* .058 13t* 
Dmax = 6° 45' .049 96* .055 116* .059 134* 

.050 98* .056 118* .060 136* 

.051 too• .051 t20* .060 t36* 

.053 1.04* .058 t22* 

.054 1.06* .059 124* Dmax = 8° 45' 

.055 108* .059 t24* I emax = 0.06. I .056 110* .060 t26 

.057 112* .060 t26 

.058 114* 

.058 114* Dmax = 11° t5' Key: D = Degree of curvature 

.059 116* v = Design speed 

.060 118* s = Superelevation Rate 

.060 118* 
Lz = Length of superelevation runoff (from adverse crown remO'\led 

Dmax = t5° 00' 
to full superelevation) for 2-lane roadway 

NC = Normal crown 
RC = Reverse crown; superelevate at normal crown slope (.020 typical) 

• These are calculated lengths. See Table 6.2G for 
minimum superelevation runoff lengths. 
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D 

0° lS' 
0° 30' 
0° 4S' 
1° 00' 
1° 15' 
1° 30' 
1° 4S' 
2° 00' 
2° lS' 
2° 30' 
2° 4S' 
3° 00' 
3° lS' 
3° 30' 
3° 4S' 
4° 00' 
4° 30' 
5° 00' 
S0 30' 
6° 00' 
6° 30' 
7° 00' 
7° 30' 
go 00' 
go 30' 
9° 00' 
9° 30' 
10° 00' 
10° 30' 
11 O 00' 
11 O 30' 
12° 00' 
13° 00' 
14° 00' 
15° 00' 
16° 00' 
17° 00' 
18° 00' 
19° 00' 
20° 00' 
21° 00' 
22° 00' 
23° 00' 
24° 00' 
25° 00' 
26° 00' 
27° 00' 
28° 00' 
29° 00' 
30° 00' 
31° 001 

32° 00' 
33° 00' 
34° 00' 
35° 00' 
36° 00' 
37° 00' 
38° 00' 
39° 00' 
40° 00' 
41° 00' 
42° 00' 
43° 00' 
44° 00' 
45° 00' 
46° 00 1 

47° 00' 
48° 00' 
49° 00' 
50° 00' 
51° 00' 
S2° 00' 
53° 00' 
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Table 6.2C 

SUPERELEVATION RATE(S) AND LENGTII OF RUNOFF (LJ 
(V=20 mph and 25 mph, Open-Roadway Conditions) 

e.max = 0.08 I e = 0.06 I \r = 20 mph ~20mph 
s ~(ft) s l..i(ft) 

NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 I 
NC 0 NC 0 
NC 0 NC I 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
RC 32" RC 32" 
RC 32" RC 32" 
RC 32* RC 32* 
.021 34* RC 32* 
.023 37• .022 36• 
.025 40* .023 37• 
.026 42* .025 40* 
.028 45• .026 42* 
.030 48* .027 44• 
.031 50 .029 47• 
.033 53 .030 48* 
.035 56 .031 50 
.036 58 .032 52 
.037 60 .033 53 
.039 63 .034 S5 
.040 64 .035 S6 
.041 66 .036 58 
.043 69 .037 60 
.045 72 .038 61 
.047 76 .039 63 
.049 79 .040 64 
.051 82 .041 66 
.053 85 .043 69 
.054 87 .044 71 
.056 90 .045 72 
.057 91 .046 74 
.058 93 .047 76 
.060 96 .048 77 
.061 98 .048 77 
.062 99 .049 79 
.063 101 .050 80 
.064 103 .051 82 
.066 106 .OS2 83 
.067 107 .052 83 
.068 109 .053 85 
.069 111 .054 87 
.070 112 .054 87 
.070 112 .055 88 
.071 114 .056 90 
.072 115 .056 90 
.073 117 .057 91 
.074 119 .057 91 
.074 119 .057 91 
.07S 120 .058 93 
.076 122 .058 93 
.076 122 .059 9S 
.077 123 .059 95 
.077 123 .059 95 
.078 125 .059 95 
.078 125 .060 96 
.079 127 .060 96 
.079 127 .060 96 
.079 127 .060 96 
.079 127 .060 96 
.080 128 .060 96 
.080 128 
.080 128 
.080 128 Dmax = 49° 15 1 
.080 128 

Dmax = 53° 30' 

~ = 0.08 e = 0.06 
25 mph ~25mph 

s l..i(ft) s l..i(ft) 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
NC 0 NC 0 
RC 35* NC 0 
RC 35* RC 3S* 
RC 3S* RC 35• 
RC 35• RC 3S* 
.021 36* RC 35• 
.023 40* .021 36* 
.024 41* .023 40• 
.027 47"' .025 43• 
.029 so• .027 47• 
.031 S3* .029 so• 
.034 ss• .031 53• 
.036 62* .032 55• 
.038 65• .034 58* 
.040 69* .035 60* 
.042 72• .037 64* 
.044 7S .038 65* 
.046 79 .039 67* 
.047 81 .040 69* 
.049 84 .041 70* 
.050 86 .042 72• 
.052 89 .043 74• 
.053 91 .043 74• 
.054 93 .044 75 
.057 98 .046 79 
.059 101 .047 81 
.061 104 .049 84 
.063 108 .050 86 
.065 111 .051 87 
.067 115 .053 91 
.068 116 .054 93 
.o70 120 .055 94 
.071 121 .056 96 
.073 125 .057 98 
.074 127 .057 98 
.o75 128 .058 99 
.076 130 .058 99 
.077 132 .059 101 
.o78 133 .059 101 
.o78 133 .060 103 
.079 135 .060 103 
.079 135 .060 103 
.080 137 
.080 137 Dmax = 30° 45' .080 137 

Dmax = 33° 30' 

Key: 

D 
v 
s 
Li 

NC 
RC 

• 

= 
= 
= 
= 

= 
= 

Degree of curvature 
Design speed 
Superelevation Rate 
Length of supereievation runoff (from adve rse 

2-crown removed to full superelevation) for 
lane roadway 
Normal crown 
Reverse crown; suoereievate at normal cro 
slope (.020 typicalf 

wn 

These are calculated lengths. See Table 6.2G fo r 
minimum supereievation runoff lengths. 
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Table 6.2D 

DEGREEOFCURVATUREFORNORMALCROWNSECTION 
AND REVERSE CROWN SECTION 

(Open-Roadway Conditions) 

Design Speed 
Degree of Curvature 

See Tables 6.2A, (mph) Normal Crown Reverse Crown 
6.2B, or 6.2C 

20 D < 3° 25' 3° 25' s: D s: 4° 29' D > 4° 29' 
25 D < 2° 30' 2° 30' s: D s: 3° 23' D > 3° 23' 
30 D < 1° 45' 1° 45' s: D s: 2° 18' D > 2° 18' 
35 D < 1° 25' 1° 25' s: D s: 1° 54' D > 1° 54' 
40 D < 1° 04' 1° 04' s: D s: 1° 22' D > 1° 22' 
45 D < 0° 53' 0° 53' s: D s: 1° 08' D > 1° 08' 
50 D < 0° 43' 0° 43' s: D s: 0° 55' D > 0° 55' 
55 D < 0° 37' 0° 37' s: D s: 0° 48' D > 0° 48' 
60 D < 0° 31' 0° 31' s: D s: 0° 41' D > 0° 41' 
65 D < 0° 28' 0° 28' s: D s: 0° 34' D > 0° 34' 
70 D < 0° 25' 0° 25' s: D s: 0° 31' D > 0° 31' 

Notes: 

1. Table is based on emax = 0.08, but it may be used for both emax = 0.06 and emax = 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. 
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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 emax• whether 
open-roadway or low-speed urban street 
conditions are used: 

1. Desirable. An emax = 0.06 will desirably 
be used. 

2. Acceptable. It is acceptable to use an 
emax = 0.04. 

6.2.43 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. 

* * * * * * * * * * 
Example 6-1 

Given: Design speed = 25 mph 
Radius = 200' 
Cross slope (on tangent) = 2% 

Problem: Determine the superelevation rate. 

Solution: From Figure 6.2A, the required 
superelevation rate = -.043 . 
Therefore, a normal crown section 
may be maintained throughout the 
curve (i.e., S = -.020). 

Example 6-2 

Given: Design speed = 35 mph 
Radius = 400' 

Problem: Determine the superelevation rate. 

Solution: From Figure 6.2A, the required 
superelevation rate = + .007. This 
falls in the area where the 
roadway should be unif ormally 
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 superelevation rate. 

6.2(8) 
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VEHICLE SPEED, v0 (MPH) 

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, emax = 0.06; it is acceptable to use emax = 0.04. 

3. The basic equation for the figure is: 

v2 
R=---

15 (e + f) 

where: R = curve radius, ft 
V = design speed, mph 
e = superelevation rate 
f = side-friction factor 

For design purposes, rounded minimum radii are used as follows: 

~in (ft), 
e = .040 

~in (ft), 
e = .060 

Design Speed, m oh 

20 25 30 35 

80 145 230 345 

75 135 215 320 

SUPERELEVATION RATES 
(Low-Speed Urban Streets) 

Figure 6.2A 

40 

490 

450 

45 

665 

610 

Source: (1) 
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Solution: Figure 6.2A yields a required 
superelevation rate = + .035. 
Therefore, the entire pavement 
should be transitioned to this rate. 

* * * * * * * * * * 

6.2.4.4 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). 

6.25 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 emruJ 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.i) 
for two-lane roadways for various 
combinations of degree of curvature and 

design speed. The lengths are calculated as 
follows: 

Li = S x W x RS ~ Lmin 

where: 

Li = 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 

Lmin = Minimum superelevation 
runoff length regardless of 
calculated Li (see Table 6.2G) 

Table 6.2F provides the maximum RS values 
for each design speed. The calculated Li 
values are subject to minimum lengths (Lmin), 
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. 

6.2(10) 
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* 

Table 6.2E 

RADII FOR NORMAL CROWN SECTION AND REVERSE CROWN SECTION 
(Low-Speed Urban Streets) 

Design Speed Curve Radii 
(mph) 

Normal Crown Reverse Crown* See Figure 6.2A 

20 R> 95.24' 95.24' s R s 83.33' R> 83.33' 
25 R > 179.60' 179.60' s R s 153.19' R > 153.19' 
30 R > 298.51' 298.51' s R s 248.96' R > 248.96' 
35 R > 461.39' 461.39' s R s 376.34' R > 376.34' 
40 R > 675.11' 675.11' s R s 538.72' R > 538.72' 
45 R > 944.06' 944.06' s R s 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: 

R= 
vz 

15 (e + t) 

6.2(11) 
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Table 6.2F 

REIATIVE LONGITUDINAL SLOPES 
(RS) 

Design 
RS Grade 

Speed 
(minimum) 

Difference 
(mph) I 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 

I 
I 

Table 6.2G 

MINIMUM SUPERELEVATION 
RUNOFF LENGTIIS (L.nm) 

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 

Tani:ent Runout 

The tangent runout distance is calculated as 
follows: 

where: 

TR = Tangent runout distance for a 
two-lane roadway 

Snonnai = Travel lane cross slope on 
tangent (typically .02) 

K = Transition rate = S /Lz 

s = Design superelevation rate 
(i.e., full superelevation for 
horizontal curve) 

= 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. 

6.25.2 Multilane Highways 

Superelevation Runoff 

The superelevation runoff distance for 
multilane highways is calculated by: 

L = Lz X C ::!:: Lmin 

where: 

L = Superelevation runoff length 

Lz = Superelevation runoff length 
for a two-lane roadway 

6.2(12) 
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c = Ratio of runoff length for a 
multilane highway to runoff 
length for a two-lane roadway 
(see Table 6.2H) 

= Minimum superelevation 
runoff length regardless of 
calculated L (see Table 6.2G) 

Table 62H 

CVALUES 
(Superelevation Runoff Lengths) 

Number of Lanes c 
(Both Directions) Desirable Minimum 

2 1.0 1.0 
3 1.5 1.2 

4 2.0 1.5 
5 2.5 1.8 

6 3.0 2.0 
7 3.5 2.3 

8 4.0 2.5 

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 calculated as follows: 

TR = Snorma1/K 

where: 

TR 

snormal 

K 

s 

= Tangent runout distance for 
the multilane highway 

= Travel lane cross slope on 
tangent (typically .02) 

= Transition rate = S /L 

= Design superelevation rate 
(i.e., full superelevation for 
horizontal curve) 

L = Superelevation runoff length 
for the multilane highway 

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. 

Where the travel lanes on tangent have 
variable cross slopes, the tangent runout 
distance is calculated in two steps. First, it is 
necessary to flatten the steeper cross slope to 
match the flatter cross slope as follows: 

where: 

TR1 = Distance needed to rotate the 
steeper cross slope to match 
the flatter cross slope. 

.dSlope1 =Difference between the two 
cross slopes, ft/ft 

K = Transition rate = S /L 

After TR1 has been implemented, a uniform 
pavement slope is present on the outside 
travel lanes. From this point, the second 
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segment of the tangent runout is calculated as 
follows: 

TR2 = fl Slope2/K 

where: 

TR2 = Distance needed to rotate 
the cross slope of the 
outside travel lanes to a 
level slope 

/l.Slopez = Difference between the 
·l)J cross slope of the outside 

travel lanes and ievel (i.e., 
zero slope) 

K = Transition rate = S/L 

6.253 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 
6.2.9 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. Sections 6.2.12 
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. 

6.2.6.1 Two-Lane Roadways 

Superelevation Runoff 

Table 6.21 presents the minimum 
superelevation runoff (l.i) 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. 

Tan~ent Runout 

The tangent runout distance is calculated as 
follows: wl.e,+lr\ 'ot 

I . '? 01 

5\\l''"'J Li. ~ • ."-
TR = snonna1/K ·-----s··--~ ::. SEJZ.AO:I 

where: 

TR = Tangent runout distance for a 
two-lane roadway 

Snonnat = Travel lane cross slope on 
tangent (typically .02) 

K = Transition rate = .S /Li 

s = Design superelevation rate 
(i.e., full superelevation for 
horizontal curve) 

= 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. Li, the superelevation runoff length for 
two-lane roadways, will be based on Table 
6.21. 

2. Lmin will be based on Table 6.21. 

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 
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Design Speed 
(mph) 

20 

25 

30 

35 

40 

45 

HORIZONTAL ALIGNMENT 

Table 6.21 

SUPEREIEVATION RUNOFF LENGTHS 
(Low-Speed Urban Streets, Two-Lane Roadways) 

Superelevation 
Minimum Radius 

Rate 
(ft) 

(S) 

.02 85 

.04 I 80 

.06 75 

.02 155 

.04 145 

.06 135 

.02 250 

.04 230 

.06 215 

.02 380 

.04 345 

.06 320 

.02 540 

.04 490 

.06 450 

.02 740 

.04 665 

.06 610 

July 1992 

Superelevation 
Runoff (Li) 

(ft) 

65 
70 
75 

70 
75 
80 

75 
85 
90 

85 
95 

100 

95 
105 
115 

110 
120 
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. 

62..7 2 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. 

3. Direction of Slope. If practical, the 
shoulder should slope away from the 
travel lane. However, in some cases it 
will not be possible to meet the criteria 
for #'s 1 and 2, except by sloping the 
shoulder in the same direction as the 
travel lane. For example, if S = .075, a 
1 % shoulder slope away from the travel 
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 
break over. 

6.2(17) 
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TRAVEL LANES 
OUTSIDE 
CURVE 

SUPERELEVATEO r-~~~~g~~R 
SHOULDER SLOPE 1\ f \SUPERELEVATED 

::::::~r=.==:r:::::~R=OAD==W-A-Y------~~~S~H~OULOER SLOPE 

TYPICAL SECTION 

Note: See Section 6.2.8 for criteria on treatment of shoulders through supereievated curves. 

SHOULDER TREATMENT THROUGH SUPEREIEVATED 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. 

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 Cutves 

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. Case I: 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. 

6.2.9.1 Case I 

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). 
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2. Superelevation at PCC. The criteria in 
Section 6.2.3 (open-roadway conditions) 
or 6.2.4 (low-speed urban street 
conditions) will yield the design 
superelevation (S2) for the second curve. 
S2 should be reached at the PCC. 

3. Superelevation at PC. Section 6.2.3 or 
6.2.4 will yield the design superelevation 
(S1) for the first curve. At the PC, % S1 
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. Tani:ent Runout Length. TR will be 
determined as described in Section 6.2.3 
or 6.2.4. 

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 I superelevation 
development for a compound curve. Section 
6.2.13 presents an example problem for Case 
I. 

62.92 Case II 

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, trans1t10n length and distribution 
between tangent and curve apply. 

2. Intermediate Treatment. Superelevation 
for the first curve (S1) is reached a 
distance of ~ the superelevation runoff 
length beyond the PC. S1 is maintained 
until it is necessary to develop the needed 
superelevation rate (S2) 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 (S2 > S1). 

S2 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-iane roadways. 
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The treatment for multilane highways will be 
determined on a case-by-case basis, reflecting 
individual site conditions. 

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. Normal Section. The designer should not 
attempt to achieve a normal tangent 
section between reverse curves unless the 
normal section can be maintained for a 
minimum of two seconds of travel time, 
and the superelevation trans1t10n 
requirements can be met for both curves. 
These criteria yield the following 
minimum tangent distance (between PT of 
first curve and PC of second curve): 

Ltan ~ .75Li + TRi + 2(1.467V) + TR2 
+ .75Li 

where: 

Ltan :::: Tangent distance between 
PT and PC, ft 

Li :::: Superelevation runoff 
length for first curve, ft 

TRi = Tangent runout length for 
first curve, ft 

v = Design speed, mph 

TR2 = Tangent runout length for 
second curve, ft 

= Superelevation runoff 
length for second curve, ft 

As a modification to the equation for Ltan• 
developing a normal section is acceptable 
if between 60% - 80% of Li and Li 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: 

where terms are as defined in Comment 
# 1. As a modification to the equation for 
Ltan• it is acceptable to provide between 
60% - 80% of Li and Li 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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As noted in Section 6.2.3, an emax = 0.06 is 
typically used on bridges regardless of 
urban/rural location. 

6.2.12 Jjpical Superelevation Ficures 

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 6.2F "Axis of Rotation About 
Centerline (Compound Curves)." The 
figure illustrates two Cases. See Section 
6.2.9 for a discussion. 

July 1992 
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SUPERELEVATION TRANSITION LENGTH 

NORMAL TANGENT RUNOUT SUPERELEVATION RUNOFF LENGTH (Ll (D FULL SUPER <SJ 

PC OR PT 
SEC TION <TRl@ 

3/4 RUNOFF LENGTH 1/4 RUNOFF ! 

SUPER . AT ANY DISTANCE "X" I LENGTH I J;;\ 
@ I -a------ :\!:.! 

PROFILE GRADE ~ :R.2,_ - ,.,,..--r- ~ ~ 
AS SHOWN ON PLANS l - "'?' -1- - L PROFILE OUTSIDE EDGE OF TRAVEL ~ 

I - - I / I ct_ PAVEMENT OR PROFILE GRADE LINE b 
~~~~~:..-..._~~~~"""----:-:;.._~~~---I/ I ---l=~-_,_ 

/ GRADE • PROFILE GRAD~°lol - CG)(%J~ \]71 - -0 
~E = PROFILE GRADE (0 /ol • CG)( 0 !o) 

I © I PROFILE INSIDE EDGE OF TRAVEL WAY I 
I I I 

A 8 C D E 

ETW 

GRADE LINE 

ETW 

.02 

.00 
.02 

A 
.02 .02 

0 

CD L = Li x C > Lmm. See Section 6.2 for 
superelevation runoff calculations. Transition 
rate, K = S /L. 

@ S = K x X. See Section 6.2 for more 
information. 

@ TR = S(normal)/K. See Section 6.2 for 
tangent runout calculations. 

Grade difference G(%) = 1/RS x 100. See 
Section 6.2 for values of RS. 

AXIS OF ROTATION ABOUf CENTERLINE 
(Two-Lane Roadway) 

Figure 6.2C 
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SUPERELEVATION TRANSITION LENGTH 

NORMAL TANGENT RUNOUT SUPERELEVATION RUNOFF LENGTH cu CD FULL SUPER <SJ 
SECTION <TR)@ 

PC OR PT 

3/4 RUNOFF LENGTH 1/4 RUNOFF 

SUPER. AT ANY DISTANCE "X" I LENGTH 

@ I _,,_ 
_.,__ -

PROFILE GRADE -~c 
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---

---\T7--© 
PROFILE INSIDE EDGE OF TRA\:EL WAY ~ 

A 8 C D E 

ETW 
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.02 

.00 
.02 

PROFILE GRADE ~ PROFILE GRADE 

.02 

0 

<D L = Lz x C > Lmin. 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. 

I 

@ 

@ 

.02 

d 

S = K x X. See Section 6.2 for more 
information. 

Grade difference G(%) = l/RS x 100. See 
Section 6.2 for values of RS. 

AXIS OF ROTATION ABOUT EDGE OF TRA VELWAY 

Figure 6.2D 
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SUPERELEVATION TRANSITION LENGTH 

NORMAL TANGENT RUNOUT SUPERELEVATION RUNOFF LENGTH <u CD FULL SUPER <SJ 
SECTION <TR>@ 

PC OR PT 
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© © 
See Figures 6.2C and 6.2D for applicable notes. 

AXIS OF ROTATION ABOUT CEN'IERLINE 
(Four-Lane Undivided Highway) 

Figure 6.2E 
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PCC 
SUPERELEVATION TRANSITION LENGTH 

NORMAL TANGENT RUNOUT SUPERELEVATION RUNOFF LENGTH CU FULL SUPER <S zl 
SECTION CTR) PC OR PT 

I !---:- 300' OR LESS 
3/4S1 

__,,.-- -I _,____~ 
PROFILE GRADE - ..,-
AS SHOWN ON PLANS] -= - - - - r - - L PROFILE OUTSIDE EDGE OF TRAVEL WAY 

TR FOR S1 

NORMAL 
SECTION 

* 

- __. v.:.V~N~R PROFILE GRADE LINE 

---PROVIDE UNIFORM GRADIENT v--
THROUGHOUT TRANSITION 

PROFILE INSIDE EDGE OF TRAVEL WAY 

CASE I<o> 

PCC 
SUPER. TRANSITION 

LENGTH FOR S1 

L FOR S1 

PC 

3/4 L 1/4 L ~----1/ 
?: 300' 

<t_ PAVEMENT OR PROFILE GRADE LINE 

CASE II: <b> 

This distance may be determined by application of RS for the first curve to the increase in 
superelevation for the second curve (S2 - S1). 

Note: See Section 6.2.9 for a discussion on compound curves. 

AXIS OF ROTATION ABOlJT CE~IERLTh~ 
(Compound Curves) 

Figure 6.2F 

6.2(25) 



Oklahoma HORIZONTAL ALIGNMENT July 1992 

62.13 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 6-4 (Two-Lane Roadway) 

Given: Facility - Two-lane rural arterial 
Travel lane cross slope = 2% (on tangent) = 0.020 ft/ft = Snonnal 
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 

Problem: With the axis of rotation about the pavement centerline, determine the applicable details 
for superelevation development for the horizontal curve, including: 

1. emax 
2. superelevation rate, S 
3. superelevation runoff length, L 
4. tangent runout length, TR 
6. shoulder treatment, and 
7. relative longitudinal slopes for the two outside edges of travelway. 

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 emax· As discussed in Section 6.2.3, emax = 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 Len&th (L). Runoff length, L, is equal to the 
greater of (l.i x C) or Lmin· From Table 6.2A, Li = 182 ft. From Table 6.2H, C = 
1.0. Li x C = 182.0 ft x 1.0 = 182.0 ft. From Table 6.2G, Lmin = 175.0 ft. (L_i x C) 
> Lmin· Therefore, use L = 182.0 ft. 

4. Determine Transition Rate (K). K = S/L = 0.068 ft/ft / 182 ~t = 0.000374 ft/ft/ft. 
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5. Determine Tan~ent Runout Length (TR). TR = snormai/K = 0.020 ft/ft I 0.000374 
ft/ft/ft = 53.53 ft. 

6. 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 Bis 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 I 

End shoulder rotation at Station 10+ 77.63, S = -0.010 ft/ft. 

c. The shoulder cross slope will remain at -0.010 ft/ft until Station 15+22.37. This 
station is caiculated 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 siope/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. 

July 1992 

· 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). 

7. Determine Relative Longitudinal Slopes (RS). The RS values are calculated using 
the following equation: 

RS = 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: 

RS = 182.0 ft - 53.53 ft = 223.04 
(0.020 ft/ft)(12 ft) - (-0.068 ft/ft)(12 ft) 

b. RS for Edge of Travelway at "c" from Point C to F: 

RS = 182.0 ft - 53.53 ft = 223.04 
(0.020 ft/ft)(12 ft) - (-0.068 ft/ft)(12 ft) 
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SUPERELEVATION TRANSITION LENGTH 
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Example 6-5 (Four-Lane Divided Hi&}lway) 

Given: Facility - Four-lane divided rural arterial 
Travei lane cross slope = 2% (on tangent) = 0.02 ft/ft = SnormaI 
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 

Problem: With the axis of rotation about the median edge, determine the applicable details for 
superelevation development for the horizontal curve, including: 

1. emax 
2. superelevation rate, S 
3. superelevation runoff length, L 
4. transition rate, K 
5. tangent runout length, TR 
6. shoulder treatment, and 
7. relative longitudinal slopes for the two outside edges of travelway. 

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 emax· As discussed in Section 6.2.3, emax = 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 (Lz x C) or Lmin 
From Table 6.2A, Lz = 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 
Lz x c = 195.0 ft x 1.0 = 195.0 ft 
From Table 6.2G, Lmin = 200.0 ft 
(Lz X C) < Lmin 
Tnerefore, 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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5. Determine Tan&ent Runout Len&th (TR). TR = Snormai/K = 0.020 ft/ft /0.000325 
ft/ft/ft = 61.54 ft. 

6. 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 = 92.31 ft 

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 
+ 92.31 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 + %(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 siope/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. 

July 1992 

· 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, a 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: 

RS = 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: 

RS = 200.0 ft + 61.54 ft = 128_21 
(0.020 ft/ft)(24.0 ft) - (-0.065 ft/ft)(24.0 ft) 

b. RS for Edge of Travelway at "d" from Point C to F: 

RS = 200.0 ft - 61.54 ft = 128.2l 
(0.020 ft/ft)(24.0 ft) - (-0.065 ft/ft)(24.0 ft) 
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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 CURBl 

~ 
o.03 -- 0.02 

~J-
14' 12' 12' 14' 

TRAVEL LANE I TRAVEL LANE TRAVEL LANE TRAVEL LANE 

Problem: Assuming rotation about the centerline, determine the applicable details for 
superelevation development for the horizontal curve, including: 

1. emax 
2. superelevation rate, S 
3. superelevation runoff length, L 
4. transition rate, K 
5. tangent runout length, TR, and 
6. relative longitudinal slopes for all travelway edges. 

Solution: The details of the superelevated curve are determined as follows, and Figure 6.21 
presents the completed example and shows all stationing. 

1. Determine emax· As discussed in Section 6.2.3, emax = 0.06 for urban highways; 
desirably, open-roadway conditions are used. 

2. Determine Superelevation Rate (S). From Table 6.2B, S = 0.055 ft/ft for D = 6° 
and V = 45 mph .. 

3. Determine Superelevation Runoff Leni!h (L). Runoff length, L, is equal to the 
greater of (Li x C) or Lmin· From Table 6.2B, Lz = 125.0 ft. From Table 6.2H, C 
= 2.0 (desirable). Lz x C = 125.0 ft x 2.0. From Table 6.2G, Lmin = 135.0 ft. (Lz 
x C) > Lmin· Therefore, use L = 250.0 ft. 

4. Determine Transition Rate (K). K = S/L = 0.055 ft/ft / 250.0 ft = 0.000220 ft/ft/ft. 
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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: 

TR1 = change in cross slope/K = (0.030 ft/ft - 0.020 ft/ft)/0.000220 ft/ft/ft. 
TR1 = 45.45 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): 

TR2 = change in cross slope/K = (0.020 ft/ft - 0.000 ft/ft)/0.000220 ft/ft/ft. 
TR2 = 90.91 ft 

The total tangent runout distance is: 

TR = TR1 + TR2 = 45.45 ft + 90.91 ft 
TR = 136.36 ft 

6. Determine Relative Lon1?:itudinal Slope (RS). The RS values are calculated using 
the following equation: 

RS = Distance from Pt. X to Pt. Y 
Elev.@ X - Elev.@ Y 

and Elevation of profile gradeline = 0.0. 

a. RS of outside travel lane at Edge "a" from Point A to Point B: 

RS = 45.45 ft =324.64 
((12 ft)(0.020 ft/ft) + (14 ft)(0.030)) - ((12 ft)(0.020 ft/ft) + (14 ft)(0.020 ft/ft)) 

b. RS of outside travel lane at Edge "a" from Point B to Point G: 

RS = 90.91 ft + 250.0 ft = 174.8 
(0.020 ft/ft)(26.0 ft) - (-0.055 ft/ft)(26.0 ft) 

c. RS of inside travel lane at Edge "b" from Point B to Point G: 

RS = 90.91 ft + 250.0 ft = 378.8 
(0.020 ft/ft)(12.0 ft) - ( -0.055 ft/ft)(12.0 ft) 
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d. RS of outside travel lane at Edge "e" from Point D to Point E: 

RS = 45.45 ft =378.8 
((12 ft)(-0.020 ft/ft) + (14 ft)(-0.030 ft/ft)) - ((12 ft)(-0.030 ft/ft) + (14 ft)(-0.030 ft/ft)) 

e. RS of outside travel lane at Edge "e" from Point E to Point G: 

RS = 250.0 ft - 136.36 ft . = 174 8 
(-0.030 ft/ft)(26.0 ft) - (-0.055 ft/ft)(26.0 ft) . 

f. RS of inside travel lane at Edge "d" from Point D to Point G: 

RS = 250.0 ft - 90.91 ft = 378.8 
(-0.020 ft/ft)(12.0 ft) - (-0.055 ft/ft)(12.0 ft) 
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Example 6-7 (Compound Curve) 

Given: Facility - Two-lane rural arteiial 
Travel lane cross slope = 2% on tangent 
Design Speed = 60 mph 
3'"Centered symmetrical compound curve with: Di = D3 = 2°, D2 = 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 emax· As discussed in Section 6.2.3, emax = 0.08 for rural highways and 
open-roadway conditions. 

2. Determine Superelevation Rates (S1 and SJ. From Table 6.2A: 

Si = 0.051 ft/ft for D1 = 2° and V = 60 mph 
S2 = 0.078 ft/ft for D2 = 4° and V = 60 mph 

3. Determine Superelevation Runoff Lengths (L1 and k). From Table 6.2A: 

Li = 136 ft for Curve # 1 
Lz = 208 ft for Curve #2 

From Table 6.2G, Lmin = 175 ft for V = 60 mph. Therefore, the objective will be 
to superelevate the compound curve such that, when viewing each curve 
independently: 

Li ~ 175 ft 
Lz ~ 208 ft 

4. Determine Transition Rate (K) for Curve # 1. One objective is to develop Curve 
# 1 as if it is an independent simpie curve. This yields for the transition rate: 

K1 = SifL1 = 0.051 ft/ft /175 ft = 0.000291 ft/ft/ft 

5. Determine Lz. One objective is to provide a uniform longitudinal gradient 
throughout the superelevation runoff from the end of the tangent runout to S2 at the 
PCC. Using the transition rate for Curve #1: 

Lz = S2/K1 = 0.078 ft/ft /0.000291 ft/ft/ft 
Li = 268 ft 

6.2(38) 
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This distance is greater than Li 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 % S1, at the PC. Therefore, the distance between the end of the tangent 
runout and the PC is calculated as follows: 

Lpc = Spc/K = ( % )(0.051 ft/ft) / 0.000291 ft/ft/ft 
Lpc = 131.44 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. 

6. Determine Tangent Runout Length (TR). Section 6.2.5 describes how to calculate 
TR: 

TR = snorma1/K = 0.02 ft/ft I 0.000291 ft/ft/ft 
TR= 69 ft 

Figure 6.21 presents the completed Example 6-7. 
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63 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 perceiv.e 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 

curves. (See Chapter Fourteen for a 
discussion of horizontal alignment within 
detours.) 

6. 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.) 

7. 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. 

8. 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. 

9. 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. 

10. Coordination with Vertical Alignment. 
Chapter Seven discusses design principles 
for the coordination between horizontal 
and vertical alignment. 

11. 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 
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may be 45° and intersecting roadways or 
railways may be 30°. 

632 Desi&n Procedures 

63.2.1 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. 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. 

2. 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. 

3. 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 
cuive 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. 

4. 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 ( fJ.) 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. 

5. 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. 

6. Survey (General). Horizontal curves are 
normally staked in the field by the 
deflection method for simple curves. In 
general, the designer shouid 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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6.3.2.2 Mathematical Computations 

Section 6.6 presents numerous figures which 
provide the needed mathematical equations 
and techniques to make various computations 
for horizontal curves. 

July 1992 
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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 6.4A 
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 A.l\DT < 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 6.4A 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. 

6.4.2 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. 

6.4(1) 
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Table 6.4A 

TRA \'ELWAY WIDENING ON IIlGHWAY CURVES 
(High Truck Volumes) 

Travelway = 24' 
Degree of Curve 

Design Speed (mph) 
(D) 

30 40 50 60 

10 0.0 0.0 0.0 0.0 
')O 0.5 0.5 0.5 1.0 ... 
3" 1.0 1.5 1.5 2.0 
40 1.5 2.0 2.0 2.5 
50 2.0 2.5 3.0 3.0 
60 I 

3.0 3.0 3.5 I 70 3.5 4.0 4.0 
so 4.0 4.5 5.0 
90 4.5 5.0 

100 5.5 5.5 
15° 7.5 8.0 
20° 10.0 
25° 12.5 

Notes: 

70 

0.0 
1.0 
2.0 
2.5 

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 he 2.0'. Widening less than 2.0' will not be required. 

5. Basis. Values in table were calculated assuming a WB-67 design vehicle. 
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Table 6.4B 

TRAVELWAY WIDENING ON IIlGHWAY CURVES 
(All Other Facilities) 

Travelway = 24' 
Degree of Curve 

Design Speed (mph) 
(D) 

30 40 50 60 

10 0.0 0.0 0.0 0.0 
20 0.0 0.0 0.0 0.5 
30 0.0 0.0 0.5 0.5 
40 0.0 0.5 0.5 1.0 
50 0.5 0.5 1.0 1.0 
60 0.5 1.0 1.0 1.5 
70 0.5 1.0 1.5 
go 1.0 1.0 1.5 
90 1.0 1.5 2.0 

100 1.0 1.5 
15° 2.0 2.0 
20° 2.5 
25° 3.0 

Notes: 

70 

0.0 
0.5 
1.0 
1.0 

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. 

6.4(3) 
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65 HORIZONTAL SIGHT DISTANCE 

65.1 General 

Sight obstructions on the inside of a 
horizontal curve are obstacles of considerable 
length which intedere 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. 

65.2 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 = 5730 ( l _ cos ( S x D )) 
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. 

65.2.1 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. 

65.2.2 Decision Sight Distance (DSD) 

At some iocations, 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." 

65.23 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: 

Step 2: 

Step 3: 

Step 4: 

Locate the point which is on the 
outside edge of shoulder and a 
distance of S /2 before the PC. 

Locate the point which is a 
distance M measured laterally 
from the center of the inside 
travel lane at the PC. 

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. 

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. 

6.53 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 horizontai clearance for 
these curves should be determined as follows: 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step 5: 

For the given D and S, calculate 
M assuming L > S. 

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

M' _ 1.2 L d 
M - -s-· an 

M' = 1.2 L x M 
s 

where: M' ~ M 

Locate the point which is on the 
outside edge of shoulder and a 
distance of S/2 before the PC. 

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. 

A symmetrical application of Step 
#'s 2-4 should be used on the 
exiting portion of curve. 
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Example 6-8 

Given: Urban Freeway 
Design Speed = 60 mph 
D = 4°30', L = 1200 ft 
Truck DDHV > 250 vph 
Grade = 2% downgrade 

CENTER OF INSIDE LANE 

.PT~ 
. ····. / -~ .. · ·. ,,6' 

.· ~ .. • ..... ·· ..... · ... ~· 
'· 
'~~ 

~g~~ 
~~~~ 

Problem: Determine the horizontal clearance requirements for the horizontal curve. 

July 1992 

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 = 5730 (l _ cos S x D) 
D 200 

M = 5730 (i -cos (964)(4.5)) = 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 
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* * * * * * * * * * 
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: 

M (L > S) = 5730 [l _ cos (980)(3)] 
3 200 

M = 62.52' 

M' (L < S) 

M' = 45.93' 

1.2 (600)(62.52) 
980 

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. 

* * * * * * * * * * 

65.4 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. 

Tne 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. 

July 1992 
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6.6 :tvfATIIBMATICAL DETAITS FOR 
HORIZONTAL CURVES 

This Section presents mathematical details 
used by ODOT for various applications to the 

design of horizontal curves. Table 6.6A 
summarizes the figures in Section 6.6. 

Table 6.6A 

MATHEMATICAL DETAILS FOR HORIZONTAL CURVES 

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 6.60 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) 
Fi1rure 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 (Samole Problem) 

Figure 6.6U POC Computation Using Right Triangles 
Figure 6.6V POC Compu_tation 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 

MATIIEMATICAL DETAII.S 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) 
Fil!llre 6.6DD Reversed Curves (To Parallel Tangents with TanJ?;ent 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 6.6II Curve Between Fixed Tangent and Fixed Curve (Case IV) 

Figure 6.6JJ 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 
Fil!llre 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 
Fi!!Ure 6.6SS 3-Centered Curve Example 

Figure 6.6TT Compass Tangent Construction 
Figure 6.6UU Compass Tangent Construction 
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B 

a 

A c 

Let BC = a, AC = b, AB = c. Then: 

1 . a 
. sm ex = -

c 

"J b .... cos « = -
c 

a 3. tan a = _ 
b 

7. vers a = 1 - cos a 

8. covers a = 1 - sin ex 

11. a 2 + b 2 = c 2 

1 

13. Area = ...: ab 
2 

1 c 
4. csc ex = -. -

sm ex a 

1 c 
5. sec ex = -- -b 

COS IX 

1 b 
6. cot a= --

tan ex a 

9. exsec ex = sec ex - 1 

10. coexsec ex = csc IX - 1 

12. IX + P = 90° 

BASIC TRIGONOMETRIC FORMUIAS 
(Right Triangle Solution) 

Figure 6.6A 

July 1992 
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CURVE SYMBOLS 

~ = Intersection Angle 
D = Degree of curve based on 100' arc 
T = Tangent Distance = distance from PC 

to PI = distance from PI to PT 
L = Length of curve in ft = distance from 

PC to PT along curve 
R = Radius of curve in ft 
E = External Distance (PI to mid-point of 

curve) 
V = Intersection of radii at center of 

circular arc 
C = Length of long chord in ft - PC to PT 
M = Middle Ordinate (mid-point of arc to 

mid-point of long chord) 
a = Length of arc in ft 
c = Length of any chord from PC to any 

point on curve, or chord for any given 
arc in ft 

d = Deflection angle from tangent to any 
point on curve 

x = Distance along tangent from PC to 
any point on curve (perpendicular to 
radius line) 

t = Tangent offset to any point on curve 

CIRCULAR CURVE ABBREVIATIONS 

P.C. = PC = Point of Curvature 
(Beginning of Curve) 

P.T. = PT = Point of Tangency 
(End of Curve) 

P.I. = PI = Point of Intersection 
of Tangents 

P.R.C. = PRC = Point of Reverse 
Curvature 

P.C.C. = PCC = Point of Compound 
Curvature 

P.0.S.T.= POST = Point on Sub-Tangent 

CURVE FORMULA 

!::. = LD/100 

D = 5729.57795/R for 1001 Arc 

D = 100 !::./L 

Sin (A 12) 
T = R(tan (!::./2)) = R -~"'__,......,.. 

cos ( !::./2) 

L = 100 !::./ D 

R = 5729.57795/D for 100' Arc 

E = R -R 
cos (!::./2) 

C = 2R (sin (!::./2)) 
M = R(l-cos (!::./2)) 
a = 200 d/D 
c = 2R (sin aD/200) 
d = aD/200 
cos d = (R - t)/2R 
x = R sin 2d = ( c) cos d 
t = (c) sin d 

t = R - i/,......R-2 -_ -x-2 

t = R - (R cos 2d) 
t = R(l - cos 2d) 
TC = 3.141592653 

CURVE SYMBOIS, ABBREVIATIONS AND FORMUIAS 

Figure 6.6B 

July 1992 
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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 CIRCUIAR 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. 

· ..!..ANCE:NT L ~ANGENT """""' --..INE: POINT --
0 I --cjl 

I 
10: 
I 

QCENTER 

From any point on a circular curve, the angle 
intercepting a given arc on the same circular 
curve is equal to Y2 the central angle (fl.) for 
that particular arc. 

TANGENT 
POINT 

The figure below forms an isosceles triangle. 
Therefore, Angle 0 = Angle D. Also, 
B + D + 0 = 180° (sum of the interior angles of 
a triangle). Also, fl.+ B = 180° (angle around 
a point forming a straight line). Therefore, 
fl. =0+ D and, having shown that O=D, then 
ll.=0+0=2x 0 or O=(ll./2). 

The figure below shows the 2 tangents and 2 
radii of a simple curve. A+ fl. = 180°. Also, 
A+ 90° + 90° + C = 360° (sum of the interior 
angles in a 4-sided figure) or A+ C = 180°. 
Therefore, fl.= C. C is sometimes called the 
central angle but is usually designated by fl.. 

SIMPLE CURVES 
(Geometric Principles) 

Figure 6.6D 

6.6(6) 



Oklahoma HORIZONTAL ALIGNMENT July 1992 

ARC DEFII\TITION 

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 
Circumference = ----

D 

Also 2tt R = Circumference. Therefore: 

21tR = 100 x 360 
D 

Where: Risinft 
D is in degrees 

Solving for R: 

1tR = 50 x 360 
D 

R = 50 x 360 
1tD 

Also: D = 5729.58 
R 

R = 5729.58 
D 

(It can be readily seen that the radius of a 1° 
curve is 5729.58'). 

A=DELTA ANGLE OR INTERSECTION 
ANGLE 

11 = 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 

TANGENT 
POINT 

Formulas: 

OR 

OR 

R = 5729.58 
D 

R= T 
tan (A/2) 

R= C 
2 sin (A/2) 

Where R is in ft and D and A are m 
degrees. 

SIMPIE CURVES 
(Various Elements) 

Figure 6.6E 
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L = LENGTH OF CURVE 
D = DEGREE OF CURVE 

With a constant '1, L increases or decreases in 
direct ratio to R. 

Formulas for D: D = 5729·58 
R 

D = ~ x 100 
L 

Formulas for L: L = ~ x 100 
D 

Where '1 and D are in degrees. 

Or, Lis in direct ratio to '1. Thus: 

L = ~ x 21tR 
360 

Reducing to: L = .0174533 '1 R 

Where L and R are in ft, ·and '1 is in 
degrees. 

T = TANGENT LENGTH 

Formulas: T = R tan ('1/2) 

T= C 
2 cos ('1/2) 

Where T, L & R are in ft, and D is m 
degrees. 

M = MIDDLE ORDINATE 

Where M, C, R and E are in ft. 

Formulas: 

M = ~ tan ('1/4) Also: M = E cos ('1/2) 

or 

M = R - R cos (h./2); Af = R (l - cos ('1/2)) 

SIMPLE CURVES 
(Various Elements) 

Figure 6.6F 
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C =CHORD 

Formulas: 

C = R sin ('1/2); 
2 

C = 2R sin ( '1/2) 

Also: C = 2T cos ('1/2) 

or 

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. /:;. 
would then be the central angle of the arc of 
whatever part of the curve is being 
considered. 

E =EXTERNAL 

Formulas: 

Also: 

( 1 ) 
E = R l1 - cos ('1/2) 

E = M ·or 
cos ( ll./2), 

E = T tan (ll./4);or 

E = C (tan (!J./2) - tan ('1/4)) 
2 

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.) 

~ 
/ la ~ 

/_-"'- _j;.-i~EF"LECTION 
~ ~GLES 

' ~ 

The deflection angle in degrees for 200 ft of 
arc on a circular curve is equal to D 
(See figure below.) 

/\ 
/"-Jo 

/ 200' ~ 

~ 
'20 / 

9 
The deflection angle (in degrees): 

For 1001 = D 
2 

For 251 = D 
8 

For 11 = .!!__ 
200 

For 50' 

For 101 

D 
4 
D 
20 

The deflection angle in minutes per ft 

= 60D = 0.3D 
200 

The deflection angle in minutes for any arc = 
0.3D x arc length. 

SIMPLE CURVES 
(Various Elements) 

Figure 6.6G 
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Ji = Central Angle 
R = Radius 
D = Degree of Curve 
T = Tangent 
L = Length of Curve 
M = Middle Ordinate 
E = External 
R = For 1° = 5729.578' 

R = 5729.578 or 
D 

D = 5729.578 
R 

L = ~ x 100 
D 

R= T 
tan (A/2) 

T = R tan (A /2) 

M = R - (R cos(A /2)) or 

M = R (1 - cos (A/2)) 

When R is known, E = R - R 
cos (A/2) 

When Tis known, E = T (tan (A/4)) 

Example: 

Given: 

PI = Sta.161 + 60.35; A = 62° 101; D = 8° 201 

To find: Sta. of PC and PT 

1. Change 8°20' to decimals or 8.3333°: 

R = 5729578 = 687.5493' 
8.3333 

2. T = R tan (A /2) = 687.5493 x 0.60284 

T = 414.48 

3. L = ti. x iOO = 62· 1666 x 100 = 746.001 

D 8.3333 

4. Therefore: 

PI = Sta. 161 +60.35 
T = -414.48 
PC = Sta. 157+45.87 
L = +746.00 
PT = Sta. 164+91.87 

SIMPLE CURVE COMPUTATION 

Figure 6.6H 
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STATIONING 
/ 

1. The station at the first PI is 6 + 18.38. 

2. The station at the first PC = 6 + 18.38 - 224.00 = 3 + 94.38. 

3. The station at the first PT = 394.38 + 438.60 = 8 + 32.98. 

4. The station at the second PC = 832.98 + (838.77 - 224.00 - 247.80) = 11 + 99.95. 

5. The station at the second PI = 11 + 99.95 + 247.80 = 14 + 47.75. 

6. The station at the second PT = 1199.95 + 479.32 = 16 + 79.27. 

7. The station at the third PC = 1679.27 + (938.82 - 247.80 - 261.38) = 21 + 08.91. 

8. The station at the third PI = 2108.91 + 261.38 = 23 + 70.29. 

9. The station at the third PT = 2108.91 + 500.07 = 26 + 08.98. 

10. The station at the final POT = 2608.98 + (677.91 - 261.38) = 30 + 25.51. 

11. Check: (618.38 + 838.77 + 938.82 + 677.91) - (2 x 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 It, 
ORIGINAL <t_--..--

R•3819.72 PC <CONSTRUCTION> ST A. 9••08.89 

R•2864.79 PC <ORIGINALI 
STA. 94•94.85 

Given: Simple Curve Problem: 

July 1992 

F 

Original PI 
/:,. 
D 
T 
L 
R 

100 + 00.00 
20°00' Rt. 
20 
505.15' 
1000.00' 
2864.79' 

Compute: Simple curve of different degree where 
one tangent is offset a specified distance from and 
parallel to the original tangent. 
D = 1°30', F = 30.0' Rt. 

Solution: 
Y = F /sin /:,. = 30.0/sin 20° = 30.0/0.34202 = 87.71' 
X F /tan /:,. = 30.0/tan 20° = 30.0/0.36397 = 82.42' 
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 + 82.42 Orig. PI= 100+00.00 Const. T = 6+73.53 
/:,. = 20°00' Rt. +x = 82.42 +Y = 87.71 
D= 10301 Const. PI = 100+82.42 7+61.24 
T= 673.53' -T = 673.53 -Orig. T = - 5+05.15 
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 6.6J 
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Given: Original Curve Data: 

PI 100+00.00 
A 58°00' Rt. 
D = 2" 
T 1587.98' 
L 2900.00' 

Compute: PC, PT of given simple curve joining 
tangents offset a specified distance from original 
tangents. Also, resulting equation: 
Offset F1=100.00'Rt., Offset F2=64.00'Rt. 

Z = F1/sin .d = 100.00'jsin 58° = 100.00'j0.84805 = 117.92' 
Y = F1/tan ..:1 = 100.00'jtan 58° = 100.00'/1.60033 = 62.49' 
X = F2fsin ..:1 = 64.00'/sin 58° = 64.00'/0.84805 = 75.47' 
W = F2ftan ..:1 = 64.00'jtan 58° = 64.00'/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 
-T 

Const. PC 
+L 

Const. PT 
A = Z - W = 117.92' - 39.99' 

Orig. PT 
+A = 

99+87.02 
15+87.98 
83+99.04 
29+00.00 

112+99.04 
77.93 

113+12.02 
77.93 

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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CASE I - TO INTRODUCE A CURVE OF 
SELECTED DEGREE BETWEEN 
TWO FIXED CURVES 

Part A: Fixed curves of equal degree. 

Given: 

R1 and R2 = Radii of fixed curves with 
radiais A01 and B02 fixed on coordinate 
system. 

R = Radius selected for intermediate curve. 

Pa, Pa1 and Pa2 = Offset ("p" distance) to 
permit insertion of selected spirals; without 
-spirals, Pa= o: 

Problem: 

To determine 4, 4 1 and 4 2 and the remaining 
properties of each curve. 

Solution: 

Determine length and bearing of 0 10 2 from 
given coordinates of 0 1 and 0 2. 

00 
1:1 = 2 sin-1 I 2 

2(R1 -R-Pa) * 

oc = 8 = 90° - /:1 
2 

Determine bearing 0 10 by applying oc to 
bearing 0 10 2. 

Determine bearing 0 20 by applying 0 to 
bearing 0 10 2. 

1:11 = difference in bearings of 0 10 and 0 1A. 
1:1 2 = difference in bearings of 0 20 and 0 2B. 

Determine remaining properties of each curve 
through usual procedure. 

* Where R is greater than R1 and/ or R2: 

00 
1:1 = 2 sin-1 1 2 

2(R - R1 - Pa) 

CURVE 
(Between Two Fixed Curves) 

Figure 6.6L 
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Part B: Fixed curves of unequal degree. 

01 

Given: 

R1 and R2 = Radii of fixed curves with 
radials A01 and B02 fixed on coordinate 
system. 

R = Radius selected for intermediate curve. 

Pa, Pa1 and Pa2 = Offset ("p" distance) to 
permit insertion of selected spirals; without 
spirals, Pa=O. 

Problem: 

To determine A, A1 and A2 and the remaining 
properties of each curve. 

Solution: 

Determine length and bearing of 0 10 2 from 
given coordinates of 0 1 and 0 2. 

_1 oo/ + oo,, - 0 10 2 2 
A = cos .. 

2 x 001 x 002 

-1 oo12 + ooi - o102 2 
ex = COS 

2 x 001 x 0102 

e = 180° - (11 + oc) 

Determine bearing 0 10 by applying °" to 
bearing 0 10 2. 

Determine bearing 0 20 by applying 0 to 
bearing 0 10 2. 

A1 = difference in bearings of 0 10 and 0 1A. 
A2 = difference in bearings of 0 20 and 0 2B. 

Determine remaining properties of each curve 
through usual procedure. 

* Where R is greater than R1 and/or R2: 

001 = R - (R1 + Pa1) 

002 = R - (R2 + Pa2) 

CURVE 
(Between Two Fixed Curves) 

Figure 6.6L (Continued) 
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CASE II- TOINTRODUCEACURVEOF 
SELECTED DEGREE BETWEEN A 
FIXED CURVE AND A FIXED 
TANGENT 

Part A: 

Given: 

Selected curve of lesser degree 
than the fixed curve. 

0 

R1 = Radius of fixed curve with coordinated 
radial A01. 

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 ll., ll. 1 and remaining properties 
of each curve. 

Solution: 

In ll.01CB, solve for 0 1B, or d. 
OE = OD - ED = (R + P) - d 

4 = cos-1 OE = cos-1 (R + P) - d 
001 R - (R1 +Pa) 

Determine remaining properties of each curve 
through usual procedure. 

Part B: 

Given: 

Selected curve of greater degree 
than the fixed curve. 

CO-ORDINATES 
FIXED 

R1 = Radius of fixed curve with coordinated 
radial A01. 

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 d_etermine ll., ll. 1 and remaining properties 
of each curve. 

Solution: 

In ll.01CB, solve for 0 1B, or d. 
0 1E = d - (R + P) 

/J. = cos-1 01E = cos-1 d - (R + P) 
0 10 R1 - (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. 
A R1 

I 
c 

B 

R1 & R2 = Radii of fixed curves with 
coordinated radials A01 & B02. 

P1 & P2 = Offset ("p" distance) to permit 
insertion of selected spirals; 
without spirals, P 1 and P 2 = 0. 

Problem: 

To determine length and bearing of tangent 
MN, 4 1, 4 2 and the remaining properties of 
each curve. 

Solution: 

Determine length and bearing of 0 10 2 from 
known coordinates; then, in l\010 2C: 

Cl(= cos 
-1 (R1 + P1)* + (R2 + P2)* 

0102 

MN = [(R1 + P1)* + (R2 + P2)*] tan °' 

Determine angles a and b from bearings of 
0 1A, 0 2B and 0 20 1: 

Determine remaining properties of each curve 
through usual procedure. 

Part B: Curves in same direction. 
A 

Given: 

R1 & R2 = Radii of fixed curves with coordi­
nated radials A01 & B02. 

P 1 & P 2 = Offset ("p" distance) to permit in­
sertion of selected spirals; without 
spirals, P1 and P2=0. 

Problem: 

To determine length and bearing of tangent 
MN, 4 1, l\2 and the remaining properties of 
each curve. 

Solution: 

Determine length and bearing of 0 10 2 from 
known coordinates; then, in Ji 0 10 2C: 

Cl( =cos 
-1 (Rz + P2)* - (R1 + P1)* 

0102 

MN = [(R2 + P2)* - (R1 + P1)*]+ tan °' 

Determine angles a and b from beari..'1.gs of 
0 1A, 0 2B and 0 20 1: 

Determine remaining properties of each curve 
through usual procedure. 

*P 1 and P 2 = 0 when spirals are not used. 

CURVE 
(Establish a Tangent Between Two Curves) 

Figure 6.6N 
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CASE IV - TO INTRODUCE A SYM-
METRICAL 3-CENTERED CURVE OF 
SELECIBD RADII BETWEEN TWO 
GIVEN TANGENTS OF KNOWN 
INTERSECTION 

-;,. 
0 \ ~<t> c. 
vv\~' ~~ 

P!.j ,' \ '.( 
R --/- \ KNOWN 

j{.. ~ COORDINATES 

!/- - - o~ 
02 

KNOWN 
COORDINATES 

Given: 

Radii r and R and angle A.. 

Problem: 

To determine the external tangent, Te. 

· Solutfon: · 

Compute remaining properties (L, T, etc.) for 
each curve. 

Establish PC (Point A) and PT (Point D) 
using distance Te. 

Te = _R_s_in_( .G._/_2)_-_[ (_R_-~'-) _sm_· _( A.i_/_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 
POINT 

Given: 

F'IXED CURVE 
o,,t--.,.. 
I~........_ ~1 GIVEN 

h-_'£. 7 - - lit ..,..._ POINT 

i e C/90° t-"v ........_ 
I I - A 

I I o ,!'!- - -
_90o -: £- - I 

D C B 

Tangent DF, its bearing and coordinates ofD. 

R1 and coordiantes of 0 1 and A. 

Problem: 

To determine R and A.. 

SThfMETRICAL 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 0 1A and 0 1C. 

From solution of triangle DIA: 
a sm oc R = -..,.--..,..---_,,,_-~~-,...--.-~ 

sin (180" - a) tan (A./2) 

Method 2: Determine bearing and length of 
D01, or b, from known coordinates. 
Determine 6 from bearings 0 1D and 0 1C. 
Determine A from bearings 0 1A and 0 1C. 
From solution of triangles D01C and 
E010: 

R = _b_c_o_s_e_-_R_1_c_o_s_A. 
1 - cos A. 

Note: If spiral is used at B, Method 2 must 
be employed; then: 

R = b cos 6 - R1 cos A - P 

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 > R1. 

SYMMETRICAL 3-CEN1ERED CURVE 
(Continued) 

Figure 6.60 

July 1992 
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CASE VI - TO INTRODUCE A CURVE 
AND TO DETERMINE ITS RADIUS 
BETWEEN A GIVEN POINT ON A 
FIXED TANGENT AND SOME POINT 
ON A FIXED CURVE 

c 

FIXED CURVE 

FIXED TANGENT E 

Given: 

R1 and coordinates of 0 1 and C. Tangent 
AE, its bearing and coordinates of A. 

Problem: 

To determine R, !J. and !J.1. 

Solution: 

Erect right triangles A01D and 0 10D. · 
Determine length and bearing of A01 or d 
from known coordinates of A and 0 1. From 
solution of triangles A01D and 0 10D: 

d 2 - R/ 
R =....,.........,.....,....---....,..-'"'" 

2 (d cos "" - R1) 

and 

Determine bearing B01 by application of !J. to 
bearingAD1, then !J.1 =difference in bearings 
of B01 and C01. 

Note: This solution is applicable whether R 
< or > R1. 

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, l:J., 
T): Radii of curves (R1 & R2). Intersection 
point and angle of the two centerlines 
(H & cl>). 

Distance JH is thereby known and HI can be 
determiend by subtracting JH from T for 
established curve. 

Distance between curve centers 
(BE = R1 + R2). 

Triangle No. 1. GHI 

Find: LG & GI 

1. y = 180° - cl> 
2. LG = 180° - (y + A) 
3. HI = T (est. curve) - JH 

4. GI = HI sin y 
sin LG 

Triangle No. 2. DGF 

Find: LD & DF 

5. FG = T (est. curve) + GI 
6. DF = FG tan LG 
7. LD = 90° - LG 

G 

COMMON POINT 
OF TmGENCY 

Triangles No. 3. ABC & CDE 

Find: Le (Ls at B & E are thus determined) 

BC + CE = R1 + R2 

In triangle ABC: 

BC= _!2_ 
sin 6 

BC + CE = _!2_ + DE. sin W = Ri + Ri 
sin 6 sm 6 

In triangle CDE: 

8. DE= R2 - DF 
9. W = 180° - LD 

CE= DE sin W 
sin 6 

R1 +DE sin W 
10. sin e = ------

11. LB = 90° - e 

12. LE = 180° - (6 + W) 

Length of curves, tangent length, etc., are 
determined. 

ALIGNMENT 
(Common Point of Tangen<.y for Two CuIVes) 

Figure 6.6Q 
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Given: 

4> = 64°33'10" 
JH = 1211.77 
fl = 37°18'22" 
T = 2637.44 
Ri = 
Ri = 

1. y 
2. LG 
3. HI 

4. GI 

5. FG 
6. DF 
7. LD 
8. DE 
9. LW 

7813.06 
2864.79 

= 180°00'00" - 64°33'10" = 115°26'50" 
= 180°00'00" - (115°26'50" + 37°18'22") :::: 27°14'48" 
= 2637.44-1211.77 = 1425.67 

= (1425.67)(.90298146) = 2811.907 
.45782219 

= 2637.44 + 2811.907 = 5549.347 
= (5449.347)(.5149602) = 2806.197 
= 90°00'00" - 27°14'48" = 62°45'12" 
= 7813.06 - 2806.197 = 5006.863 
= 180°00'00" - 62°45'12" = 117°14'48" 

10. sine = 2864.79 + (5006.863)(.88904378) = .68516695 
2864.79 + 7813.06 

11. LB 
12. LE 

e = 43° 14155.4611 

= 90°00'00" - 43°14'55.46" = 46°45'04.54" 
= 1so0 00'00" - (46"45'04.54" + 111°14'48") = 16°00'07.46" 

COMMON POINT OF TANGENCY FOR 1WO CURVES 
(Sample Problem) 

Figure 6.6R 

July 1992 
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/ 
Given: 

AE, Angle E and Curve Data 

Reguired: 

EF and Arc Dist. AF 

Solution: 

From triangle ABE: From triangle CDF: 

1. B = 90° - E 8. CF = Radius 

2. BE = AE 
sin B 

9. sin F = DC 
CF 

3. AB = BE cos B 10.C = 90° - F 
11. C2 = C- C1 

From triangle BCD: 12. DF = CF cos F 
13. EF = BD +BE- DF 

4. BC = Radius -AB 
5. CD = BC sin B 

14. Arc Dist. AF = c2-
Deg. of Curve 

6. BD = BC cos B 
7. C1 = 90° - B 

POC COMPUTATION USING RIGHT TRI.A_NGLES 

Figure 6.6S 

July 1992 

x 100 
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Given: 

Angle E = 
AE = 
Radius = 
Curve D = 

1. B = 
2. BE = 
3. AB = 
4. BC = 
5. CD = 
6. BD = 
7. C1 = 
8. CF = 
9. sin F = 
10. c = 
11. c; = 
12. DF = 
13. EF = 
14. Arc AF= 

HORIZONTAL ALIGNMENT 

41°58'54N 
1732.60 
7813.06 
0°44' 

90°00'00N - 41°58'54N = 48°01'06N 
1732.60 = 2330.771 

.74335889 
(2330.771)(.66889278) = 1559.036 
7813.06 - 1559.036 = 6254.024 
(6254.024)(.74335889) = 4648.984 
(6254.024)(.66889278) = 4183.271 
90°00'00N - 48°01'06N = 41°58'54° 
7813.06 

c 
4648.984 

4648·984 = .59502730 
7813.06 

F = 36°30'52.48° 

90°00'00N - 36°30'52.48* = 53°29'07.Sr 
53°29'07.52N • 41°58'54* = 11°30'13.52# 
(7813.06)(.80370550) = 6279.399 
4183.271 + 2330.771 - 6279.399 = 234.64 

11.5037556° x 100 = 1568.69 
.73333333° 

POC COMPlJTATION USING RIGHT TRIANGLES 
(Sample Problem) 

Figure 6.6T 

July 1992 
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Given: 

AB, Angle A and Curve Data 

Reguired: 

AE and Arc Dist. BE 

Solution: 

1. BC = Radius 

2. AC = V (AB)2 + (BC)2 

3. . C AB sm 3 = -
AC 

4. Ai = 90° - C3 
5. A1 = A-A1 
6. CD = AC sin A2 

7. AD = AC cosA2 
8. EC = Radius 

9. . E CD sm 1 = -
EC 

10.DE = EC cos E1 

90° - A2 
90° - E 1 

11. C1 = 
12. C4 = 
13. C2 = 
14. AE = 

C3 + C1 - C4 
AD-DE 

C2 x (100) 
15. Arc Dist. BE = 

Degree of Curve 

c 

POC COMPUTATION USING RIGHT TRIANGLES 

Figure 6.6U 

July 1992 
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Given: 

Angle A = 80° 07'23" 
AB = 1732.60 
Radius = 7813.06 
Curve D = 0°44' 

1. BC = 7813.06 

HORIZONTAL ALIGNMENT 

/:'.'. 

/ 
/ 

87018'34.95" 

80°01·23")____.__ I 
/< 117 

/ " / 

c 

2. AC = Jc18l3.06)2 + c1132.60)2 = 8002.862 

3. sin C = 1732·60 = .2164975 
3 8002.862 

C3 = 12°30112.15" 

4. Ai 
5. A2 
6. CD 
7. AD 
8. EC 

9. sin E1 

10.DE 
11. C1 
12. C4 

13. C2 
14. AE 

= 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 1 

= (7813.06)(.99889785) = 7804.449 
= 90°00'00" - 2°37'35.15" = 87°22'24.85" 
= 90°00'00* - 2°41'25.02" = 87°18'34.98" 
= 12°30'12.15* + 87°22'24.85" - 87°18'34.98" = 12°34'02.02" 
= 7994.456 - 7804.449 = 190.01 

15. Arc BE= 12.567228° (100) = 1713.71 
.73333333° 

POC COMPUTATION USING RIGHT TRIAl~GLES 
(Sample Problem) 

Figure 6.6V 

July 1992 
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Given: 

AB, Angle B and Curve Data 

Reguired: 

BC and Arc Dist. AC D 

Solution: 

1. AD = Radius 

2. BD = V(AB)2 + (AD)2 

3. sin D 
AB = BD 

4. B1 = 90°00' - D 
5. B2 = 180°00' - (B + Bl) 

6. sin C 
BD sin B2 = 

Radius 

7. D1 = 180° - (B2 + C) 

8. BC = 
Radius sin D 1 

sin B2 

9. I = D + D1 

10. Arc Dist. AC = 
Degree of Curve 

Ix 100 

POC COMPUTATION USING OBLIQUE TRIANGLE 

Figure 6.6W 
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Given: 

AB = 1732.60 
Angle B = 99°52'37" 
Radius = 7813.06 
Curve D = 0°44' 

Solution: 0 

1. AD = 7813.06 

2. BD = J(1732.60)2 + (7813.06)2 = 8002.862 

3. sin D 1732.60 = .2164975 D ~ 12° 301 12.1511 = - - -

8002.862 
4. B1 = 90°00' - 12°30'12.15" = 77°29'47.85" 
5. B2 = 180°00' - (99°52'37" + 77°29'47.85") = 2°37'35.15" 

6. sin C = (8002.862)(.04582381) = .0469370 c = 177°18' 34.99" 
7813.06 

7. D1 = 180°00' - (2°37'35.15" + 177° 18'34.99") = 0°03'49.86" 

8. BC = (7813.06)(.00111439) = 190.01 
.04582381 

9. T = 12°30'12.15" = 0°03'49.86" = 12°34'02.01" l 

10. Arc AC = 125672250 x 100 = 1713.71 
.73333333° 

POC COMPUfATION USING OBLIQUE TRIANGLE 
(Sample Problem) 

Figure 6.6X 

July 1992 
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... 

A '"' ' ' 
D 

Given: 

AB and Curve Data. 

Reguired: 

BC and Arc Dist. AC. 

Solution: 

1. CD = Radius 

AB 
2. sin I = CD 

3. BC = CD - V(CD)2 - (AB)2 

4. Arc AC = I x lOO 
Degree of Curve 

Given: 

AB 
Radius 

D 

EY..AMPLE 

= 1892.54 
= 7813.06 

Curve D = 0° 44' 

Solution: 

1. CD = 7813.06 

2. sin I 1892.54 = .2422277 = 
7813.06 

I = 14°01'05.00'' 

3. BC = 7813.06 -

1(7813.06)2 - (1892.54)2 

= 7813.06 - 7580.38 = 232.68 

4. Arc AC= 
14.018056° 

x 100 = 1911.55 
.73333333° 

POC OF LINE 90° TO CURVE TANGE:ri..1 

Figure 6.6Y 
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G 

EQUAL RADII UNEQUAL RADII 

Given: Radius & BG Given: Rl, AG & P 

1. Rl = R2 41 = 42 1. 41 = 42 
2. -HG - p -JAr;2 + p2 = 2. AB = R -%P 

r-- -
3. cos 41 = 

1 

Ri AB 2 

J4PR1 - P 2 
3. R2 = - R1 

4. AG = 2P 

AG sin .6. 1 
AG 

4. = 5. sin 4 1 = R1 + R2 
Ri + R2 

Ri + R2 - p 
AG ~ cos .6.1 = 6. tan .6.1 = ..J. 

Ri + R2 
Ri + R2 - p 

6. 
AG 

tan ..:l. 1 = 
Ri + R2 - p 

REVERSED CURVES TO PARALLEL TANGENTS 

Figure 6.6Z 
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EQUAL RADII 

Rl = Ri = 
p = 50.00 

7813.06 

7813.06 - 25.00 = .9968002 
7813.06 

2. AG = V(4)(50.00)(7813.06) - (50.00)2 = 1249.0444 

__ 1_2_49_.0_4_44__ = .07993311 
7813.06 + 7813.06 

41 = 4°35'05.00" 

4 tan ll = 1249·0444 = .08018970 
. 1 7813.06 + 7813.06 - 50.00 

A1 = 4°35'05.00" 

UNEQUAL RADII 
Ri = 7813.06 
p = 50.00 
AG= 1000.00 

1. AB = J(looo.00)2 + (50.00)2 = 1001.249 

2. R2 = (lOOt.249)2 - 7813.06 = 2211.94 
(2)(50.00) 

3. sin A1 
1000.00 

= .09975062 = 
7813.06 + 2211.94 

A1 = A2 = 5°43'29.32" 

4_ cos 41 = 7813.06 + 2211.94 - 50.00 = _99501246 
7813.06 + 2211.94 

A1 = A2 = 5° 43'29.32" 

5. tan A1 = ___ 1_0_00_.o_o ___ = .1002506 
7813.06 + 2211.94 - 50.00 

.0.1 = A2 = 5° 43 '29.32" 

REVERSED CURVES TO PARAfLEL TANGENTS 
(Sample Problem) 

Figure 6.6AA 

July 1992 
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I 

I 
I 
I 
I 

HORIZONTAL ALIGNMENT 

L 

; ~ ) - - - - - - - O' 
,___vo - -
I 00 
I • 
I 

I 

I 

'r 

----=-i--1--l-------....::....- c 
,s 

I 

July 1992 

I ..90 I 
I I a----1 
--~----------'~~~ 0 F G 

Given: 
I, AD, R1 and R2 

Required: 
4 1 and 4 2 

1. AC 
AD = 
sin I 

2. BG = DF = R2 cos I - AD 

R1 +BG 
3. cos 4 1 = 

Rl + R1 

4. 4 2 = 4 1 - I 

EXAMPLE: 

Given: 
I 
AD 

1. AC 

2. BG 

= 2°13'16" 
= 53.17 

17,188.73 
21,485.92 

= -=-=-5=3=-=·

1=7 ~ = 1371.917 
.03875599 

= (21,485.92)(.99924870) - 53.17 
= 21,416.61 

3. cos A. 1 = 
17,188.73 + 21,416.61 
17,188.73 + 21,485.92 
.9982078 

REVERSED CURVES 
(Tangents Not Parallel) 

Figure 6.6BB 

= 3°25'51.00" 

= 3°25'51.00" - 2°13'16.00" = 
1°12'35.00" 
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EQUATIONS: 

sin Ai_ 
1. -2-

(S - b)(S - c) 
be 

Where: a = R1 - R 
b = R2 + R 
c = 2R 
s = Vt(a+b+c) 

2. sin a = 2R sin Ai 
RI -R 

Given: 

R2 = Inside Curve Radius 
R1 = Outside Curve Radius 

\ 

EXAMPLE: 

R2 = 10,692.96, R1 = 10,792.96, R = 1909.86 

a = 10,792.96 - 1909.86 = 8,883.10 
b = 10,692.96 + 1909.86 = 12,602.82 
c = (2)(1909.86) = 3,819.72 
s = V2(8,883.10 + 12,602.82 + 

3,819.72) = 12,652.82 

sin.Ai_ (50.00)(8,883.10) - I 441,655.00 
-2-- (12,602.82)(3,819.72) -\l 48,139,243.6104 

= 0.09578377 

4i. =5°29147.15511 , Ai= 10°59134.3111 
2 

sin 6 = 2(1909.86)(0.19068675) 728.36996 
10,792.96 - 1909.86 8883.10 

R = Equal Radii of Reverse Curve = 0.08199502 

Reg_uired: 

e = 4°42'11.10 .. 

ll.2 = 10°59'34.31# + 4°42'11.70" = 
15°41'46.01 .. 

REVERSED CURVES 
(Between Parallel Curves) 

Figure 6.6CC 
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Given: Degree of Curvature of Reversed Curve 
CE = Length of tangent between curves 
P = Distance between parallel tangents 

Required: !::.. of reversed curves 

EXAMPLE: 

Given: D = 
CE= 

1°00' 
200.00' 

Solution: 

1. oc 

2. CD 

p = 128.00' 

= 5729.58' 

= 200.00 = 100.00' 
2 

Note: 

3. OH = 5729.58 - 64.00 = 5665.58' 

4. OD = Jc100)2 + (5729.58)2 

= . J32,838,086.9764 = 5730.4526 

5. sin S 100.00 
5730.4526 

s = 0°59'59.63" 

= = 0.01745062 

6. HD = V(5730.4526)2 - (5665.58)2 

= J739,290.2634 = 859.8198 

7. sin T = 859·8198 = 0.15004395 
5730.4526 

T = 8°37'46.10" 

Length CE is governed by superelevation runoff 
design criteria. 

8. !::.. = 8°37'46.10" - 0°59'59.63" = 
7°37'46.47" 

EQUATIONS: 

1. OC = Radius for given degree of 

2. CD 

3. OH 

4. OD 

5. sin S 

6. HD 

curvature 

CE = 2 

= oc - p 
2 

= JcD 2 + oc 2 

= CD 
OD 

= Jon 2 - on2 

7. sin T = HD 
OD 

8. a = T-S 

REVERSED CURVES 
(To Parallel Tangents with Tangent Between) 

Figure 6.6DD 
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\ 
I 
I 
I \ I 0:: 

\ 

\ 

Given: 

Fixed Curve Data, HC, 6 & R2 

Note: 

6 must be less than 90° for this solution. 
Vv'E = fixed curve 

Equations: 

1. CE = HE-HC 
2. OA = CE tan 6 - R1 

I 

OV parallel to BD & 
OB parallel to SD 
6 = <I> 
HE = Fixed Curve Tangent 

Length 

5. sin K = sv 
Rl + R2 

6. /:,..., = 90° - K ... 
7. M = 6+K 
8. L = 90° - M 

3. OB = DV = OA cos <I> 9. L x 100 
= Arc Length ET 

Degree of Curve 4. sv = R2 -DV 

CURVE BET\VEEN FIXED TANGENT AND FIXED CURVE 
(Case 1) 

Figure 6.6EE 
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1. CE 

2. OA 

3. OB 

4. sv 
5. sinK 

K 

= 

= 

= 

= 

= 

= 

HORIZONTAL ALIGNMENT July 1992 

\ 

\ 
\ ~ 
\ in ..,. 
,~ Ol 

'~ I"') 
IO 

\ ..,. ,... 
\ in 

Io 

\ 
\IO 

I 

~ 
I 

60°13'14" 

8806.67 - 1118.24 = 
7688.43 
( 4421.20)(1.7475519) 
- 5729.58 = 1996.70 
DV = (1996.70)(0.49666261) 
= 991.69 
1909.86 - 991.69 = 918.17 

918.17 
= 0.12018812 

7639.44 
6°54'10.65" 

67°07'24.65" 

II) ,..., ¢{ 
irj ,.,. 
~ ,,. 
rv . 

g> .... 
~ rv "Y rv 
~ 
"" &' 

88°04'00" 

6. 42 = 

7. M = 

8. L = 

L x 100 

PI Sta. 2116+82.46 
41 =88°04'00N 
D = 1°00' 
T =5539.44 
L =8806.67 
R1 =5729.58 
E =2239.95 

HC = 1118.24 
e = 60°13'14" 
Rz = 1909.86' 

90" • 6°54'10.65N = 
83°05'49.35" 
60°13'14.00* + 6°54'10.65N 
= 67°07'24.65" 
90° - 67°07'24.65" = 
22°52'35.35N 

Degree of Curve 
= Arc Length ET 

CURVE BETWEEN FIXED TANGENT AND FIXED CURVE (CASE 1) 
(Sample Problem) 

Figure 6.6FF 
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Given: 

0 
'..J I 

/a 
I 

Fixed Curve Data, HC, 0 & R2 

Note: 

I 
I 

I 

I 
I 

6 must be less than 90° for this solution 
WE= Fixed Curve 

/ 
I 

I 

I 
I 

I 
I 

I 
I 

I , 

OV parallel to BD & 
OB parallel to SD 
a = cl> 
HE = Fixed Curve Tangent Length 

Eguations: 

1. CE = HE-HC 
2. OA = R1 - CE tan 0 
3. OB = DV = OA cos cl> 
4. sv = R2 + DV 

5. sin K sv 
Ri + R2 

6. 42 = 90° - K 
7. L = 90° - (K + cl>) 

L x 100 
= Arc Length ET 

Degree of Curve 

CURVE BE1WEEN FIXED TANGENT AND FIXED CURVE 
(Case II) 

Figure 6.6GG 
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Given: 

Fixed Cuive Data, HC, 9 & R2• 

Note: 

a must be less than 90° 
WE = Fixed Cuive 

OV parallel to BC & 
OB parallel to SD 
e = cl> 
HE = Fixed Cuive Tangent 

Length 

HORIZONTAL ALIGNMENT 

\ 

\ 

~~ I 

Equations: 

1. CE = 
2. OA = 
3. OB = 
4. sv = 

5. sinK = 

6. A2 = 
7. rvf = 
8. L = 

HE-HC 
\~ 

CE tan 0 - R1 

DV = OA cos cl> 
R2 -DV 

sv 
Ri - R2 

90° + K 
90° - cl> 
M-K 

...,......_L_x__,,.lO_O__ = Arc Length ET 
Degree of Curve 

CURVE BE1WEEN FIXED TANGENf & FIXED CURVE 
(Case Ill) 

Figure 6.6HH 

July 1992 
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Given: 

Fixed Curve Data, HC, 8 & R1 

Note: 

6 must be less than 90° for this solution 
WE = Fixed Curve 

OV parallel to BC & 
OB parallel to SD 
e = cl> 
HE = Fixed Curve Tangent Length 

Eguations: 

1. CE 
2. OA 
3. OB 
4. sv 
5. sin K 

6. 42 
7. L 

= 
= 
= 
= 

= 

= 
= 

HE-HC 
R1 - CE tan 6 
DV = OA cos 4> 
R2 -DV 

SV 
Ri - Rz 

90° + K 
90° - (K + 4>) 

I 
I 

I 
I 

<l 

I 
I 

L x 100 
= Arc Length ET 

Degree of CuTVe 

1 

CURVE BE1WEEN FIXED TANGENT & FIXED CURVE 
(CASE IV) 

Figure 6.6Il 

July 1992 
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Given: 

"WE" Curve Data, HC, e & R2 

OF parallel to VD 
VF parallel to AD 

Eguations: 

1. ex = 1so0 
- (e + <I>) 

2. HA HC sine = 
sin ex 

3. AE = HA-HE 
4. BE = AE tan ex 
5. OB = R1 -BE 
6. OJ = OB sin G 

HORIZONTAL ALIGNMENT July 1992 

7. OF = OJ - R2 

8. sin L 
OF 

= 
Ri + R2 

9. i12 = 90° + L 
10.M = 90° - G 
11. N = 90° - L 
12. p = a1 - M - N 

A L gth WT p x lOO re en = 
Degree of fixed cutve (WE) 

CURVE BETWEEN FIXED TANGE~1 & FIXED CURVE 
(Case V) 

Figure 6.6JJ 
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Given: 

"WE" Curve Data, HC, 0, R2, R3 

e must be less than 90° 

AD = Fixed Tangent 
WE = Fixed Curve 

4 2 & L computed according 
to example in Case I 

Equations: 

1. 
sin A2 _ (s - b )(s - c) 

2 be 

I 

0 

G x 100 
6. Arc Length DK = ----------

Degree of Curve with Arc DK 

7 A L h Kl 42 x 100 
. re engt = ------....,,......,,....-----.,-..,.----~ 

Degree of Curve with Arc Kl 

Where: 

4. Arc Length El = (L + P) x lOO 
Degree of. Curve with Arc El 

a = OS= R1 + R2 
b =NS= R2 + R3 

c =ON= R1 + R3 
s = Y2 (a + b + c) 

5. G = A2 - F 

THREE CURVES TA-N"GENT TO EACH OTHER 

Figure 6.6KK 
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H 

::0 

/ 

A 

Given: 

/ 
/ 

/ 

/ 
/ 

/ 

--- --- ---

Both curve data, azimuth or bearing of curve 
tangents, DE, DF & oc. 

Reguired: 

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~ = a AC = R1 = b ., ' ' 
AB= c 

- ---

5. S = V2 (a+b+c) 

6. 
sin a 

2 
(s - b)(s - c) 

be 

R1 sin a 
7. sin ct> = --­

R2 

8. Determine bearings of AC & BC 

9. Determine L & M from bearings 

10. Arc EC = ___ M_x_l_O_O __ 
Degree of Curve EG 

11. Arc FC = ___ L_x_t_oo __ _ 
Degree of Curve FH 

IN1ERSECTION OF TWO CURVES 

Figure 6.6LL 
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Note: 

HORIZONTAL ALIGNMENT 

I MASTER Pl 

~ 11 
/ ~/ fJ. 

~~I 
I 

/ 

~ 

July 1992 

All highway spirals to be computed from data 
shown in Transition Curves for Highways by 
Public Roads Administration (Joseph 
Barnett). 

Pic to circular curve must be set on External 
(Es) and not from spiral PI (Pis) and spiral 
end point (SC or CS). 

See next page for definition of terms. 
All railroads in Oldahoma 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. 

SPIRALED CURVED 

Figure 6.6MM 
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SPIRAL TRANSITION CURVE NOMENCLATURE 

Master PI = Point of intersection of the 
main tangents. 

Pic = Point of intersection of circular curve 
tangents. 

Pis = 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. 

Re = Radius of the circular curve. 

Ls = Length of spiral. 

Ts = Tangent distance PI to TS or ST, or 
tangent distance of completed curve. 

Es = 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. 

11 = Intersection angle between tangents of 
the entire curve. 

11.c = Intersection angle between tangents at 
the SC and the CS or the central angel of 
the circular curve portion of the curve. 

08 = Intersection angle between the tangent 
of the complete curve and the tangent at 
the SC, the spiral tangents intersection 
angle. 

De = Degree of the circular curve. Same as 
degree of the spiral at the SC (arc 
definition). 

<I> = Deflection angle from tangent at TS to 
SC. 

XcYc = Coordinates of SC from the TS. 

SPIRALED CURVE 
(Definitions) 

Figure 6.6NN 
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1. P is obtained from Transition Curves for 
Highways Book. 

2. Es = (Re + P) (1/cos (li/2) - 1) + P = 

f fR + p\ l l ' e ; - (R + P) i + p 
cos(A /2) ' c J 

Corrections for C in 

e. in Degrees 15 

C in Minutes 0.2 

6. Ye = LC sin cl> 
7. x = LC cos 4> c 
8. K = Xe - RC sin es 

y 
9. ST= __ c_ 

sin as 
Ye 

10. LT·= X - ( ) 
c tan es 

11 Tr< Xe 
• J...,\.., = --

cos cl> 

12. Ts = (Re + P) tan (a/2) + K 
L2 

13. e = _ e 
L 2 s 

s 

20 25 

0.4 0.8 

3. = Ls D 
es 200 c 

e 
4. cl> = -, 

3 

If es < 15°00'. 

5. A. = ~ - c. 'I' ,.., ' 
..) 

If es ~ 15°00'. 

e 
Formula cl> = - - C 

3 

30 35 40 45 I 50 

1.4 2.2 3.4 4.8 I 6.6 

15. lie = Ii - 20s 
16. Deflection angle from TS or ST to any 

point "n" on Spiral. 

17. The exact values of 4> by coordinates 

tan cl> = ~ 
x 

Note: All spiral functions should be taken 
from Transition Curves for Highways 
by Joseph Barnett for all highway 
computations. 

14. L 
c 

(a - 285 ) x 100 
= Length of Circular Curve 

Minimum Transition Lengths (ft) 

DC 30MPH 40 MPH 50 MPH 60MPH 70MPH DC 
L. L, L, L, L, 

10301 150 150 150 150 150 1°30' 
2°00' 150 150 150 150 200 2°001 

2°30' 150 150 150 150 250 2°30' 
3°001 I 150 150 150 150 300 3°00' 

i 3°30' 150 150 150 200 350 30301 

! 4°00' 150 150 150 250 400 4°00' 

i 5°00• 150 150 150 300 

i 6°00' 150 150 200 I 350 

I 7°00' 150 150 250 ! Based on Ls : 1.6 yJ 

! 8° to 9° 150 150 300 I I\, 
I 10• to 12• 150 200 Min L, = 150 ft 

13° to 149 150 250 
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 

11 = 76° 00'00* Rt. 
Ts = 1592.82 
Es = 514.89 

SPIRAL DATA 

as = 3°00' 
LC= 200.00 
LT= 133.35 
ST = 66.68 
Xe = 199.95 
Ye = 3.49 

Given: 

PI = 273+84.00 
D = c 3°00' 
11 = 76°00' Rt. 
Ls = 200.00 

Solution: 

HORIZONTAL ALIGNMENT 

CIRCULAR CURVE DATA 

PI Sta. 278 + 28.49 
11c = 70°00'00* Rt. 
D = c 3°00' 
Tc = 1337.30 
LC = 2333.33 
RC = 1909.86 
EC = 421.65 

MASTER Pl 

1. p = 200' Spiral Table = 0.87 Unit Length Table (200) (.00435) = 0.87 

July 1992 

2. Es = [ (R, + P) _ (R + )] + = [ (1909.86 + 0.87) 
cos(/1/2) c p p .78801075 

- (1909.86 + 0.87)] + 0.87 = 514.89 

3. as 

4. 4> 

5. Ye 
6. Xe 
7. K 
8. ST 
9. LT 
10. LC 
11. Ts 

12. 11c 

= 
(Ls) De = (200) 30 00' = 3°00' 

200 (200) 

= es = 3000' = 1000' 
3 3 
= 200' Spiral (Table V) = 3.49 Unit Length (Table II) = (200)(.01745) = 3.49 
= 200' Spiral (Table V) = 199.95 Unit Length (Table II) = (200)(.99973) = 199.95 
= 200' Spiral (Table V) = 99.99 Unit Length (Table II) = (200)(.49995) = 99.99 
= 200' Spiral (Table V) = 66.68 Unit Length (Table II) = (200)(.33342) = 66.68 
= 200' Spiral (Table V) = 133.35 Unit Length (Table II) = (200)(.66676) = 133.35 
= 200' Spiral (Table V) = 199.98 Unit Length (Table II) = (200)(.99988) = 199.98 
= (Re + p) tan(/1/2) + K = (1909.86 + 0.87) tan38°00' + 99.99 = 

(1910.73)(.78128564) + 99.99 = 1592.82 
= /1 - 2a,. = 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. Wnen 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. 

L5 = 300 ft, De = 9°, R = 636.62 ft 

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 c• and the transition for a 
curve outside of the centerline must be longer 
due to the decrease in D c· The length of 
transition may be found by trial, using the 
ratio of the value of D c as a guide in 
choosing the length for first trial, as 
illustrated in the example. 

0 5 = 13°30' and p = 300 x 0.01960 (Table 11) = 5.88 ft. 

Design a parallel line 30 ft inside the centerline. 

Try Ls a little larger than ~~~~ x 300. 

Try L 5 = 290 
Try Ls = 292 
Try L 5 = 293 

Os = 1.45 x 9.45° = 13.70° 
Os = 1.46 x 9.45° = 13.80° 
Os = 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 = 5.89 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 = 

300 x 0.49908 (Table II) = 149.72 
293 x 0.49903 = 146.22 

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 o·n 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 

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 TRANSIDONS 

Figure 6.6QQ 
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\ 
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' I 

1-z 
LU 
~ 
LU 
> < a. 

..... 
0 

w 
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0 
t...f @~-l _____ , __ \ R1 

... '_;-°!....... I -, - - - - - - - - - - @ 

EDGE OF PAVEMENT 

Given: 

Ri = 180' 
Ri = 65' 
0 = 45' 

July 1992 

The 3-centered curve is used to reduce the 
area of pavement required for longer, simple 
curves and yet provide sufficient space for the 
turning movement of the desi~1 vehicle. 

Using the given information and the Tables -
"3-Centered Curve," a State of Oklahoma 
publication, the curves are laid out as shown 
on the following page. 

The determination of the proper radii and 
offset (0) 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-CENIERED 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 Ii. From 
example, Ii = 86°30'. 

3. From page 52, 3-Centered Curve Tables, 
T = 97.23', T2 = 47.37', Y = 7.04', area 
(shaded portion) = 1394.51 sq ft. 

4. Locate points (2) and points (3). 

5. Points ( 4) are perpendicular and R1 
distance from points (2). Construct curve 
of R1 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 R2). 

7. Construct a curve of R2 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: e = Ii - 2a. 

3-CEN1ERED CURVE EXAMPLE 

Figure 6.6SS 

July 1992 
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Problem: To construct a line tangent to the inside of two curves of known center and radii. 

c-----

Given: 

N 
0::: 

+ -0::: 

..._ 
............ 

-- --

Two curves with centers at 0 1 and 0 2 and 
radii of R1 and R2 respectively. 

Solution: 

1. Join 0 1 and 0 2 and bisect this line to 
produce Point A. A01 = A02• 

2. From Point 0 1, swing an arc CD with a 
radius R1 + R2• 

A 
N a:: 

3. From Point A, swing an arc EF with a 
radius A01 until it intersects arc CD at 
Point B. 

4. Join 0 1 and B to produce point T1. 

5. T1 T2, the desired tangent line, is equal 
and parallel to B02; both of which are 
perpendicular to BT1 and 0 2 T2 which are 
equal to R2. 

This geometric construction should delineate 
the ease of computing the necessary distances 
and angles by trigonometry. 

COMPASS T~~GENT CONSTRUCITON 

Figure 6.6TT 
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Probiem: To construct a line tangent to the inside of two curves of known center and radii. 

c 
~ 

/ 

Given: 

T t 

I 
I 

E 

o, 
D 

Two curves with centers at 0 1 and 0 2 and 
radii of R1 and R2 respectively. 

Solution: 

1. Join 0 1 and 0 2 and bisect this line to 
produce Point A. A01 = A02. 

2. From Point 0 1, swing an arc CD with a 
radius R1 - R2. 

--

3. From Point A, swing an arc EF with a 
radius A01 until it intersects arc CD at 
point B. 

4. Join 0 1 and B and extend this line to 
produce Point T 1. 

5. T1 T2, the desired tangent line, is equal 
and parallel to B02; both of which are 
perpendicular to BT 1 and 0 2 T 2 which are 
equal to R2. 

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. Rollin~. 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. 

7.1.2 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. 

7.1.4 Critical 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. lA 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. ror entering 
speeds other than V = 55 mph, use 
Figures 7.5C or 7.5D. 

2. 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. lA. 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. 

3. Measurement. Vertical curves are part of 
the length of grade. Figure 7. lB 
illustrates how to measure the length of 
grade to determine the critical length of 
grade from Figure 7. lA. 

4. 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). 

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 
illustrate the use of Figure 7.lA to 
determine the critical length of grade. 
Example 7-3 illustrates the use of both 
Figures 7.lA and 7.lB. In the examples, 
the use of subscripts l, 2, etc., indicate the 
successive gradients and lengths of grade 
on the highway segment. 

* * * * * * * * * * 

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 is exceeded. 

Solution: Figure 7.lA 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 shouid 
flatten the grade, if practical, or 
evaluate the need for a climbing 
lane. 

Example 7-2 

Given: Level Approach 
G1 = +5% 
L1 = 400 ft 
G2 = +2% 
Li = 600 ft 
Entering Speed = 55 mph 

Problem: Determine if the critical length of 
grade is exceeded for the 
combination of grades G1 and G2• 
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1. 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. 

2. 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.lB 
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Solution: Using Figure 7.lA, G1 yields a 
truck speed reduction of 5 mph. 
G2 yields approximately 3 mph. 
The total of 8 mph is less than the 
allowable 10 mph. Therefore, the 
critical length of grade is not 
exceeded. 

Example 7-3 

Given: Figure 7.lC illustrates the vertical 
alignment on a low-volume, two­
lane rural highway. 

Problem: Determine if the critical length of 
grade is exceeded for G2 or the 
combination upgrade G3/G4. 

Solution: Figure 7.lB presents the criteria 
for determining the length of grade. 
These are calculated as follows for this 
example: 

LG2 = lOOO + 600 + 850 = 1063' 
4 4 

LG3 = 850 + 600 + 400 = 1013' 
4 2 

LG4 = 4oo + 500 + 800 = 900' 
2 4 

Read into Figure 7.lA for G2 (3%) and 
find a critical length of grade of 1400 ft. 
LG2 is less than this value and, therefore, 
the critical length of grade is not 
exceeded. 

Read into Figure 7.lA for G3 (3.5%) and 
LG3 = 1013' and find a speed reduction 
of 9 mph. Read into Figure 7.lA for G4 
(2%) and LG4 = 900' and find a speed 
reduction of 4 mph. Therefore, the total 
speed reduction on the combination 
upgrade G3/G4 is 13 mph. However, for 
low-volume roads, the designer may 

assume a 5-mph increase in truck speed 
for the 3% "momentum" grade (G2) which 
precedes G3. Therefore, the speed 
reduction may be as high as 15 mph 
before the combination grade exceeds the 
critical length of grade. Assuming the 
benefits of the momentum grade leads to 
the conclusion that the critical length of 
grade is not exceeded. 

* * * * * * * * * * 
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7.2 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 2 
L = ~------------~ (Equation 7-2) 

lOO({ik: + J2h2 )2 

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 

hi = height of eye above road surface, 
ft 

h2 = 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 principai 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 7.2..1\. 

presents K-values for various operational 
conditions. The following discusses the 
application of the K-values: 

1. Passen~er Cars (Level Grade). Table 
7.2A presents minimum and desirable K­
values for passenger cars on level grades. 
These are calculated by assuming h1 = 3.5 
ft, h2 = 0.5 ft and S = SSDminimum or 
SSDdesirable 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. 

2. Passenjjer Cars (Down&rade 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. 

3. Trucks (Level Grade). Table 7.2B 
presents K-values for trucks on level 
grades. These are calculated by assuming 
h1 = 8.0 ft, h2 = 0.5 ft and S = SSD for 
trucks in the basic equation for crest 
vertical curves (Equation 7-2). See 
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Notes: 

Table 72A 

K-VALUES FOR CRESI' VERTICAL CURVES 
(Passenger Cars) 

No Grade 
Downgrades (2) 

Adjustment 
(K = S2/1329) 

(K = S2 /1329) 3% 6% 

Desirable Minimum (1) Desirable Minimum Desirable Minimum 

10 10 12 12 13 13 
20 20 20 20 20 20 
30 30 34 34 37 37 
50 40 53 44 59 49 
80 60 90 66 101 75 

120 80 136 93 156 109 
160 110 192 140 224 167 
220 150 262 181 309 220 
310 190 369 249 435 304 
400 230 464 280 550 348 
540 290 637 364 768 464 

9% 

Desirable Minimum 

14 14 
22 22 
40 40 
68 57 

118 90 
181 130 
267 204 

-- --
-- --
-- --
-- --

Source: (l) Revised 

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, Sis the Stopping Sight Distance (SSD) 
in Table 5.7A, "AASHTO Rounded for Design." For Downgrades, Sis the SSD value in Table 5.7C. 
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Table 7.2B 

K-VALUES FOR CREST VERTICAL CURVES 
(Trucks) 

No Grade Downgrades (K = S2 /2500) 
Adjustment 

(K = S2/2500) 3% 6% 

10 12 15 
21 27 38 
36 46 67 
62 84 127 
97 132 201 

147 204 318 
208 289 450 
285 397 618 
372 517 793 
500 699 1084 
646 905 1405 

July 1992 

9% 

22 
64 

114 
235 
375 
612 
859 

--
--
--
--

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. 

5. Minimum Length. The minimum length 
of a crest vertical curve should be 3V, 
where V is the design speed in mph. This 
applies regardless of the calculated length 
of vertical curve. 

7.2.1.2 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 (hil· For passenger cars, 
hi is 3.5 ft. For trucks, hi is 8.0 ft. 

2. Hei~ht of Object (hi}. Decision sight 
distance, in many cases, is predicated 
upon the same principles as stopping sight 
distance; i.e., the driver needs sufficient 
distance to see a 6" object. Therefore, h2 

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 
h2 = 0.0 ft for application. 

7.2.1.3 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. 

7.2.2 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: 
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L =KA (Equation 7-1) 

AS 2 
L = ----- (Equation 7-3) 

200h1 + 3.SS 

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 

h1 = 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. 

7.2.2.1 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 
m1mmum and desirable K-values for 
passenger cars. These are calculated by 
assuming h1 = 2.0 ft, S = SSDminimum or 
SSDdesirable in 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 7.20 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. 

2. Trucks. Table 7.2C presents K-values for 
trucks. These are calculated by assuming 
h1 = 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). 

3. Minimum Length. The minimum length 
of a sag vertical curve should be 3V, 
where V is the design speed in mph. This 
applies regardless of the calculated length 
of vertical curve. 

One exception to this minimum length on 
sag vertical curves may apply. If the sag 
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Table 72C 

K-V ALUES FOR SAG VERTICAL CURVES 

Passenger Cars 
Design Speed (K = S2/(400 + 3.5S)) Trucks 

(mph) (K = S2/(800 + 3.5S)) 
Desirable Minimum (1) 

20 20 20 20 
25 30 30 32 
30 40 40 48 
35 50 50 71 
40 I 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. 
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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 
centrif etal acceleration does not exceed 1 
ft/sec . The length-of-curve equation for the 
comfort criteria is: 

L AV2 

46.5 
(Equation 7-4) 

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. 

7.2.23 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 2 

800 (C - 4.25) 
(Equation 7-5) 

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. 

7.2.2.4 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 (h1) is 2.0 ft. 

7.2.2.5 Drainage 

Drainage should be considered in the design 
of sag vertical curves where curbed sections 
are used. Drainage problems are minimized 
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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 shouid 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 poi.r1t. 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. 

7 2.3 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 :S:45 mph). In 
addition, the following will apply: 

1. Amrular 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: 

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 
lieu of a vertical curve is not an 
acceptable design, even where the angular 
breaks do not exceed 0.8%. 

2. Angular Breaks (Crests). These are not 
allowed; i.e., a crest vertical curve must be 
inserted. 
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13 DESIGN PRINCIPLES AND 
PROCEDURES 

73.1 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. Lon~ 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 verticai alignment 
through intersections. 

6. Sa~s. 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. 

7 3.2 Coordination of Horizontal and 
Vertical Aliiwment 

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.l.'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 
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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. Sa~ 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. Passin~ Si~ht 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. 

7.3.3 Profile Grade Line 

7.3.3.1 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. 
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The following sections discuss the 
establishment of the profile grade line in 
more detail. 

7 33.2 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. Davli~htinji:. ·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 useful 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. 

7.3.3.3 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 Brid&es. 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. Hi&hway Under Brid&e. 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. Hi&h 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 Driftin&. 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. 

7.3.3.5 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 
eros10n: 

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. 

133.1 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 
clearances for various conditions for new 
constructionireconstruction projects. Chapter 

Twelve provides additional information. 
Chapter Thirteen provides vertical clearance 
information for existing highways. 

Table 7.4A 

MThTIMUM 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 23'-0" 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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75 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.lA); 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. 

7 5.1.2 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.lA); 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 

7.5.2.1 Two-Lane Highways 

The objective of the capacity analysis 
procedure is to determine if the warranti.r1g 
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 LOSE. 

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 

7.5(1) 



Oklahoma VERTICAL ALIGNMENT July 1992 

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: 

where: 

SFi = total service flow rate in both 
directions for LOSi 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)i = ratio of vehicular flow rate (for 
passenger cars unaffected by 
grade) to ideal capacity (2800 
pcph) for LOSi 

= adjustment factor for directional 
distribution 

= adjustment factor for narrow lanes 
and restricted shoulder width 

= adjustment factor for operational 
effects of grades on passenger cars 

fHV = adjustment factor for the presence 
of heavy vehicles in the upgrade 
traffic stream 

Based on the specific characteristics of the 
upgrade, the calculation of SFi will yield the 
vph (both directions for a mixed traffic 
composition) at the lower limit of the range 
of traffic volumes for LOSi. 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 SFi: 

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 
(i.e., 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. 
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Table 75A 

PEAK-HOUR FACTORS 
(Default Values) 

Level of Service Peak-Hour Factor 

A 0.91 
B 0.92 
c 0.94 
D 0.95 
E 1.00 

Source: (2) 
Notes: 

1. Table is only applicable for the calculation of a 
service flow rate. 

2. Table only applies to two-lane, two-way rnral 
facilities. 

3. Use Table 7.5C to determine v / c for LOSi 
for the percent grade and percent no­
passing zones for the upgrade under 
design. 

4. Use Table 7.5D to determine fd for the 
directional distribution. 

5. Use Table 7.SE to determine ~ for the 
effects of lane and shoulder width. 

6. To determine fg, use the following 
equation: 

where: 

f = g adjustment factor for the 
operation of passenger cars on 
grades 

a 

Table 7.SB 

LEVEL-OF-SERVICE CRITERIA 
FOR SPECIFIC GRADES 

Level of Average Upgrade 
Service Speed (mph) 

A 2 55 
B 2 50 
c 2 45 
D 2 40 
E 2 25-408 

F < 25-408 

Source: (2) 

The exact speed at which capacity occurs varies 
with the percentage and length of grade, traffic 
composition and volume. 

~ = 

proportion of passenger cars 
in the upgrade traffic stream, 
expressed as a decimal 

impedance factor for 
passenger cars, computed as: 

E = base passenger-car equivalent for 
a given percent grade, length of 
grade and average upgrade speed 
(see Table 7.5F) 

E0 = base passenger-car equivalent for 
0% grade and a given speed (see 
Table 7.5F) 

7. To determine fHV, use the following 
equation: 

' - "/[1 p ,.,, 1)] lHV - l .1. + HV \~HV -
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Table 7.SC 

VALUES OFv/c RATI08vs. SPEED, PERCENT GRADE, 
AND PERCENT NO-PASSING zo:r-.ns FOR SPECIFIC GRADES 

AVERAGE PERCENT NO-PASSING ZONES 
PERCENT UPGRADE 

GRADE SPEED (MPH) 0 20 40 60 80 

3 55 0.27 0.23 0.19 0.17 0.14 
52.5 0.42 0.38 0.33 0.31 0.29 
50 0.64 0.59 0.55 0.52 0.49 
45 1.00 0.95 0.91 0.88 0.86 
42.5 1.00 0.98 0.97 0.96 0.95 
40 1.00 1.00 1.00 1.00 1.00 

4 I 55 0.25 0.21 0.18 0.16 0.13 
52.5 0.40 0.36 0.31 0.29 0.27 
50 0.61 0.56 0.52 0.49 0.47 
45 0.97 0.92 0.88 0.85 0.83 
42.5 0.99 0.96 0.95 0.94 0.93 
40 1.00 1.00 1.00 1.00 1.00 

5 55 0.21 0.17 0.14 0.12 0.10 
52.5 0.36 0.31 0.27 0.24 0.22 
50 0.57 0.49 0.45 0.41 0.39 
45 0.93 0.84 0.79 0.75 0.72 
42.5 0.97 0.90 0.87 0.85 0.83 
40 0.98 0.% 0.95 0.94 0.93 
35 1.00 1.00 1.00 1.00 1.00 

6 55 0.12 0.10 0.08 0.06 0.05 
52.5 0.27 0.22 0.18 0.16 0.14 
50 0.49 0.40 0.35 0.31 0.28 
45 0.85 0.76 0.68 0.63 0.59 
42.5 0.93 0.84 0.78 0.74 0.70 
40 0.97 0.91 0.87 0.83 0.81 
35 1.00 0.96 0.95 0.93 0.91 
30 1.00 0.99 0.99 0.98 0.98 

7 55 0.00 0.00 0.00 0.00 0.00 
52.5 0.13 0.10 0.08 0.07 0.05 
50 0.34 0.27 0.22 0.18 0.15 
45 0.77 0.65 0.55 0.46 0.40 
42.5 0.86 0.75 0.67 0.60 0.54 
40 0.93 0.82 0.75 0.69 0.64 
35 1.00 0.91 0.87 0.82 0.79 
30 1.00 0.95 0.92 0.90 0.88 

July 1992 

100 

0.12 
0.27 
0.47 
0.84 
0.94 
1.00 

0.11 
0.25 
0.45 
0.81 
0.92 
1.00 

0.08 
0.20 
0.37 
0.70 
0.82 
0.92 
1.00 

0.04 
0.13 
0.26 
0.55 
0.67 
0.78 
0.90 
0.98 

0.00 
0.04 
0.12 
0.35 
0.48 
0.59 
0.76 
0.86 

Source: (2) 

a 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 DISTRIBUllON ON 
SPECIFIC GRADES,/" 

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 

:s:30 1.50 

July 1992 

Source: (2) 

Table 75E 

ADJUSTMENT FACTORS FOR THE COMBINED EFFECT 
OF NARROW lANES AND RESTRICT'ED SHOULDER WIDTH, fw 

Usable 12-ft 11-ft 10-ft 9-ft 
Shoulder Lanesb Lanesb Lanesb Lanesb 
Width a 

(ft) LOS LOS LOS LOS LOS LOS LOS 
A-D E A-D E A-D E A-D 

2!6 1.00 1.00 0.93 0.94 0.84 0.87 0.70 
4 0.92 0.97· 0.85 0.92 0.77 0.85 0.65 
2 0.81 0.93 0.75 0.88 0.68 0.81 0.57 
0 0.70 0.88 0.65 0.82 0.58 0.75 0.49 

a 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. 

LOS 
E 

0.76 
0.74 
0.70 
0.66 

Source: (2) 
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where: 

fHv = adjustment factor for the 
presence of heavy vehicles in 
the upgrade traffic stream 

PHY = total proportion of heavy 
vehicles (trucks + RV's + 
buses) in the upgrade traffic 
stream, expressed as a decimal 

EHV = passenger-car equivalent for 
specific mix of heavy vehicles 
present in the upgrade traffic 
stream, computed as: 

EHV = 1 + (0.25 + PT/HV) (E - 1) 

proportion of trucks among 
heavy vehicles; i.e., 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) 

8. From the data in Step #'s 1-7, calculate 
SFi for each LOSi. 

9. Calculate the V=DHV (mixed vph for 
both directions during the design hour): 

DHV =AADT x K 

where terms are defined under Step #1. 

10. Convert the DHV to an hourly flow rate 
using the PHF: 

v = V/PHF 

where: 

v 

v 

= the equivalent hourly flow rate 
during a given time interval 
less than one hour (usually 15 
minutes), vph 

= the total number of vehides 
for the DHV, vph 

PHF = peak-hour factor 

11. Compare SF0 (for LOS D) from Step #8 
to v from Step #10. If SF0 ~ v, the 
upgrade will operate better than LOS E 
and, therefore, the climbing-lane capacity 
warrant is not satisfied. If SF0 < 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. 

* * * * * * * * * * 

Example 7-4 

Given: An upgrade on a rural two-lane 
highway is described as follows: 

AADT = 4000 
K = 12.5% 
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 EQUIVAIENTS FOR SPECIFIC GRADES ON 
1WO-I.ANE RURAL IIlGHWAYS, E AND ED 

LENGTH OF AVERAGE UPGRADE SPEED (mph) 
GRADE 

55.0 52.5 (mi) 50.0 45.0 40.0 

All 2.1 1.8 1.6 1.4 1.3 

Y4 2.9 2.3 2.0 1.7 1.6 
1/z 3.7 2.9 2.4 2.0 1.8 
3/4 4.8 3.6 2.9 2.3 2.0 
1 6.5 4.6 3.5 2.6 2.3 

lY2 11.2 6.6 5.1 3.4 2.9 
2 19.8 9.3 6.7 4.6 3.7 
3 71.0 21.0 10.8 7.3 5.6 
4 a 48.0 20.5 11.3 7.7 

Y4 3.2 2.5 2.2 1.8 1.7 
1/z 4.4 3.4 2.8 2.2 2.0 
3/4 6.3 4.4 3.5 2.7 2.3 
1 9.6 6.3 4.5 3.2 2.7 

11/z 19.5 10.3 7.4 4.7 3.8 
2 43.0 16.1 10.8 6.9 5.3 
3 a 48.0 20.0 12.5 9.0 
4 a a 51.0 22.8 13.8 

Y4 3.6 2.8 2.3 2.0 1.8 
1/z 5.4 3.9 3.2 2.5 2.2 
3/4 8.3 5.7 4.3 3.1 2.7 
1 14.1 8.4 5.9 4.0 3.3 

11/z 34.0 16.0 10.8 6.3 4.9 
2 91.0 28.3 17.4 10.2 7.5 
3 a a 37.0 22.0 14.6 
4 a a a 55.0 25.0 

Y4 4.0 3.1 2.5 2.1 1.9 
Y2 6.5 4.8 3.7 2.8 2.4 
3/4 11.0 7.2 5.2 3.7 3.1 
1 20.4 11.7 7.8 4.9 4.0 

11/z 60.0 25.2 16.0 8.5 6.4 
2 a 50.0 28.2 15.3 10.7 
3 a a 70.0 38.0 23.9 
4 a a a 90.0 45.0 

Y4 4.5 3.4 2.7 2.2 2.0 
Y2 7.9 5.7 4.2 3.2 2.7 
3/4 14.5 9.1 6.3 4.3 3.6 
1 31.4 16.0 10.0 6.1 4.8 

lY2 a 39.5 23.5 11.5 8.4 
2 a 88.0 46.0 22.8 15.4 
3 a a a 66.0 38.5 
4 a a a a a 

a Speed not attainable on grade specified. 

NOTE: Round "Percent Grade" to next higher whole number. 

July 1992 

30.0 

1.3 

1.5 
1.7 
1.9 
2.1 
2.5 
2.9 
3.8 
4.9 

1.6 
1.9 
2.1 
2.4 
3.1 
3.8 
5.5 
7.4 

1.7 
2.0 
2.4 
2.8 
3.8 
4.8 
7.8 

11.5 

1.8 
2.2 
2.7 
3.3 
4.7 
6.3 

11.3 
18.1 

1.9 
2.4 
3.0 
3.8 
5.8 
8.2 

16.1 
28.0 

Source: (2) 
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WORKSHEET FOR SPECIFIC GRADES Patte 1 

Site Identification: Date: Tune: 

Name: Checked by: 

L GEOMETRIC DATA 0 Shoulder t ft Design Speed: mph ----------------x=· Grade: %, mi 

NORTH % No Passing Zones: 
Shoulder __ ft 

ll. TRAFFIC DATA 

Total Volume, Both Dir. vph Directional Distribution: 
Flow Rate = Volume + PHF rraffic Composition: __ %t--%R'J, __ %8 

= -- -- PHF: 

m. SOLVING FOR ADJUSTMENT FACTORS fs AND f ttv 

fs = 1 / [ 1 + PP Ip] I f Hv = 1/[1 + PHv (EHv -1)] I IP= 0.02 (E - E0 ) EHv = 1 + (0.25 + PT;Hv) (E - 1) 

Speed pp IP E Eo fg PHV EHv PT/HV E fHV 
(mph) (PT/PHv) 

55 

52.5 

50 

45 I 
40 

30 
- ! 

IV. SOLVING FOR SERVICE FLOW RATE 

Speed(mph) SF 2,800 x v/c x fd x fw x fg x fHV 

I 
I 
I 

55 (LOS A) 2,800 
i 
I 

52.5 ·2,800 

50 (LOS B) 2,800 

45 (LOSC) 2,800 

40 (LOS D) I 

! 2,800 

i 

30 I 2,800 
I i 

Source: (2) Figure 75A 7.5(8) 
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Upgrade= 4% 
Percent no-passing zones = 50% 
Length of upgrade = lY4 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 SF0 . 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 SF0 : 

1. The "Given" data has been compiled. 

2. Table 7 .SB 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 fd = 0.87. 

5. With 12-ft lanes and 8-ft shoulders, Table 
7.5E yields ~ = 1.00. 

6. For the operation of passenger cars on 
upgrades: 

fg = 1/[1 + (P /p)] 
/g = 1/[1 + (0.87)(0.039)] 
/g = 0.967 

where: 

pp = 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 11/4 miles) 

E 0 = 1.3 (from Table 7.5F with a 0% 
upgrade and V = 40 mph) 

IP = 0.02 (E - E 0 ) = 0.02 (3.25 - 1.3) = 
0.039 

7. For the operation of heavy vehicles on 
upgrades: 

fHv = 1/[1 + PHv (EHv - 1)] 
fHV = lj{l + (0.13)(3.293 -1)} 
fHV = 0.770 

where: 

PHV = .10 + .02 + .01 = 0.13 

E = 3.25 (from Step #6) 

PT/HV = .10 = ·10 = 0.769 
.10 + .02 + .01 .13 

7.5(9) 
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EHV = 1 + (0.25 + PT/HV)(E -1) 

EHV = 1 + (0.25 + 0.769)(3.25 -1) 
= 3.29 

8. From the data in Step #'s 1-7: 

SF0 = 2800 x (v/c)0 x /d x fw x Ii x fHV 
SF0 = (2800)(1.00)(0.87)(1.00)(0.~67) 

(0.770) 
SF0 = 1814 vph 

9. The DHV is calculated: 

DHV = AADTx K = 4000 x .125 
DHV = 500vph 

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, SF0 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.SB presents the completed worksheet 
for the Example. 

* * * * * * * * * * 

1.52.2 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. 

1.53 Desip 

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.SC and 7.SD. The 
following example illustrates how to use the 
figure. 

* * * * * * * * * * 

Example 7-5 

Given: 

Level Approach 
G1 = +3% for 700 ft (VPI to VPI) 
G2 = +5% for 4000 ft (VPI to VPI) 
G3 = -2% beyond the composite upgrade 

(GifG2) 

V = 60 mph (design speed) 

7.5(10) 
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WORKSHEET FOR SPECIFIC GRADES Fuel 

Site Identification: £ x.q Mf I e. 7 - 't Date: ______ Trme: _____ _ 

Name: ______________ Checked by: ___________ _ 

L GEOMETRIC DATA 

0 Shoulder I _&_ft Design Speed: <eO mph 
Grade: ~ %, I !'"I ::.::!JU 

NORTH ---------------- 'l.~ ft % No Passing Zones: so ·z. 
Shoulder ~ft 

ll. TRAFFIC DATA 

Total Volume, Both Dir. 500 
Flow Rate = Volume + PHF 
588 =~+o.8S 

vph Directional Distribution: fDO/"'iO 
lraffic Com~sition:_JQ_ % T, ~?. %RY,_/ _%8 
PHF: O. f!S 

m. SOLVING FOR ADJUSTMENT FACIDRS f5 AND fHY 

fg = 1 I (1 + pp Ip] f HY= 1 /[ 1 + p HY (EHY - 1)] 
IP= 0.02 (E- E0 ) EHY = 1 + (0.25 +PT/HY) (E - 1) 

E E 

55 0.87 ,')/I~ /~.S.£: ?. . ' 1""/.:SS .3Sfl 

52.5 .130 ~. 30 I. 'l K. ·:so .SIO 

50 .og'7 s. 95 I.~ .930 IP. 0 S.95 
45 .1./.0 . 71 Cf 
40 .0.39 3 . .lS I. 3 '7<D~ 3.3 3.?.5 .7'70 

30 .0~9 ;l. '1!5 1.3 .'1"75 
IV. SOLVING FOR SERVICE FLOW RA TE 

Speed(mph) SF 

55 (LOSA) 2,800 O. I '70 "· g'(' I.CO . saa .3S8 
52.5 33.5 . 2,800 (). 300 . .510 

50 (LOS B) w93 2,800 o . SD~ .93C 
45 (LOSC} J"-/SI 2,800 l>. 8(o5 .9S& . 719 
40 (LOS D) 2,800 I .600 . '1'70 
30 

I 

I , 9~41 
; 2,800 ! ' • 060 . RIO 

Source: (2) Figure 75B 7.5(11) 
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Table 75G 

DESIGN CRITERIA FOR TRUCK-CLIMBING LANES 

DESIGN ELEME~l' DESIRABLE MINIMUM 

Lane Width Same as approach roadway. Sarne as approach roadway. 

Shoulder Width Sarne as approach roadway. Freeway: 6' paved 
Non-Freeway: 4' paved 

Cross Slope on Same as adjacent travel Same as adjacent travel iane. 
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 To where truck has reached To where truck has reached 10 
Lane (3) highway design speed or 55 mph below highway design speed 

mph, whichever is less. or 45 mph, whichever is less. (2) 

Entering Taper 25:1 150' 

Exiting Taper 50:1 200' 

Minimum Full-Width 
N/A 1000' 

Length 

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 emax 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%. 

(2) Use Figures 7.5C and 7.5D to determine truck deceleration and acceleration rates. 

(3) 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. Tne 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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July 1992 

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.SC 
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- - - - - - - ACCELERATION <ON PERCENT GRADES 
UP AND DOWN INDICATED> 

July 1992 

---- DECELERATION <ON PERCENT UPGRADES INDICATED> 
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0 500 1000 1500 2000 

DISTANCE, feet 
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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 initiai speed. 

PERFORMANCE CURVES FOR HEAVY TRUCKS 
(0-2000 Feet) 

Figure 7.5D 
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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). 

* * * * * * * * * * 

7 5.4 Downuades 

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. 

7.5(15) 
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7.6 MATHEMATICAL DETAII.S FOR 
VERTICAL CURVES 

Table 7.6B presents definitions for the basic 
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 

MATIIEMATICAL DETAIIS 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 7.60 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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ELEMENT 

Vertical Point of Curvature 

Vertical Point of Tangency 

Vertical Point of Intersection 

Grade 

External Distance 

Algebraic Difference in Grade 

Length of Vertical Curve 

VPC 
PROFILE I 
GRADE __f 

L 
2 

VERTICAL ALIGNMENT July 1992 

Table 7.6B 

VERTICAL CURVE DEFJNITIONS 

ABBREVIATION 

VPC 

VPT 

VPI 

Gi, G2 

L 
2 

M 

A 

L 

DEFINITION 

The point at which a tangent grade ends and the 
vertical curve begins. 

The point at which the vertical curve ends and the 
tangent grade begins. 

The point where the extension of two tangent 
grades intersect. 

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(-). 

The vertical distance (offset) between the VPI and 
the roadway surface along the vertical curve. 

The value of A is determined by the deflection in 
percent between two tangent grades. 

The horizontal distance in ft from the VPC to the 
VPT. 

VPC 

.l.. 
2 

PROFILE 
GRADE 

TANGENT 

CREST VERTICAL. CURVE SAG VERTICAL. CURVE 

7.6(2) 
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+ 0.25 '· 

0 0 0 0 010 0 C? 0 C? 0 0 
0 0 0 ..,. 0 ..j. 
0 ..,, 0 ,.,., 0 N 
• ....i . 
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< w < w ..... Li.I 

..... ..... ~I Cf) Cf) 

FORMULA: 

DIF"F"ERENCE IN ELEV. BETWEEN ANY KNOWN STATIONS ON TANGENT 

DISTANCE BETWEEN THOSE STATIONS 

EXAMPLE: 

GRADE A To C: ELEV. AT C - ELEV. AT A _ 34.00-30.00 _ 1 0 •z 
DISTANCE A TO C - 4.0 - . • 

RUNNING GRADE 

Figure 7.6A 

July 1992 

= % GRADE 
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J... .l.. 
2 2 

CREST VERTICAL CURVE 

Formulas: 

M =A (L) 
8 

Where: 

M 
A 

L 

= 
= 

= 

Maximum offset, ft 
Algebraic diff. of grades 
(G1 and G2), % 
Length of curve in stations 

~ 
a.. 
> 

y = Offset at distance X from VPC or 
VPT, ft 

Given: 

In Figure 1, G1 = +4.45% and G2 = + 1.15%. 
The length of curve L = 6 Sta. the distance 
X = 1.74 Sta. 

-c~Jf 
VPI 

FIG. 2 

SAG VERTICAL CURVE 

Required: M and offset Y. 

M = 33 (6) = 2.4151 

8 

y = 4 x 2.48 (1.74)2 = 0.835' 
62 

Given: 

In Figure 2, G1 = -4.55% and G2 = +3.00%. 
The length of curve L = 5 Sta. The distance 
X = 1.75 Sta. 

Required: M and offset Y. 

M = 155 (5) = 4.719' 
8 

y = 4 x 4.12 (1.75)2 = 2.31' 
52 ' , 

VERTICAL CURVE OFFSETS 

Figure 7.6B 
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COMPUTATIONS FOR ODD PI 

x 

Olf"FERENCE IN ELEV A TION 
BETWEEN GRADIENTS AT --1 --
EVEN STATIONS _.J 

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 

July 1992 

Given: G1 = -2.0% and G2 = + 3.0%. Difference in Elevation of 2.5 ft between gradients at 
Sta. 100+00.00. 

ReQuired: Distance X 

x = 
G1 = 
L = 
A = 

Then: 

X = 25 (100) = 50' VPI is at Sta. 100 + 50.00 
5 

COMPUTATION OF LOWEST OR HIGHEST POINT ON VERTICAL CURVE 

Distance to lowest or highest point from VPC 
% of grade back of VPI 
Length of vertical curve in stations 
Algebraic difference in grades 

G1 L 
X=-­

A 
L 

x 

..........: --~ -~ ---..,..--
VP! 

VERTICAL CURVE COMPUTATIONS 

Figure 7.6C 
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TO FIND STATION OF VPI WHERE TWO KNOWN GRADES INTERSECT 

Given: 

x 

Station and Elevation at VPI1 
Station and Elevation at VPI2 
G1, G2 (in%) 

Find: Station and Elevation at VPI3 

Solution: Let L = Distance between VPI1 

and VPI2• Then: 

(El. VP/2 -El. VP/1) -G2 L 
X=---------

G1 -G2 

L 

Let X = Distance between VPI1 + VPI3. 

Then: 

El. at VP/3 = G 1 X +El. VP/1 

All distances in Stations. 

TO PASS A VERTICAL CURVE TIIROUGH A GIVEN POINT (P) 

y 

L 

A = Algebraic difference in grades 
y = Vertical curve correction at point "P" 

2. Substitute knowns into above equation 
and solve for X: 

x = Distance from "P" to VPC 
D = Distance from "P" to VPI 
L = Length of vertical curve 

Given: A, y, X 

Find: L in Stations 

Solution: 

1. AX2 • 4yX • 4yD = 0 

-b±Vb 2 - 4ac x = --...,----
2a 

3. L = (2) (D + X) 

4. Substitute X into the above equation and 
solve for L 

Note: All distances m Stations (except 
distance y). 

VERTICAL CURVE COMPUTATIONS 

Figure 7.6D 
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TO FIND % OF GRADE AT ANY POINT ON A VERTICAL CURVE 

L = Length of VC in Stations 
x = Distance from VPC in Stations 

G2 - G1 

Example: Find gradient at a point 500 ft 
from VPC for an 800-ft vertical 
curve. 

a=-----
L 

Gradient at a point on curve x distance from 
VPC. 

G1 = +2.0% 
G2 = -3.5% 

L = 8 
x = 5 

a = - 3.5 - 2·0 = -0.6875 
8 

G = -0.6875(5) + 2.0 = -1.4375% 

x 

TO FIND A POINT ON CURVE WHERE A GIVEN % OF GRADE OCCURS 

Distance x from VPC to point of selected 
gradient. 

G1 - G 
X=---

a 

Example: Find point on curve where 
gradient is -1.5%. 

G1 = +2.0% 
G2 = -3.5% 

L = 8 
G = -1.5% 

a = -3.5 - 2·0 = -0.6875 
8 

2.0 + 1.5 
X=---

0.6875 

x = 5.0909 Stations 

VERTICAL CURVE COMPUTATIONS 
(Distance to Point on Curve) 

Figure 7.6E 
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L<STA.> 

PROBLEM 1: 

Given: 

Find: 

L, G1, G2, M, K, El @A & El @C 

X, Y, G3 and El @B 

Let: 

m = G1 
n = G1 - G2 
D = 4M-Ln 
E = -LnK 
F = L2mK + L2 (El @A- El @C) 

Solution: 

1. DX2 + EX + F = 0 

2. 

:. X = -E :t JE 2 - 4DF 
2D 

Lm -nX 
G3 = L 

3_ y = 4MX2 

L2 

4. El @B = El @A + Y - G1X 

KCSTA.> 
XCSTA.> 

PROBLEM2: 

Given: 

Find: L,M 

Let: 

Solution: 

2. M=Ln 
8 

VERTICAL CURVE COMPUfATIONS 
(Gradient to Point on Curve) 

Figure 7.6F 

July 1992 
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Given: B 

A = Algebraic difference in grades (01 & 0 2), % 
L1 = Length of existing vertical curve in Stations 

High Point: 

S = G1 L1 
A 

B = Any known point on line G3 

H = Horizontal distance in stations 
V = Vertical Height in ft 

FiQQ: 

X (distance in stations) 
0 3 of grade 
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Equations: 

G =AX 
3 L 

1 

V = G3 (H _ X) 
2 

x =If - V(A1!_(L1)2 - 2(AV/L1) 
~./L1) -

Example: 

V = 18.75 ft, H = 11.7 Sta., L 1 = 10.0Sta. 
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x, 

A = Algebraic difference in grades 
E = Middle ordinate 
Y 1 = Offset at any point X1 
Y 2 = Offset at any point X2 

E = L 1 x L2 x A 
2(L1 + L 2) 

Y1 = E(~:r 

Y2 = E(~:r 

UNSYMMETRICAL VERTICAL CURVE 

Figure 7.6H 

July 1992 
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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.lA 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 hig.11ways (i.e., 
2% ). For unpaved surfaces, the cross slopes 
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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%. 

8.1.2 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. 

8.1.2.2 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, 
urbanirural 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) 



Oklahoma CROSS SECTION ELEMENTS 

GRADED 
SHOULDER 

-A-

I· USABLE 
SHOULDER 

-8-

1· 
USABLE 

·1 
SHOULDER 

I .ROUNDING. I 
-c-

GRADED AND USABLE SHOULDERS 
(Definitions) 

Figure 8.1B 

July 1992 

Source: (1) 

8.1(4) 



Oklahoma CROSS SECTION ELEMENTS July 1992 

8.1.2.4 Surface Type 

Chapters Twelve and Thirteen indicate the 
shoulder sudace type for the various highway 
conditions. The following summarizes general 
ODOT and focal 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. lA. 

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. 

8.1.25 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~ 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 Auxiliai:y 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-tum lanes at intersections, 

2. truck-climbing lanes, 

3. 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. 

8.1.4 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. 

8.15 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, urban/rural location, 
drainage and construction costs. The 
following discusses those factors which will 
determine whether or not a curbed section is 
warranted: 

1. Urban Location. 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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8.1.5.2 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. lC 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. 

8.1.53 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. \\'here 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 Safetv. 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. lD 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. 

2. 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. 

3. 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. 

4. 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. lA 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. 

2. 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. 

3. CBD Areas. The entire area between the 
curb and building is often fully used as a 
paved sidewalk. 

4. 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). 

5. 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. 

6. Buff er Areas. If the available right-of-way 
is sufficient, buff er areas between the curb 
and sidewalk are desirable. These areas 
provide greater separation between 
vehicle and pedestrian. The buff er area 
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Table 8.1A 

PEDESTRIAN AND VEHICLE VOLUMES FOR WHICH THE 
CONSTRUCTION OF SIDEWALKS MAY BE CONSIDERED 

July 1992 

Vehicular Traffic 
Pedestrians per day suggested for construction of 

sidewalks when design speed, mph, is: 
(DHV) 

30 to 50 60 to 70 

Sidewalk; one side: 
30 to 100 .............. 150 100 
More than 100 ............ 100 50 

Sidewalk, both sides:* 
50 to 100 ............... 500 300 
More than 100 .......... 300 200 

* Smaller pedestrian traffic volume may justify two sidewalks to avoid a considerable amount of 
cross traffic. 

should be at least 2-ft wide to be effective 
and, if practical, should be 8 to 12 ft in 
width. 

7. 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. 

Source: (3) 
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8.2 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 

8.2.2.1 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 siopes, 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-tum bays 
should be considered when selecting a 
median width. 

2. Crossin& 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. Siiroalization. At signalized intersections, 
wide medians may lead to increased 
crossing times and less efficient traffic 
operations. 

5. Median Barriers. With narrow medians, 
a median barrier may be warranted. See 
Section 11.6. 

6. Intersections. Several vehicular 
maneuvers at intersections are partially 
dependent on the median width. These 
include U-turns and turning maneuvers at 
median openings. The designer should 
evaluate the likely maneuvers at 
intersections and provide a median width 
that will accommodate the selected design 
vehicle. See Chapter Nine. 

7. Uniformity. In general, a uniform median 
width is desirable. However, variable­
width medians may be advantageous 
where right-of-way is restricted, at-grade 
intersections are widely spaced (0.5 mile 
or more), or an independent alignment is 
practical. 

8. Sight Distance. Where a median barrier 
is present at a horizontal curve, the 
median width may be a factor in whether 
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or not adequate sight distance is available 
at the curve. See Section 6.5. 

8.2.2.2 Criteria 

Chapter Twelve presents specific numerical 
criteria for median widths on new 
construction/reconstruction projects on major 
highways. These are summarized in Table 
8.2A. H glare screens, light poles or other 
appurtenances are placed on a median 
barrier, the desirable median width is 26 ft. 
This provides sufficient room for maintenance 
vehicles without blocking a travel lane. 
Section 8.2.3 presents criteria for median 
width based on the type of median (flush, 
raised, depressed). 

8.23 Median 'fipes 

Section 8.8 provides typical sections for 
various median types. 

8.23.1 Flush Medians 

A median is defined as a flush median when 
its vertical elevation above the surface of the 
adjacent roadway pavement is 1 inch or less. 
Flush medians are often used on urban 
highways and streets. A flush median should 
have adequate cross slope to properly control 
drainage in the median area. 

The typical width for a flush median ranges 
from 2 ft to 16 ft; at least 2 ft is required to 
provide any special treatments (e.g., cross 
hatching, rumble strips). The ODOT 
Standard Drawings present striping details for 
flush medians. 

Two-way left-tum lanes (TWLTL) are also 
considered flush medians. Desirably, the 
roadway cross section with a flush median will 
allow ultimate development for a TWL TL in 

urban/ suburban areas. The tables in 
Chapters Twelve and Thirteen provide criteria 
for TWL TL widths. Section 9 .4 provides 
information on design details for TWLTL at 
intersections. Section 9.4 also discusses the 
0 DOT rural transition section, which is a 
variation of the TWL TL. 

8.23.2 Raised Medians 

A median is defined as a raised median if it 
contains a raised portion (greater than 1 inch) 
within its limits. Raised medians are often 
used on urban and suburban highways and 
streets to control access and left turns. When 
compared to flush medians, raised medians 
offer several advantages: 

1. Mid-block left turns are controlled. 

2. Left-turn channelization can be more 
effectively delineated. 

3. A distinct location is available for traffic 
signs, signals and pedestrian refuge. 

4. Limited physical separation is available. 

The disadvantages of raised medians when 
compared to flush medians are: 

5. They are more expensive to construct and 
more difficult to maintain. 

6. They may need greater widths to serve 
the same function (e.g., left-turn lanes at 
intersections) because of the raised island 
and offset between curb and travel lane. 

7. Curbs may result in adverse vehicular 
behavior upon impact. 

8. Prohibiting mid-block left turns may 
overload street intersections and may 
increase the number of U-turns. 

8.2(3) 
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Table 8.2A 

MEDIAN WIDTIIS 

Concrete No. of Median 
Median Barrier Lanes Width 

I Desirable: 14' 
4 

Minimum: 10' 
Yes 

Truck DDHV < 250: 
..,.,, 

I 6 
..... 

I Truck DDHV > 250: 26' 

No All Desirable: 64' 
Minimum: 46'* 

* Existing median widths of 40' may be retained. A 40' median width may be used on new 
alignment when right-of-way is severely restricted. 

9. Access for emergency vehicles (e.g., fire, 
ambulance) may be more difficult. 

If a raised median will be used, the designer 
should consider the following in the design of 
the median: 

10. Curb Tme. Mountable curbs are typically 
used for raised medians. These allow 
vehicles to exit the travel lanes where 
needed for emergency reasons. Barrier 
curbs should only be used where 
mountable curbs cannot properly control 
access. 

11. Speed. Barrier curbs may be used where 
the design speed is 45 mph or less. 
Mountable curbs may be used at any 
design speed. 

12. Curbs at Turn Bays. If mountable curbs 
are used where the design speed is 45 
mph or less, either barrier or mountable 
curbs may be used adjacent to channelized 
left- or right-turn lanes. 

13. Curb Tme with Appurtenances. If the 
median width is less than 12 ft and 
appurtenances will be located in the 
median (e.g., traffic signal poles, light 
poles, signs, bridge piers), a 6-inch barrier 
curb may be warranted on low-speed 
facilities. 

14. Desirable Width. If practical, the width of 
a raised median should be sufficient to 
allow for the development of a 
channelized left-turn lane. For exampie, 
an 16-ft median width would allow the 
following: 

a. a 12-ft turn lane, 

b. a zero curb offset between the turn 
lane and raised island, and 

c. a minimum 4-ft raised island. 

15. Minimum Width. The minimum width of 
a raised island should be 4 ft. Curb 
offsets would be in addition to the raised 
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island width. See Chapters Twelve and 
Thirteen. 

16. Raised Island (Paved). For raised islands 
up to 10 ft, the island will be paved 
according to the detail for the concrete 
dividing strip in the ASCD and CSCD 
sheets in the ODOT Standard Drawings. 
The 4-inch thickness is typically used; the 
6-inch thickness is used on low-speed 
facilities at the noses of raised islands 
where vehicles frequently ride over the 
nose. 

17. Raised Island (Sodded). For raised 
islands greater than 10 ft, the area 
between the curbs is usually backfilled and 
sodded. However, where there are 
numerous signs, guardrail, bridge piers, 
etc., in the island, it may be more 
economical to pave the raised island to 
eliminate excessive hand mowing. 

8.2.3.3 Depressed Medians 

A depressed median is typically used where 
practical on freeways and other divided 
arterials. Depressed medians have better 
drainage characteristics and, therefore, are 
preferred on major highways. Depressed 
medians should be as wide as practical to 
allow for the addition of future travel lanes on 
the inside while maintaining a sufficient 
future median width. 

Because the water is flowing into a depressed 
median, the designer needs to consider 
drainage when determining the appropriate 
depth of depressed median. The median 
ditch should be designed so that the depth of 
flow during the design-year discharge (e.g., 
Q 10) will be at least 6 inches below the 
subgrade. The ODOT Drainage Manual and 
Chapter Fifteen provide additional details on 
drainage design. 

Desirably, the center longitudinal slope of a 
depressed median should be at least 0.5%, 
with 0.4% as a minimum. 

8.2(5) 
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83 ROADSIDE ELEME:r;1TS 

83.1 Fill Slopes 

Fill slopes are the slopes extending outward 
and downward from the edge of the shoulder 
to intersect the natural ground line. The 
slope criteria depend upon the functional 
classification, fill height, urban/rural location 
and the presence of curbs. ODOT's criteria 
on fill slopes are presented in Tables 8.3A 
(uncurbed) and 8.3B (curbed). Note that, for 
uncurbed facilities, several of the criteria are 
based on the clear zone (as measured from 
the edge of the travel lane) which applies to 
the facility. The application of these criteria 
are as follows: The indicated slope from the 
shoulder edge is used to the clear zone (if 
practical) m: to the intersection with the 
subgrade, whichever is the greater distance. 
See the accompanying figure in Table 8.3A. 
If the siope from the shoulder edge does not 
intersect the natural ground line, then the 
slopes in Table 8.3A, based on the fill height, 
should be used to the toe of the slope. 
Desirably, the top and bottom of the slopes 
will be rounded. 

Although Tables 8.3A and B provide specific 
criteria for fill slopes, consideration must be 
given to right-of-way restrictions, utility 
considerations and roadside development in 
determining the appropriate fill slope for the 
site conditions. If practical, flatter fill slopes 
than indicated should be used. 

As indicated in Tables 8.3A and 8.3B, the 
. fill' h Id' 1· 3 1 maximum slope s ou m generai be : .1.. 

A 3:1 slope is a practical maximum when 
considering maintenance operations (e.g., 
mowing), erosion control and roadside safety. 
Slopes steeper than 3: 1 may be used with 
mitigating treatments (e.g., slope paving). A 
slope steeper than 3:1 will normally require a 
roadside barrier (see Chapter Eleven). 

Depending upon the soils condition and the 
height of fill, it may be warranted to provide 
benching on an existing slope before adding 
additional fill material. Figure 8.3A illustrates 
the benching detail which is typically .used. 

83.2 Cut Slopes 

83.2.1 Typical Slope Rates (Earth Cuts) 

In earth cuts on facilities without curbs, 
roadside ditches are provided to control 
drainage. As indicated in Tables 8.3C and 
8.3D, the ditch section includes the fore 
slopes, ditch width and back slope as 
appropriate for the facility type. On facilities 
with curbs, a shelf (6-ft typical) is provided 
with the back slope beyond the shelf. 
Applicable criteria are provided in Table 
8.3D. The following sections provide 
additional information for earth cuts and rock 
cuts. 

83.2.2 Rock Cuts (Back Slopes) 

The back slope is variable depending on field 
conditions. See Figure 8.3B. At a maximum, 
the back slope should not exceed V4: 1. For 
large cuts, benching of the back slope may be 
required. The Materials Division will assist in 
the analysis and design of rock cut sections. 

83.23 Erosion Control 

The designer must ensure that permanent 
erosion control is considered in the design of 
ditches in cut slopes. The designer must 
review the existing soil conditions to 
determine if additional measures may be 
required to control erosion (e.g., additional 
topsoil, special plantings, paving). As a 
general guide, longitudinal ditch slopes of 2% 
or greater will usually require some type of 
lining. For more information on the design of 
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ditch linings, the designer should review the 
ODOT Drainage Manual and HEC #15 
Design of Stable Channels with Flexible 
Linings. The Roadside Development Branch, 
Rural Design will assist in the final 
determination on the eros10n control 
measures for cut slopes. 

83.2.4 Roadside Safety 

To safely accommodate a run-off-the-road 
vehicle, the slopes of the ditches should be as 
flat as practical. Chapter Eleven presents 
specific criteria to determine desirable fore 
slope and back slope combinations. 

If practical, utility poles, non-breakaway signs, 
etc., should be placed outside of the clear 
zone. See Chapter Eleven. 

83.2-5 Hydraulic Design 

In general, the depth of a roadside ditch 
should ensure that the flow line for the design 
discharge will be at least 6 inches below the 
subgrade intercept with the fore slope. The 
longitudinal slope of the ditch will desirably 
be at least 0.5%; the minimum slope should 
be 0.4%. The ODOT Drainage ~Manual 
further discusses the hydraulic design of 
roadside ditches. 

833 Geotechnical Features 

The designer must ensure that the topography 
and geology of the site is compatible with the 
proposed fill and cut slope sections. The 
project geotechnical report must be reviewed 
and data analyzed to ensure the stability of 
cut and fill slopes which are 3:1 or steeper. 

In addition, major or unusual geotechnical 
features within a project require special 
consideration (see the following sections). 

These projects should be reviewed by the 
Materials Division and the FHWA. A 
meeting to discuss the geotechnical features 
may also be warranted. 

833.1 Major Geotechnical Features 

These include: 

1. Earthwork. Soil or rock cuts or fills 
where (1) the maximum height of cut or 
fill exceeds 50 ft, or (2) the cuts or fills 
are located in topography and/or geologic 
units with known stability problems. 

2. Soil and Rock Instability Corrections. 
Cut, fill or natural slopes which are 
presently or potentially unstable. 

3. Retaining Walls. Where maximum height 
at any point along the length exceeds 30 
ft. Geotechnical aspects include bearing 
capacity, settlement, overturning and 
sliding. The Bridge Division is 
responsible for retaining wall design and 
review. 

833.2 Unusual Geotechnical Features 

These include: 

1. Difficult or Unusual Geotechnical 
Probiems. Such conditions as 
embankment construction on a weak and 
compressible foundation material 
(difficult) or fills constructed using 
degradable shales (unusual). 

2. New or Complex Designs. Geotextile soil 
reinforcement, permanent ground 
anchors, wick drains, stone columns, etc. 

3. Unusual Design Methods. Experimental 
retaining wall systems or pile foundations 
where dense soils exist. 

8.3(2) 



Oklahoma CROSS SECTION ELEMENTS July 1992 

Table 83A 

TYPICAL FILL SLOPES 
(Uncurbed Facilities) 

UNIFORM 
SLOPE 

\ 
SUBGRADE \ 

\ 

ROUNDING IS TYPICALLY 5' MINIMUM 
FOR SMALLER FILL HEIGHTS N-10 15' 
MAXIMUM FOR LARGER Fft.L HEIGHTS. 

5'MINIMUM 
15' MAXIMUM 

* The slope break on barn roof sections should extend to the clear zone. 

FACILITY FILL HEIGHT FILL SLOPE 

Freeways/Principal 
0-4' 6:1 

4'-10' 6: 1 to clear zone; 4: 1 to toe 
Arterials > 10'** 6:1 to clear zone; 3:1 to toe 

0-4' 6:1 desirable; 4:1 maximum 
Other Arterials 4'-10' 4:1 

> 10'** 4:1 to clear zone; 3:1 to toe 

Collectors 0-4' 4:1 
(State Highways) 4'-10' 4:1 desirable; 3:1 maximum 

> 10'** 3:1 

Non-State Hig..i-iways 
0-4' 4:1 desirable; 3:1 maximum 

4'-10' j 3:1 
(Collectors/Local) > 10'** I 3:1 

** Check Geotechnical Report for steeper slopes, if needed. 
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Table 83B 

TYPICAL FILL SLOPES 
(Curbed Facilities) 

6' 
TYPICAL 

1 /2"/FT. TYP. 

FILL HEIGHT 

0-4' 
4'-10' 
>10'* 

All* 

ROUNDING IS TYPICALLY 5' MINIMUM 
FOR SMALLER f'ILL HEIGHTS ANO 15' 
MAXIMUM FOR LARGER FILL HEIGHTS. 

FILL SLOPE 

5'MINMUM 
15'MAXIMUM 

FILL SLOPE 

6:1 
6:1 to clear zone; 4:1 to toe 
6:1 to clear zone; 3:1 to toe 

6:1 desirable; 3:1 maximum 

* Check Geotechnical Report for steeper slopes, if needed. 

July 1992 

8.3(4) 



00 
w ,........ 
Vt .........,. 

- - - - --.......... ·--------

r VllRIABLE 

1

--Wii:>ENING 

W•B f"T. MAX. BENCH WIDTH 
S•SLOPE r· IN 8 f'T. 

I 

Note: Where required (in Fill Areas) the existing slopes shall be continuously benched, beginning at the lower 
limits of the slope. Benching is typically measured and paid for as Unclassified Excavation. 

BENCIIlNG DETAIL 

Figure 8.3A 

0 
~ 
=--
~ 

(") 

~ 
(/.) 
Cl.l 
(/.) 

tI1 

~ 
~ 
~ 
~ 
(l.l 

'-'! 
i:: 
-< 
~ 
\0 

ts 



Oklahoma 

SHOULDER 

Rural 
Facilities 

Freeways/Principal 
Arterials 

Other Arterials 

Collectors 
(State Hij!;hwavs) 

Collectors 
(Non-State Highways) 

Locals 

CROSS SECTION ELEMENTS July 1992 

Table83C 

TYPICAL EARTII cur SLOPES 
(Uncurbed Facilities) 

ROUNDING 

(t_ DITCH 
y 

y 

x 

6:1 

6:1, V>50 
4:1, Vs:50 

6: 1 desirable 
4:1 maximum 

4:1 desirable 
3:1 maximum 

3:1 

ROUNDING IS TYPICALLY 5' ....aMUM 

FOR SMALLER t£1GHTS OF' CUT IHO 15' 
MAXIMUM FOR LARGER HEIGHTS OF CUT. 

BACK SLOPE 

TOE OF BACK SLOPE 

y z 

8' 4:1 

8' 
4:1, V>50 
3:1, Vs:50 

8' desirable 
3:1 

4' minimum 

4' desirable 3: 1 desirable 
2' minimum 2:1 maximum 

As required 3: 1 desirable 
for drainage 2:1 maximum 

Notes: 1. See Figure 8.3B for dimensions in rock cuts. 

2. See Chapter Twelve for criteria on suburban and urban facilities. 

3. See Chapter Eleven for information on traversability of roadside ditches. 

4. Refer to ODOT Drainage Manual for hydraulic design of roadside ditches. 

5. Check Geotechnical Report to determine stability on all slopes 3:1 or steeper. 
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Oklahoma 

ROKJWAY 

CROSS SECITON ELEMENTS 

Table 83D 

TYPICAL EAR1H CUT SLOPES 
(Curbed Facilities) 

6' 
TYPICAL 

CURB 

ROUNDING IS TYPICALl Y 5' MINIMUM f'OR 

FOR SMALLER HEIGHTS OF CUT ANO 15' 
MAXIMUM FOR LARGER HEIGHTS Of' CUT. 

5'MIN.I 
15' MAX 

BACK SLOPE 

Facility Back Slope 

Freeways 6:1 
Arterials 3:1 

Collectors/Locals 2:1 

Notes: 1. See Figur~ 8.3B for dimensions in rock cuts. 

July 1992 

2. Check Geotechnical Report to determine stability for all slopes 3:1 and 
steeper. 
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Oklahoma 

ROADWAY 

CROSS SECTION ELEMENTS July 1992 

I. 16' .I 
TYPICAL 

UNCURBED F ACIUTIES 

16' 

TYPICAL 

112"/ft. TYP. 

CURB 

CURBED FACILITIES 

ROUNDING IS TYPICAl..L Y 5' MINMUM 
5• MIN f'OR SMALLER I-EIGHTS OF' CUT IHJ 15' 
~ MAXIMUM f'OR LARGER HEIGHTS OF CUT. 

l~.,.,~W/!&,.,.,'fm, 
ROUNDED 

,__--VARIABLE BACK SLOPE 
C1/4:1 MAX.> 

ROUNDING IS TYPICALLY 5' MINIMUM 
5• MN f'OR SMALLER HEIGHTS OF CUT ANO 15' 
~ MAXIMUM f"OR LARGER HEIGHTS OF CUT. 

l~~Wfl!!/iW/!&,.,.,.,., 
ROUNDED 

,__ __ VARIABLE BACK SLOPE 
(1/ 4:1 MAX.> 

Notes: 1. Back slope in rock cut may or may not require benching. 

2. Check Geotechnical Report for difficult and/or unusual conditions. 

TYPICAL ROCK CUT SLOPES 

Figure 83B 
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8.4 BRIDGE &'Ptffi UNDERPASS CROSS 
SECTIONS 

The highway cross section must be carried 
over and under bridges, which often requires 
special considerations because of the 
confining nature of bridges and their high unit 
costs. The bridge or underpass section will 
depend upon the cross section of the 
approaching roadway, the highway functional 
classification and the project scope of work. 

8.4.1 Bridces 

8.4.1.1 New and Reconstructed Bridges 

For freeways and arterials, the full approach 
roadway width, including shoulders, will be 
carried across the structure. The approach 
width will be determined by the lane and 
shoulder width criteria in Chapter Twelve. 

For collectors and local roads and streets, the 
tables in Chapter Twelve provide the 
minimum roadway widths on bridges for these 
classifications. The bridge width will be based 
on traffic volumes. 

8.4.1.2 Bridges To Remain In Place 

An "existing bridge to remain in place" refers 
to any bridge work which does not require the 
total replacement of both the substructure 
and superstructure. 

H an existing bridge within the limits of a 
project is structurally sound, if it meets 
ODOT's design loading structural capacity, 
and if the location has not had a significant 
accident history, it is unlikely to be cost 
effective to improve the geometrics of the 
bridge. The tables in Chapters Twelve and 
Thirteen provide the minimum widths for 
bridges to remain in place. If an existing 
bridge width is less than these criteria, it may 

be appropriate to widen the bridge as part of 
the project. 

8.4.2 Undeipasses 

The approach roadway cross section, including 
clear zones, should be carried through the 
underpass. Clear zones are functions of 
design speed, traffic volumes, highway 
alignment and side slopes (see Chapter 
Eleven). If an auxiliary lane passes through 
the underpass adjacent to the mairJine, the 
clear zone distance should be measured from 
the edge of the mainline or the auxiliary lane, 
whichever yields the greater distance (see 
Section 11.2). The lateral clearance for any 
collector-distributor roads should be treated 
separately from the mainline, with its clear 
zone based on its own design speed, side 
slope and traffic characteristics. 

When determining the cross section width of 
a highway underpass, the designer should also 
consider the likelihood of future roadway 
widening. Widening an existing underpass in 
the future can be extremely expensive and it 
may be warranted, if some flexibility is 
available, to allow for possible future roadway 
expansion. Therefore, the designer should 
evaluate the potential for further deveiopment 
in the vicinity of the underpass which would 
significantly increase traffic volumes. If 
appropriate, a reasonable allowance for future 
widening may be to provide sufficient lateral 
clearance for one additional lane in each 
direction. As discussed in Section 5.3, an 
estimate for a 50-year expansion may be 
appropriate. 

This consideration for future expansion 
greatly increases the value of providing the 
roadside clear zone through the underpass. If 
widening becomes necessary, space is 
available without a major disruption to the 
existing structure. 

8.4(1) 



Oklahoma CROSS SECTION ELEMENTS 

8.4.3 Travelway Width Reductions 

When approaching a narrow bridge or 
underpass, the travelway width may need to 
be reduced to allow the roadway to pass over 
or under a bridge. These travelway reduction 
transitions should be designed using the 
following formulas: 

1. For highways with design speeds greater 
than 45 mph, L = WS. 

2. For highways with design speeds of 45 
mph or less, L = WS2/60. 

For both formulas, L equals the taper length 
in ft, W the offset distance in ft and S the 
design speed in mph. 

Where the travelway width will be reduced, 
the designer should consider the need for 
special traffic engineering treatments (e.g., 
delineation). See Chapter Fourteen. 

July 1992 
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8.5 TRANSmONS 

Careful consideration must be given to the 
design of transitions from multilane facilities 
to two-lane facilities. These are complex 
decision-making areas for a driver, who may 
not be expecting the lane reduction. 
Therefore, the designer should use the safest 
criteria practical, whether these connections 
are permanent or temporary. 

The horizontal alignment for permanent and 
temporary transitions should follow the 
criteria presented in Chapter Six. All 
temporary connections should be designed as 
new facilities. This includes, but is not limited 
to, superelevation, transition lengths, reverse 
curves and the tangent length between curves. 

Decision sight distance should be provided to 
and throughout the transition area. To 
achieve this objective, the project termini may 
need to be adjusted. 

The following figures illustrate ODOT criteria 
for various transitions: 

1. Figure 8.5A provides the details for a left 
transition from a 4-lane to a 2-lane facility 
on a curve. 

2. Figure 8.5B provides the details for a 
right transition from a 2-lane to a 4-lane 
facility on a curve. 

3. Figure 8.5C provides the details for a left 
transition on tangent. 

4. Figure 8.50 provides the details for a 
right transition on tangent. 

5. Figure 8.5E provides the details for a split 
transition from a 4-lane to a 2-lane facility 
on a tangent section. 

6. Figure 8.5F provides the details for a split 
transition from a 4-lane undivided to a 4-
lane divided facility on a tangent section. 

7. Figure 8.5G provides the details for a split 
transition from a 4-lane undivided to a 5-
lane TWL TL section on a tangent. 

8.5(1) 
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Figure 85B 
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EXAMPLE OF A TANGENT TRANSffiON (Existing Road on Left) 
(4-Lane to 2-Lane) 

Figure 85C 
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EXAMPIE OF A TANGENT 1RANSIDON (Exi-;ting Road on Right) 
(4-La.ne to 2-Lane) 

Figure 850 
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Oklahoma 

Notes: 

CROSS SECTION ELEMENTS 

Footnotes for Figure 8.SE 

G) THIS DIMENSION WILL BE THE SUMMATION OF THE 
TWO LEFT SHOULDERS. ASSUMING 4' MIN. LEFT 
SHOULDERS, THIS DIMENSION WILL BE 8' MIN. 

® DEGREE OF CURVATURE(D) WILL BE DETERMINED 
BASED ON OPEN ROADWAY CONDITIONS. SEE 
SECTIONS 6.1 & 6.2. 

@ SUPERELEVATION TRANSITION WILL BE 
DETERMINED BASED ON OPEN ROADWAY 
CONDITIONS. SEE SECTION 6.2. 

July 1992 

A The top figure assumes the normal crown section through the transition area. In this case, 
"D" will be limited to the maximum degree of curvature without superelevation based on 
open roadway conditions. See Section 6.2 for specific criteria based on design speed and 
emax. 

B. The bottom figure assumes that the two transition curves are superelevated. "D" and the 
superelevation transition will be based on open roadway conditions. 

C. Contact the Traffic Engineering Division for proper signing, pavement markings and 
delineation. 
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Oklahoma 

Notes: 

CROSS SECTION ELEMENTS 

Footnotes for Figure 8.SF 

Q) THIS DIMENSION WILL BE THE SUMMATION OF THE 

TWO LEFT SHOULDERS. ASSUMING 4' MIN. LEFT 
SHOULDERS, THIS DIMENSION WILL BE 8' MIN. 

@ DEGREE OF CURVATURE{D) WILL BE DETERMINED 
BASED ON OPEN ROADWAY CONDITIONS. SEE 
SECTIONS 6. 1 & 6.2. 

@ SUPERELEVATION TRANSITION WILL BE 
DETERMINED BASED ON OPEN ROADWAY 
CONDITIONS. SEE SECTION 6.2. 

July 1992 

A The top figure assumes the normal crown section through the transition area. In this case, 
"D" will be limited to the maximum degree of curvature without superelevation based on 
open roadway conditions. See Section 6.2 for specific criteria based on design speed and 
emax. 

B. The bottom figure assumes that the two transition curves are superelevated. nD" and the 
superelevation transition will be based on open roadway conditions. 

C. Contact the Traffic Engineering Division for proper signing, pavement markings and 
delineation. 
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8.6 RIG!IT-OF-WAY/UTILITIES 

8.6.1 Ridit-of-Way 

8.6.1.1 Definitions 

Tne following definitions will apply: 

1. Permanent ROW. ROW acquired for 
permanent ownership by the State for 
activities which are the responsibility of 
the State for an indefinite period of time. 
The State obtains the title to the property. 
Permanent ROW is typically acquired for 
utility accommodation, fill and cut slopes, 
etc. 

2. Temporary ROW. ROW acquired for the 
legal right of usage by the State to serve 
a specific purpose for a limited period of 
time (e.g., maintenance and protection of 
traffic during construction). Once the 
activity is completed, the State yields its 
legal right of usage and returns the land 
to its original condition as close as 
practical. 

3. ROW Easements. Rights-of-way acquired 
with the perpetual right to construct and 
maintain a public highway and incidental 
facilities over and across the surface of 
lands. Types of right-of-way easements 
include: 

a. highway easements, 
b. utility easements, and 
c. storm sewer easements. 

4. Channel ROW. ROW acquired 
specifically for channel construction and 
maintenance, which provides the State 
with a permanent right of ingress and 
egress. The property owner relinquishes 
the right to modify the channel 
dimensions (e.g., slopes). 

8.6.1.2 Width 

The minimum right-of-way (ROW) width for 
all functional classifications will be the sum of 
the travel lanes, outside shoulders, and 
median width (if applicable) plus the 
necessary width for fill and cut slopes or for 
roadside clear zones, whichever is greater. 
Desirably, the ROW width will accommodate 
the anticipated ultimate development of the 
highway and utility facility. 

The ROW width should be uniform, where 
practical. In urban areas, variable widths may 
be necessary due to existing development; 
varying side slopes and embankment heights 
may make it desirable to vary the ROW 
width; and, ROW limits will likely have to be 
adjusted at intersections and freeway 
interchanges. Other special ROW controls 
should also be considered: 

1. At horizontal curves and intersections, 
additional ROW may be warranted to 
ensure that the necessary sight distances 
are available in the future. 

2. In areas where the necessary ROW widths 
cannot be reasonably obtained, the 
designer may consider the advisability of 
using steeper slopes, revising grades, or 
using retaining structures. 

3. Special ROW considerations at inter­
changes are discussed in Chapter Ten. 

The designer will coordinate with the Right­
of-Way Division on the acquisition of ROW 
for highway projects. 

8.6.13 Fencing 

In general, the Design Division is responsible 
for determining the need for fencing along 
State highways. The following summarizes 
ODOT fencing policies: 

8.6(1) 
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1. Where disturbed by the highway 
construction, fencing is replaced in-kind. 

2. Fencing is generally warranted along 
access-controlled facilities. 

3. Fencing types used by ODOT are woven 
wire, strand and chain link. The ODOT 
Standard Drawings present the design 
details for each type. 

The designer should refer to the ODOT Policy 
Manual, the plan-in-hand report and survey 
data for more information. 

8.6.2 Utilities 

8.6.2.1 Types 

In general, all utilities (both public and 
private) may be classified as pipelines, electric 
power lines or communication lines: 

1. Pipelines. Pipelines may be further 
divided according to the products they 
transmit: 

a. gas lines (either high-pressure or 
medium-pressure transmission lines, 
distribution lines, vacuum lines or 
gathering lines); 

b. oil transmission and products lines; 

c. oil lines (gathering lines, waste lines 
or salt water lines); 

d. water lines; 

e. sanitary sewer lines; and· 

f. miscellaneous pipelines. 

2. Electric Power Lines. Electric power lines 
may be transmission lines, distribution 
lines or service lines. These lines may be 
aerial, underground or a combination of 
both. 

3. Communication Lines and/or Facilities. 
Communications lines and/ or facilities 
may be aerial, underground, a 
combination of both, or electronic 
transmission towers. Their function may 
encompass local or regional service. 

8.6.2.2 Location 

The road designer, in general, is responsible 
for initially determining utility locations. The 
following general rules of good and poor 
practices for utility location should be 
considered: 

1. Utility lines should be located to minimize 
the need for later adjustment to 
accommodate future highway improve­
ments and to permit servicing these lines 
with minimum interference to highway 
traffic. 

2. Longitudinal installations should be 
located on uniform alignment as near as 
practical to the right-of-way line to 
provide a safe environment for traffic 
operation and preserve space for future 
highway improvements or other utility 
installations. 

3. To the extent feasible, utilities crossing 
the highway should cross on a line 
generally perpendicular to the highway 
alignment. 

4. The horizontal and vertical location of 
utility lines within the highway right-of­
way limits should conform with ODOT 
clear zone criteria. The location of above­
ground utility facilities should be 
consistent with the clearances applicable 
to other roadside obstacles. 

5. Conditions which are generally unsuitable 
or undesirable for underground utility line 
crossings should be avoided. These 
include, but are not limited to, locations: 
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a. in deep cuts; 

b. near footings of bridges and retaining 
walls; 

c. at cross drains where flow of water, 
drift or stream bedload may be 
obstructed; 

d. within basins of an underpass drained 
by a pump if the pipeline transports a 
liquid or liquefied gas; and 

e. in wet or rocky terrain where it will be 
difficult to attain minimum cover. 

6. On longitudinal installations, utility 
locations parallel to the roadway at or 
adjacent to the right-of-way line are 
preferable to minimize interference with 
the safe operation of the highway, the 
highway drainage, and the structural 
integrity of the traveled way, shoulder and 
embankment. 

7. Vertical and horizontal clearances 
between a pipeline and a structure or 
other highway or utility facilities should be 
sufficient to permit maintenance of the 
pipeline and other facilities. 

8.6.2.3 Design Considerations 

The overall objective of ODOT is to ensure 
completion of the required adjustment of all 
utility facilities in a mutually satisfactory 
manner in advance of the roadway construc­
tion. The Utilities Branch within the Right­
of-Way Division is responsible for working 
with the utility companies to ·develop the 
design details for utility relocations or 
adjustments. The Branch has developed the 
ODOT Utilities Manual to document ODOT 
policies and procedures. The road designer 
should ensure that the proposed road design 
is consistent with the practicalities of utility 
work. Therefore, the designer shouid 
consider the following: 

1. General. Title 69, Oklahoma Statutes, 
provides the State authority for utility 
adjustments. ODOT policies incorporate 
the provisions of the FHWA Federal 
Highway Program Manual FHPM 6-6-3-1 
and 6-6-3-2 for Federal-aid projects, 
where consistent with Oklahoma law. 
The AASHTO policies on utility 
relocations are incorporated into ODOT 
procedures. These include the following: 

a. AASHTO A Policy on the 
Accommodation of Utilities within 
Freeway Right-of-Way. 

b. AASHTOA Guide for Accommodating 
Utilities within Highway Right-of-Way. 

2. Clearance and Cover. Pipelines should 
have a 4-ft minimum clearance from other 
utilities, except sanitary sewer lines should 
be at least 10 ft from water lines. Most 
pipelines should be at least 3 ft under­
ground or 2.5 ft (when encased in a 
conduit) under a ditch flowline. The 
ODOT Utilities Manual provides further 
guidance. 

3. Aerial. Electric power lines and/ or 
communication lines that are aerially 
located should be at least 5 ft from the 
ROW line to allow for airspace, guywires 
and luminaries, if required. 

4. Detours. Awareness of potential utility 
conflicts is extremely important when 
constructing detours near the ROW line 
or on temporary ROW. 
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8.7 FRONTAGE ROADS 

8.7.1 ODOT Statutmy Definitions 

1. Frontage Road. A road constructed 
adjacent and parallel to but separated 
from the highway and connected thereto 
at least at each end, for service to 
abutting property and for control of 
access. 

2. Local Road. A road constructed to 
provide access to property abutting on or 
adjacent to the highway and which has but 
one connection to the highway. 

3. Public Road. A road constructed to 
connect other public roads or streets, but 
not connected to the highway. 

8.12 General (AASHTO) 

Frontage roads serve numerous functions, 
depending on the type of facility served and 
the character of the surrounding area. They 
may be used to control access to the facility, 
to function as a street serving abutting 
properties, and to maintain circulation of 
traffic on each side of the main highway. 
Frontage roads segregate local traffic from 
the higher-speed through traffic and serve 
driveways of residences and commercial 
establishments along the highway. 
Connections between the main highway and 
frontage roads, usually provided at crossroads, 
furnish access between through roads and 
adjacent property. Thus, the through 
character of the highway is preserved and is 
less affected by subsequent development along 
the roadsides. 

Frontage roads are used on all types of 
highways. Their greatest use is adjacent to 
freeways where their primary function is to 
distribute and collect traffic between local 
streets and the freeway interchanges. In some 
circumstances, frontage roads are desirable on 

arterial streets both in urban and suburban 
areas. 

Despite their advantages, the use of 
continuous frontage roads on relatively high­
speed arterial streets with intersections at 
grade may be undesirable. At the cross 
streets, the various through and turning 
movements at several closely spaced 
intersections greatly increase the accident 
potential. The multiple intersections are also 
vulnerable to wrong-way entrances. Traffic 
operations are improved if the frontage roads 
are located a considerable distance from the 
main highway at the intersecting crossroads in 
order to lengthen the spacing between 
successive intersections along the crossroads. 
See Section 8.7.4. 

Frontage roads may be one-way or two-way 
and generally are parallel to the roadway for 
through traffic. They may or may not be 
continuous, and they may be provided on one 
or both sides of the arterial. In general, one­
way frontage roads must be continuous. On 
two-way frontage roads, it is desirable that 
they be continuous; intermittent frontage 
roads have much less value. Continuous 
frontage roads significantly improve traffic 
operations. 

8.7.3 Functional Classification 

The normal design elements of roadway 
width, cross slope, horizontal and vertical 
alignment, etc., should be provided consistent 
with the functional operation of the frontage 
road. That is, the same considerations 
relative to functional classification, design 
speed, traffic volumes, etc., apply to frontage 
roads as they would to any other highway. 

For high-volume, continuous frontage roads, 
the desirable functional classification is one 
level beiow that of the main highway 
classification. At a minimum, the functional 
classification is a collector. 
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For low-volume, non-continuous frontage 
roads, the desirable functional classification is 
a collector. At a minimum, the functional 
classification is a local road. 

8.7.4 Design 

8.7.4.1 Design Elements 

The selection of the appropriate design 
criteria is based on the functional 
classification of the frontage road. Once the 
functional classification has been determined, 
the appropriate design speed, lane and 
shoulder widths, etc., from the tables in 
Chapters Twelve or Thirteen can be selected. 

8.7.4.2 One-Wayfrwo-Way 

From an operational and safety perspective, 
one-way continuous frontage roads are 
preferred to two-way. One-way operations 
may inconvenience local traffic to some 
extent, but the advantages in reducing 
vehicular and pedestrian conflicts at 
intersecting streets often fully compensate for 
this inconvenience. In addition, there is some 
savings in pavement and right-of-way width. 
Two-way frontage roads at high-volume, at­
grade intersections complicate crossing and 
turning movements. Where off ramps join a 
two-way frontage road, the potential for 
wrong-way entry is increased. This problem 
is greatest where the ramp joins the frontage 
road at an acute angle, thus giving the 
appearance of an on-ramp to the driver. 

Two-way frontage roads may be considered 
for partially deveioped urban areas where the 
adjoining street system is so irregular or so 
disconnected that one-way operation would 
introduce considerable added travel distance 
and cause undue inconvenience. Two-way 
frontage roads may also be appropriate for 
suburban or rural areas where points of 
access to the through facility from the 
frontage road are widely spaced. 

8.7.4.3 Outer Separation 

The area between the main highway and a 
frontage road or street is the outer 
separation. The separation functions as a 
buff er between the through traffic on the 
main highway and the local traffic on the 
frontage road. This separation also provides 
space for shoulders and ramp connections to 
or from the through facility. 

The wider the outer separation, the less 
influence local traffic will have on through 
traffic. Wider separations lend themselves to 
landscape treatments and enhance the 
appearance of both the highway and the 
adjoining property. Desirably, the outer 
separation between the through arterial and 
the frontage road will be 150 ft in rural areas 
and 80 ft in urban areas. This distance is 
measured between the edges of the through 
lanes for the main highway and frontage road. 
The minimum width of outer separation will 
be that required for the shoulder adjacent to 
the main highway, frontage road shoulder and 
for a median barrier or fence. 

Desirably, the outer separation will be wide 
enough to eiiminate the need for a barrier; 
i.e., all obstacles will be outside of the 
mainline clear zone and frontage road clear 
zone. In some cases, fencing may be 
warranted to separate the mainline and 
frontage road. Where used and where the 
fence will be within the clear zone of either 
the mainline or frontage road, chain link 
fencing must be used (see the ODOT 
Standard Drawings). Where a median barrier 
and fencing will be used, the fencing is 
typically placed on top of the median barrier. 

A substantial width is particularly 
advantageous at intersections with cross 
streets. A wide outer separation minimizes 
vehicular and pedestrian conflicts. At 
intersections, the outer separation should be 
300 ft in both rural and urban areas, if 
practical. The 300-ft dimension is measured 
from the outside edges of the two travel lanes 
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which border on either side of the outer 
separation. 

8.7.4.4 A~ 

Connections between the main highway and 
the frontage road are an important design 
element. On arterials with slow-moving traffic 
and one-way frontage roads, slip ramps or 
simple openings in a narrow outer separation 
may work reasonably well. Slip ramps from 
one-way frontage roads and freeways are 
acceptable. However, newly constructed slip 
ramps from a freeway to two-way frontage 
roads are unacceptable because they tend to 
induce wrong-way entry onto the freeway and 
may cause accidents at the intersection of the 
ramp and frontage road. Therefore, on 
freeways and other arterials with high 
operating speeds and two-way frontage roads, 
the access to the freeway should be provided 
at interchanges or by button-hook ramps. 
Details for ramp/ frontage road designs are 
provided in Chapter Ten. 

July 1992 
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8.8 TYPICAL SECTIONS 

The following figures present typical sections 
which will apply to all new construction and 
reconstruction projects. Chapter Thirteen 
discusses how these criteria may be modified 
for projects on existing highways. The typical 
section figures are: 

1. Figure 8.8A "Typical Depressed Median 
Section (Freeways)." 

2. Figure 8.8B "Typical Two-Lane Rural 
Arterial." 

3. Figure 8.8C "Typical Raised Median 
Section (Suburban/Urban Arterial)." 

4. Figure 8.8D "Typical Two-Lane Urban 
Street (Curbed)." 

5. Figure 8.8E "Miscellaneous Details." 

July 1992 
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The median width will depend upon many factors. These include the required depth of ditch, the acceptable median slopes, 
the available right-of-way, the anticipated ultimate development of the facility and field conditions. See Section 8.2 for more 
discussion. 

See Chapter Twelve for criteria on shoulder widths. 

The clear zone will vary according to design speed, traffic volumes and side slopes. See Section 11.2. 

The fill slope criteria will depend upon the height of embankment and clear zone criteria. See Section 8.3 for specific criteria. 

The criteria for fore slope, ditch width and back slope will vary. See Section 8.3 for specific criteria. 

The depth of ditch should ensure that the flow line for the design discharge is at least 6" below the subgrade interception with 
the slope. See the ODOT Drainage Manual for more information. 

Figure illustrates ditch in earth cut See Section 8.3 for information on rock cuts. 

See Section 8.3 for details on rounding. 

1YPICAL DEPRESSED MEDIAN SECTION 
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See Chapter Twelve for criteria on lane and shoulder widths. 

Shoulder cross slopes will be based on surface type. See Chapter Twelve. 

The clear zone will vary according to design speed, traffic volumes and side slopes. See Section 11.2. 

The fill slope criteria will depend upon the height of embankment and clear zone criteria. See Section 8.3 for specific criteria. 

The criteria for fore slope, ditch width and back slope will vary. See Section 8.3 for specific criteria. 

The depth of ditch should ensure that the flow line for the design discharge is at least 6" below the subgrade interception with 
the slope. See the ODOT Drainage Manual for more information. 

Figure illustrates ditch in earth cut See Section 8.3 for information on rock cuts. 

See Sc~ction 8.3 for details on rounding. 

1YPICAL 1WO-LANE RURAL ARTERIAL 

Figure 8.SB 
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See Chapter Twelve for criteria on lane widths. 

Where the design speed is 45 mph or less, the curb offset (for both left and right) may be 1' minimum for barrier curbs and 
may be zero for mountable curbs. 

Raised island (median) s 10 ft wide are paved. Medians wider than 10 ft are normally backfilled and sodded. See 
Section 8.2 for more discussion. 

Either mountable or barrier curb may be used. See Section 8.1 for more information. 

See Section 8.3 for information on fill and cut slopes. 

See Section 8.l for information on sidewalk design. 

lYPICAL RAISED MEDIAN SECTION 
(Suburban/Urban Arterial) 

Figure 8.SC 
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Lane widths will be based on functional classification and traffic volumes. See Chapter Twelve. 
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® Where the design speed is 45 mph or less, the curb offset may be 1' minimum for harrier curbs and may be zero for mountable 
curbs. 

® Either mountable or barrier curb may be used. See Section 8.1 for more information. 

© See Section 8.3 for information on fill and cut slopes. 

@ See Section 8.1 for information on sidewalk design. 

1YPICAL 1WO-LANE URBAN STREI!;f 
(Curbed) 

Figure 8.80 
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Chapter Nine 

AT-GRADE INTERSECTIONS 

This Chapter discusses the geometric design 
of at-grade intersections. The intersection is 
an important part of the highway system. The 
operational efficiency, capacity, safety and 
cost of the system depend largely upon 
intersection design, especially in urban areas. 
The primary objective of intersection design 
is to reduce potential conflicts between 
vehicles, bicycles and pedestrians while 
providing for the convenience, ease and 
comfort of those traversing the intersection. 

9.1 GENERAL DESIGN CONTROI.S 

9.1.1 Intersection Ali&fl1Ilent 

All legs of an intersection should preferably 
be on a tangent alignment. When a minor 
road intersects a major road on a horizontal 
curve, the geometric design of the intersection 
becomes significantly more complicated, 
particularly for sight distance, turning 
movements, channelization and supereleva­
tion. If relocation of the intersection is not 
practical, the designer may be able to realign 
the minor road to intersect the major road 
perpendicular to the tangent at a point on the 
horizontal curve. Although this is an 
improvement, this arrangement may still 
result in difficult turning movements if the 
major road is superelevated. 

Roadways should also intersect at 
approximately right angles. Intersections at 
acute angles are undesirable for several 
reasons: 

1. Vehicular turning movements become 
more restricted. 

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

3. The exposure time for vehicles and 
pedestrians crossing the main traffic flow 
is increased. 

4. The driver's line of sight for one of the 
sight triangles becomes restricted. 

Preferably, the angle of intersection on new 
construction/reconstruction should be within 
±20° of perpendicular. The impact on sight 
lines and turning movements will not be large. 
However, intersections outside of this range 
may warrant more positive traffic control (all 
stop, traffic signals) or geometric improve­
ments (realignment, greater corner sight 
distance). Figure 9.lA illustrates various 
angles of intersection and potential 
improvements that can be made to the 
alignment. 

Where practical, the realignment options 
presented in Figure 9. lA should not include 
sharp horizontal curves on the approaches for 
the relocated intersecting road. Sharp curves 
may result in sight distance restrictions or 
lane encroachments by drivers who smooth 
out the curve by crossing into the opposing 
lane, even at low approach speeds. 
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Short horizontal curves on approaches of intersecting roads should be avoided. See 
discussion in Section 9.1.1. 

TREATMENTS FOR SKEWED INIERSECTIONS 

Figure 9.lA 
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9.1.2 Intersection Profile 

The designer should avoid combinations of 
grade lines that make vehicular control 
difficult at intersections. The following 
criteria will apply. 

9.1.2.1 Approach Gradient 

The gradients of intersecting highways should 
be as flat as practical on those sections that 
will be used for storage of stopped vehicles. 
The gradient of the storage platform desirably 
will not exceed 2% on each intersecting leg 
within 100 ft (rural) and 50 ft (urban) of the 
intersection. Gradients greater than 3 % 
should be avoided, if practical. Where the 
gradient exceeds 3%, the designer must 
exercise special care in evaluating the 
intersection design features (e.g., corner sight 
distance, stopping sight distance). In general, 
however, any gradient through the 
intersection must reflect the practicalities of 
matching the basic profiles of the intersecting 
roadways. This is discussed in the following 
sections. 

9.1.2.2 Cro~ Section Transitions 
(Stop-Controlled Interse.ctions) 

One or both of the approaching legs of the 
intersection may need to be transitioned (or 
warped) to meet the cross section of the 
crossing road. The profile and cross section 
of the major road will normally be maintained 
through an intersection, and the cross section 
of the stop-controlled legs will be transitioned 
to match the major road cross slope and 
profile. See Figure 9.lB. 

The designer should also consider the 
probability that a stop-controlled intersection 
will be converted to a signalized intersection 
in the future. If it is likely to be converted, 

the criteria m Section 9 .1.2.3 should be 
considered. 

9.1.2.3 Cro~ Section Transitions 
(Signalized Intersections) 

The cross section of the minor road will 
typically be transitioned to meet the profile 
and cross section of the major road. If both 
intersecting roads have approximately equal 
importance, both roadways may be 
transitioned to form a plane section through 
the intersection. Where compromises are 
necessary between the two, the smoother 
riding characteristics should be provided for 
the roadway with the higher traffic volumes 
and operating speeds. See Figure 9.lB. 

9.1.2.4 Transition Rates 

Where one or both intersecting roadways are 
transitioned, the designer must determine the 
length and rate of transition from the normal 
section to the modified section. Desirably, 
the transition will be designed to meet the 
general principles of superelevation transition 
which apply to that roadway (i.e., open-road 
or low-speed urban street conditions). See 
Section 6.2 for a complete discussion on 
superelevation development. Where these 
criteria are applied to transition rates, the 
applied design speed is typically: 

1. 20 mph for a stop-controlled leg, 

2. the highway design speed for a free­
flowing leg, or 

3. the highway design speed for all legs of a 
signalized intersection. 

At a minimum, the approaching legs of an 
intersection will be transitioned within the 
curb returns of the intersection consistent 
with practical field conditions. 
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PROFILE AND CROSS· SECTION OF MAJOR HGHWAY IS TYPICALLY MAINT AINEO 
THROUGH AN INTERSECTION. IF BOTH INTERSECTING ROADS HAVE APPROXIMATELY 
EQUAL IMPORTANCE, BOTH ROADWAYS MAY BE TRANSITIONED. 

MAJOR 
HIGHWAY 

\ 

July 1992 

L 

__,____, ___ TRANSITION MINOR ROAD SECTION 

Notes: 

LAST POINT OF NORMAL CURB _j ....1 

CROSS SECTION RETURN 

-------_t-------+--_,______, 
MINOR 

HGHWAY 

1. See discussion in Section. 9.1.2. 

TO MEET THE LONGITUDINAL GRADIENT 
OF THE MAJOR ROAD 

2. Spot elevate pavement area based on drainage requirements, roadway profiles and the 
turning path of the design vehicle. 

PAVEMENT TRANSIDONS THROUGH INTERSECTIONS 

Figure 9.lB 
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9.1.25 Vertical Profile 

Where the cross section of the minor road is 
warped to meet the major road, this will 
result in angular breaks for traffic on the 
minor road if no vertical curve is inserted. 
The following options are presented in order 
from the most desirable to the least desirable 
(see Figure 9.lC): 

1. Vertical Curves (SSD). Desirably, vertical 
curves will be used through an 
intersection which meet the criteria for 
stopping sight distance as described in 
Chapter Seven. At stop-controlled legs, 
the vertical curve should be designed to 
meet a design speed of 20 mph; at free­
flowing legs and at signalized 
intersections, the design speed of the 
roadway should be used to design the 
vertical curve. 

2. Sa~ Vertical Curves (Comfort). For sag 
vertical curves, the next most desirable 
option is to design the sag to meet the 
comfort criteria: 

AV2 
L=-

46.5 

Where: 

L = length of vertical curve, ft 

A = algebraic difference between 
grades,% 

V = design speed, mph 

3. Vertical Curves (Minimum Comfort). If 
a design based on SSD or comfort is not 
practical, the next most desirable design 
for vertical curves at intersection 
approaches is based on the following 
formulas: 

Sag Curves K = (.1 V)2 

K = (.07V)2 

L =KA 

Crest Curves 

Where: 

K = the horizontal distance in ft 
needed to produce a 1 % change 
in the gradient along the curve 

A = algebraic difference between the 
two tangent grades, % 

V = design speed, mph 

L = length of vertical curve, ft 

4. Angular Breaks. At some intersections, it 
may be impractical to provide vertical 
curves on the approaches; i.e., angular 
breaks are necessary through the 
intersection. In some cases, angular 
breaks may allow other intersection 
geometric features, such as sight distance, 
storage platform and drainage, to function 
better. Figure 9.lC presents a schematic 
of vertical profiles through an 
intersection. Tne figure also indicates 
maximum angular breaks based on the 
selected design speed. Use 20 mph for a 
stop-controlled leg and the roadway 
design speed for free-flowing legs and legs 
at signalized intersections. Where angular 
breaks are used, the minimum chord 
distance between angle points is 20 ft. 

9.12.6 Drainage 

The profile and transitions at all intersections 
should be evaluated for impacts on drainage. 
See the ODOT Drainage Manual and Chapter 
Fifteen for more information. 

9.1 (5) 
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tMAJOR ROADWAY 

I 
PROFILE OF 
INTERSECTING ROADWAY; 

I 
SHOULDER r . TRAVEL LANES I SHOULDER I 

T ~~aPTNU 
!PVC I _L --

PVC 
DESIRABLE 

\ 
TYPICAL SHOULDER 

CROSS SLOPE 
PROFILE Of \ 
INTERSECTING ROADWAY__::,. 

Maximum Change in Grades Without Vertical Curve (AG) 

Design Speed (mph) Sag Crest 

20 5.0% 8.5% 
25 3.2% 6.5% 
30 2.2% 4.5% 
35 1.6% 3.3% 
40 1.25% 2.5% 
45 1.00% 2.0% 
50 0.80% 1.6% 

Notes: 

1. See Section 9.1.2 for a discussion on vertical profiles through an intersection. 

2. If practical, the gradient of the approach roadway where vehicles may store should not 
exceed 2%. 

3. Actual field conditions will determine the final design. 

VERTICAL PROFILES OF Thi'TERSECTING ROADS 

Figure 9.1C 
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9.13 Capacity and Level of Service 

A capacity analysis should be performed 
before the detailed design of an intersection. 
This analysis will influence several geometric 
design features including the number of 
approach lanes, lane widths, channelization 
and number of departure lanes. The designer 
should select a level of service and a future 
design year, typically twenty years for new 
construction and reconstruction. Level of 
service criteria are provided in the tables of 
geometric design in Chapters Twelve and 
Thirteen. Criteria for design-year selection 
are provided in Chapter Five. Once the level 
of service and design traffic volumes are 
determined, the designer should use the 
Highway Capacity Manual for the detailed 
capacity analyses. 

In performing the capacity analysis, the 
designer should at some intersections evaluate 
both an unsignalized intersection (short term) 
and a signalized intersection (long term). 
This evaluation may reveal that the 
geometrics of the (current) unsignalized 
intersection should be designed to 
accommodate the (future) signalized 
intersection. 

9.1.4 'fmes of Intersections 

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

Multileg intersections are those with five or 
more intersection legs; these should be 
avoided wherever practical. Where volumes 
are light and stop control is used, it may be 

satisfactory to have all intersection legs 
intersect at a common, all-paved area. At 
other than minor intersections, safety and 
efficiency are improved by rearrangements 
that remove some conflicting movements from 
the major intersection. These rearrangements 
are accomplished by realigning one or more 
of the intersecting legs and combining some 
of the traffic movements at adjacent 
subsidiary intersections or, in some cases, 
making one or more legs one-way away from 
the intersection. 

When creating a new intersection, the 
designer must ensure that there is sufficient 
distance between adjacent intersections so 
that they form two distinct intersections. At 
a minimum, they should be at least 300 ft 
apart and, desirably, V• mile apart when each 
intersection is signalized. On a suburban or 
urban arterial with many intersections, regular 
spacings between intersections typically 
promote improved traffic operations. 

9.15 Design Vehicles 

9.15.1 l)'pes 

The following design vehicles are typically 
used in intersection design: 

1. P -- Passenger car and light panel/pickup 
truck (see Figure 9.lD). 

2. SU -- Single Unit Truck or Small Bus (see 
Figure 9.lE). 

3. WB-50 -- Semitrailer combination with an 
overall wheelbase of 50 ft (see Figure 
9.lF). 

4. WB-67 -- Semitrailer combination with a 
53-ft trailer (see Figure 9.lG). 

5. WB-114 -- Semitrailer combination with 
two 48-ft trailers (see Figure 9.lH). 

9.1 (7) 



Oklahoma 

Note: 

I 
I 

I 

AT-GRADE INTERSECTIONS 

I 

I 
I 

I 

I 
I 

I 
I 

/,,-
/ 

I 

i /1 i 

I/ l I 
) 0 i . 

! /() ..J; 
I/~/; 

I "01 
I 

i 
I 

I 
I 

I 

/ 

\ 

\ 

'\ 

'\ 

\ 

'\-.... 
\ \ ""' 
I \ 

'-

' 

'-

' ' ' ' 
' 

\I \ 
\ 

II 
5' •1• ,, 

19' 

I 
I I 
I I 

l~t 
I J~L! 
! \ 0/1 
! v ! 

c::p-1: ' ! 1_1-1 ~1 

~ 

1\ 
I \ 

\ 

\ 

\ 
\ 

\ 
\ 

\ 
\ \ 

\ 
\ \ 

\\~\ \N \ 
\ 

SCALE: 1"=20' 

SCALE: 1"·20' 

July 1992 

Source: (1) 

This turning template shows the turning paths of the AASHTO design vehicle. Tne 
paths shown are for the left front overhang and the outside rear wheel, which is the 
vehicular swept width. The path of the left front wheel (not shown) follows the circular 
curve of the left front overhang. 

Mfi'.41MUM TURNING PATH FOR P DESIGN VEIIlCLE 

Figure 9.1D 
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This turning template shows the turning paths of the AASHTO design vehicle. The 
paths shown are for the left front overhang and the outside rear wheel, which is the 
vehicular swept width. The path of the left front wheel (not shown) follows the circular 
curve of the left front overhang. 

:MlNJMUM TURNING PATii FOR SU DESIGN VEIBCLE 

Figure 9.1E 
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This turning template shows the turning paths of the AASHTO design vehicle. The 
paths shown are for. the left front overhang and the outside rear wheel, which is the 
vehicular swept width. The path of the left front wheel (not shown) follows the circular 
curve of the left front overhang. 

MINIMUM TURNING PATH FOR WB-50 DESIGN VEIIlCLE 

Figure 9.lF 
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Source: (1) 

This turning template shows the turning paths of the AASHTO design vehicle. The 
paths shown are for the left front overhang and the outside rear wheel, which is the 
vehicular swept width. The path of the left front wheel (not shown) follows the circular 
curve of the left front overhang. 

MINIMUM TUR.1.~G PATII FOR WB-67 DESIGN VEHICIB 

Figure 9.lG 

9.1 (11) 



Oklahoma 

Note: 

AT-GRADE INTERSECTIONS 

1&( 
I I 

I I 

I I 

I I 
I I 

I I 
I I 

/ / 

. / / 

/ / 

/ 
/ 

I I~:::.:. - -/~ -- - - - - - - - - - - -
I/ / ,'~' / / ' _--=- ~ ~ ~ ~ ~ 

/ "- - - -
// / - ~-:::_ -

// / '\, ........_ 

I 
I 

! l ! I 
I ; 

i I fl 
w.=m1 
IL"""l I / 
I I 

~ 
I I 
! I u 

\ 

100' 

ll8 1 

'! 
\ 

\ 

\ 

\ 
\ 

\ 
\ \ \ 

\ \ 
\ \ 

\ \ 
\ \ 

\ \ 
\ \ 
\ \ 

\ \ 

\~ 

'f:J' \ 

SCALE: 1"=50' 

III 
1.4 · I 18' 

18' 

July 1992 

] 
I I 
I i 2' 

• i -I l I 

! I 
! 

SCALE: 1"=20' 

Source: (1) 

This turning template shows the turning paths of the AASHTO design vehicle. The 
paths shown are for the left front overhang and the outside rear wheel, which is the 
vehicular swept width. The path of the left front wheel (not shown) follows the circular 
curve of the left front overhang. 

MINLMUM TURNING PATII FOR WB-114 DESIGN VEHICLE 

Figure 9.lH 
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Section 5.5 presents vehicular dimensions and 
turning characteristics for all AASHTO design 
vehicles. 

9.1.52 Selection 

In general, the selected design vehicle should 
be based on the largest vehicle that will use 
the intersection with some frequency. The 
designer should consider the area type and 
the functional classification of the intersecting 
highways. Table 9.1A presents the desirable 
and m1mmum design vehicles for all 
intersections, both rural and urban. Selection 
of the applicable design vehicle is based on 
the functional class of highways which the 
vehicle is turning from and onto. 

Some portions of an intersection may be 
designed with one design vehicle and other 
portions with another vehicle. For example, 
it may be desirable to design physical 
characteristics (curbs, islands) for a WB-67 
design vehicle, but provide painted 
channelization for a passenger car. This will 
provide a positive indicator for the more 
frequent turning vehicle. 

The SU vehicle is generally the smallest 
vehicle used in the design of intersections. 
This reflects that, even in residential areas, 
delivery trucks will be negotiating turns with 
some frequency. On facilities accommodating 
regular truck traffic, one of the semitrailer 
combinations should be used for design. 

In some areas, it may be necessary to use a 
larger design vehicle than suggested in Table 
9.1A. For example, if a WB-67 .is known to 
travel a particular route with frequency, it 
should be used as the design vehicle instead 
of the suggested design vehicle in the tables. 
In general, all State highways to State highway 
intersections are designed using the WB-67 as 
the minimum design vehicle. In addition, the 
WB-114 design vehicle should be used for all 

turning movements at intersections on routes 
which meet the ODOT reasonable access 
criteria for the National Network. The 
designer should contact the ODOT Planning 
Division for information on reasonable access 
routes. 

9.1.6 Offset Intersections 

In general, 4-leg intersections should be 
designed such that opposing approaches line 
up with each other; i.e., there is no offset 
between opposing approaches. However, this 
is not always practical. Figure 9.11 presents a 
diagram of an intersection with an offset 
between opposing approaches. The following 
criteria will apply for offset intersection 
approaches: 

1. Maximum Offset. The maximum offset is 
determined from the application of a 
taper equal to V: 1 applied to the 
intersection width, where V is the design 
speed in mph. See Figure 9.11. In 
restricted locations and where V ~40 mph, 
the applied taper may be V2 /60. V is 
selected as follows: 

a. V = 20 mph for stop-controlled 
approaches. 

b. V = the roadway design speed for the 
free-flowing approaches at a stop­
controlled intersection. 

c. V = the roadway design speed for 
both approaches at a signalized 
intersection. 

2. Turnin~ Conflicts. The entire intersection 
should be evaluated for conflicts which 
may result from turning vehicles at an 
offset intersection. For example, offsets 
where the "jog" is to the left may result in 
significant interference between 
simultaneous left-turning vehicles. 

9.1 (13) 
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Table 9.1A 

SUGGESTED DESIGN VEHICLE SELECTION 

For Turn For Turn Suggested Design Vehicle 

Made From Made Onto Desirable Minimum 

Interchange Ramp Other Facilities WB-114 WB-67 

Other Facilities Interchange Ramp WB-114 WB-67 

State Highway State Highway WB-114 WB-67 

Arterial WB-67 WB-67 
Arterial* Collector WB-67 WB-50 

Local \VB-50 SU 

Arterial WB-67 WB-50 
Collector* Collector WB-67 SU 

Local BUS SU 

Arterial WB-50 SU 
Local* Collector BUS SU 

Local SU SU 

* These criteria apply where one or both of the intersecting legs are not on the State highway 
system. 

Notes: 

1. T}le \\r'B-114 design vehicle is allowed on all multilane, divided facilities with partial or full 
control of access on the Oklahoma State Highway System and on those routes providing 
reasonable access (as part of the National Network) to and from the State highways. 

2. The WB-67 design vehicle is allowed on all facilities on the State highway system. 
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Notes: 
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1. Desirable taper rate is V:l, where V = design speed. 
2. See discussion in Section 9.1.6 for more information. 

OFFSET INTERSECTION 

Figure 9.11 

-
-
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3. Evaluation Factors. In addition to 
potential vehicular conflicts, the designer 
should evaluate the following at existing 
or proposed offset intersections: 

a. through and turning volumes; 

b. type of traffic control; 

c. impact on all turning maneuvers; 

d. intersection geometrics (e.g., sight 
distance, curb/pavement edge radii); 
and 

e. accident history at existing inter­
sections. 

At proposed offset intersections, the designer 
should coordinate with the Urban Design 
Division, Geometric Design Branch, and the 
Traffic Engineering Division on intersection 
design and traffic control requirements. 

Juiy 1992 
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92 IN1ERSECTION SIGHT DISTANCE 
(ISD) 

For an at-grade intersection to operate 
properly, adequate sight distance needs to be 
provided. The designer should provide 
sufficient sight distance for a driver to 
perceive potential conflicts and to perform the 
actions needed to negotiate the intersection 
safely. 

The additional costs and impacts of removing 
sight obstructions are often justified. If it is 
impractical to remove an obstruction blocking 
the sight distance, the designer should 
consider providing traffic control devices or 
design applications (warning signs, traffic 
signals or turn lanes) which may not otherwise 
be warranted. 

The following sections present ISD criteria for 
various intersection conditions. Where 
practical, longer sight distances are always 
preferred. 

9.2.1 No Traffic Control 

Intersections between low-volume and low­
speed roads/streets may have no traffic 
control. Drivers approaching these 
intersections should have sufficient corner 
sight distance to adjust speed to avoid a 
collision. 

Figure 9.2A presents the applicable ISD 
criteria for intersections with no traffic 
control. These criteria are based on that 
distance needed by a driver approaching the 
intersection to perceive another vehicle 
approaching from a crossing road and to 
avoid a collision. Specifically, the ISD 
distances represent that distance traveled by 
either vehicle in J seconds at the roadway 
,9esign speed -- 2 seconds for perception/ 
reaction time and 1 second for brake 
actuation. 

9.22 Stop-Control (Desirable ISD) 

Where traffic on the minor road of an 
intersection is controlled by stop signs, the 
driver of the vehicle on the minor road must 
have sufficient sight distance for a safe 
departure from the stopped position without 
being overtaken by an approaching vehicle on 
the major road. 

This section presents desirable ISD criteria 
which should apply, where practical, to stop­
controlled intersections. Section 9.2.3 
presents minimum ISD criteria, which will 
apply to restricted locations. 

9.2.2.1 Theoretical Discussion 

Figure 9.2B illustrates the application of the 
ISD criteria for stop-controlled intersections. 
The ISD model, in summary, assumes that a 
mainline driver approaches an intersection at 
the design speed as a vehicle enters the 
highway from a side rn~rl <>h,,. ... .4 ~~ •J...~ 

IT ~~~ (i - l.f - DC/ 

v~ ~we. o-t- Thu,wtb ~ 
a1 

;i ~ Uo?/'~(rA:,?) 
fo dfl../0 i)L 5)' ~ ~- 0 -u . 
Tl 

on ~~~~ 
IS L l (")e cf. s~~~*-=- "E>t> I 

t\tof 9i I vu- ·w.- 1>1 w ?- 3 ·:). 
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H = P - D + R - FD - L np 
(Equation 9-3) 
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VEHICLE A CEV> 

POSITION OF STOPPED VEHICLE A 

DISTANCE TRAVELED BY VEHICLE A IN COMPLETING 
Tt£ LEFT TURN, TTR/2 • 44' 

DISTANCE<Pl TRAVELED BY VEHICLE A IN ACCELERATING 
TO SPEED 0.85DS 

VEHICLE B CMV> 

POSITION OF' VEHICLE B TRAVELING AT DESIGN 
SPEED 2 SECOfll>S BEFORE VEHICLE A ST ARTS 
DEPARTURE MOVEMENT 

DIST ANCE<Q> TRAVELED BY VEHICLE B WHILE REDUCING 
TO 0.85DS ANO NOT ENCROACHING CLOSER 
THAN FD TO VEHICLE A WHILE VEHICLE A HAS 
REACHED POINT (9) . 

1. See Section 9.2.2 for definition of terms. 

I Veh.B /- = (D@g] 

~' I ZETL 

LOCATION OF EYE 

VELOCITY OF I/EH. A AT IJ) • 0, VELOCITY OF I/EH. B AT (i) • OS 

VELOCITY OF VEH. A AT @ • 0.85DS. VELOCITY OF VEH. B AT @ • 0.8505 

ISD•Q·H 

2. ISD for right-turning vehicle is determined in a similar manner. 

IN1ERSECTION SIGHT DISTANCE AT A STOP-CONTROLLED IN1ERSECTION 
(Theoretical) 

Figure 9.2B 
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Where: 

ISO 

Q 

H 

v 

Odee 

tss 

tas 

t 
•ar 

J 

= 

= 

= 

= 

= 

= 

= 

= 

= 

sight distance along major road to 
the right or to the left of the 
entering vehicle needed for the 
turning maneuver, ft 

distance traveled by major-road 
or mainline vehicle (MV) during 
entry maneuver by minor-road 
vehicle (EV), ft 

maJor road vehicle's distance 
from intersection when at the 
assumed following distance from 
minor road vehicle, ft 

design speed of major road, mph 

distance MV travels during 
deceleration from design speed to 
85% of design speed, ft 

time MV is decelerating, sec 

(2 x Ddec)/1.47(V + 0.85V) 

time MV is at 85% of design 
speed during entry maneuver by 
EV, sec 

= total time for entering vehicle 
(EV) on minor road to enter 
major road and reach 85% of 
design speed (including driver 
perception/reaction time), sec 

= time for EV on minor road to 
accelerate from a stop to 85% of 
design speed, sec 

= EV driver perception time and 
reaction time (assume 2 seconds) 

R 

p 

FD 

FD 

L 

required to actuate clutch or 
automatic shift, sec 

= time major road vehicle is at 
design speed, sec 

= perception/reaction time (assume 
2 seconds) for MV driver, sec 

= r. R/2 = radial distance traveled 
by EV in negotiating a 90° turn 
onto major road, ft 

= radius of turn for EV (assumed to 
be 28 ft for passenger cars and 60 
ft for trucks) 

= total distance traveled by EV from 
stopped position to location where 
85% of design speed is reached, ft 

= safe following distance for MV to 
trail the EV entering from the 
minor road, ft 

= 1.47 x 0.85V x tFD 

= 2 seconds 

= length of passenger car, ft 

The ISD criteria used by the ODOT are 
intended to provide both an acceptable level 
of safety and an economical, constructible 
design for intersections. The model is 
intended to assign a reasonable level of 
responsibility to both the entering vehicle 
(EV) and mainline vehicle (MV). The 
following summarizes the major assumptions 
within the ISD model: 

1. Design Vehicle. The selected design 
vehicle greatly affects the ISO vaiues. 
The recommended mm1mum ISD 
numbers are based on a passenger car; 

9.2(4) 
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however, there may be sites where it is 
desirable to use truck acceleration rates to 
determine the ISD values. 

2. Desiim Vehicle Length (L). For 
passenger cars the vehicle length is 20 ft. 
For trucks, the WB-67 truck length of 74 
ft is used. If the WB-50 is used as the 
design vehicle, then 19 ft can be 
subtracted from the truck ISD values. 

3. Reaction Time of EV (J). The model 
assumes 2 seconds for the EV driver to 
release the brake and depress the 
accelerator. 

4. Acceleration Rate of EV. Both the 
passenger car and truck acceleration rates 
are from the 1990 Green Book; Table 9.2A 
reproduces these rates. 

5. Reaction Time of MV(tprJ. This is the 
time required from the moment the 
entering vehicle begins its maneuver until 
the mainline driver releases his foot from 
the accelerator. This is assumed to be 2 
seconds. 

6. MV Deceleration (Ddec)· The MV must 
decelerate from the mainline design speed 
to 85% of the mainline design speed (for 
a turning passenger car) or to 65% of the 
mainline design speed (for a turning 
truck). Deceleration is assumed to be 3.3 
mph/sec to 55 mph. Deceleration rates 
to speeds of 50 mph and below are based 
on Figure 11-17 of the 1990 Green Book. 

7. Reduced Speed of MV. For passenger 
cars, the ISD model assumes that the MV 
will reduce its speed to 85% of the 
mainline design speed. Likewise, this is 
the speed to which the EV will accelerate 
before being overtaken by the MV. For 
the truck ISD model, the reduced speed is 
65% of the mainline design speed. 

8. Followin& Distance (FD). This is the 
distance between the MV and the EV 
when the EV has accelerated to 85% or 
65% of the design speed on the major 
road. The FD is based on providing two 
seconds of travel time at the design speed. 

9. Eye Location. The ISD values will 
establish one leg of the sight triangle 
which needs to be visible to the entering 
vehicle. The leg on the stop-controlled 
road or street will be determined by the 
assumed location of the driver eye. This 
is established as 15 ft behind the edge of 
the travel lane (see Figure 9.2B), 
regardless of the location of the painted 
stop bar. 

10. Height of Eye/Object. The height of eye 
is 3.5 ft for passenger cars and 8 ft for 
trucks. The height of object (an 
approaching passenger car) is 4.25 ft. 

9.2.22 Application 

Figure 9.2C illustrates the application of ISD 
to a stop-controlled intersection, and Table 
9.2B provides the criteria for passenger car 
and truck ISD values. The designer should 
also consider the following when determining 
ISD criteria: 

1. Multilane. Table 9.2B applies to both 2-
lane and multilane facilities. However, 
also see Comment #3. 

2. Turn Maneuver. Theoretically, there is 
only a minimal difference in the ISD 
values between a left- and right-turning 
vehicle. Consequently, only one value is 
provided in Table 9.2B. 

3. Medians. For a multilane facility which 
does not have a median wide enough to 
store a stopped design vehicle, the criteria 
in Table 9.2B should be used directly. On 
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Speed 
Reached 

(mph) 

15 
I 

20 
25 

30 
35 
40 

45 
50 
55 

60 
65 
70 

AT-GRADE INTERSECTIONS 

Table 9.2A 

ACCELERATION RATES 
(From a Stop) 

Passenger Cars 

Distance ..... 
la 

(ft) (sec) 

50 4.5 
90 6.1 

140 7.3 

215 9.4 
305 11.3 
420 13.5 

570 15.9 
760 18.6 

1000 21.7 

1315 25.4 
1735 30.0 
2320 35.9 

Distance 
(ft) 

105 
160 
290 

570 
1080 
1870 

2900 
4600 

-

-
-
-

* Acceleration rates based on a 300 lb/hp truck. 

July 1992 

Trucks* 

Ta 
(sec) 

I 10.8 
13.0 

I 
16.9 

23.8 
34.5 
48.9 

65.4 
89.8 
- I~/ 

- f {,f 
- ~(fl 
- ,St- ,I 

Source: (1) 
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Table 9.2B 

DESIRABLE JNIBRSECTION SIGIIT DISTANCES 
(For Stop-Controlled Intersections) 

Mainline 
Design Speed 

(mph) 

20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 

* Reaches 85% of Mainline Design Speed 
** Reaches 65% of Mainline Design Speed 

Passenger 
Cars* 

(ft) 

220 
280 
355 
440 
525 
635 
765 
895 

1035 
1190 
1375 

Trucks** 
(ft) 

325 
400 
495 
595 
705 
845 

I 995 
1185 
1420 

-
-

Note: See Figure 9.2B for specific application of ISD to intersections. 

July 1992 
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multilane facilities with a median wide 
enough to store a stopped design vehicle, 
the designer should evaluate the ISD 
requirements in two steps: 

a. With the vehicle stopped on the side 
road, the ISD will be checked to the 
left on the mainline. 

b. With the vehicle stopped in the 
median, the ISD will be checked to 
the right on the mainline. 

4. Grades. The model assumes that the 
roadway is relatively level where the 
entering vehicle is accelerating. If this is 
not the case, the acceleration times in 
Table 9.2A may be adjusted. Use the 
AASHTO Green Book to determine the 
impacts of grades on ISD. 

9.23 Stop Control (Minimum ISD) 

In general, many intersections currently 
operate with sight distances less than those 
presented. For practical reasons, minimum 
ISD criteria should reflect actual field 
operations. These criteria may be based on 
typical gaps in the major road traffic that are 
accepted by the minor road driver. 

Therefore, at restricted locations, the 
following minimum ISD criteria apply to stop­
controlled intersections: 

1. Passen&er Cars. ISD should be available 
based on 8 seconds of travel time at the 
design speed. 

2. Trucks. Where a truck is selected as the 
design vehicle, ISD should be available 
based on 12 seconds of travel time at the 
design speed. 

Table 9.2C presents the minimum ISD 
criteria. Figure 9.2C illustrates their 

application. Note that, as indicated in the 
table at the lower design speeds, the ISD 
criteria based on an overtaking vehicle (Table 
9.2B) are less than the criteria in Table 9.2C. 
In these cases, the minimum ISD criteria is 
the lower of the two numbers. 

9.2.4 Yield Control 

At intersections controlled by a yield sign, 
drivers on the minor road will typically: 

1. slow down as they approach the major 
road, 

2. based on their view of the major road, 
make a stop/accelerate decision, and 

3. either brake to a stop or continue their 
turning maneuver onto the major road. 

Figure 9.2D presents the applicable ISD 
criteria for intersections controlled by a yield 
sign. These criteria are based on the 
assumption that the stop/ accelerate decision 
is made at 10 mph. Therefore, the leg of the 
sight triangle on the minor road is determined 
by the stopping sight distance (SSD) for 10 
mph, or 50 ft. The leg of the sight triangle on 
the major road is based on many of the same 
assumptions used for stop-controlled 
intersections. See Section 9 .2.2 for specific 
information. In summary, the assumptions 
for the major leg at a yield-controlled 
intersection are: 

4. Design Vehicle. The passenger car is 
used. 

5. Entering Vehicle (EV). The EV 
acceleration rate is from the 1990 
AASHTO Green Book. The EV 
accelerates from 10 mph to 85% of the 
design speed of the major road. 

9.2(9) 
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Table 9.2C 

MINIMUM INIERSECTION SIGHT DISTANCES 
(For Stop-Controlled Intersections) 

Mainline Passenger 
Trucks 

Design Speed Cars 
(ft) 

(mph) (ft) I 

20 235* 355* 
25 295* 440* 
30 355 530* 
35 415 620* 
40 470 705 
45 530 795 
50 590 880 
55 645 970 
60 705 1060 
65 765 1145 
70 825 1235 

* These values exceed the desirable ISD criteria in Table 9.2B. Use lower value for minimum 
design. 

Notes: 

1. ISD criteria for passenger cars are based on 8 seconds of travel time at the design speed. 

ISD criteria for trucks are based on 12 seconds of travel time at the design speed. 

3. See Figure 9.2B for specific application of ISD to intersection. 
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6. Mainline Vehicle (MV). The MV 
decelerates from the mainline design 
speed to 85% of this speed. 

7. Following Distance (FD). The FD is 
based on providing two seconds of travel 
time at the design speed between the MV 
and EV. 

8. Height of Eye/Object. The height of eye 
is 3.5 ft and the height of object (an 
approaching passenger car) is 4.25 ft. 

These criteria will define the legs of the sight 
triangle for a yield-controlled i.'ltersection 
where the driver on the minor road chooses 
to continue (i.e., he does not stop). The ISD 
must also be checked assuming the driver 
stops at the intersection. The ISD criteria in 
Sections 9.2.2 or 9.2.3 will apply for this 
evaluation. 

9.2.5 Stopped Vehicle Turning Left 

At all intersections on a major road 
(undivided or narrow median) regardless of 
the type of traffic control, the designer should 
consider the sight distance needs for a 
stopped vehicle turning left from the major 
road. The driver will need to see straight 
ahead a sufficient distance to turn left and 
clear the opposing travel lanes before an 
approaching vehicle reaches the intersection. 
Figure 9.2E illustrates the ISD theoretical 
assumptions for a stopped vehicle turning left. 
Table 9.7D presents the ISD values, which are 
based on the following equation: 

ISD = 1.467 V(t+2), where: 

V = design speed, mph 

t = time, seconds, for traversing the 
distance "d" 

d = distance traveled by the turning 
vehicle (MTV) to clear the outer 
travel lane of opposing traffic, ft (for 
passenger cars, d = 35' + A and for 
trucks, d = 90' + A) 

A = distance between center of lane from 
where MTV turns to edge of outer 
travel lane of opposing traffic 

The following summarizes the maJor 
assumptions within the ISD model: 

1. Design Vehicle. This will be either a 
passenger car (P) or, if there is a 
warranting number of trucks making the 
left tum, a truck should be considered as 
the design vehicle. 

2. Mainline Turning Vehicle (MTV) Action. 
The MTV will move forward beyond the 
stop line, always remaining in line with 
the lane from which it will turn. It will 
stop when its front bumper is a distance 
equal to the turning radius away from the 
center of the lane into which it will turn. 
When it begins its turning maneuver, the 
MTV will turn at this radius until it is 
lined up with the lane on the crossroad 
and then travel in a straight line to 
complete the clearing maneuver. The 
MTV will always turn into the inside 
through travel lane. 

3. Approaching Mainline Vehicle (AMV) 
Action. The AMV will travel at the 
design speed (V) and will maintain this 
speed through the intersection (i.e., it will 
not slow down). 

4. Turning Radius. This will be 28 ft for the 
mid-section of the MTV, assuming a P 
design vehicle. This radius will be 
constant throughout the turn. 
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Table 9.2D 

INIERSECTION SIGHT DISTANCE 

(Passenger Car Turning-Left from Major Road) 

"A" Design Speed of Major Road 
(ft) 

20 25 30 35 40 45 50 55 60 

18 195 245 295 340 390 440 485 535 585 
20 200 245 295 345 395 445 495 540 590 
25 205 255 305 355 405 455 505 560 610 
30 210 260 315 365 420 470 520 575 625 
35 215 270 320 375 430 480 535 590 645 
40 220 275 330 385 440 495 550 605 660 
45 225 285 340 395 450 510 565 620 675 
50 235 290 350 405 465 520 580 635 695 
55 240 295 355 415 475 535 595 650 710 
60 240 300 360 420 480 540 600 660 720 

(WB-67 Turning-Left from Major Road) 

"A" Design Speed of Major Road 

20 25 30 35 40 45 50 55 60 

18 430 535 640 750 855 960 1070 1175 1280 
20 430 535 645 750 860 965 1075 1180 1285 
25 435 545 650 760 870 975 1085 1195 1300 
30 440 550 660 no 880 985 1095 1205 1315 
35 450 560 675 785 895 1010 1120 1230 1345 
40 460 575 690 805 920 1030 1145 1260 1375 
45 470 585 705 820 940 1055 1175 1290 1405 
50 480 600 720 840 960 1080 1200 1320 1440 
55 490 615 735 860 980 1105 1225 1350 1470 
60 500 625 750 875 1000 1125 1250 1375 1500 

Note: See Figure 9.2E for application of ISD criteria. 
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5. Acceleration Rate. The MTV will 
accelerate at the rates in Table 9.2A. 

6. Reaction Time of MTV. The model 
assumes two seconds for the turning 
driver to release the brake and depress 
the accelerator. 

7. Clearance Interval. The clearance 
between the MTV and the AMV is 
assumed to be zero. 

8. Effect of Median Width. This represents 
additional distance the MTV must 
traverse. The model assumes the MTV 
will not move laterally to the left within 
the intersection area, even if the 
opportunity is available. 

9. Effect of Exclusive Left-Turn Lane. If 
one is present, the MTV will turn from it; 
if one is not present, the MTV will turn 
from the inner through lane. If a dual 
left-turn lane is present, the MTV will 
turn from the outer left-turn lane, which 
will yield a greater ISD need. 

For application, the ISD criteria for a stopped 
vehicle turning left will apply to all 
opportunities for this maneuver at all 
intersections. The following procedure should 
be used: 

10. Find the ISD value from Table 9.2D for 
the applicable design speed and "A" value 
at the intersection. 

11. Use the ISD value to locate the front 
bumper of the AMV as indicated in 
Figure 9.2D. This will represent the 
"object" location. 

12. Find the "eye" location as indicated in 
Figure 9.2D. The eye will be 10 ft behind 
the bumper of the MTV. 

13. The line of sight between the eye and 
object should be clear of all obstacles. The 
height of eye is 3.5 ft for passenger cars 
and 8 ft for trucks. The height of object 
is 4.25 ft. 

9 .2.6 Signal-Controlled Intersections 

The minimum ISD requirements in Table 
9.2B or 9.2C will generally apply to a 
signalized intersection. This is reasonable 
because of the increased driver workload at 
intersections and the potential conflicts 
involved when vehicles turn onto or cross the 
highway. These include: 

1. violation of the signal, 

2. right turns on red, 

3. signal malfunction, and/ or 

4. use of flashing yellow /red mode during 
part of the day. 

Another sight distance consideration at 
signalized intersections is the visibility of the 
traffic control device. At signalized rural 
intersections, for example, this desirably 
should be decision sight distance. See 
Chapter Five. 

The ISD criteria in Table 9.2B or 9.2C have 
a significant application for vehicles making a 
right turn on red. If these criteria cannot be 
met, the Traffic Engineering Division may 
recommend prohibiting right turn on red at 
the intersection. 

9.2.7 Obstruction-Free Sight Triangle 

The designer should use the criteria in 
Section 9.2 to establish the sight triangle 
which should be clear of any obstructions 
impairing the driver's line of sight. The 
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designer should note that not every item 
within the sight triangle is necessarily a sight 
obstruction. Obstacles of limited dimension 
may not block the required line of sight (e.g., 
utility poles, mailboxes). The identification of 
sight obstructions should be made on a site­
by-site basis. 

The designer should consider potential sight 
obstructions which are not always present. 
For example, parked cars may become 
obstructions if within the sight triangle. This 
may lead the designer to seek a prohibition 
against parking within the intersection sight 
triangle. 

Once the sight triangles have been defined, it 
is important that these areas remain free of 
obstructions in the future. Therefore, it is 
desirable to secure the needed right-of-way 
and/or property easements to ensure the 
future availability of the area. The designer 
shouid coordinate with the Right-of-Way 
Division to achieve this objective. 

July 1992 
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93 AUXILIARY I.ANES 

When the turning maneuver for left- and 
right-turning vehicles occurs in the through 
travel lanes, it disrupts the flow of through 
traffic. To minimize potential conflicts or 
increase capacity, the use of auxiliary lanes 
may be warranted for at-grade intersections to 
improve the level of service and safety at the 
intersection. 

93.1 Warrants for Right-Tum Lanes 

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

1. at any unsignalized intersection on a 2-
lane urban or rural highway which 
satisfies the criteria in Figure 9.3A; 

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

3. as a general rule, at any signalized 
intersection where the · right-turning 
volume is greater than 300 vph and where 
there is greater than 300 vphpl on the 
mainline; or 

4. at any intersection where the accident 
experience, existing traffic operations or 
engineering judgment indicates that a 
right-turn lane will significantly improve 
operations. 

93.2 Warrants for Left-Tum Lanes 

The accommodation of left turns is often the 
critical factor in proper intersection design. 
Left-turn lanes can significantly improve both 

the level of service and intersection safety. 
Exclusive left-turn lanes should be considered: 

1. at all free-flowing approaches on 
principal, high-speed rural highway 
intersections with other arterials or 
collectors; 

2. at intersections on divided urban and 
rural highways with a median wide enough 
to accommodate a left-turn lane, 
regardless of traffic volumes; 

3. at any unsignalized intersection on a 2-
lane urban or rural highway which 
satisfies the criteria in Figures 9.3B, C or 
D; 

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

5. as a general rule, at any signalized 
intersection where the left-turning volume 
is 100-150 vph (for a single turn lane) or 
300 vph (for a dual turn lane); or 

6. at any intersection where the accident 
experience, traffic operations, sight 
distance restrictions (e.g., intersection 
beyond a crest vertical curve), or 
engineering judgment indicates that a left­
turn lane will significantly improve 
operations. 

9.3.3 Design of Auxiliaiy Tum Lanes 

The following basic criteria will apply to the 
design of auxiliary turn lanes: 

1. Length. Section 9.3.3.1 presents the 
criteria for determining the length of a 
turn lane. 

9.3(1) 
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RIGHT·TURN LANE MAY 
BE WARRANTED 

80 

60 

I 
RIGHT·TURN LANE MAY 

NOT BE WARRANTED 

40 

20'--~~~-'---'"--;--~""'-~~~--"~~~~---~~~~---~~~-' 

100 200 300 400 500 600 700 

TOTAL DHV, VEHICLES PER HOUR, IN ONE DIRECTION 

For highways with a design speed below 50 mph and DHV <300 and Right Turns >40, an 
adjustment should be used. To read the vertical axis of the chart, subtract 20 from the actual 
number of right turns. 

Given: Design Speed = 40 mph 
DHV = 250 vph 
Right Turns = 100 vph 

Problem: Determine If a right-tum lane is warranted. 

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

GUIDELINES FOR RIGIIT-TURN IANES AT UNSIGNAUZED 
INTERSECTIONS ON TWO-IANE HIGHWAYS 

Figure 93A 

Source: (5) 
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2. Width. The width of the turn lane should 
be determined relative to the functional 
class, urban/rural location and project 
scope of work. Chapters Twelve and 
Thirteen present the applicable widths for 
auxiliary lanes; they also provide the 
criteria for the applicable shoulder widths 
adjacent to auxiliary lanes. 

3. DHV. The volume of vehicles during the 
design hour (DHV) will impact several 
design elements for turn lanes (e.g., 
warrant, length). See Chapter Five for a 
discussion on traffic volumes. Chapters 
Twelve and Thirteen present applicable 
criteria for selection of a future design 
year. 

9.3.3.1 Length of Auxiliary Tum Lanes 

Desirably, the length of a right- or left-turn 
lane at an intersection should allow both safe 
vehicular deceleration and storage of turning 
vehicles outside of the through lanes. This 
improves safety and the intersection level of 
service. However, it is often not practical to 
provide a turn lane length which provides for 
deceleration. Therefore, in many cases, the 
full-width length will only be sufficient for 
storage. 

The length of auxiliary turn lanes will be 
determined by some combination of its taper 
length (Lr), deceleration length (L0 ) and 
storage length (Ls) and by the mainline 
functional classification. Table 9.3A presents 
the length considerations for the various 
speeds and traffic controls. Figure 9.3E 
illustrates a schematic of auxiliary lanes at an 
intersection. The following will apply: 

1. Taper. ODOT typically uses the straight 
taper for entrance into a turn lane. Taper 
lengths (Lr) should be as long and as 
smooth as practical so that drivers will be 
encouraged to use the full length of the 

taper. Table 9.3B provides recommended 
taper rates for various design speeds. 

2. Deceleration. Desirably, all vehicular 
deceleration will occur within the taper 
and full width of the turn lane; however, 
this is often impractical. Consequently, 
some or all deceleration may occur prior 
to the beginning of the taper. Table 9.3C 
provides various distances (L0 ) for 
different speed reductions. The table 
allows the designer to determine the 
benefits and consequences of a given 
auxiliary turn lane length. 

3. Storage (Signalized Intersections). The 
storage length (Ls) for turn lanes should 
be sufficient to store the number of 
vehicles likely to accumulate in the design 
hour. Note that traffic volumes are based 
on the future design year as indicated in 
the geometric design tables in Chapters 
Twelve and Thirteen. The recommended 
storage length criteria for signalized 
intersections follow: 

a. Figure 9.3F illustrates the method to 
determine the recommended storage 
length for turn lanes at a signalized 
intersection when the v /c ratio is 
known. The figure applies directly to 
all left-turn lanes and to right-turn 
lanes where there are no right turns 
on red. Where right turns on red are 
allowed, Ls will be determined from 
Figure 9.3F minus the number of right 
turns on red during the DHV. 

The values obtained from the figure 
are for a cycle length of 75 seconds 
and a v/c ratio of 0.80. For other 
values, the designer should multiply 
the length obtained in the figure by an 
adjustment factor found m the 
accompanying table with Figure 9.3F. 
The v /c ratio is determined by a ca-
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Table 93A 

FUNCTIONAL LENGTIIS OF AUXILIARY TURN LANES 

Type of Highway Design Speed (mph) 
Traffic Control 50 - 60 40 - 45 30 - 35 

Traffic Signal* Lo+ Ls Lo+ Ls Ls 

Stop Control 
Ls Ls Ls (Stop Approach) 

Stop Control High Vol: L0 + Ls High Vol: L0 + Ls 
(Free-flowing Low Vol: Ls Low Vol: Ls Ls 
Approach) 

Source: ( 4) Revised 

* At signalized T-intersections, the functional length of turn lanes on the truncated leg is Ls. 

Lr = Length of Bay Taper 
L0 = Length of Deceleration (Full or Partial) (Table 9.3C) 
Ls = Length of Storage 

Note: See Figure 9.3E for a definition of terms. 

Table 93B 

RECOMMENDED BAY TAPER RATES 

Design Speed (mph) Taper Rate 

v ~ 30 8:1 
. 30 < v < 50 10:1 
50 ~ v 15:1 

The following minimum values may apply in restricted locations: 

Source: (1) Revised 

1. Ri&ht-Turn Lanes. A 4:1 bay taper may be used where painted channelization is used. 

2. Left-Turn Lanes. In severely restricted locations, a 4:1 bay taper may be used where painted 
channelization is used. 
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* 

** 

Notes: 

Table 93C 

DECELERATION DISTANCES FOR TURN IANES 

Vehicular Speed L ** Average D 
Design Speed 

Running Speed* 
@Beginning (Taper plus Full1 

(mph) 
(mph) 

of Taper Width Auxiliary 
(mph) Lane) (ft) 

58 615 
50 355 

70 58 40 225 
I 30 130 I 

20 60 
10 35 
52 530 
50 455 

60 52 40 230 
30 100 
20 55 
10 20 
44 435 
40 260 

50 44 30 150 
20 65 
10 20 
36 315 

40 36 30 160 
20 65 
10 20 
28 235 

30 28 20 85 
10 35 

Average running speed assumed for calculations. 

This is the distance needed to allow the vehicle to reduce speed from "speed @ beginning 
of taper" to zero. 

1. This table was developed from criteria in Reference 16. 

' 2. This table allows the designer to evaluate the consequences of a given length of turn iane. 
For example, if the mainline design speed is 50 mph and the length of turn lane plus taper 
is 150 ft (not including storage length), then the vehicle will decelerate from its travel speed 
on the mainline to 30 mph in the through travel lane. Whether or not this is reasonable will 
depend upon the through volumes, turning volumes, available space, construction costs, etc. 
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EXAMPLE: 
Cycle• 90 secs 
vie : 0.85 
Lt-turn Vol: 100 vph 

Permitted Phase 
Oppo~ng Vol: 700 vph 

SOLUTION: . 
PCE's • 100 x 3 • 300 vph 
L 5 • 260' (for vie • 0.80 and 

Cycle • 75 secs> 
Ls Adjustment Factor • 1.24' 

Ls • <1.24>260 • 322' 

L 5 • 325' <for vie • 0.85 and 
Cycle • 90 secs> 

vie RATIO,X 
60 

0.50 0.70 
0.55 0.71 
0.60 0.73 
0.65 0.75 
0.70 0.77 
0.75 0.82 
0.80 0.88 
0.85 0.99 
0.90 1.17 
0.95 1.61 

AT-GRADE INTERSECTIONS 

,.. 

CYCLE LENGTH • 75 SEC. 
I VIC • 0.80 

I 

:::: 400 0-----1-----1-----0---"--t 

J: 
~ 
C> z 
~ 300 t----t-----t-----t------

~ g 2001--~--+~~r;.f-__."---l-~---"1 
Ill 

!'} 

0------------------' 
0 100 200 300 400 

TURNING VOLUME Cin PCE,vph> 

Storage Length Adjustment Factors 
CYCLE LENGTH C (SEC) 

70 80 90 

0.76 0.84 0.89 
0.77 0.85 0.90 
0.79 0.87 0.92 
0.81 0.89 0.94 
0.84 0.92 0.98 
0.88 0.98 1.03 
0.95 1.05 1.11 
1.06 1.18 1.24 
1.26 1.40 1.48 
1.74 1.92 2.03 

Passenger Car Equivalent (PCE's) (Left-Turn Lanes Only) 

July 1992 

RECOMMENDED Cl.d1VE 

1.5 X MEAN 

100 

0.94 
0.95 
0.97 
1.00 
1.03 
1.09 
1.17 
1.31 
1.56 
2.14 

Type of Tum Opposing Volume 
(v0h) 

Passenger Car !3quivalent 
(PCEI 

Protected - 1.05 
0 to 199 1.1 

200 to 599 2.0 
Permitted 600 to 799 3.0 

800 to 999 4.0 
~ 1000 5.0 

Source: (8) Revised 

Notes: 1. Use this method when v/c is known. 

2. Figure applies to exclusive left-turn lanes and exclusive right-turn lanes where there are no right 
turns on red. Where right turns on red occur, subtract their number from the right-tum volume 
before using figure. 

3. See minimum storage length discussion in Section 9.3.3.1. 

4. The values obtained from the graph at the top of this page are for a cycle length of 75 sec and a 
v/c ratio of 0.80. For other values of the v/c ratio and any other cycle length, the length of storage 
obtained from the graph should be multiplied by the storage length adjustment factor. 

RECOMMENDED STORAGE LENGTH FOR SIGNALIZED INTERSECTIONS 

Figure 9.3F 
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pacity analysis as described m the 
Highway Capacity Manual. 

l\~ q ~ Figure 9.3F presents a recommended 
' curve to determine Ls. This curve 

~~ should· be used regardless of cycle 
length. The curves labeled "1.5 x 
Mean" and "2 x Mean" are presented 
J".erin~ational purposes. 

(_ -~~l\i)' 
b. . i~ .3G illustrates a method to 

etermine the recommended storage 
length for turning lanes at a signalized 
intersection when the v /c ratio is not 
known or cannot be calculated. The 
storage length should be based on the 
cycle length and the traffic volumes 
during the design hour. For a 90-
second cycle or less, the storage length 
should be based on 2 times the 
average number of vehicles that would 
store per cycle during the design hour 
(the desirable value). For cycle 
lengths mores than 90 seconds, the 
storage length should be based on 1.5 
times the average number of vehicles 
that would store per cycle during the 
design hour (the minimum value). 

The minimum turn lane length is 125 
,ft where the selected design vehicle is 
the WB-114 and 100 ft where the 
design vehicle is the WB-67. At other 
intersections, the minimum turn lane 
length is 50 ft on low-speed facilities 
(V :S:45 mph) and/or where the turn 
lane is preceded by painted 
channelization. The minimum turn 
lane length for all other intersections 
is 100 ft. 

d. The designer should ensure that the 
turn lane length exceeds the storage 
length of the adjacent through lane. 
Otherwise, a vehicular queue in the 
through lane will block entry into the 
turn lane by turning vehicles. Ls for 

the turn lane is calculated by the same 
method as that used for a turn lane. 

4. Storage Length (Unsi~alized Inter­
sections). The storage length should be 
the number of turning vehicles likely to 
arrive in an average 2-minute period 
within the design hour. The following 
provides recommended storage lengths for 
right- and left-turn lanes at an 
unsignalized intersection, assuming 25 ft 
storage length per vehicle: 

L = s DHV x 25 = 0.833 DHV/PHF 
30 PHF 

Where: 

Ls = storage length, ft 

DHV = design hourly volume for 
turns, vph 

PHF = peak-hour factor 

For example, if the turning volume DHV 
= 100 vph and PHF = 0.85, then: 

L5 = 0.833(100)/0.85 

98', subject to minimum storage 
requirements 

The minimum storage requirements for 
turn lanes at unsignalized intersections is 
the same as that for signalized 
intersections (see Comment #3c). 

933.2 Typical Treatments for Auxiliary 
Tum Lanes 

The following presents typical treatments for 
right- and left-turn lanes: 

1. Right-Turn Lanes. Figure 9.3H illustrates 
the typical development of an exclusive 
right-turn lane. 
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2. The "desirable" Ls is based on 2 times the average rate of arrival per cycle during 
the DHV; the "minimum" Ls is based on 1.5 times the average rate of arrival per 
cycle during the DHV. 

3. Storage lengths are based on a 25' length for passenger cars and a 40' length for 
trucks. 

Source: (4) 

RECOMMENDED STORAGE LENGTH {Lg) FOR SIGNALIZED INTERSECTIONS 

Figure 9.3G 
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TYPICAL LEFT-TURN LANE 

Figure 93I 
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2. Channelized Left-Tum Lanes. On divided 
highways, the design presented in Figure 
9.31 will apply to the development of an 
exclusive left-tum lane in the median. 
Figure 9.3J illustrates a desirable 
approach to develop a channelized left­
turn on an undivided highway. 

93.4 Extension of Additional Through Lanes 

To meet the level-of-service criteria, it may be 
necessary to add through lanes approaching 
the intersection. However, these additional 
lanes should be extended beyond the 
intersection to fully realize the capacity 
benefits. Figure 9.3K provides criteria for 
determining how far these lanes should be 
extended beyond the intersection. 

The recommended m1mmum full-width 
lengths of the through lane extension (DE) are 
those distances needed for the stopped 
vehicle to accelerate to 5 mph below the 
average running speed of the highway. 
Desirably, the full-width lengths of the 
extension will be the stored vehicle length 
which will cross the intersection during a 
green cycle. 

The distances in Figure 9.3K may or may not 
be sufficient for the vehicle to merge into the 
"primary" through lane. Therefore, the 
criteria in Figure 9.3K should be used for 
preliminary design purposes. For final design 
and capacity analyses, the designer should 
coordinate with the Traffic Engineering 
Division and the Urban Design Division, 
Geometric Design Branch to determine the 
final length. 

The desirable taper length at the end of the 
additional through lane will be based on the 
following formulas: 

L= WV, where the design speed is ~ 45 
mph, or 

L = WV2 /60, where the design speed is 
~40 mph. 

where: 

L = lane taper length 
W = width of added lane 
V = design speed 

At a minimum, a 200 ft - 300 ft taper should 
be used at the end of the additional through 
lane. 

9.3.5 Dual Tum Lanes 

9.3.5.1 Warrants 

Dual right- and/or left-tum lanes should be 
considered when: 

1. there is insufficient space to provide the 
necessary length of a single turn lane 
because of restrictive site conditions (e.g., 
closely spaced intersections); 

2. the necessary length of a single turn lane 
becomes prohibitive; 

3. as a general rule, there are 300 or more 
left-turning vehicles in the design hour; 
and/or 

4. the necessary time for a protected left­
turn phase for a single lane becomes 
unattainable to meet the level-of-service 
criteria. 

Dual right-turn lanes do not work as well as 
dual left-tum lanes because of the more 
restrictive turning movements. If practical, 
the designer should find an alternative means 
to accommodate a high number of right­
turning vehicles. For example, a turning 
roadway may accomplish this purpose. 

9.3(14) 



"° tu 
""""" -IJl ...._.. 

@ 
'""E T~~R .. _ ~ 

I Jr-~:wuo~ - ~ 
-

PC 

··RAISED OR 
PAINTED ISLAND 

-·-- - ~ --•sl5H«'OiiiunLo'li:£"nR,...----.::~- - -

CD 

® 

@ 

(1) 

l BAY TAP~R ~ I © ··0-1 ® I ® 
-~~QA.CH LEf"T·TURN LANE LENGTH 110 .. ~t::~c:>O' OESIRABl;EI. D~PA.RTURE 

TAPER f O' MINIMUM TAPER 
j 

The preferred approach taper rate is V: 1, where V is the design speed. For V s;4() mph, it is acceptable for the 
approach taper to be (V2/60):1. 

See Section 9.3 for determination of left-turn lane length. 

111e preferred departure taper rate is V:l, where Vis the design speed. For V s:40 mph, it is acceptable for the 
departure taper to be (V2/60):1. 

See Table 9.3B for bay taper rates. 

CHANNELIZED LEFf-TURN lANE ON 1WO-I.ANE lllGHWAY 

Figure 9.3J 
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30 190 
35 285 
40 380 
45 570 
50 760 
55 965 
60 1170 

Notes: 1. The minimum DE is that distance required by the vehicle to 
accelerate from a stop to 5 mph below the average running speed. 

2. The desirable taper distance is calculated from: 

L = WV(V:::45) or L = WV2/60(Vs40) 

where: L = taper length, ft 
w = 12ft 
V = design speed, mph 

The minimum departure taper is 200' - 300' . 

3. These criteria are for preliminary design purposes. See discussion 
in Section 9.3.4. 
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Figure 93K 
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The lower efficiency of dual right-tum lanes, 
as compared to dual left-turn lanes, is 
reflected in the capacity methodology for 
signalized intersections in the Highway 
Capacity Manual (HCM). Specifically, the 
adjustment factor for dual left-turn lanes (fLT) 
is 0.92; for dual right-turn lanes, fRT = 0.75. 
See Chapter Nine of the HCM. 

9352 Design 

For dual tum lanes to work properly, several 
design elements must be carefully evaluated. 
Figure 9.3L presents both dual right- and left­
turn lanes to illustrate the more important 
design elements. The designer should 
consider the following: 

1. Throat Width. Because of the off-
tracking characteristics of turning vehicles, 
the normal width of two travel lanes may 
be inadequate to properly receive two 
vehicles turning simultaneously. The 
throat width will be determined by the 
application of the turning templates for 
the design vehicles (see Comment #4). 
The designer can expect that the receiving 
width for dual left-turn lanes will be 
approximately 30-36 ft. For dual right­
turn lanes, a 36-ft throat width can be 
expected. When determining the available 
throat width, the designer can assume that 
a strengthened paved shoulder, if present 
at the receiving throat, can be used to 
accommodate dual turns. 

2. Pavement Marking Guidelines. As 
illustrated in Figure 9.3L, pavement 
markings can effectively guide two lines of 
vehicles turning side-by-side. The Traffic 
Engineering Division will determine the 
selection and placement of any special 
pavement markings. 

3. Onposing Left-Turn Traffic. If 
simultaneous, opposing dual left turns will 
be allowed, the designer should ensure 

that there is sufficient space for all 
turning movements. .mis is a factor at all 
signalized intersections, but dual left-tum 
lanes with their side-by-side vehicles can 
cause special problems. If space is 
unavailable, it may be necessary to alter 
the signal phasing to allow the two 
directions of traffic to move through the 
intersection on separate phases. Con­
sequently, the intersection layout may 
need to be coordinated with the Traffic 
Engineering Division and Urban Design 
Division, Geometric Design Branch. As a 
recommendation, 30 ft should be available 
between opposing flows of traffic. See 
Figure 9.3L for the measurement of the 
30-ft dimension. 

4. Turning Templates. All intersection 
design elements for dual turn lanes should 
be checked by using the applicable turning 
templates. The designer should assume 
that the selected design vehicle will turn 
from the outside lane of the dual turn 
lane. Desirably, the inside vehicle should 
be a SU but, as a minimum, the other 
vehicle can be assumed to be a P vehicle 
turning side-by-side with the selected 
design vehicle. Ultimately, the final 
design and selected design vehicles will be 
determined on a case-by-case basis. 

9.3.6 Acceleration Lanes 

It may be warranted to provide an accelera­
tion lane for turning vehicles at an ir1ter­
section to allow these vehicles to accelerate 
before merging with the through traffic. 

9.3.6.1 Acceleration Lanes for Right-Turning 
Vehicles (Warrants) 

The following provides general guidelines for 
when an acceleration lane for right-turning 
vehicles may be considered: 

9.3(17) 
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1. where necessary to meet the level-of­
service criteria; 

2. where a turning roadway is used (see 
Section 9.6); 

3. where the turning traffic at an 
unsignalized intersection must merge with 
a high-speed, high-volume facility; 

4. where there is a significant history of 
rear-end and/or sideswipe accidents; 

5. where there is inadequate intersection 
sight distance available; and/or 

6. where there am high volumes of trucks 
turning onto the mainline. 

In general, acceleration lanes for right-turning 
vehicies are applicable to high-speed, rural 
facilities. In urban areas, restricted conditions 
often preclude their use. 

93.6.2 Acreleration Lanes in Medians 
(Warrants) 

Acceleration lanes in the median are a 
specialized design which may have a site­
specific application. The following provides 
general guidelines for when an acceleration 
lane in the median should be considered for 
left-turning vehicles: 

1. where the turning traffic at an 
unsignalized intersection must merge with 
a high-speed, high-volume facility. The 
acceleration lane may reduce the need for 
a signalized intersection; 

2. where there is a significant history of 
rear-end and/ or sideswipe accidents; 

3. where there is inadequate intersection 
sig.llt distance available; and/ or 

4. where there are high volumes of trucks 
turning onto the mainline. 

The designer should see Reference (6) for 
additional guidance. 

93.63 Design Criteria 

The following design criteria should be 
considered when designing an acceleration 
lane at an intersection: 

1. Types. Most acceleration lanes from at­
grade intersections are the parallel design. 
However, a taper design may be more 
appropriate when a turning roadway is 
used. Chapter Ten provides additional 
information on the two types of 
acceleration lanes. 

2. Lengths. Right-turn and median 
acceleration lanes should follow the 
criteria as presented in Chapter Ten for 
interchanges. The "controlling curve" at 
an intersection is the design speed of the 
turning roadway or the speed at which a 
vehicle can make the right turn, usually 10 
mph or less. However, acceleration lanes 
in the median may warrant additional 
length because of traffic operational 
considerations for the inside through lane. 
Truck acceleration lengths may be 
considered when there is a substantial 
number of turning trucks. 

3. Taper. The end of a parallel acceleration 
lane should be designed with a taper of 
200 ft to 300 ft. 

4. Sight Distance. The designer should 
ensure that adequate sight distance is 
available to the merge point of the 
acceleration lane. 

9.3(19) 
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9.4 1WO-WAY LEFf-TURN lANES 
(TWL1L) 

Designs using the two-way left-turn lane 
(TWLTL) are often a cost-effective method to 
accommodate a continuous left-turn demand 
and to reduce delay and accidents. These 
lanes will often improve operations on 
roadways which were originally intended to 
serve the through movement but now must 
accommodate the demand for accessibility 
created by changes in adjacent land use. 

9.4.1 Warrants 

9.4.1.1 General 

The physical conditions under which a 
TWL TL should be considered typically 
include: 

1. areas with a high number of driveways per 
mile (e.g., 45 driveways total per mile on 
both sides); 

2. areas of high-density commercial 
development; and 

3. areas with substantial mid-block left turns. 

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

9.4.12 Functional Class 

An undivided, 4-lane urban or suburban 
arterial is the most common candidate for the 
implementation of a TWLTL. This is 

commonly referred to as a 5-lane facility. The 
use of a TWLTL on a 2-lane arterial (i.e., a 3-
lane facility) may also be appropriate. 

9.4.13 Traffic Volumes 

Traffic volumes are a significant factor in the 
consideration of a TWL TL. When evaluating 
its use based on traffic volumes, the designer 
should use volumes projected for the project 
design year (see Chapters Twelve and 
Thirteen). As general guidance, the following 
should be used: 

1. On 4-lane highways, a TWL TL will often 
be advantageous for traffic volumes 
between 10,000 and 25,000 ADT with a 
significant number of left-turning vehicles. 
On 2-lane highways, a TWL TL will often 
be advantageous for traffic volumes 
between 5000 and 12,000 ADT. 

2. For traffic volumes greater than 30,000 
ADT and/or greater than 1000 DDHV, 
a raised median should be considered; 
however, a 6-lane highway with a TWLTL 
(i.e., a 7-lane facility) may be the more 
advantageous design selection, especially 
where roadside development is extremely 
dense. 

3. The decision on whether to provide a 
TWL TL for traffic volumes between 
25,000 and 30,000 ADT will be 
determined on a case-by-case basis. See 
Reference (7) for additional information. 

9.4.1.4 Pedestrians 

Pedestrian crossing volumes are also a 
consideration because of the large paved area 
which must be traversed when a TWL TL is 
present (i.e., no pedestrian refuge exists). 

9.4(1) 
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9.4.1.5 Speed 

The design speed on a highway facility is a 
major factor in TWL1L applications. 
Experience indicates that design speeds from 
25 mph to 50 mph will properly accommodate 
a TWL1L on a 5-lane or 7-lane facility. For 
design speeds higher than 50 mph, their use is 
not recommended. For V ~ 50 mph, a rural 
transition section is an option. See Section 
9.4.3. 

Three-lane facilities may be appropriate 
where the design speed is 45 mph or less. 

9.4.1.6 Accident History 

The designer should review and evaluate the 
available accident data to determine if high 
numbers of accidents have occurred. On 
high-volume urban or suburban arterials, 
traffic conflicts often result because of a 
significant number of mid-block left turns 
combined with significant opposing traffic 
volumes and/or limited sight distance. A 
TWL1L may reduce these conflicts. 

9.4.2 Design Criteria 

9.4.2.1 Lane Width 

Recommended lane widths for a TWL TL are 
presented in Chapters Twelve and Thirteen. 
Existing highways that warrant the installation 
of a TWL1L are often located in areas of 
restricted right-of-way, and conversion of the 
existing cross section may be difficult. To 
obtain the TWL 1L width, the designer may 
have to consider several alternatives 
including: 

1. removing an existing raised median, 

2. reducing the width of existing through 
lanes, 

3. reducing the number of existing through 
lanes, 

4. eliminating existing parking lanes, 

5. eliminating or reducing the width of 
existing shoulders, and/or 

6. acquiring additional right-of-way to 
expand the pavement width by the amount 
needed for the TWL 1L. 

The designer should evaluate the trade-offs 
between the benefits of the TWL 1L and the 
negative impacts of modifying the existing 
cross section elements. This may involve a 
capacity analysis or an in-depth evaluation of 
the existing accident history. 

9.4.2.2 Intersection Treatment 

At intersections with public roads, the 
TWL 1L should either be terminated in 
advance of the intersection, to allow the 
development of an exclusive left-turn lane, or 
be extended up to the intersection. In most 
cases where the TWL 1L is extended up to the 
intersection, the pavement marking will switch 
from two opposing left-turn arrows to one 
left-turn arrow only. When determining the 
intersection treatment, the following should 
be considered: 

1. Signals. At signalized intersections the 
TWL 1L should be terminated because 
these intersections will normally warrant 
an exclusive left-turn lane. 

2. Turnin2 Volumes. The left-turn demand 
into the intersecting road is a factor in 
determining the proper intersection 
treatment. As general guidance, if the 
minimum storage length will govern 
(Section 9.3), it will probably be 
preferable to extend the TWL 1L up to 
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the intersection (i.e., provide no exclusive 
left-turn lane). 

3. Minimum Len~h of TWL TL. The 
TWL TL should have sufficient length to 
operate · properly, and the type of 
intersection treatment will determine the 
length of the TWLTL. The appropriate 
minimum length will be influenced by 
through traffic volumes and operating 
speeds on the highway. The following 
guidance may be used: 

a. On facilities where V ~ 30 mph 
and/or lower traffic volumes exist, the 
minimum uninterrupted length of a 
TWL TL should be 300-400 ft. 

b. On facilities where V > 30 mph 
and/or higher traffic volumes exist, 
the minimum uninterrupted length of 
a TWL TL should be 500-600 ft. 

The final decision on the length of the 
TWL TL will be based on site conditions 
in coordination with the Traffic 
Engineering Division and the Urban 
Design Division, Geometric Design 
Branch. 

9.4.23 Railroad Crossings 

A TWLTL should not extend across a 
railroad/highway grade crossing. The 
TWLTL is striped out in advance of the 
crossing on both sides by a distance of 100-ft 
desirable and 50-ft minimum. The designer 
should coordinate with the Traffic Engineer­
ing Division. 

9.43 Rural Transition Section 

9.4.3.1 Warrants 

In some cases, a rural transition section may 
be appropriate, which is a variation of the 
TWL TL. The rural transition section 
provides a design which may be advantageous 
in areas which have both urban and rural 
features. The use of this section should be 
considered in transitional areas where design 
speeds are 50 mph or higher and on the 
following facilities: 

1. major collectors on the State highway 
system with design year ADT between 
8000 and 18,000; 

2. principal arterials (other than freeways 
and arterials with partial control of 
access) with design year ADT between 
5000 and 18,000; and 

3. other arterials with design year ADT 
between 7200 and 18,000. 

The rural transition section may also be 
considered in urban areas on facilities which 
meet these criteria. For this purpose, an 
urban area is defined as an area currently 
developed or having probable future 
development (within the forecast period) as 
strip commercial or lot development of 0.5 
acres or less and where at-grade access is 
allowed. 

9.43.2 Design 

The rural transition section is designed 
according to the typical criteria in Table 9.4A. 
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Table 9.4A 

RURAL TRANSmON SECTION 
(Typical Design Criteria) 

July 1992 

Design Feature Design Criteria 

Facility Type 4-lane divided 

Travel Lanes 12' 

Outside Shoulders 8' paved 

Median 16' paved flush (asphalt) with rumble 
strips adjacent to inside travel lane 
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9.4.4 4 Lane/5 Lane Design Guidelines 

The following tables are intended for use by the designer for determining the best typical section on both rural 
and urban routes. It gives guidance of which there is still much room for overlap. All features of a particular route 
should be considered to come up with the best alternative. The designer should not focus on one particular feature 
when selecting a typical section, but rather look for a preponderance of the features which make that the most 
suitable alternative. It is advisable to conduct a thorough site review of each project to check for site specific 
traffic generators which may dictate a change in the typical section. 

Feature 

Functional 
Class 

Traffic 
Volumes 

Projected 
Development 

Intersection 
Density (d) 

Driveway 
Density 

Pedestrian 
Traffic 

Design Speed 
(e) 

Access 
Control 

Footnotes: 
(a) 
(b) 

(c) 
(d) 

(e) 
(t) 

(g) 

Table 9.4B 

4 LANE/5 LANE DESIGN GUIDELINES 

4- Lane Undivided 4-Lane 5-Lane w/TWL TL( a) 

Curbed 1 O' 
Divided 

Curbed 1 O' Shoulders 
Shoulders 

Collectors or Minor Principal All Routes ( c) 
Arterials Arterials 

DHV < 1000 vph DHV > I 000 vph DHV < 1000 vph DHV < I 000 vph 
ADT < 10,000 vpd ADT > 7200 vpd ADT <30.000 ADT < 20.000 vpd 

vpd 

Low to Moderate Low - Isolated Moderate to High 
Traffic Generators 

s 4 intersections.!mi. s 4 int/mi. > 4 intersections/mi. 

s 45 drives/mi. s45 drives/mi. s 45 drives/mi. > 45 drives/mi. > 45 drives/mi. 
40% or more Predominately Predominately Predominately Residential 
Commercial Residential Commercial 

Curb or sidewalk Minimal Minimal Curb or sidewalk Minimal 
warranted (b) Pedestrian Pedestrian warranted (b) Pedestrian 

Traffic Traffic Traffic 

45 mph 65 mph 65 mph+ 45 mph ~(g) 

None None Full or Partial ( f) None None 

Complete TWL TL warrants are covered in section 9.4 of the Design Manual. 
See Section 8.1.5 of the Design Manual for curb warrants and Section 8.1 .6 of the Design Manual for sidewalk 
warrants. 
5-Lane section should be avoided on NHS routes except where there is existing high density commercial development. 
Intersections include any public streets or roads as well as drives which generate a large volume of left turns, such as 
those into malls or large retail outlets. 
Design speed noted in the table may of course be increased. Posted speed may be based on appropriate speed studies. 
Full control required on interstate or other facilities designed to Interstate standards. Partial control (access at section 
line and quarter section line) is preferred. but not required, on all others. 
In order to increase to a 65 mph design speed, the median must be 16' paved with rumble strips adjacent to the inside 
travel lanes. 
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Table 9.4C 

ADVANTAGES(+) AND DISADVANTAGES <->oF THE DESIGN ALTERNATIVES 

Advantage/Disadvantage 4 Undivided 4 Divided 5 w/TWLTL 

Curbed Shoulders Curbed Shoulders 

Cost 
Initial - + - - + 

Maintenance + + - + + 

RJWNeeds + + - + + 

Design Speed - + + - -

Capacity - - + + + 

Delay Time - - + + + 

Control of Future Improvements - - + - -

Access to Adjoining Properties + + - + + 

Left Turn Storage - - + + + 

Accident Reduction 
Angle - - + - -

Rear End - - + + + 
Head On - - + + + 

Sideswipe - - + - -

Pedestrian Safety 
Length Crossing + + - - -

Refuge @ Median - - + - -
Refuge Along Facility + - - + -

Side Street Traffic 
Crossing Highway - - + - -

Turning Left Onto Highway - - + + + 

Mail Delivery tai - + + - + 

School Bus (b) - + + - + 

(a) Assuming mail boxes are located on opposite sides of the highway (mail delivery vehicle must go up one side and 
do\vn the other). 
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95 TURNING RADII (Right Tums) 

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

95.1 Desim for Pavement Edge/Curb Line 

Once the designer has selected the design 
vehicle (Section 9.1), several other factors 
must be considered to determine the proper 
pavement edge/curb line. The following 
sections present several of the basic 
parameters the designer needs to consider. 

9.5.1.1 Inside Clearance 

Desirably, the selected design vehicle will 
make the right turn while maintaining 
approximately a 2-ft clearance from the 
pavement edge or curb line and, at a 
minimum, will not come closer than 9 inches. 

95.12 Encroachment 

To determine the acceptable encroachment, 
the designer should evaluate several factors. 
The following will apply: 

1. Urban. In all cases, there will desirably 
be no encroachment by the design vehicle. 
Where this is not practical, the designer 
must determine the acceptable 
encroachment for a right-turning design 
vehicle at urban intersections. The 
acceptable encroachment will be based on 
an assessment of the following factors: 

a. turning traffic volumes, 

b. through traffic volumes, 

c. right-of-way impacts, 

d. construction impacts, 

e. at existing intersections, accident 
history, 

f. type of traffic control, 

g. number of lanes in each direction, 

h. one-way or two-way operation, and 

I. functional classes of intersecting 
facilities. 

2. Rural. For rural intersections, the 
selected design vehicle should not 
encroach onto the adjacent lane on the 
road from which the turn is made, or into 
the opposing lanes of traffic onto the road 
which the turn is made. Before the turn 
is made, the design vehicle is assumed to 
be in the outermost through travel lane or 
exclusive right-turn lane, whichever 
applies. The adjacent lane refers to the 
lane immediately to the left of the design 
vehicle. 

Desirably, the selected design vehicle will be 
able to make the right turn while remaining 
entirely in the right through lane. However, 
if there are two or more lanes in the same 
direction on the road onto which the turn is 
made, the design vehicle can occupy both 
travel lanes. If an acceleration lane is 
provided for the turning vehicle, the design 
vehicle should make the turn entirely within 
the acceleration lane. 

The following is additional guidance in the 
determination of vehicular encroachment: 

3. At all intersections school buses; garbage 
trucks, delivery trucks, etc., should be able 
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to physically make the turn without 
backing up and without impacting parked 
cars or obstacles behind curbs. 

4. At all intersections with State highways, 
the \VB-67 design vehicle should be able 
to physically make the turn without back­
ing up and without impacting obstacles. 

5. The designer should consider maintenance 
impacts from encroachment by turning 
vehicles beyond curbs or pavement edges. 

9.5.13 Parking Lanes/Shoulders 

At many intersections, parking lanes and/ or 
shoulders will be available on one or both 
approaches, and this additional roadway width 
may be carried through the intersection. This 
will greatly ease the turning problems for 
large vehicles at intersections with small curb 
radii. Figure 9.SA illustrates the turning 
paths of several design vehicles for radii of 15 
ft or 25 ft, where 8-ft to 10-ft parking lanes 
are provided. The presence of a shoulder 8 ft 
to 10 ft in width will have the same effect as 
a parking lane. After application of the 
selected design vehicle, the designer may find 
that even a 5-ft radius with a parking 
lane/shoulder may be sufficient. 

Figure 9.5A also illustrates the mm1mum 
distance to restrict parking before the PC ( 15 
ft) and after the PT (20-40 ft) on the cross 
street to accommodate vehicular turning. 
Section 17.1 presents specific criteria for the 
location of on-street parking relative to 
intersections. The designer should check the 
proposed design with the applicable turning 
template and encroachment criteria. The 
designer should not consider the beneficial 
effects of a parking lane if the lane will be 
used for through traffic for part of the day. 

Where there are low turning volumes, the 
typical shoulder pavement structure may be 

used. However, where there are high volumes 
of turns and/or where there are significant 
numbers of turning trucks, a strengthened 
shoulder pavement should be constructed for 
vehicular turning paths. Chapter Sixteen 
discusses pavement design. 

9.5.1.4 Pedestrians 

Larger turning radii create long stretches of 
pavement which pedestrians must cross. 
Designs using a simple curve with taper 
offsets, a 3-centered compound curve or a 
turning roadway (see Section 9.6) may 
minimize crossing times or distances. 

9.5.1.5 Types of Turning Designs 

Once the designer has determined the basic 
turning parameters (e.g., design vehicle, 
encroachment, inside clearance), it is 
necessary to select a type of turning design 
configuration for the curb return or pavement 
edge which will meet these criteria and will fit 
the intersection constraints. The design may 
use one or more of the following basic types: 

1. simple radius, 

2. simple radius with entering and exiting 
tapers, 

3. simple radius with an exiting taper only, 
or 

4. 3-centered symmetrical compound curve. 

Figure 9.5B illustrates all four basic turning 
designs. Each design type has its advantages 
and disadvantages. The simple radius is the 
easiest to design and construct and, therefore, 
it is the most common. The 3-centered 
symmetrical compound curve arrangement 
provides the "best" fit to the transitional 
turning paths of vehicles. However, the 
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designer should also consider the benefits of 
the simple radius with an entering and/or 
exiting taper. Its advantages as compared to 
other designs include: 

a. The simple radius with tapers when 
compared to the compound curvature 
arrangement is easier to design, survey 
and construct, and produces a minimal 
amount of additional pavement. 

b. To accommodate a specific design vehicle, 
a simple radius requires greater inter­
section pavement area than a radius with 
tapers. Another benefit is the reduced 
right-of-way impact in the intersection 
corners. 

c. A simple radius results in greater 
distances for pedestrians to cross than a 
radius with tapers. 

d. For angles of turn greater than 90°, a 
radius with tapers is a better design than 
a simple radius, primarily because less 
intersection area is required. 

95.1.6 Turning Template 

To determine the final design, the designer 
uses a turning template for the selected 
design vehicle. The template is applied to the 
intersection layout to determine how best to 
meet the criteria for turning radii design. 

952 Turning Radius Design Ste.ps 

Figure 9.5C illustrates the many factors which 
should be evaluated in determining the proper 
design for right-turns at intersections. The 
following steps apply: 

1. Select the design vehicle (Table 9.lA). 

2. Determine the present and future traffic 
control. 

3. Determine appropriate channelization 
(through/turn-lane requirements, islands, 
etc.). 

4. Determine the acceptable inside clearance 
(Section 9.5.1.1). 

5. Determine the acceptable encroachment 
(Section 9.5.1.2). 

6. Consider the benefits of any parking lanes 
or shoulders (Section 9.5.1.3). 

7. Determine pedestrian requirements (Sec­
tion 9.5.1.4) and determine island place­
ment where needed. 

8. Place the selected design vehicle template 
on the paper, superimpose the template 
on the intersection drawing (1"=20' or 
l" = 30' preferred), and try the various 
turning design configurations (Comment 
#9). 

9. Select the type of turning design 
configuration (Section 9.5.1.5): 

a. simple radius, 

b. simple radius with entering and exiting 
tapers, 

c. simple radius with an exiting taper 
only, or 

d. 3-centered compound curve. 

10. Check all proposed designs with the 
applicable vehicular turning templates. 

11. Revise the design as necessary to 
accommodate the right-turning vehicle or 
determine that it is not practical to meet 
this design because of adverse impacts. 
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9.6 TURNING ROADWAYS 

Turning roadways are channelized areas 
(separated by an island) at at-grade 
intersections which allow a moderate-speed, 
free-flowing right turn. Interchange ramps 
are not considered turning roadways. 

9.6.1 Warrants 

9.6.1.1 All Intersections 

The warrants for providing a turning roadway 
are based on the area (urban or rural), the 
functional classification and the. geometrics of 
the intersection. The designer should 
consider using turning roadways when: 

1. it is desirable to allow right turns at 
speeds of 15 mph or more; 

2. the angle of turn is greater than 90°; 

3. the volume of right turns is high, the 
turning movement is from a high-volume 
road or it is desirable to remove right 
turns away from a signal; 

4. the turning roadway is needed to meet the 
level-of-service criteria; 

5. it is desirable to reduce the intersection 
paved area. As a guide, if the unused 
pavement area based on the criteria for 
right turns (Section 9.5) will be at least 
100 sq ft, then a turning roadway should 
be considered; 

6. pedestrian volumes are high and a 
pedestrian refuge is a desirable feature; 

7. there are significant numbers of rear-end 
accidents. Turning roadways allow 
vehicles to make the turning movements 
at higher speeds and consequently should 
reduce these types of accidents; 

8. the selected design vehicle is a semi­
trailer combination; and/or 

9. the island area is needed for the 
placement of traffic control devices. 

When a turning roadway is warranted, a 
major consideration may be the availability of 
sufficient right-of-way. 

The following sections discuss warrants more 
specifically for rural and urban intersections. 

9.6.1.2 Rural 

Turning roadways are commonly provided at 
the following rural intersections: 

1. State Highway to State Highway (All-Way 
Stop). A turning roadway is typically 
provided for all right-tum movements. 

2. State Highway to State Highway (Stop 
Control on Minor Highway). A turning 
roadway is typically provided for right­
turning vehicles from the stop-controlled 
road to the major road. They are usually 
not provided from the major road to the 
stop-controlled road. 

3. All Others. For all other intersections, 
the decision on whether a turning 
roadway is warranted is determined on a 
case-by-case basis. 

9.6.13 Urban 

For urban intersections, the need for a 
turning roadway is determined on a case-by­
case analysis based on the factors previously 
listed. However, the designer should consider 
the following: 

1. Turning roadways commonly require more 
right-of-way than simple intersections. 
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2. Turning roadways may be provided for 
right-turning vehicles from the stop­
controlled road to the major road. 

3. Existing turning roadways are usually 
removed when converting an intersection 
from unsignalized to signalized. When 
converting a highway from a 2-lane to a 4-
lane facility, the need to retain existing 
turning roadways will be determined 
based on an intersection analysis. 

9.6.2 Desip Criteria 

Figure 9.6A illustrates a typical design for a 
turning roadway. This figure presents a 
turning roadway with a simple curve radius 
with an exiting taper, although a simple curve 
is often acceptable. Chapter Ten also 
presents may figures for the typical design of 
an at-grade intersection between an 
interchange ramp and crossing road. These 
figures include turning roadway designs for 
various combinations of design vehicles, 
urban/rural location and type of crossing 
road. 

9.6.2.1 Design Speed 

Typically, the design speed for a turning 
roadway will be in the range of 5-20 mph. A 
turning roadway at a low design speed (e.g., 
15 mph) will still provide a significant benefit 
to the turning vehicle regardless of the speed 
on the approaching highway. 

9.6.2.2 Width 

Turning roadway widths depend on the edge 
of pavement radius and design vehicle 
selected. See Table 9.6A. Table 9.lA should 
be used to select the design vehicle. 
However, the designer should also consider 
the possibility that larger vehicles will use the 

turning roadway. If there are 10 to 20 or 
more larger vehicles a day using the turning 
roadway, the larger design vehicle widths 
should be selected. 

Uncurbed sections provide greater latitude to 
the occasional larger vehicle. Curbed sections 
limit the options available to the larger truck. 
Consequently, if a curb is present on the 
mainline approaching the turning roadway, 
the gutter width should be maintained 
throughout the turning roadway. 

The full-depth pavement structure will be 
provided for the entire turning roadway width. 

9.6.2.3 Horizontal Curvature 
(Theoretical Discussion} 

The theory for horizontal curvature assuming 
turning roadway conditions differs from the 
theoretical assumptions for open-road 
conditions, which are discussed in Chapter 
Six. In comparison, turning roadway 
conditions are less restrictive, which reflects 
more restrictive field conditions, less 
demanding driver expectation, and a driver 
acceptance of a less generous design. 
Chapter III of the 1990 Green Book discusses 
the theoretical assumptions for horizontal 
curvature on turning roadways in detail. 

9.6.2.4 Curvature Arrangement 

At most turning roadways, a simple curve with 
an exiting taper is the typical curvature 
arrangement. However, the designer can also 
consider the use of a simple radius 
throughout or a 3-centered compound curve, 
if determined to be a more practical design. 
If a 3-centered curve is used, the radius of the 
flatter curve should be desirably 1.75 times 
the radius of the sharper curve but no more 
than twice the radius of the sharper curve. In 
addition, the lengths of the entering and 
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Table 9.6A 

TURNING ROADWAY WIDTHS 

• 

Minimum 
Total Pavement Width (W) 

Radius on 
Pavement Width 

for Selected Design Vehicle 
Inner Edge of 

Exclusive of 
Traveled Way 

Shoulders 
(ft) 

(ft) SU WB-67 WB-114 
(ft) (ft) (ft) 

50 18 25 29 37 
75 17 23 26 33 
100 16 22 26 31 
150 16 21 24 25 
200 16 21 21 23 
300 15 20 20 20 
400 15 20 20 20 
500 15 20 20 20 

Tangent 15 19 19 19 

Source: ( 1) Revised 

Notes: 

1. If a barrier curb is used on one side, an additional 1' should be added to the values in the 
table. 

2. If a barrier curb is used on both sides, an additional 2' should be added to the values in the 
table. 

3. The total pavement width (including shoulders) should accommodate both a) the largest 
design vehicle expected to use the turning roadway, and b) the Case IIB widths from Table 
III-21 of the 1990 Green Book. For turning roadways where the turning truck volume 
exceeds 10%, the designer should compare the widths in Table 9.6A to the Case IIC widths 
in Table III-21 of the Green Book and use the larger of the two. 
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exiting curves should meet the criteria m 
Table 9.6B. 

Table 9.6B 

·IENGIBSOF 
ENIERINGfEXITING CURVES 

(3-Centered Curve) 

100 
Radius (ft) or 150 200 2SO 300 400 

less 

Minimum Length 
40 so 60 80 100 120 

(ft) 

Desirable Length 
60 70 90 120 140 180 

(ft) 

500+ 

140 

200 

Source: (1) 

9.6.25 Minimum Radius 

Table 9.6C presents minimum radii for 
various turning roadway conditions. The basic 
equation given in the table is used directly to 
calculate the minimum radius. As discussed 
in Section 9.6.2.6, a range of superelevation 
rates may be used. Therefore, Table 9.6C 
presents minimum radii for several assumed 
superelevation rates. 

9.6.2.6 Superelevation 

Superelevation development on turning 
roadways does not need to meet the rigid 
criteria of open highways. The practicality of 
quickly introducing and removing a curve at 
an intersection requires flexibility. In many 
cases at design speeds of 10-20 mph, the 
superelevation rate throughout the roadway 
will be 2%, the typical cross slope. The 
preferred maximum allowable superelevation 
rate is 0.06; however, a rate of 0.08 may be 
acceptable under restricted conditions. Table 
9.6D presents ranges of superelevation rates 
for various design speeds. These ranges 
represent a practical balance between the 

desire to provide superelevation and the 
typical distance available for superelevation 
development. 

Figure 9.6B illustrates a schematic of 
superelevation development at a turning 
roadway. The actual development will depend 
upon the practical field conditions combined 
with a reasonable consideration of the theory 
behind horizontal curvature. The following 
presents criteria which should be met: 

1. No change in the normal cross slope is 
necessary up to Section B-B. Here, the 
width of the turning roadway is about 2 ft. 

2. The full width of the turning roadway 
should be attained at Section D-D. The 
amount of superelevation at D-D will 
depend upon practical field conditions. 
Assuming adequate superelevation 
transition distance is available, the 
designer should provide approximately 
75% of the full superelevation at this 
point. 

3. Beyond Section D-D, the turning roadway 
pavement should be rotated as needed to 
provide the required superelevation for 
the design speed of the turning roadway. 

4. Table 9.6E presents desirable and 
minimum superelevation transition lengths 
for combinations of design speed and 
superelevation rate. Desirably, when a 
turning roadway is superelevated, the 
transition length will meet the criteria 
presented in Chapter Six for relative 
longitudinal slope. For open roadways, 
the relative slope is measured between the 
centerline of the roadway and either 
pavement edge. Because the turning 
roadway widths are often in the range of 
a 2-lane roadway, the relative longitudinal 
slope is also measured between the 
centerline of the turning roadway and 
either pavement edge. 
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Table 9.6C 

MINIMUM RADII FOR TURNING ROADWAYS 

Turning Maximum Assumed Minimum 
Roadway Side Super- Radius 

Design Speed* Friction Elevation** (ft) 
(V, mph) (f) (e) 

.02 45 

15 .32 
.04 45 
.06 40 
.08 40 

.02 95 

20 .27 .04 85 
.06 80 
.08 80 

.02 170 

25 .23 .04 155 
.06 145 
.08 135 

.02 275 

30 .20 .04 250 
.06 230 
.08 215 

.02 410 

35 .18 
.04 375 
.06 340 
.08 315 

.02 595 

40 .16 
.04 535 
.06 I 485 
.08 445 

Source: (1) Revised 

For design speeds greater than 40 mph, use open-roadway conditions. See Chapter Six. 

** See Table 9.60 for recommended range of superelevation rates for a given radius and design speed. 

Notes: 1. emax = 0.06 is preferred. 

2. Minimum radii are based on the following equation: 
y2 

Rmin = 15(e+f) 
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Radius 
(ft) 

15 

50 .02-.06 

90 .02-.06 

150 .02-.05 

230 .02-.04 

310 .02-.03 

430 .02-.03 

500 .02-.03 

600 .02 

AT-GRADE INTERSECTIONS 

Table 9.6D 

SUPERELEVATION RATES 
(Turning Roadways) 

Range in Superelevation Rate 

July 1992 

for Turning Roadways with Design Speed (mph) of 

20 25 30 35 40 

- - - - -
.02-.06 - - - -
.02-.06 .04-.06 - - -

.02-.06 .03-.06 .06 - -

.02-.04 .03-.06 .05-.06 - -

.02-.03 .03-.05 .04-.06 .06 -

.02-.03 .03-.05 .04-.06 .06 -

.02-.03 .02-.04 .03-.05 .05-.06 -

Source: (J) Revised 
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l. Transition lengths assume: 

Table 9.6E 

SUPERELEVATION TRANSmON LENGTHS 
(Turning Roadways) 

Superelevation Transition Lewrth (ft) 
Rate Desirable 

.02 75' 

.04 75' 

.06 101' 

.02 100' 

.04 100' 

.06 108' 

.02 115' 

.04 115' 

.06 115' 

.02 125' 

.04 125' 

.06 126' 

Minimum 

34' 
68' 

101' 
36' 
72' 

108' 
38' 
77' 

115' 
42' 
84' 

126' 

a. relative longitudinal slopes for open roadways between centerline and pavement edge (see Chapter Six); 
b. 24' turning roadway width (12' used for equation calculations); 
c.. main highway is on a tangent or curving to the right; 
d. desirable lengths are subject to a length based on 2 seconds of travel time; and 
e.. minimum lengths are calculated lengths; i.e., the 2 seconds of travel time does not govern. 

2. For turning roadway widths less than 24' , use table values. For turning roadway widths greater than 24' , increase minimum transition lengths 
in a straight-line proportion. 

3. Where superelevation of the main roadway produces an adverse cross slope rollover, transition lengths will be determined on a case-by-case 
basis. 

4. See discussion in Section 9.6.2 for more information on superelevation development. 
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For open roadways, calcuiated super­
elevation transition lengths are subject to 
minimum values based on 2 seconds of 
travel time at the design speed. However, 
because of the often restrictive nature of 
turning roadways, it is acceptable to use 
the calculated superelevation transition 
lengths at a minimum. This is reflected in 
Table 9.6E 

5. The superelevation treatment for the 
exiting portion of the turning roadway 
should be similar to that described for the 
entering portion. However, the designer 
should consider the traffic control for the 
merging maneuver. For stop-control, the 
superelevation on the turning roadway 
should match the cross slope on the 
merging highway or street. 

9.6.2.7 Cro~ Slope Rollover 

Table 9.6F presents the maximum allowable 
algebraic difference in the cross slopes 
between the mainline and turning roadway 
where these two are adjacent to each other. 
In Figure 9.6B, these criteria apply between 
Section A-A and Section D-D. This will likely 
be a factor only when a superelevated 
mainline is curving to the left. 

Table 9.6F 

PAVEMENT CROSS SLOPE AT 
TURNING ROADWAY IBRMJNAIS 

Design Speed of Cutve Maximum Algebraic 
at section D-D ~mph) Difference in Cross Slope 

at Crossover Line (Figure 9.6 ) (percent) 

15-20 5-8 
25-30 5-6 
> 30 4-5 

Source: (1) 

9.6.2.8 Acceleration Lanes 

An acceleration lane for the merging portion 
of the turning roadway is required for free­
flowing merging movements. A lane may also 
be justified for turning roadways with yield 
control. Acceleration lanes will provide the 
turning roadway vehicles with an opportunity 
to accelerate before merging. The length of 
the full-width acceleration lane will be based 
on the design speed of the turning roadway 
and the design speed of the mainline. 
Desirably, this acceleration length will be the 
same as that used for entrance ramps at 
interchanges (see Chapter Ten). 
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9.7 CHANNELIZED ISi.ANDS 

Several of the treatments described m this 
chapter require channelized islands within the 
intersection area. The design of islands 
should consider several site-specific functions, 
including definition of vehicular paths, 
separation of traffic movements, prohibition 
of movements, protection of pedestrians and 
placement of traffic control devices. 

9.7.1 D'l>es of Islands 

Islands can be grouped into the following 
functional classes. Most islands serve at least 
two of these functions: 

1. Directional Islands. Directional islands 
control and direct traffic movements and 
guide the driver into the proper channel. 

2. Divisional Islands. Divisional islands 
separate opposing traffic flows, alert the 
driver to the crossroad ahead and regulate 
traffic through the intersection. These 
islands are often introduced at 
intersections on undivided highways and 
are particularly advantageous in 
controlling left turns at skewed 
intersections. 

3. Refui:e Islands. Refuge islands at or near 
crosswalks aid or protect pedestrians 
crossing a wide roadway. These islands 
may be required for pedestrians at 
intersections where complex signal 
phasing is used. Refuge islands may also 
serve as areas for the installation of traffic 
control devices, primarily stop signs. 

9.7.2 Selection of Island 'fipe 

Channelized islands may be some 
combination of flush or raised, paved or 
textured, concrete/bituminous or turf, and 

triangular or elongated. Selection of an 
appropriate type of traffic island should be 
based on traffic characteristics, cost 
considerations and maintenance needs. Flush 
islands are appropriate: 

1. on high-speed rural highways to delineate 
separate turning lanes; 

2. in constrained locations where vehicular 
path definition is desired, but space for 
larger, raised islands is not available; 

3. to separate opposing traffic streams on 
low-speed streets; and/or 

4. for temporary channelization during 
construction. 

Raised islands are appropriate: 

5. where a primary function of the island is 
to provide pedestrian refuge; 

6. where a primary or secondary island 
function is the location of traffic signals, 
signs or various fixed objects; 

7. where the island is intended to prohibit or 
prevent traffic movements; 

8. on low- to moderate-speed highways 
where the primary function is to separate 
high volumes of opposing traffic 
movements; and/or 

9. at locations requiring positive delineation 
of vehicular paths, such as at major-route 
turns or intersections with unusual 
geometry. 

Channelized islands with barrier curbs should 
only be used where the design speed is 45 
mph or less. However, mountable curbs are 
the preferred choice at all design speeds. See 
the discussion on curbs in Section 8.1. 
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9.7.3 Island Desim 

9.73.1 Minimum Size 

Traffic islands should be large enough to 
command the driver's attention. Island 
shapes and sizes vary from one intersection to 
another. For triangular islands, the 
recommended minimum size is 100 sq ft. 
Raised elongated islands should not be less 
than 4-ft wide and 25-ft long. In restricted 
areas, an elongated island may be flush and 2-
ft wide. 

The corners of curbed islands should be 
constructed with noses of 2-ft to 5-ft radii. 

9.7.32 Delineation 

Channelized islands should be delineated 
based on their size, location and function. 
Raised islands outlined by barrier curbs 
present the most positive means of 
delineation. Islands delineated by mountable 
curb, pavement markings or rumble strips 
should be used in areas where space is limited 
or on highways with higher design speeds. On 
flush islands, it may be appropriate to 
complement the pavement markings with 
raised reflectors. 

Raised pavement markings, raised reflectors, 
roughened pavement or rumble strips should 
be placed in advance of the island approach 
to warn the driver. This is especially 
important at the approach to divisional 
curbed islands. 

The designer should coordinate any 
delineation treatments for the island with the 
Traffic Engineering Division. 

9.7.3.3 Island Offsets 

Curbed islands should be offset from the 
approaching roadway for the comfort and 
safety of the driver. The following will appiy: 

1. No Shoulders. No Right-Turn Lane. 
Where the approaching roadway has no 
shoulders (i.e., it is curbed) and no right­
turn lane, the nose of the island should be 
offset 4 ft to 6 ft from the edge of the 
travel lane. It will then be tapered to a 2-
ft offset. 

2. With Shoulders, No Right-Tum Lane. 
Where the approaching roadway has 
shoulders but no right-tum lane, the 
curbed island should be offset a distance 
equal to the shoulder width from the edge 
of the travel lane. 

3. With Right-Tum Lane. Where the 
roadway has a right-turn lane approaching 
the intersection, the curbed island should 
be offset a minimum of 2 ft from the 
outside edge of the right-tum lane. This 
applies to a right-turn lane on either 
roadway. 

In addition, the designer needs to ensure that 
the island will not interfere with the turning 
movement of a truck turning from the 
opposite side on a 4-legged intersection. If 
there is a conflict, the island should be set 
back further or made flush. 

9.7.4 Typical Channelized Islands 

Each channelized intersection must be studied 
individually considering turning volumes, 
traffic lane configurations, potential conflicts 
and practical signing arrangements. The 
following presents several typical island 
treatments: 
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1. Figure 9.7A "Typical Curbed Triangular 
Island (Roadway Without Shoulders)." 

2. Figure 9.7B "Typical Curbed Triangular 
Island (Roadway With Shoulders)." 

3. Figure 9.7C "Typical Divisional Island." 

4. Figure 9.7D "Example of a Channelized 
Intersection (Rural)." 

July 1992 
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MAJOR ROAD 

AT-GRADE INTERSECTIONS 

MINIMUM ISLAND SIZE: 100 SQ. FT. 

2' TO 3•(D 

APPROACH TREATMENT ------+--+-1 
<TYPICALLY PAVEMENT MARKINGS> 

\ 
4" MOUNTABLE CURB 

Notes: 

July 1992 

CD Where a right-turn lane is present in advance of the island, the island should be offset a 
minimum distance of 2' from the outside edge of the right-turn lane. 

® The turning roadway width (W) is based on the radius of the inner edge of pavement (R) 
and the turning path of the selected design vehicle. See Table 9.6A and apply the turning 
template of the design vehicle. 

CURBED TRIANGUIAR ISLAND 
(Roadway Without Shoulders) 

Figure 9.7A 

9.7 (4) 



Oklahoma AT-GRADE INTERSECTIONS 

MAJOR ROAD 

July 1992 

OF'FSET • W - 15' - SHOULDER WIDTH 
2' MINIMUM OFFSET 

APPROACH TREATMENT _____ __,_ _ _,__, 
<TYPICALLY PAVEMENT MARKINGS> 

4" MOUNT ABLE CURB 

Notes: 

CD Where shoulders are present on the minor road or major road, the curbed island should be 
offset from the travel lane a distance equal to the shoulder width. Where a right-turn lane 
is present on the minor road or major road, the curbed island should be offset a minimum 
distance of 2' from the outside edge of the right-turn lane. 

® The turning roadway width (W) is based on the radius of the inner edge of pavement (R) 
and the turning path of the selected design vehicle. See Table 9.6A and apply the turning 
template of the design vehicle. 

CURRED TR!ANGUIAR ISLA.ND 
{Roadway With Shoulders) 

Figure 9.7B 
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WHERE NECESSARY THE MINOR ROAD 
MAY BE RELOCATED TO PROVIDE AN 
ANGLE Of' INTERSECTION NOT GREATER 
THAN 20• Of'f' PERPENDICULAR 

R AS REQUIRED BY 
DESIGN VEHCLE 

SHOULDER ~;;~ ', 

July 1992 

RADII AS REQUIRED f'OR 
DESIGN CONDITION 

R AS REQUIRED BY 
DESIGN VEHCLE 

--------~----'---------

SHOULDER 

<t_ MAJOR ROAD 

EXAMPLE OF A CHANNELIZED JNIBRSECTION 
(Rural) 

Figure 9.7D 
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9.8 MEDI.AN OPENINGS 

9.8.1 Non-Freewavs 

9.8.1.1 Location/Spacing 

Desirably, median openin.gs will be provided 
on divided non-freeways at all public roads 
and major traffic generators. However, this 
may result in close intersection spacing which 
may impair the operation of the facility. The 
following recommended minimum spacings 
shouid be evaluated when determining the 
location for a median opening: 

1. Rural Facilities. Median openings should 
be at least % mile apart and, desirably, 1 
mile apart, subject to public service 
requirements as determined by an 
engineering study. 

2. Urban Facilities. The desirable minimum 
spacing between median openings should 
be approximately Y.. mile. In addition, 
the spacing of median openings should 
also be long enough to allow the 
development of an exclusive left-turn lane 
with the proper length. 

For both rural and urban facilities, the 
available sight distance in the vicinity of the 
median opening is a factor in the 
determination of its location. In addition, on 
some facilities, commercial establishments 
with heavy truck traffic may dictate the 
location of median openings. 

9.8.1.2 Design 

Figure 9.8A presents a general figure for the 
design of a median opening. Table 9.8A 
presents specific criteria for median opening 
design elements (length of opening, nose 
radii) based on median width and the selected 
design vehicle. 

The following will apply to the design of a 
median opening: 

1. Desiw Vehicle. The largest vehicle that 
will be making the turn with some 
frequency should be used as the design 
vehicle for median openings. The process 
for the selection of the design vehicle is 
the same as for a right-turning vehicle 
(see Sections 9.1 and 9.5). 

2. Encroachment. The desirable design will 
be for the design vehicle to make the left 
turn and remain entirely within the 
through inside lane of the divided facility, 
and to come no closer than 2 ft to the 
inside curb or inside edge of pavement; 
i.e., there will be no encroachment into 
the through lane adjacent to the inside 
travel lane. However, it is acceptable for 
the design vehicle to occupy both travel 
lanes and the shoulder in its turn (see 
Figure 9.8A), if the shoulder paving is 
adequately strengthened. 

3. Len~h of Opening. The length of a 
median opening should properly 
accommodate the turning path of the 
design vehicle. The minimum length is 
the largest of the following: 

a. approaching travelway width plus 8 ft, 

b. approaching travelway width plus the 
shoulder widths, 

c. the length based on the selected 
design vehicle from Table 9.8A, or 

d. 40 ft. 

Each median opening should be evaluated 
individually to determine the proper 
length of opening. The designer should 
consider the following factors in the 
evaluation: 
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Table 9.SA 

MEDIAN OPENING DESIGN 

Median 
Design 

Design Elements * 
Width (M) 

Vehicle 
(ft) L Ri Ri p 

40' 
WB-67 
WB-114 

46' 
WB-67 TO BE Pf ~EPAI ~ED WB-114 

64' 
WB-67 
\VB-114 I 

* See Figure 9.8A for application of L. See Figure 9.8B for application of R1, R2 and P. 

Key: L = length of opening 

Notes: 

R1 = control radius for bullet-nose design 
R2 = nose radius for bullet-nose design 
P = see Figure 9.8B 

1. R1, R2 and P values in table are predicated on the presence of a left-tum bay as shown in 
Figure 9.8B. 

2. See discussion in Section 9.8.2 for minimum L values. 

9.8 (3) 



Oklahoma AT-GRADE IN1ERSECTIONS July 1992 

e. Turning Templates. The designer 
should check the proposed design with 
the turning template for the selected 
design vehicle. Consideration should 
be given to the frequency of the turn 
and to the encroachment onto 
adjacent travel lanes or shoulders by 
the turning vehicle. 

f. Nose Offset. At 4-leg intersections, 
traffic passing through the median 
opening (going straight) will pass the 
nose of the median end (semicircular 
or bullet nose). To provide a sense of 
comfort for these drivers, the offset 
between the nose of the through 
travel lane (extended) and the median 
nose should be at least 4 ft. 

g. Lane Alignment. The designer should 
ensure that lanes line up properly for 
crossing traffic. 

h. Location of Crosswalks. Desirably, 
pedestrian crosswalks will intersect the 
median nose to provide some refuge 
for pedestrians. Therefore, median 
opening design should be coordinated 
with the location of crosswalks. 

1. Traffic Control. The designer should 
coordinate with the Traffic 
Engineering Division for the design of 
the signing, striping and traffic 
control. 

4. Median Nose Desif;ID. The shape of the 
nose at median openings is determined by 
the width of the median (M) or (m). The 
two basic types of median nose designs 
are the semicircular design and bullet­
nose design. The following summarizes 
their usage: 

a. For medians up to 4 ft in width, there 
is little operational difference between 
the two designs. 

b. The semicircular design is generally 
acceptable for median widths up to 10 
ft. 

c. For medians wider than 10 ft, the 
bullet-nose design should be used. 

d. As medians become successively 
wider, the minimum length of the 
median opening becomes the 
governing design control. 

For the bullet-nose design, a compound 
curvature arrangement should be used. 
Figure 9.8B provides the typical details for 
a median opening with a bullet-nose 
design. 

5. U-tums. Median openings are sometimes 
used to accommodate U-turns on divided 
non-freeways. Preferably, a vehicle should 
be able to begin and end the U-turn on 
the inner lanes next to the median. This 
design also allows a stopped vehicle to be 
fully protected within the median area. 
However, if the needed median width is 
not available, a turning design vehicle may 
swing wide to avoid tracking beyond the 
available pavement (including a paved 
shoulder) on the opposite roadway. 
Figure 9.8C provides the minimum 
recommended median widths for U-turn 
maneuvers for various design vehicles and 
various levels of encroachment. On 
highways with heavy truck traffic ( ;!:15% 
of ADT), the designer should desirably 
design for the WB-67 design vehicle. 

6. Sight Distance. All median openings 
should be checked for applicable sight 
distance criteria. See Section 9.2. 

9.8.2 Emergency Crossovers 

On fully access-controlled freeways, median 
crossings are denied to the public. However, 
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median width measured between the two edges of the 
inside travel lanes 

m == width of divider (raised or flush) remaining after the width 
of the left-turn lane (if present) has been subtracted from 
the median width (M) 

R1 variable, based on design vehicle and median width (M). 
See Table 9 .8A 
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(m)/5, where a left-turn lane is present. 

M/5, where a left-turn lane is not present. 

R2 is typic.ally rounded up to the next highest whole 
number. 

length of median opening. See Table 9.8A and discussion 
in Section 9.8.2 for minimwn L values. 

P = as shown in figure. See Table 9.8A. 

MEDIAN NOSE DESIGN 

Figure 9.8B 
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to 
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Type of Maneuver 

12' 

~{ihR 
-~ J ___ _ 

I 

~{~ ~J);j~jff~ 
-' ~~L- 24'- -

- . ±----
~:l,'@'J~ 
__J. ~- - 24'- -

\ ---
...... - - - -

M - Min. width of median - ft for 
design vehicle 

P WB-40 SU BUS WB-50 WB-67 WB-114 

Length of design vehicle 

19 1 50' 301 40' 55 1 74 1 118 1 

30 61 63 63 71 71 101 

18 49 51 51 59 59 89 

8 39 41 41 49 49 79 

Source: (1) Revised 

Note: This figure assumes no left-turn lane and a 10' surfaced shoulder (outside). 

RECOMMENDED MINIMUM DESIGNS FOR U-TURNS 

Figure 9.8C 
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occasional emergency crossovers are required 
to accommodate maintenance and emergency 
vehicles. The following should be considered: 

1. Warrants and Location. Emergency 
crossovers on freeways are required to 
facilitate maintenance operations such as 
snow plowing and emergency vehicles. 
These crossovers should be placed well 
away from any mainline conflicts, such as 
interchanges. As a general guide, 
crossovers should be provided where the 
interchange spacing exceeds 5 miles. 
Between interchanges, emergency 
crossovers are spaced at 3-mile to 4-mile 
intervals. In addition, crossovers may be 
appropriate specifically at State lines and 
at boundary lines between maintenance 
districts. 

2. Si~ht Distance. Because of the 
unexpected U-turn maneuver, good sight 
distance should be available when vehicles 
make U-turns on freeways. At a 
minimum, decision sight distance should 
be provided in both directions at a 
crossover. This would favor, for example, 
placing a crossover in a sag vertical curve. 

3. Median Barriers. Emergency crossovers 
should be avoided where a median barrier 
is present. If a crossover must be 
provided, the barrier should be 
terminated as described in Chapter 
Eleven. The width of the opening should 
be approximately 25 ft - 30 ft. 

4. Design. Figure 9.8C provides design 
details for U-turns on non-freeways which 
are also applicable to freeways. The 
median should be wide enough to allow 
for a SU design vehicle to turn from inner 
lane to inner lane. 

July 1992 
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9.9 DRIVEWAYS 

9.9.1 General 

The following sections provide general 
guidelines for the designer to use when 
constructing driveways on new or major 
reconstruction projects. For driveways on 3R 
projects or for driveway permits on existing 
highways. the user is referred to ODOT's 
Policy on Driveway Regulations for Oklahoma 
Highways and the ODOT Standard Drawings. 

9.9.1.1 Driveway Types (Definitions) 

The following provides definitions for the 
various driveway types: 

1. Residential. Drives providing access to a: 

a. single family residence, 

b. duplex. or 

c. an apartment building containing not 
more than four dwelling units. 

2. Commercial. Drives providing access to 
an: 

a. office. retail or institutional building; 

b. an apartment building having five or 
more dwelling units; or 

c. industrial plant, whose primary 
function it is to serve administrative 
or employee parking lots. 

3. Industrial. Drives directly serving 
substantial numbers of truck movements 
and drives accessing to and from loading 
docks of an industrial facility, warehouse 
or truck terminal. Also. drives serving a 
centralized retail development, such as a 
community or regional shopping center, 
may have one or more driveways 
especially designed, signed and located to 
provide access for trucks. These may also 
be classified as industrial driveways. 

9.9.1.2 Driveway Spacing and Comer 
Oearance 

The following criteria will apply to driveway 
spacing and comer clearance: 

1. Guidelines. Table 9.9A presents criteria 
for driveway spacing and corner clearance. 
See Figure 9.9A for a definition of terms. 
These distances are measured along the 
curb or edge of pavement from the 
roadway end of the curb radius or flare. 
Desirable comer clearance is 40' for rural 
areas and 20' for urban areas. 

Table 9.9A 

DRIVEWAY SPACING AND CORNER CLEARANCE 

Dimension Term* 
Type of Driveway 

Residential Commercial Industrial 

From Property Line p 5' 15' R 
From Street Corner I c I 5' 10' I 10' 
Between Driveways s 3' 3' 10' -

*See Figure 9.9A. 
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2. Minimum. A driveway, including its 
entrance radius, should not be located 
within the radius of an intersection. 

3. Future Control Accommodation. If these 
criteria cannot be met for properties in 
intersection corners, one possible solution 
is to relocate the driveway entrance from 
the major road to the minor road, if 
applicable. 

4. Multiple Driveways. The number, 
arrangement and width of driveways are 
governed in part by the roadway frontage 
of abutting private property. The number 
of driveways provided should be the 
minimum number required to adequately 
serve the needs of the adjacent property. 
A frontage of 50 ft or less is generally 
limited to one driveway. Normally, not 
more than two driveway accesses are pro­
vided to any single property tract or 
business from any single roadway. 
Exceptions may be made where the 
frontage exceeds 600 to 1000 ft. In some 
cases, a single driveway serving two 
adjacent properties may best 
accommodate access to the properties. 
Joint-use driveways must be agreed to by 
both property owners. 

Where there are several commercial or 
residential properties, each with relatively 
limited frontage, or where there is the 
probability of such development, the 
designer may consider providing a 
frontage road for the several driveways. 
This would reduce the number of access 
points to the major roadway. 

9.9.13 Driveway Sight Distance 

Section 9.2 discusses intersection sight 
distance (ISD) criteria for intersections with 
public roads. Desirably, these criteria will 
also apply to sight distance at driveways. 
However, for driveways with low volumes, it 
may not be cost-effective to provide the 

desirable ISD values. Where the minimum 
ISD criteria cannot be met, directional 
driveways may be a solution. Another 
potential countermeasure is to prohibit turns 
for re-entry to the main road or to provide 
islands to discourage turns which may be a 
safety problem. 

In general, the designer should check for sight 
obstructions in the vicinity of the driveway 
entrance (e.g., large trees, hedgerows) which 
may cause problems. To perform the check, 
it is reasonable to assume an eye location of 
approximately 10 ft from the edge of travel 
lane. 

9.9.1.4 Auxiliary Lanes 

Deceleration and acceleration lanes should be 
considered at high-volume driveway entrances, 
especially on high-speed, high-volume 
arterials. Section 9.3 further discusses the 
design and warrants for auxiliary lanes, and 
these also apply to high-volume driveways. In 
addition to traffic-volume considerations, it 
may be warranted to provide a right-turn lane 
into the driveway if the change in grade is 
abrupt at the driveway entrance. 

9.9.2 Driveway Design Criteria 

1. Tables. Table 9.9B presents design 
criteria for driveways. These apply to 
both urban and rural driveways. 

2. Typical Driveway Profile Figures. Figure 
9.9B presents design criteria for driveways 
where no curbs exist; Figure 9.9C applies 
to driveways where curbs are present. 

3. Typical Driveway Plan Views. Typical 
plan views of driveway entrances are 
illustrated in ODOT's Policy on Driveway 
Regulations for Oklahoma Highways and in 
the ODOT Standard Drawings. 
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Table 9.9B 

RECOMMENDED DESIGN CRITERIA FOR DRIVEWAYS 

Driveway Driveway Functional Classification of Intersecting Road -Design Element Type Arterial Collector Local Road 

Residential p p p 

Design Vehicle (1) Commercial WB-50 SU SU 

Industrial WB-67 WB-50 WB-50 

Residential 15' 10' -15' 10'-15' 

Turning Radii (R) (2) Commercial/ 
30'-50' 20'-30' 15'-30' 

Industrial 
-

Residential 12'-20' 12'-20' 12'-20' ·-Width (W) (2) Commercial/ 
35' Maximum 35' Maximum 35' Maximum 

Industrial 

Residential Desirable: 0 - 10% Maximum: 15% 
Recommended Grades 
on Driveway Proper (G) Commercial/ 

Desirable: 0 - 5% Maximum: 8% 
Industrial 

C'hange in Grade Without 
All 

Recommended: Recommended: Recommended: 
Vertical Curve (AG) (3) 8% or less 9% or less 15% or less 

Driveway Side Within Clear Zone (4) All See Chapter Eleven See Chapter Eleven See Chapter Eleven 
Slopes -· (without curbs) Outside Clear 7..one All Maximum: 3:1 Maximum: 3: 1 Maximum: 3:1 

Note: See Figure 9.9A for application in plan view. See Figures 9.9B and 9.9C for application in profile view. 
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Table 9.9B 

DRIVEWAY DESIGN 

Footnotes 

1. Desiw Vehicle. The design vehicle will be selected on the basis of the property served and 
not on the predominate vehicle in the traffic stream of the main road. 

2. Turning Radii/Width. The criteria in the table are intended to provide a typical design for 
the driveway. In special cases or where the WB-67 or WB-114 is the selected design vehicle, 
driveway width may have to exceed 35 ft. The design should be based on the procedure and 
criteria discussed in Section 9.5 for turning radii designs at intersections. The application 
of the turning template of the design vehicle will be the determining factor for turning radii 
and driveway width. See also the ODOT Standard Drawings for application of turning radii 
and width criteria. 

The designer may need to increase the driveway width for two-way operation, depending 
upon the likelihood that vehicles will be entering and exiting from the driveway 
simultaneously. See ODOT's Policy on Driveway Regulations for Oklahoma Highways for 
recommendations on angle driveways. 

3. Change in Grade Without Vertical Curve (~G). Desirably, vertical curves will be used to 
connect slopes of different grades. Where the ~G criteria in the table are exceeded, the 
designer should insert a vertical curve to prevent the vehicle from bottoming out. To 
prevent drag, vertical curves should avoid a hump or dip greater than 6 inches within a 
wheel base length of 10 ft. To prevent center or overhang drag, with some allowance for 
load and bounce, crest vertical curves should not exceed a 3 Y4-inch hump in a 10-ft chord, 
and sag vertical curves should not exceed a 2-inch depression in a 10-ft chord. 

4. Side Slopes. Chapter Eleven presents criteria for transverse slopes. In summary, these are 
1) 10:1 for high-volume, multilane divided highways with a design speed V~50 mph, and 2) 
6:1 on other facilities. However, on urban facilities (V s45 mph) and on rural facilities 
(V s40 mph), transverse slopes steeper than 6: 1 may be considered. Where a barrier is 
shielding the slope, transverse slopes steeper than 3:1 are acceptable. Note that clear zones 
are determined based on the direction of travel which is exposed to the drainage pipe and 
section. This could mean1 for example, that the leading end of the pipe may be within the 
clear zone, and the trailing end may be outside of the clear zone. 
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Oklahoma 

Notes: 

EDGE or 
SHOULDER 

AT-GRADE INTERSECTIONS 

8'MIN. * 
i 
I
\ MAX. GRADIENT 

41. TO 81. j 

r-8" MIN. 

UNOERDRAIN Wt£RE 
SWALE IS OMITTED 

* tOR COMMERCIAL/INDUSTRIAL DRIVEWAYS, THIS WILL 
DESIRABLY BE 40' 

DRIVEWAY WITHOUT VERTICAL CURVE 

VERTICAL 
CURVE 

DRIVEWAY WITH VERTICAL CURVE 

1. See Table 9.9B for criteria on G, AG and vertical curves. 

G -= 

July 1992 

2. See ODOT Standard Drawings for more detail on driveway design and References 10 and 
11. 

TYPICAL DRNEWAY PROFILES 
(No Curbs) 

Figure 9.9B 
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Notes: 

GUTTER LINE 

RESIDENTIAL: 10' DESIRABLE 
COMMERCIAL/INDUSTRIAL.: 

40' DESIRABLE 

,----

CURB 

\ 
4%- 8% 
MAXIMUM 

, GRADIENT 

CURB 1-E:IGHT 

'---SAME ELEVATION AS GUTTER 

DRIVEWAY WITH NO SIDEWALK AND NO VERTICAL CURVE 

GUTTER LINE 

RESIDENTIAL: 10' DESIRABLE 
COMMERCIAL /INDUSTRIAL: 

40' DESIRABLE 

\ 4%- 8% 
\ MAXIMUM 

GRADIENT 

,----

CURB 

TOP OF 
VERTICAL CURVE 

DRIVEWAY WITH NO SIDEWALK AND CREST VERTICAL CURVE 

4%- 8% 
MAXIMUM 
GRADIENT-

GUTTER LINE 

RESIDENTIAL.: 10' DESIRABLE 
COMMERCIAL/INDUSTRIAL: 

40' DESIRABLE 

i--~B~U=F=-FE~R----t __ Sl_DE_W_AL_K--1 1• f_ 
AREA I 

2% DESIRABLE 

I I ,---------- G 
-- AG --CURB CURB HEIGHT 

SAME ELEVATION AS GUTTER 

DRIVEWAY WITH SIDEWALK AND BUFFER AREA, BUT NO VERTICAL CURVE 

1. See Table 9.9B for criteria on G, .dG and vertical curves. 

July 1992 

2. See ODOT Standard Drawings for more detail on driveway design and References 10 and 
11. . 

3. Where practical, maintain the typical sidewalk cross slope through the driveway section. If 
necessary, the sidewalk will be warped to fit the profile of the driveway, unless the sidewalk 
is on an accessible route. See Chapter Seventeen for criteria for handicapped accessibility. 

TYPICAL DRIVEWAY PROFILE 
(With Curbs) ' , 

Figure 9.9C 
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9.10 RAILROAD/HIGHWAY GRADE 
CROSSINGS 

The following presents geometric design 
criteria for highway crossings at-grade with 
railroads. For other design considerations 
(e.g., traffic control devices, railroad crossing 
surfaces), the designer should coordinate with 
the Traffic Engineering Division. In addition, 
the designer should refer to Reference (12) 
for more information. 

9.10.1 Sight Distance 

Two sight distance applications must be 
addressed at railroads: 

1. Case I - Allowing an approaching vehicle 
to safely cross or stop. 

2. Case II - Allowing a stopped vehicle to 
safely cross the railroad tracks. 

9.10.1.1 Case I 

Figure 9.lOA presents the Case I sight 
distance criteria for railroad/highway grade 
crossings. These criteria are important at 
crossings with only passive control devices 
( crossbucks, pavement markings, advance 
warning signs). Where practical, these criteria 
should also be met at crossings with active 
control devices (flashing lights, automatic 
gates). The Case I sight distances allow an 
approaching vehicle to either: 

1. decide it is safe to cross the tracks 
without stopping, or 

2. safely stop the vehicle before reaching the 
tracks. 

Figure 9.lOA presents the equations for 
calculating the Case I sight distance criteria. 
Table 9.lOA presents the Case I criteria based 
on anticipated maximum train speed and the 
highway design speed. These criteria are 
appropriate for railroad/highway intersections 
at 90 degrees; adjustments should be made 
for skewed intersections. The distances in 
Table 9.lOA. 

are also based on an approaching level grade 
(i.e., flatter than 3% ). For ~ades 3% or 
steeper, the expression Vv /30f in the 
equation should be replaced with the 
following: 

V}/30 (f + G), 

where G = the highway grade in percent, and 
the dH and dT values recalculated. Note that 
corrections are only made for downgrades 
approaching the railroad tracks; for level 
grades or upgrades, use Table 9. lOA. 

The designer should note that the Case I sight 
distances may be difficult to attain the field. 
Where these distances are not available, the 
following presents possible countermeasures: 

1. installing active warning devices where 
only passive devices currently exist; 

2. employing speed control signs, flashing 
advance warning lights and other devices 
to lower approaching vehicular speeds to 
be consistent with the available sight 
distance; and/or 

3. forcing all vehicles to a complete stop. 

Any of these countermeasures requires 
coordination with the Traffic Engineering 
Division. 

9.10 (1) 
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where: 

dH = 

cl,- = 

Vv = 

VT 

= 

f 

D 

~ = 

L 

w 

v 
STOP LINE 

L D 

AT-GRADE INTERSECITONS 

v v v 
STOP LINE 

v2 v dH = 1.47 Vvt + - + D + d 
30/ e 

July 1992 

Source: (1) Revised 

sight distance leg along the highway allowing a vehicle proceeding to speed Vv to cross tracks 
safely even though a train is observed at a distance cl,- from the crossing or to safely stop the 
vehicle without encroachment of the crossing area, ft 

sight distance leg along the railroad tracks to permit the maneuvers described for d", ft 

velocity of the vehicle, mph 

velocity of the train, mph 

perception/reaction time (assumed to be 2.5 sec) 

coefficient of friction (assumed to be same values used for stopping sight distance (Chapter 
Five) 

distance from the stop line or front of the vehicle to the nearest rail (assumed to be 15 ft) 

distance from the driver to the front of the vehicle (assumed to be 10 ft) 

length of vehicle (assumed to be 65 ft) 

distance bet.veen outer rails; for a single track, this value is 5 ft 

CASE I: 
APPROACHING VEHICLE TO SAFELY CROSS OR STOP AT RAU.ROAD CROSSING 

Figure 9.lOA 
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Table 9.lOA 

CASE I 
(Approaching Vehicle) 

Train Design Speed (mph) 
Speed 
(mph) 

10 20 30 40 50 60 70 

Distance (d.r) Along Railroad From Crossing 

10 145 103 99 103 112 122 134 
20 290 207 197 207 224 245 269 
30 435 310 296 310 337 367 403 
40 580 413 394 413 449 489 537 
50 725 517 493 517 561 611 671 
60 870 620 591 620 673 734 806 
70 1,015 723 690 723 786 856 940 
80 1,160 827 789 827 898 978 1,074 
90 1,305 930 887 930 1,010 1,101 1,209 

Distance Along Highway from Crossing, dH(ft) 

69 132 221 

9.10.1.2 Case II 

Figure 9.lOB presents the Case II sight 
distance criteria and their derivation at 
railroad/highway grade crossings. The figure 
also presents the numerical values which 
apply for the anticipated maximum train 
speed. These criteria should be available at 
all crossings. 

The designer should note that the Case II 
criteria are predicated on a 90-degree 
intersection between the railroad and 
highway; adjustments for skewed intersections 
are necessary. These distances are also 
predicated on the time needed for the design 
vehicle to cross a single set of tracks (i.e., W 
= 5 ft). Where more than one set of tracks 

338 486 659 865 

Source: ( 12) Revised 

is present, the designer should use the 
applicable W value and recalculate the Case 
II distances. 

9.10.2 Horizontal Alignment 

Where practical, the alignment of the highway 
and railroad crossing should intersect at an 
angle of 90 degrees, and neither the highway 
nor the railroad should be on a horizontal 
curve. If these objectives are met, this will 
enhance driver safety and comfort; it will 
reduce maintenance problems; and it will 
improve roadway rideability. The designer 
should refer to Chapter Six for ODOT 
criteria on horizontal alignment for highways. 
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where: 

VT dr(ft) 

10 240 
20 480 
30 719 
40 959 

.... 50 1,200 " 60 1,439 
70 1,679 
80 1,918 
90 2,158 

v 
STOP LINE 

Source: (1) Revised 

[ VG L + 2D + W + -da + ll 
dT = 1.47 VT - + ---------

al VG 

dr sight distance along railroad tracks, ft 

VT = velocity of train, mph 

VG maximum speed of vehicle in first gear (assumed to be 8.8 fps) 

a1 acceleration of vehicle in first gear (assumed to be 1.47 ft/sec2) 

L length of vehicle (assumed to be 65 ft) 

D distance from the stop line to the nearest rail (assumed to be 15 ft) 

J perception/reaction time (assumed to be 2.0 seconds) 

W distance between outer rails; for a single track, this value is 5 ft 

v2 
G 

2a1' 
or distance vehicle travels while accelerating to maximum speed in first gear 

CASE II: DEPARTURE OF VEIIlCLE FROM STOPPED POSIDON TO 
CROSS SINGLE RAILROAD 'IKAC"".1' 

Figure 9.lOB 
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9.103 Vertical Alignment 

Desirably, the highway will be relatively level 
where it crosses the railroad. Where vertical 
curves are provided, they should meet the 
ODOT criteria for vertical alignment 
presented in Chapter Seven. 

Figure 9.lOC presents a minimum design for 
vertical alignment at railroad crossings to 
prevent low-clearance vehicles from bottoming 
out on the tracks. This design should be 
provided unless railroad track superelevation 
dictates otherwise. 

<t <t. 
RAIL 't. RAIL 

TRACK 

I 
• 30' MINIMUM .... 

1 

: 1 · 30' MINIMUM 
2·-o"F-1 ! I 142·-o .. 

LEVEL I I GRADE 

M~. c GRADE - - -~ ==LEVEL 

I 
~" 

:::::J MAx. 

PROFil..E AT RAILROAD/HIGHWAY GRADE CROSSINGS 

Figure 9.10C 

July 1992 

Source: (12) 
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Chapter Ten 

INTERCHANGES 

10.1 GENERAL 

An interchange is a system of interconnecting 
roadways in conjunction with one or more 
grade separations that provides for the 
movement of traffic between two or more 
roadways on different levels. 

10.1.1 Warrants 

Although an interchange is a high-level 
compromise to intersection problems, its high 
cost and environmental impact require that 
interchanges be used only after careful 
consideration of its benefits. The following 
discusses procedures and warrants used by 
ODOT. 

10.1.1.1 ODOT Procedures 

In general, the ODOT Planning Division 
determines the need for and location of 
interchanges. The assessment is based on a 
consideration of the factors discussed in 
Section 10.1.1.2 and of the socio-economic­
political realities. Once the Planning Division 
has determined the interchange location, the 
Geometric Design Branch is responsible for 
selecting the interchange type. The Rural or 
Urban Design Division and the Geometric 
Design Branch work together to develop the 
detailed interchange design. 

10.1.12 Guidelines 

Because of the great variance in specific site 
conditions, ODOT has not adopted specific 
interchange warrants. Following are some 
general guidelines for interchanges or grade 
separations: 

1. Desiw Desiwation. Once it has been 
decided to provide a fully access­
controlled facility, each intersecting 
highway must be terminated, rerouted, 
provided a grade separation or provided 
an interchange. The importance of the 
continuity of the crossing road and the 
feasibility of an alternative route will 
determine the warrant for a grade 
separation or interchange. An 
interchange should be provided on the 
basis of the anticipated demand for access 
to the minor road. 

On facilities with partial control of access, 
intersection treatments with public roads 
will be with an interchange or with an at­
grade intersection; grade separations 
alone are not normally provided. 
Typically, an interchange will be selected 
for the higher-volume intersecting roads. 
Therefore, on a facility with partial 
control of access, the decision to provide 
an interchange will be, in general, based 
on the criteria in Comment #'s 2 through 
10. 

2. Functional Classification. Interchanges 
should be provided at all freeway-to­
freeway crossia1gs. On fully access­
controlled facilities, interchanges should 
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be provided with all major highways, 
unless this is determined inappropriate for 
other reasons. Interchanges to other 
highways should be provided if practical. 

3. CongestiOn. An interchange may be 
warranted where the level of service 
(LOS) at an at-grade intersection is 
unacceptable, and the intersection cannot 
be redesigned at-grade to operate at an 
acceptable LOS. 

4. Safety. A consideration of strictly the 
accident reduction benefits of an 
interchange may warrant its selection at 
an at-grade intersection. Section 10.1.2 
provides additional information on various 
safety considerations relative to 
interchange selection. 

5. Site Topo&raphy. At some sites the 
topography may be more adaptable to an 
interchange than an at-grade intersection. 

6. Road-User Benefits. Interchanges 
significantly reduce the travel time when 
compared to at-grade intersections. 
Therefore, if an analysis reveals that road­
user benefits over the service life of the 
interchange will exceed costs, then the 
interchange may be warranted. 

7. Traffic Volumes. A traffic volume 
warrant is the most tangible of any 
interchange warrant. Although ODOT 
has not adopted specific numbers which, 
when exceeded, would demand an 
interchange, it is still an important factor. 
For example, the point at which volumes 
for an at-grade intersection exceed 
capacity may warrant an interchange, if 
the at-grade intersection cannot be 
practically upgraded. In addition, other 
factors, such as costs, right-of-way and 
environmental concerns, need to be 
considered. 

8. Interchange Spacing. When interchanges 
are spaced farther apart, freeway 
operations are improved. Spacing of 
urban interchanges should not be less 
than 1 mile. This should allow for 
adequate distance for an entermg driver 
to adjust to the freeway environment, to 
allow for proper weaving maneuvers 
between entrance and exit ramps, and to 
allow for adequate advance and turnoff 
signing. In urban areas, a spacing of less 
than 1 mile may be developed by grade­
separated ramps or by collector­
distributor roads. 

In rural areas, interchanges should be 
spaced not less than 3 miles apart. 
Desirably, the average spacing between 
interchanges throughout a highway 
corridor in suburban areas should be not 
less than 4 miles and, in rural areas, not 
less than 8 miles. 

9. Access. Interchanges may be warranted 
in areas where there is limited access 
available from other sources, and the 
freeway is the only facility that can 
practically serve the area. 

10. Existing Facilities. In general, ODOT and 
FHW A discourage providing new 
interchanges on existing access-controlled 
facilities. New access should be based 
upon the overall system needs and site 
limitations. In general, a new interchange 
on an existing facility will only be 
considered if its introduction will not 
violate ODOT criteria for the design of 
interchanges as presented in Chapter Ten. 
This includes: 

a. level of service criteria; 

b. interchange spacing guidelines; 

c. sufficient road-user benefits based on 
traffic volumes, accident history, etc.; 
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d. sufficient space available to meet 
specific geometric design criteria (e.g., 
length of acceleration/ deceleration, 
ramp design speed, weavmg 
distances); 

e. access control around interchanges; 
and 

f. reasonable construction costs. 

Typically, access to serve a single user 
(e.g., a shopping center) is not allowed. 

10.12 Safety Considerations 

Safety is an important consideration in the 
selection and design of an interchange. After 
many years of operating experience and safety 
evaluations, certain practices are considered 
less desirable at interchanges nationwide. 
The following summarizes several major 
safety considerations: 

1. Exit Points. Many interchanges have been 
built with exit points which could not 
clearly be seen by approaching drivers. 
Decision sight distance should be 
provided where practical at freeway exits, 
and the pavement surface should desirably 
be used for the height of object (0.0 ft). 
A 6-inch height of object is acceptable. 
See Section 10.3 for the application of 
decision sight distance to freeway exits. 
Proper advance signing of exits is also 
essential. 

2. Exit Speed Changes. Freeway exits 
should provide sufficient distance for a 
safe deceleration from the freeway design 
speed to the design speed of the first 
governing geometric feature on the ramp. 

3. Merges. Rear-end collisions on entrance 
merges onto a freeway may result from a 
driver attempting the complicated 

maneuver of simultaneously searching for 
a gap in the mainline traffic stream and 
watching for vehicles in front. An 
acceleration distance of sufficient length 
should be provided to allow a merging 
vehicle to attain speed and find a 
sufficient gap to merge into. 

4. Driver Expectancy. To avoid driver 
confusion, interchanges should be 
designed to conform to the principles of 
driver expectation. Left-hand merges are 
less desirable. It is difficult for a driver 
entering from a ramp to safely merge with 
the high-speed left lane on the mainline. 
Thus, use of left exits and entrances are 
discouraged, because they are not 
consistent with the concept of driver 
expectancy when they are mixed with 
right-hand entrances and exits. Other 
driver expectancy issues include avoiding 
the placement of exits beyond structures 
and avoiding the placement of exits in line 
with a freeway tangent section. 

5. Fixed-Objects. Because of traffic 
operations at interchanges, a number of 
fixed objects may be located within 
interchanges, such as signs at exit gores or 
bridge piers and rails. These should be 
removed, where practical, made 
breakaway or shielded with barriers or 
crash cushions. 

6. Wrong-Way Entrances. In almost all 
cases, wrong-way maneuvers originate at 
interchanges. Some simply cannot be 
avoided, but many result from driver 
confusion due to poor visibility, confusing 
ramp arrangement or inadequate signing. 
The interchange design must attempt to 
minimize wrong-way possibilities. 

7. Weaving. Areas of vehicular weaving may 
create a high demand on driver skills and 
attentiveness. Where practical, 
interchanges should be designed with few 
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weaving areas or, as an alternative, with 
weaving areas removed from the highway 
mainline (e.g., with collector-distributor 
roads). 

Figure 10.lAand Table 10.lA summarize the 
results of accident experience at interchanges 
from the Interstate System Accident Research 
Study II by FHW A. A general observation is 
that, the higher the level of confusion 
associated with the particular maneuver or 
the interchange as a whole, the higher the 
accident rate. It also illustrates the safety 
advantages for specific designs, such as the 
value of collector-distributor (C-D) roads. 
This data can be used when selecting and 
designing a new interchange or reconstructing 
an existing one. For example, the designer 
can estimate that, if an existing cloverleaf 
without C-D roads is reconstructed to include 
them, the ramps may realize approximately a 
38% reduction in accidents and the loops 
approximately a 51 % reduction. This alone 
may justify the inclusion of a C-D road at the 
reconstructed interchange. 

10.13 Traffic Operational Factors 

Several traffic operational factors are 
important in the design of an interchange. 

10.13.l Basic Number of Lanes 

The basic number of lanes is the minimum 
number of lanes exclusive of auxiliary lanes 
designated and maintained over a significant 
length of a route based on the overall 
operational needs of that section. The basic 
number of lanes should remain constant over 
significant distances. For example, a lane 
should not be dropped at the exit of a 
diamond interchange and then added at the 
downstream entrance simply because the 
traffic volume between the exit and entrance 
drops significantly. Likewise, a basic lane 

should not be dropped between closely spaced 
interchanges simply because the estimated 
traffic volume in that short section of highway 
does not warrant the higher number of lanes. 

10.132 Lane Balance 

Lane balance refers to certain principles 
which apply at freeway exits and entrances: 

1. Exits. At exits the number of approach 
lanes on the highway should equal the 
sum of the number of mainline lanes 
beyond the exit plus the number of exiting 
lanes minus one. 

2. Entrances. At entrances the number of 
lanes beyond the merging of the two 
traffic streams should be not less than the 
sum of the approaching lanes minus one. 

For example, dropping two lanes at a 2-lane 
exit ramp would violate the principle of lane 
balance. One lane should provide the option 
of remaining on the freeway. Lane balance 
would also prohibit immediately merging both 
lanes of a 2-lane entrance ramp into a 
highway mainline without the addition of at 
least one additional lane beyond the entrance 
ramp. Figure 10. lB illustrates how to 
coordinate lane balance and the basic number 
of lanes at an interchange. Figure 10. lB also 
illustrates how to achieve lane balance at the 
merging and diverging points of branch 
connections. 

10.133 Auxiliary Lanes 

As applied to interchange design, auxiliary 
lanes are most often used to comply with the 
principle of lane balance, to increase capacity, 
to accommodate weaving or to accommodate 
entering and exiting vehicles. An auxiliary 
lane may be dropped at an exit if properly 
signed and designed. The following state-
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Table 10.tA 

FREEWAY RAMP ACCIDENT RA1ES 

RAMP TYPE ACCIDENT RATE' 
ON OFF ON & OFF 

1. DIAMOND RAMPS ................... 40 67 53 

2. CLOVERLEAF RAMPS WITH COLLECTOR-
DISTRIBUTOR ROADS2 ............... 45 62 61 

3. DIRECT CONNECTIONS ............... 50 91 67 

4. CLOVERLEAF LOOPS WITH COLLECTOR-
DISTRIBUTOR ROADS2 ............... 38 40 69 

5. BUTTONHOOK RAMPS . .............. 64 96 80 

6. LOOPS WITHOUT COLLECTOR-
DISTRIBUTOR ROADS ................ 78 88 83 

7. CLOVERLEAF RAMPS WITHOUT 
COLLECTOR-DISTRIBUTOR ROADS .... 72 95 84 

8. TRUMPET RAMPS .................... 84 85 85 

9. SCISSORS RAMPS . ..................... 88 148 128 

10. LEFT SIDE RAMPS . .................. 93 219 191 

AVERAGE ................. 59 95 79 

Source: (2) 

ACCIDENI'S PER HUNDRED MILLION VEHICLES 

2 ONL y nm (ON & OFF) RATE INCLUDES TIIE ACCIDENTS OCCURRING ON TIIE COLLECTOR-DISfRIBUTOR ROADS 
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ments apply to the use of an auxiliary lane 
within or near interchanges: 

1. Within Interchange. Figure 10.lC 
provides the basic schematics of 
alternative designs for adding and 
dropping auxiliary lanes within 
interchanges. The selected design will 
depend upon traffic volumes for the 
exiting, entering and through movements. 

2. Between Interchanges. Where inter-
changes are closely spaced and an 
auxiliary lane is warranted at an entrance 
or exit, the designer should consider 
connecting the lane to the exit of the 
downstream interchange or entrance of 
the upstream interchange. 

Design details for exits and entrances are 
provided in Section 10.3, and design details 
for lane drops are provided in Section 10.5. 

10.13.4 Route Continuity 

All highways with interchanges are designated 
by route number. The major route should 
desirably flow continuously through the 
interchange. The driver should not be 
required to change lanes nor to exit to remain 
on the major route. Route continuity is 
consistent with driver expectancy, simplifies 
signing and reduces the decision demands on 
the driver. 

Interchange configurations should not 
necessarily favor the heavier traffic 
movement. There may occasionally be sites 
where it is advisable to design the interchange 
to provide route continuity despite the traffic 
volume movements. 

10.135 Signing and Pavement Marking 

Proper interchange operations depend 
partially on the compatibility between its 
geometric design and the traffic control 
devices at the interchange. The proper 
application of signs and pavement markings 
increases the clarity of paths to be followed, 
and the safety and operational efficiency. The 
logistics of signing along a highway segment 
also impacts the minimum acceptable spacing 
between adjacent interchanges. The Traffic 
Engineering Division will determine the use 
of traffic control devices at interchanges. 

10.1.3.6 Distance Between Successive 
Freeway /Ramp Junctions 

Frequently, successive freeway/ ramp junctions 
may need to be placed relatively close to each 
other, especially in urban areas. The distance 
between the junction should provide for 
vehicular maneuvering, signing and capacity. 
Figure 10. lD provides guidelines for 
recommended distances for spacings for 
various freeway/ramp junctions. The ramp­
pair combinations are entrance followed by 
entrance (EN-EN), exit followed by exit (EX­
EX), exit followed by entrance (EX-EN), 
entrance followed by exit (EN-EX) (except for 
cloverleaf loop ramps) and turning roadways. 
The criteria in Figure 10. lD are appropriate 
for the initial planning stages of interchange 
location. The final decision on the spacing 
between freeway/ ramp junctions will be 
based on the level-of-service criteria and on 
the detailed capacity methodology in the 
Highway Capacity Manual. 

10.1.4 General Design Considerations 

The following lists several basic design issues 
the designer should consider during the 
interchange analysis: 
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1. Desiw Year. The design year for the 
minor road intersecting the freeway 
should be the same as used for the 
freeway. The termination of other roads 
and streets in the area may generate a 
significant increase of traffic on the 
crossing facility. 

2. Over versus Under. The decision on 
whether the freeway should go over or 
under the cross road is normally dictated 
by topography. If the topography does 
not favor one over the other, the following 
factors can be used as a guide to 
determine which highway should cross 
over the other: 

a. The designer needs to consider which 
alternative will be more cost effective 
to construct. Some elements to 
consider are the amount of fill, 
grading, span lengths, angle of skew, 
gradients, sight distances, geometrics, 
constructability and traffic control. 

b. One benefit of the cross road going 
over the freeway is that this may 
improve the ramp gradients. As 
drivers exit the freeway, they will 
normally tend to slow down going up 
an exit ramp and speed up going 
down an entrance ramp. 

c. The alternative which provides the 
highest design level for the major road 
should be selected. Typically, the 
crossing road has a lower design 
speed; therefore, the designer can 
advantageously consider that the 
minor road usually has steeper 
gradients, lesser widths, reduced 
vertical clearance requirements, etc. 

d. If any crossings and/ or structures are 
planned for a future date, the 
mainline should go under these future 
crossings. Overpasses are easier to 

install and will be less disruptive to 
the major road when they are 
constructed in the future. 

3. Horizontal Distance. Figure 10.lE can be 
used in the preliminary design phase to 
quickly determine whether or not a grade 
separation is feasible for a given set of 
conditions, what gradients may be 
involved, and what profile adjustments 
may be necessary on the cross street. The 
designer should also carefully study sight 
distance impacts because these often 
dictate the horizontal distance. 

The required horizontal distances "D" in 
Figure 10. lE for a grade separation are 
equal to the length of the initial vertical 
curve, plus one-half the central vertical 
curve, plus the length of tangent between 
the curves. Longer curves are desirable. 
The lower terminal of the gradient lines 
on the chart, marked by a small circle, 
indicates the point where the tangent 
between the curves is zero and below 
which a design for the given grade is not 
feasible; i.e., this results in a profile 
condition where the minimum central and 
end curves for the gradient would overlap. 
The typical difference in elevation for 
highways for preliminary design computa­
tions is 23 ft, including structure depth. 
For highway bridges over railroads, this 
distance is usually 28 ft. 

********** 

Example 10-1: 

Given: Freeway over a cross road 
H = 22ft 
Design speed = 60 mph 
G = 3% 

Problem: Determine necessary horizontal 
distance for freeway to overpass 
the cross road. 
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Solution: From Figure 10. lE, read on the 
vertical axis H = 22' over to the 
line labeled "3% @ 60 mph." 
From this intersection, read down 
to the horizontal axis and find D 
-- 1180'. Therefore, it will 
require approximately 1200' of 
horizontal distance for the freeway 
to attain a 22' elevation above the 
crossing road without exceeding a 
grade of 3%. The solution to the 
example is illustrated on Figure 
10.lE. 

********** 

4. Under.pass Width. The approach cross 
section, desirably including clear zones, 
should be carried through the underpass. 
Including the clear zone allows for 
possible expansion in the future with 
minimal disruption to the overhead 
structure. In addition, wider underpasses 
also provide greater sight distance for at­
grade ramp terminals near the structure 

5. Uniformity. Interchange patterns should 
be uniform from one interchange to 
another. All ramps should desirably exit 
and enter on the right, and all exits should 
desirably be before the structure. Figure 
10. lF illustrates an inconsistent pattern 
and a consistent pattern. 

6. Testing for Ease of Operation. The 
designer should review the proposed 
design from the driver's perspective. This 
involves tracing all possible movements 
that an unfamiliar motorist would drive 
through the interchange. The designer 
should review the plans for areas of 
possible confusion, proper signing and 
ease of operation, and to determine if 
sufficient weaving distances and sight 
distances are available. The designer 
should have available the peak-hour 
volumes, number of traffic lanes, etc., to 

determine the type of traffic the driver 
will encounter. 

7. Grading. The designer should consider 
the grading around an interchange early 
in design. Properly graded interchanges 
allow the overpass structures to naturally 
blend into the terrain. In addition, the 
designer needs to ensure that the slopes 
are not too steep to support the bridge 
and roadways and that they can support 
plantings which prevent erosion and 
enhance the appearance of the area. 
Flatter slopes also allow for easier 
maintenance. 
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10.2 INTERCHANGE TYPE SELECTION 

10.2.1 General Evaluation 

Section 10.2.2 presents the interchange types 
which may be used at a given site. The 
Geometric Design Branch selects the type of 
interchange for the site. Typically, the Branch 
will evaluate several types for potential 
application. Each type should be evaluated 
considering: 

1. compatibility with the surrounding 
highway system; 

2. route continuity; 

3. uniformity of exit and entrance patterns; 

4. level of service for each interchange 
element (e.g., freeway /ramp junction, 
ramp proper); 

5. operational characteristics (single versus 
double exits, weaving, signing); 

6. road user impacts (travel distance and 
time, safety, convenience and comfort); 

7. driver expectancy; 

8. geometric design; 

9. construction and maintenance costs; 

10. potential for stage construction; 

11. right-of-way impacts and availability; and 

12. environmental impacts. 

In addition, three other overall factors also 
influence the selection of an interchange type: 

1. Basic Tmes. A freeway interchange will 
be one of two basic types. A "systems" 
interchange will connect freeway to 

freeway; a "service" interchange will 
connect freeway to a lesser facility. 

2. Urban/Rural. In rural areas where 
interchanges occur relatively infrequently, 
the design can be selected strictly on the 
basis of service demand and analyzed as a 
separate unit. In urban areas where 
restricted right-of-way and close spacing 
of interchanges are common, the type 
selection and design of the interchange 
may be severely limited. The operational 
characteristics of the intersecting road and 
nearby interchanges will be major 
influences on the design of an urban 
interchange. 

3. Movements. All interchanges should 
provide for all movements, even when the 
anticipated turning volume is low. An 
omitted maneuver may be a point of 
confusion to those drivers searching for 
the exit or entrance. In addition, 
unanticipated future developments may 
increase the demand for the maneuver. 

Figure 10.2A presents general guidance for 
interchanges that are adaptable on freeways 
based on the classification of the intersecting 
facilities in rural, suburban or urban 
environments. 

10.2.2 ~ 

This section describes the basic types of 
interchanges. Each interchange must be 
custom-designed to fit the individual site 
considerations. The final design may be a 
minor or major modification of one of the 
basic types or may be a combination of two or 
more basic types. 
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10.2.2.1 Three-Leg 

Three-leg interchanges, also known as T- or 
Y-interchanges, are provided at intersections 
with three legs. Figure 10.2B illustrates 
examples of 3-leg interchanges with several 
methods of providing the turning movement 
s. The trumpet type is shown in (A) where 
three of the turning movements are 
accommodated with direct or semi-direct 
ramps and one movement by a loop ramp. In 
general, the semi-direct ramp should favor the 
heavier left-turn movement and the loop the 
lighter volume. Where both left-turning 
movements are fairly heavy, the design in (B) 
may be suitable. A fully directional 
interchange ( C) is appropriate when all 
turning volumes are heavy, or the intersection 
is between two access-controlled highways. 
This would be the most costly type because of 
the necessary multiple structure. 

10.2.2.2 Diamond 

The diamond is the simplest and perhaps the 
most common type of interchange. One-way 
diagonal ramps are provided in each quadrant 
with two at-grade intersections provided at 
the minor road. If these two intersections can 
be properly designed, the diamond is usually 
the best choice of interchange where the 
intersecting road is not access controlled. 
Figure 10.2C illustrates schematics of typical 
diamond interchanges with and without 
frontage roads. Some of its advantages and 
disadvantages include: 

Advantages 

1. All traffic can enter and exit the mainline 
at relatively high speeds. Adequate sight 
distance can usually be provided, and the 
operational maneuvers are normally 
uncomplicated. 

2. Relatively little right-of-way is required. 

3. All exits from the mainline are made 
before reaching the structure. This 
conforms to driver expectancy and 
therefore minimizes confusion. 

4. Left-turning maneuvers require little extra 
travel distance. 

5. The diamond configuration easily allows 
modifications to provide greater ramp 
capacity, if needed in the future. 

6. Their common usage has resulted in a 
high degree of driver familiarity. 

Disadvantages 

1. There are potential operational problems 
with the two at-grade intersections at the 
minor road. 

2. There is greater potential for wrong-way 
entry onto the ramps. 

3. Sufficient intersection sight distance needs 
to be provided at the minor roads. 

10.2.23 Compressed Diamond 

Figure 10.2D illustrates a special type of 
diamond interchange - a "compressed" 
diamond. With this interchange, all legs of 
the interchange meet at a single point. Some 
of the advantages and disadvantages of this 
interchange are as follows: 

Advantages 

1. It can significantly increase the 
interchange capacity. This arrangement 
can alleviate the operational problems of 
having two closely spaced at-grade 
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"COMPRESSED" DIAMOND INIERCHANGE 

Figure 10.2D 

intersections on the minor road. In 
particular, it overcomes the left-turning 
lane storage problem for drivers wishing 
to enter the freeway. 

2. It only requires one signal instead of two 
at the typical diamond. 

Disadvanta&es 

1. It has a higher cost than the typical 
diamond because of the need for a larger 
structure. 

2. Careful consideration needs to be given to 
the design of channelization to minimize 
driver confusion and the likelihood of 
wrong-way maneuvers. 

3. There is a significantly wider pavement 
area for pedestrians to cross. 

4. Because of wide pavement areas, it 
requires longer signal clearance intervals. 

5. It is difficult to accommodate frontage 
roads. 

10.2.2.4 Three-Level Diamond 

Figure 10.2E illustrates a special type of 
diamond interchange called a "three-level" 
diamond. With this interchange, all of the at­
grade intersections are on a separate level 
than the two mainlines. Some advantages and 
disadvantages of this type of interchange are 
as follows: 

Advanta&es 

1. It can handle high traffic volumes. 

2. It uses less right-of-way than loop ramps. 

3. At-grade intersections are removed from 
both mainlines, thereby significantly 
increasing the capacity of the intersection. 
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Source: (1) 

1HREE-LEVEL DIAMOND INTERCHANGE 

Figure 10.2E 

4. One-way frontage roads can be easily 
incorporated into the interchange 
configuration. 

Disadvantages 

1. To make a left turn, a driver needs to 
pass through three at-grade intersections 
and/or traffic signals. 

2. The additional structures result in higher 
construction costs. 

10.2.25 Full Ooverleafs 

Cloverleaf interchanges are used at 4-leg 
intersections and employ loop ramps to 
accommodate left-tum movements. Loops 
may be provided in any number of quadrants. 
Full cloverleaf interchanges are those with 
loops in all four quadrants; all others are 
partial cloverleafs. 

\\.'here two access-controlled highways 
intersect, a full cloverleaf is the minimum type 
design interchange that will suffice. However, 
cloverleafs introduce several undesirable 
operational features such as the double exits 
and entrances from the mainline, the weaving 
between entering and exiting vehicles with the 
mainline traffic and, when compared to 
directional interchanges, the additional travel 
time and distance for left-turning vehicles. 
Therefore, at freeway-to-freeway interchanges 
a collector-distributor (C-D) road should be 
considered with a full cloverleaf, or a fully 
directional interchange should be provided. 
Figure 10.2F provides typical examples of full 
cloverleafs with and without C-D roads. See 
Section 10.5 for more discussion on C-D 
roads. 

Because of the undesirable operational 
features and the amount of right-of-way 
necessary for full cloverleafs, ODOT rarely 
builds new full cloverleaf interchanges; 
however, reconstruction of existing full 
cloverleaf interchanges may be necessary. 
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FUTJ. CLOVERLEAFS 

Figure 10.2F 
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DISTRIBUTOR 
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Source: (1) 
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Operational experience with full-cloverleaf 
interchanges has yielded several conclusions 
on their design. Subject to a detailed analysis 
on a site-by-site basis, the following generally 
pertain to the design of cloverleafs: 

1. Loop Radii. Considering all factors, loops 
can be practically designed for 
approximate radii of 100 to 150 ft for 
minor movements on highways with 
design speeds of 50 mph or less and for 
150 to 250 ft for more important 
movements on highways with higher 
design speeds. 

2. Design Speed Impacts. For every 5-mph 
increase in design (e.g., 20 to 25), the 
following results (approximately): 

a. a 50% increase in travel distance, 

b. a 130% increase in required right-of­
way, and 

c. a 20% - 30% increase in travel time. 

3. Loop Capacity. A loop rarely operates 
with other than a single line of traffic and, 
therefore, its design capacity is between 
800-1200 vph. The higher figure is only 
achievable where the design speed is 30 
mph or higher and few trucks use the 
loop. 

4. Weaving Volumes. An auxiliary lane may 
be provided between successive entrance/ 
exit loops within the interior of a 
cloverleaf interchange. This produces a 
weaving section between the mainline and 
entering/ exiting traffic. When the total 
volume on the two successive ramps 
reaches approximately 1000 vph, 
interference increases rapidly with a 
resulting reduction of the through traffic 
speed. At these weaving volume levels, a 
collector-distributor road should be 
considered. 

Some of the advantages and disadvantages of 
full cloverleafs include: 

Advantages 

1. Full cloverleafs eliminate all at-grade 
intersections and, therefore, eliminate left 
turns. 

2. Full cloverleafs are intended to eliminate 
all vehicular stops through the use of 
merges. 

3. Where right-of-way is reasonably 
inexpensive, full cloverleafs may be a 
practical option. 

Disadvantages 

1. Full cloverleafs require more right-of-way 
and are more expensive than diamonds. 

2. Full cloverleafs result in weaving sections. 

3. The loops in cloverleafs result in a greater 
travel distance for left-turning vehicles 
than do diamonds, and the loops operate 
at lower speeds. 

4. All exits and entrances at diamonds are 
conducted before reaching the structure, 
which conforms to driver expectancy. 
This is not true of full cloverleafs, and the 
double exits introduce signing problems. 

5. Ramps at diamond interchanges can be 
widened to increase capacity. Loop 
ramps, regardless of width, almost always 
operate in a single line therefore limiting 
capacity. 

6. Pedestrian movements along cross streets 
are difficult to safely accommodate at 
cloverleaf interchanges. 
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10.2.2.6 Partial Ooverleafs 

Partial cloverleaf interchanges are those with 
loops in one, two or three quadrants. They 
are appropriate where right-of-way 
restrictions ·preclude ramps in one or more 
quadrants. They are also advantageous where 
a left turn movement can be provided on the 
major road by a loop without the immediate 
presence of an exiting loop from the major 
road. Figure 10.2G illustrates eight examples 
of partial cloverleafs. In "A" and "C" both 
left-tum movements onto the major road are 
provided by loops, a distinct preference. In 
"B" and "D" left-tum movements are necessary 
across the major road, which can cause 
problems. Therefore, the partial cloverleaf 
arrangements in "A" and "C" should be used 
wherever practical. The other examples 
illustrate two loops in opposite quadrants and 
loops in three quadrants. 

Several of the advantages and disadvantages 
listed for full cloverleafs also apply to partial 
cloverleafs (e.g., geometric restriction of 
loops). Some specific advantages of partial 
cloverleafs include: 

1. Partial cloverleafs are often appropriate 
where one or more quadrants present 
serious right-of-way and/ or terrain 
problems. 

2. Partial cloverleafs may reduce the number 
of left-tum movements when compared to 
a diamond interchange. 

3. Depending upon site conditions, partial 
cloverleafs may offer the opportunity to 
increase weaving distances. · 

10.2.2.7 Directional and Semi-Directional 

The following definitions apply to directional 
~nrl ~,:>mi-drr'r.,.ct1"ona1 &ntorl"'h'lnno<.!• 
"6.-1.1.- ~-&&&.L - - • I. .ii. ll.1.~'"".I. '-'l.ALL.l.l.f)'"""• 

1. Semi-Direct Connection --A ramp that is 
indirect in alignment, yet more direct than 
loops (see Figure 10.2H). 

2. Direct Connection -- A ramp that does 
not deviate greatly from the intended 
direction of travel (see Figure 10.21). 

3. Semi-Directional Interchange An 
interchange where one or more left-tum 
movements are provided by semi-direct 
connections, even if the minor left-tum 
movements are accommodated by loops 
(Figure 10.2H). 

4. Directional Interchanges An 
interchange where one or more left-tum 
movements are provided by direct 
connection, even if the minor left-tum 
movements are accommodated by loops 
(Figure 10.21). 

5. Fully Directional Interchange -- An 
interchange where all left-tum movements 
are provided by direct connections (see 
"D" in Figure 10.2I). 

Direct or semi-direct connections are used for 
heavy left-tum movements to reduce travel 
distance, increase speed and capacity and 
eliminate weaving. These type connections 
allow an interchange to operate at a better 
level of service than is possible with cloverleaf 
interchanges. 

Directional or semi-directional interchanges 
are most often warranted in urban areas at 
freeway-to-freeway or freeway-to-arterial 
intersections. They require less right-of-way 
than cloverleaf interchanges. A fully 
directional interchange provides the highest 
possible capacity and level of service, but it is 
extremely costly to build because of the 
multiple-level structure required. 

Figures 10~2H and 10.21 illustrate several 
semi-directional and directional interchanges. 
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-A-

ON BOTH SIDES OF MAJOR ROAD 
LEFT TURNiS. NONE ON MAJOR ROAD 

• FOUR ON MINOR ROAD 

-c-

ON BOTH SIDES OF MNOR ROM 
LEFT TURNS: ~g~~ g~ ~~::g~ 

-B-

AVOID USE 
IF PRACTIClil.. 

ON SAME SIDE OF MAJOR ROM> 
LEFT TURNS• FOUR ON MAJOR ROAD 

• NONE ON MINOR ROAD 

-0-

AVOID USE 
IF PRACTIClil.. 

ON SAME SOE OF MAJOR ROM> 
LEFT TURNS. FOUR ON MAJOR ROAD 

• NONE ON MINOR ROAD 

TWO QUADRANTS MJACENT 

July 1992 

Source: (1) 

PARTIAL CLOVERLEAF ARRANGEMENTS 

Figure 10.2G 
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-E-

M1'JOR ROM EXITS ON NEAR SIDE 
LEFT TURNS: ~g~~ g~ ~~g: :g: 

-F-

M1'JOR ROM EXITS ON r AR SIDE 
LEFT TURNS• NONE ON MAJOR ROAD 

• f'OUR ON MINOR ROAD 

TWO OUMRN'lTS DIAGONN.L Y OPPOSITE 

TWO M1'JOR ROM EXITS ON NEAR SIDE 
ONE ON FAR SIDE 

LEFT TURNS• NONE ON MAJOR ROAD 
• f'OUR ON MINOR ROAD 

THREE OUMRN'lTS 

M1'JOR ROM EXITS ON NEAR SIDE 
LEf T TURNS• NONE ON MAJOR ROAD 

• TWO ON MINOR ROAD 

FOUR QUMRN'lTS 

PARTIAL CLOVERLEAF ARRANGEMENTS 
(Continued) 

Figure 10.2G 

July 1992 
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-A- -8-

SEMI-DIRECTIONAL INTERCHANGES 

-A-

-c-

Figure 10.2H 

-4 - LEVEL 
STRUCTURE 

DIRECTIONAL INTERCHANGES 

Figure 10.21 

-B-

-D-

July 1992 
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In comparing "D" in Figure 10.21 with the 
other directional interchanges, "D" is the only 
design with no left-hand exits or entrances 
from the mainline, which is very desirable. 

July 1992 
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103 FREEWAY /RAMP JUNCTIONS 

103.1 Exit Ramps 

103.1.1 Types of Exit Ramps 

ODOT uses two basic types of exit ramps -­
the taper design and the parallel design. 
ODOT policy is to provide taper exit ramps 
whenever practical. The taper exit is the 
design generally pref erred by drivers because 
it provides a clear path of departure. 
However, there are several situations where 
the parallel design may be more appropriate: 

1. where a taper design cannot provide the 
needed deceleration distance prior to a 
sharp curve on the ramp; 

2. where a ramp exit is just beyond a 
structure and there is insufficient sight 
distance available to the ramp gore. The 
signing and sight distance restrictions 
often require the ramp terminus to begin 
prior to the structure; a taper design 
could require significant widening of the 
structure; 

3. where the capacity of the at-grade ramp 
terminal is insufficient and ramp traffic 
may back up onto the freeway; 

4. where the exit ramp departs from a 
horizontal curve on the mainline. The 
parallel design is less confusing to through 
traffic and will normally result in 
smoother operations. The parallel design 
may also be required to meet ODOT's 
cross slope rollover criteria; and 

5. where there is a need for a continuous 
auxiliary lane (see Section 10.3.3). 

The following figures illustrate ODOT's 
design details for exit ramps: 

1. Figure 10.3A illustrates the ODOT typical 
taper exit ramp for uncurbed facilities. 
The design speed of the mainline is 60 
mph, and the design speed of the exit 
curve at the freeway /ramp junction is 45 
mph or higher. NOTE: 50 mph should 
be the minimum ramp speed for this 
design; 45 mph may be used in restricted 
locations. 

2. Figure 10.3B illustrates the ODOT typical 
taper exit ramp for uncurbed facilities. 
The design speed of the mainline is 70 
mph, and the design speed of the exit 
curve at the freeway /ramp junction is 50 
mph or higher. 

3. Figure 10.3C illustrates the ODOT typical 
parallel-lane exit ramp for uncurbed 
facilities. 

4. Figure 10.30 illustrates the typical exit 
gore design for a curbed ramp. See 
Section 10.4 for criteria on when to use 
the curbed ramp design. 

103.12 Taper Rates 

The taper rate is the angle upon which the 
ramp departs from the mainline. The taper 
length is typically 500 ft to 550 ft, depending 
upon design speeds (see Figures 10.3A and 
10.3B). For a parallel-lane exit design, the 
taper rate applies to the beginning taper of 
the parallel lane. This distance is typically 
200 ft - 300 ft (see Figure 10.3C). 

103.13 Deceleration 

Sufficient deceleration distance is needed to 
safely and comfortably allow an exiting vehicle 
to leave the freeway mainline. All 
deceleration should desirably occur within the 
full width of the exit lane. The length of 
deceleration will depend upon the design 
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speed of the mainline and the design speed of 
the first governing geometric control on the 
exit ramp. This will most often be a 
horizontal curve but could be, for example, 
stopping sight distance on a crest vertical 
curve. Table 10.3A provides the deceleration 
distance for various combinations of highway 
design speed and exit design speed. Greater 
distances should be provided if practical. 
Lengths of at least 800 ft are desirable for the 
parallel-lane design. If the deceleration will 
occur on a grade of 3% or more, the length of 
the lane should be adjusted according to the 
criteria in Table 10.3B. 

The specific use of the deceleration criteria to 
horizontal curves warrants some elaboration. 
The following will apply: 

1. The design speed of the first horizontal 
curve on the exit ramp will be determined 
by open-highway conditions (e.g., side­
friction factors (f) and the distribution 
method between f and superelevation) 
where the radius > 500 ft (see Chapter 
Six). Where R s 500', turning roadway 
conditions may be assumed (see Chapter 
IX of Reference (1)). 

2. Based on the design speeds of the 
highway and the first curve on the exit 
ramp, Table 10.3A will yield the required 
length of deceleration. This will apply 
from the point where the exit ramp 
becomes 12 ft to the PC of the horizontal 
curve. 

3. Where ramp lengths are short, the 
deceleration length may be determined 
based on the distance required to 
decelerate from the mainline design speed 
to zero (a stop condition at an at-grade 
intersection). 

10.3.1.4 Sight Distance 

Decision sight distance should be provided for 
drivers approaching a freeway exit. This sight 
distance is particularly important for exit 
loops immediately beyond a structure. 
Vertical curvature or bridge piers can obstruct 
the exit points if not carefully designed. 
When measuring for adequate sight distance, 
the desirable height of object will be 0.0 ft 
(the roadway surface); it is acceptable to use 
6 inches. 

10.3.1.5 Superelevation 

The superelevation for horizontal curves in 
the vicinity of the freeway /ramp junction 
must be developed to properly transition the 
driver from the mainline to the curvature at 
the exit. The principles of superelevation for 
open highways, as discussed in Chapter Six, 
should be applied to the freeway/ramp 
junction. Figures 10.3A and 10.3B illustrate 
superelevation development at the junction. 

Tables 10.3C and 10.3D provide the detailed 
superelevation criteria for various 
combinations of mainline and ramp design 
speeds. These tables are used in conjunction 
with Figures 10.3A and 10.3B. 

The following will apply to superelevation 
development at exit ramps: 

1. ~max· On the exit ramp portion of the 
freeway /ramp junction, the typical emax is 
0.06. An emax = 0.08 may be used for 
loop ramps and/or where restrictive site 
conditions dictate the need for sharper 
curvature. 

2. Superelevation Rate. As discussed in 
Chapter Six, Method 5 is used for open 
highways to distribute superelevation and 
side friction. Therefore, Table 10.3C or 
10.3D ( emax = 0.06) or Table 6.2B ( emax = 
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* 

Highway Average 
Design Running 
Speed Speed 
(mph) (mph) 

(V) (Va) 

30 28 

40 36 

50 44 

60 52 

65 55 

70 58 

Table 103A 

IENGTIIS FOR DECELERATION* 
(Passenger Cars) 

L = Deceleration Length (ft) 

For Design Speed Of First Governing Geometric Control (mph) 
(V') 

Stop 15 20 25 30 35 40 45 50 

For Average Running Speed (mph) (V' 8 ) 

0 14 18 22 26 30 36 40 44 

235 185 160 140 - - - - -
315 295 265 235 185 155 - - -
435 405 385 355 315 285 225 175 -
530 500 490 460 430 410 340 300 240 

570 540 530 490 480 430 380 330 280 

615 590 570 550 510 490 430 390 340 

These values are for grades less than 3%. See Table 10.3B for steeper upgrades or downgrades. 

r12' - :::--..... 
I L -~v~ .... , •-----=--~I 

TAPER TYPE PARALLEL TYPE 

Note: The deceleration lengths are calculated from the distance needed for a passenger car to 
decelerate from the highway mainline to the first governing geometric control on the exit 
ramp. The basic assumptions within the AASHTO deceleration model are: 

1. The vehicle is initially traveling at the average running speed of the highway mainline. 

2. The vehicle decelerates in gear for 3 seconds of travel time. 

3. The driver brakes the vehicle at a "comfortable" rate until it reaches the average 
running speed of the first governing geometric control. 

The AASHTO deceleration model is discussed in detail on pp. 348-351 of Reference (4). 
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Table 103B 

SUGGESIBD GRADE ADJUSTMENTS FOR DECELERATION 

Ratio of Deceleration Length on Grade to Length on Level 

Direction of 
Grade < 3% 3% .$.. G < 5% 5% .$.. G < 7% G 2=.. 7% 

Upgrade* 1.0 0.9 0.8 0.7 

Downgrade 1.0 1.2 1.35 1.5 

* Upgrade adjustment is typically only used in restricted locations. 

Notes: 1. Table applies to all highway design speeds. 

Example 

Given: 

Problem: 

Solution: 

2. The "grade" in the table is the avera~e grade over the distance used for measuring 
the length of deceleration. 

Highway Design Speed 
First Exit Curve Design Speed 
Average Grade 

Determine length of deceleration. 

70 mph 
40 mph 
5 % downgrade 

Table 10.3A yields a minimum deceleration length of 430 ft on the level. According 
to Table 10.3B, this should be increased by 1.35. 

Therefore: L =:= 430 x 1.35 
L = 581 ft 

The needed 581-ft distance means that a parallel-lane exit would be used. Desirably, 
an 800-ft full-width parallel lane would be used. 
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D 
Exit Curve 

3°00 1 
30151 
30301 

3°45 1 
4°00 1 

4°15' 
40301 
4°45' 
5°00' 

5°30' 
6°00 1 
6°30 1 

7°00' 
70301 
8000• 
8030• 

~: 

INTERCHANGES 

Table 103C 

SUPERELEVATION DEVELOPMENT 
(Freeway /Ramp Exits, V = 60 mph (Mainline)) 

V=45 mph 
Exit Curve 

V=50 mph 
Exit Curve 

V=55 mph 
Exit Curve 

Trans. Trans. Trans. 
s Le~~h s Le~~h s Le~~th 

(ft (ft (ft 

.040 65 .045 80 .050 100 

.041 65 .046 85 .052 105 

.043 75 .048 90 .054 115 

.045 80 .050 95 .055 115 

.046 80 .052 105 .057 125 

.048 90 .053 105 .058 125 

.049 90 .054 110 .059 130 

.050 95 .055 115 .060 135 

.051 100 .056 115 .060 135 

.054 105 .058 125 Dmax = 5°15' 

.055 110 .059 125 

.057 115 .060 130 

.058 120 Dmax = 6°45' 

.059 120 

.060 125 

.060 125 emax = 0.06 
Dmax = go30• 

1. Superelevation rates are based on open-road conditions. See Chapter Six. 

2. Transition lengths for freeway /ramp exits are calculated by : 

Where: 

4'1R = (S - .02) x 15 x RSavg 

4/R 
s 
.02 
15 

superelevation transition length, ft 
superelevation rate for exit curve 
typical cross slope of mainline 
typical ramp width, ft 

July 1992 

V=60 mph 
Exit Curve 

Trans. 
s Let~h (ft 

.055 120 

.057 125 

.058 130 

.059 130 

.060 135 
Dmax = 4°15' 

RS avg = average relative longitudinal slope between mainline design speed and exit 
curve design speed. See Table 6.2F. 

Desirably, 4-tR will be based on two seconds of travel time using a travel speed equal to the average 
between the mainline design speed and the exit curve design speed. See Chapter Six for more 
information on superelevation transitions. 
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D 
Exit Curve 

30001 
30151 
30301 

3°45 1 

4°00 1 

4°15 1 
40301 

4°45 1 

5°00' 
50301 
60001 
60301 

~: 

INTERCHANGES 

Table 103D 

SUPERELEVATION DEVELOPMENT 
(Freeway /Ramp Exits, V =70 mph (Mainline)) 

V=50 mph V=55 mph V=60 mph 
Exit Curve Exit Curve Exit Curve 

Trans. Trans. Trans. 
s Let~h s Le~~h s Let~ (ft (ft (ft 

.045 85 .050 105 .055 125 

.046 90 .052 115 .057 135 

.048 95 .054 120 .058 135 

.050 105 .055 125 .059 140 

.052 110 .057 130 .060 145 

.053 115 .058 135 Dmax = 4°15' 

.054 115 .059 140 

.055 120 .060 140 

.056 125 .060 140 

.058 130 Dmax = 50151 

.059 135 emax = 0.06 

.060 135 

July 1992 

1. Superelevation rates are based on open-road conditions. See Chapter Six. 

2. Transition lengths for freeway /ramp exits are calculated by : 

Where: 

4'1R = (S - .02) x 15 x RSavg 

4-tR superelevation transition length, ft 
S superelevation rate for exit curve 
.02 typical cross slope of mainline 
15 typical ramp width, ft 
RSavg average relative longitudinal slope between mainline design speed and exit 

curve design speed. See Table 6.2F. 

Desirably, Li,1R will be based on two seconds of travel time using a travel speed equal to the average 
between the mainline design speed and the exit curve design speed. See Chapter Six for more 
information on superelevation transitions. 
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0.08) will be used to determine the proper 
superelevation rate for horizontal curves. 
The designer will use the ramp design 
speed and the degree of curve to read 
into the tables to determine "S", subject to 
Dmax for the ramp design speed. 

3. Transition Length. Where the mainline is 
on tangent or curving in the same 
direction as the exit ramp, the 
superelevation transition lengths 
presented in Tables 10.3C and 10.3D will 
be used to transition the exit ramp from 
the mainline cross slope (for a taper exit) 
or from the parallel lane cross slope (for 
a parallel-lane exit) to the superelevation 
rate at the PC assuming the cross slope is 
2%. 

Where the mainline is curving away from 
the exit ramp, a parallel-lane design will 
ease the superelevation transition 
development. Where a taper exit design 
is used, the superelevation transition 
length will transition the ramp from the 
mainline cross slope at the exit ramp 
departure to the superelevation rate at 
the PC. The designer should use a 
variation of the basic equation to 
determine the transition length: 

(10-1) 

where: 

LF/R = superelevation transition 
length (from Son mainline 
to S on ramp), ft 

s1 = full superelevation rate of 
the exit ramp curve (use 
absolute value) 

S2 = superelevation of mainline 
at the exit ramp departure 
(use absolute value) 

w = 15 ft 

= relative longitudinal 
gradient based on the 
average design speed 
between highway mainline 
and exit ramp curve (see 
Table 6.2F) 

Example 10-2 

Given: Design speed highway mainline = 
70 mph 

Design speed exit ramp curve = 
50 mph 

Left-curving mainline 
Right-side exit ramp 
S1 = .045 
S2 = .020 (mainline super­

elevation rate) 

Problem: Determine superelevation 
transition length for a taper exit 
ramp. 

Solution: RS81 is calculated by averaging 
RS or 70 mph and 50 mph. 
From Table 6.2F, this yields 225. 
Using Equation 10-1: 

LF/R = (S1 + S2) x W x RSav 
LF/R = (.045 + .028) x 15 x ~25 
LF/R = 247' 

Desirably, LF/R will be based on 2 seconds 
of travel time using the average between 
the mainline design speed and the exit 
curve design speed. See Chapter Six for 
more information on superelevation 
transitions. 

3. Distribution. The superelevation 
transition length should be distributed 
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such that 75% of the length is in advance 
of the PC and 25% of the length is 
beyond the PC. However, at 
freeway /ramp junctions, field conditions 
may make this distribution impractical, 
and a different distribution may be 
necessary. The distribution may also be 
adjusted to provide smooth ramp edge 
profiles. 

4. Axis of Rotation. The axis of rotation is 
typically about the baseline which is 
normally the right edge of the ramp 
travelway. For taper exits, the rotation 
will desirably begin where the taper wedge 
is 12-ft wide. It may begin where the 
wedge is 2-ft wide. For parallel-lane exits, 
the axis of rotation may be anywhere 
beyond the entrance taper. 

103.1.6 Crrnw Slope Rollover 

The cross slope rollover is the algebraic 
difference between the slope of the through 
lane and the slope of the exit lane and/or 
gore. The following will apply: 

1. Up to Physical Gore. The cross slope 
rollover should not exceed a range of 4%-
5%. 

2. From Physical Gore to Gore Nose. The 
cross slope rollover should not exceed 8%. 

3. Draina&e Inlets. Where required, these 
are normally placed between the physical 
gore and gore nose. The presence of 
drainage inlets may require two breaks in 
the gore cross slppe. These breaks should 
meet the criteria in Comment #'s 1 or 2, 
depending on the inlet location. 

103.1.7 Shoulders 

The right shoulder of the mainline will be 
transitioned to the narrower shoulder of the 
ramp. As illustrated in the typical exit ramp 
figures ( uncurbed), the shoulder width along 
the mainline will be maintained until the 
physical nose. The shoulder width will then 
be transitioned to the ramp right shoulder 
width (typically 8 ft) at a rate of Z: 1 based on 
the design speed of the horizontal curve at 
the freeway /ramp junction. Criteria for Z are 
presented in Figures 10.3A and 10.3B. 

In restricted areas, it is acceptable to provide 
an 8-ft minimum right shoulder through the 
exit taper area. 

10.3.1.8 Gore Area 

The gore area is normally considered to be 
both the paved triangular area between the 
through lane and the exit ramp, plus the 
graded area which may extend a few hundred 
feet downstream beyond the gore nose. The 
following definitions will apply (see Figures 
10.3A and 10.3B): 

1. Painted Nose. This is the point (without 
width) where the pavement striping on the 
left side of the ramp converges with the 
stripe on the right side of the mainline 
travelway. 

2. Physical Gore. This is the point where 
the ramp and mainline shoulders 
converge, and the point where the full­
depth travelway pavement structure ends. 
As illustrated in Figures 10.3A and 10.3B, 
the physical gore has a dimensional width 
of 14 ft. 

3. Gore Nose. This is the point where the 
paved shoulder ends and the sodded area 
begins as the ramp and mainline diverge 
from one another. As illustrated in 
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Figures 10.3A and 10.3B, the gore nose 
has a dimensioned width of 10 ft between 
paved shoulders. 

The following should be considered when 
designing the gore: 

4. Obstacles. If practical, the area beyond 
the gore nose should desirably be free of 
all obstacles (except the ramp exit sign) 
for approximately 100 ft beyond the gore 
nose. Any obstacles within 300 ft of the 
gore nose will be breakaway or shielded 
by a barrier. (See Chapter Eleven). 

5. Side Slopes. The graded area beyond the 
gore nose should be as flat as practical. If 
the elevation between the exit ramp or 
loop and the mainline increases rapidly, 
this may not be practical. These areas 
will likely be non-traversable and the gore 
design must shield these areas from the 
motorist. At some sites, the vertical 
divergence of the ramp and mainline will 
warrant protection for both roadways 
beyond the gore (see Chapter Eleven). 

6. Cross Slopes. The paved triangular gore 
area between the through lane and exit 
ramp should be safely traversable. The 
cross slope is the same as that of the 
mainline (typically 2% on tangent) from 
the painted nose up to where the gore 
width is 2-ft wide. Beyond this point, the 
gore area should have a uniform slope at 
a rate which is intermediate between the 
slope of the through lane and the slope of 
the exit ramp. See Section 10.3.1.6 for 
criteria on breaks in cross slopes within 
the gore area. 

7. Traffic Control Devices. Signing in 
advance of the exit and at the divergence 
should be according to the MUTCD. This 
also applies to the pavement markings in 
the triangular area upstream from the 
gore nose. 

103.1.9 Escape Taper 

When a lane is being dropped at the exit, 
such as a continuous auxiliary lane, special 
design considerations are necessary at the 
gore area of the exit. An area needs to be 
provided to allow a driver, who may have 
missed the signing, an opportunity to merge 
left into the through lanes. Figure 10.3E 
provides the typical details on how to properly 
design the gore area to provide these drivers 
with an escape taper. 

103.2 Entrance Ramps 

1032.1 Types 

ODOT uses two types of entrance freeway/ 
ramp junctions -- the taper design and the 
parallel design. ODOT's general practice is 
that the taper design should be used whenever 
practical. However, there are special cases 
where a parallel design may be more 
practical. The following lists a few examples: 

1. Where the LOS for the freeway/ramp 
merge approaches capacity, a parallel 
design may be used to allow the driver 
more time to merge into the through 
traffic. 

2. Where the acceleration length needs to be 
lengthened for grades and/or trucks, the 
parallel design provides longer distances 
more easily than a taper design. 

3. Where there is insufficient sight distance 
available for the driver to merge into the 
mainline (e.g., where there are sharp 
curves on the mainline), the parallel 
entrance ramp allows a driver to use the 
side-view and rear-view mirrors to locate 
gaps in the mainline traffic. 

4. Where the need has been satisfied for a 
continuous auxiliary lane, a parallel-lane 
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entrance is appropriate. See Section 
10.3.3. 

The following figures illustrate ODOTs 
design details for entrance ramps: 

5. Figure 10.3F illustrates the ODOT typical 
taper entrance design for an uncurbed 
ramp. The design speed of the mainline 
is 60 mph, and the design speed of the 
approach curve on the entrance ramp is 
45 mph or higher. NOTE: 50 mph 
should be the minimum ramp speed for 
this design; 45 mph may be used in 
restricted locations. 

6. Figure 10.3G illustrates the ODOT typical 
taper entrance design for an uncurbed 
ramp. The design speed of the mainline 
is 70 mph, and the design speed of the 
approach curve on the entrance ramp is 
50 mph or higher. 

7. Figure 10.3H illustrates the ODOT typical 
parallel-lane entrance design for an 
uncurbed ramp. 

8. Figure 10.31 illustrates the ODOT typical 
gore design for a curbed entrance ramp. 

10.3.2.2 Taper Rates 

The taper entrance design merges into the 
freeway with a long, uniform taper (see 
Figures 10.3F and G). 

For parallel-lane entrance ramps, the taper at 
the merge point is 300 ft minimum (see 
Figure 10.3H). Where a parallel acceleration 
lane exceeds 1300 ft, uniform 50:1 to 70:1 
tapers are recommended. 

10.3.2.3 Acceleration 

Driver comfort, traffic operations and safety 
will be improved if sufficient distance is 
available for acceleration. The length for 
acceleration will primarily depend upon the 
design speed of the last controlling horizontal 
curve on the entrance ramp and the design 
speed of the mainline. On the ODOT typical 
entrance design figures, this is called the 
approach curve. 

Table 10.3E provides m1mmum lengths of 
acceleration for passenger cars. For a taper 
design, the acceleration distance is from the 
last controlling curve to the point where the 
lane narrows down to 12 ft (see Figures 10.3F 
and G). For a parallel-lane design, the 
acceleration distance is measured from the 
PC of the last controlling curve to the begin­
ning of the taper (see Figure 10.3H). Where 
upgrades of 3% or more occur over the accel­
eration distance, adjustments should be con­
sidered in its length according to Table 10.3F. 

The values in Table 10.3E provide sufficient 
distance for vehicular acceleration of 
passenger cars. Where the mainline and 
ramp will carry traffic volumes approaching 
the design capacity of the merging area, the 
available acceleration distance should 
desirably total 1200 ft, exclusive of the taper, 
to provide additional merging opportunities. 
This distance is measured from the PT of the 
ramp entrance curve. 

Where there are a significant number of 
trucks to govern the design of the ramp, the 
truck acceleration distances provided in Table 
10.3G should be considered. Typical areas 
where trucks might govern the ramp design 
will include weigh stations, truck stops, rest 
areas and transport staging terminals. At 
other freeway /ramp entrances, the truck 
acceleration distances should be considered 
where there is substantial entering truck 
traffic and where: 
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Highway 
Speed 

Design 
Reached 

Speed 
(mph) 

(mph) 
(V) (Va) 

30 23 

40 31 

50 39 

60 47 

70 53 

IN1ERCHANGES 

Table 10.3E 

LENGTHS FOR ACCELERATION* 
(Passenger Cars) 

L = Acceleration Length (ft) 

July 1992 

For Design Speed Of First Governing Geometric Control (mph) 
(V') 

Stop 15 20 25 30 35 40 45 50 

For Average Running Speed (mph) (V'8 ) 

0 14 18 22 26 30 36 40 44 

190 - - - - - - - -
380 320 250 220 140 - - - -
760 700 630 580 50Q 380 160 - -

1,170 1,120 1,070 1,000 910 800 590 400 170 

1,590 1,540 1,500 1,410 1,330 1,230 1,010 830 580 

* These values are for grades less than 3%. See Table 10.3F for steeper upgrades or downgrades. 

v 
-t2'r - 0 

TAPER TYPE 

~~------------~"ar_.----

V~ -1· _L -·I 
PARALLEL TYPE 

Note: The acceleration lengths are calculated from the distance needed for a passenger car to 
accelerate from the average running speed of the entrance curve to a speed of 5 mph below 
the average running speed on the mainline. The theoretical basis for the acceleration 
distances is presented on pages 351-355 of Reference (4). 
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Table 103F 

SUGGESIBD GRADE ADJUSTMENTS FOR ACCELERATION 

Design Speed of 
Ratio of Length on Grade to Length on Level For 

Design Speed of Ramp Curve (mph) 
Highway (mph) 

20 30 40 50 All Speeds* 

3% SGS 4% (Upgrade) 3% SGS 4% (Downgrade) 
40 1.3 1.3 - - 0.7 
50 1.3 1.4 1.4 - 0.65 
60 1.4 1.5 1.5 1.6 0.6 
70 1.5 1.6 1.7 1.8 0.6 

G > 4% (Upgrade) G > 4% (Downgrade) 
40 1.5 1.5 - - 0.6 
50 1.5 1.7 1.9 - 0.55 
60 1.7 1.9 2.2 2.5 0.5 
70 2.0 2.2 2.6 3.0 0.5 

* The downgrade adjustment may only be used 1) where the truck acceleration distances in Table 
10.G apply, or 2) for 3R freeway projects. 

Notes: 1. No adjustment is needed on grades less than 3%. 

2. The "grade" in the table is the average grade measured over the distance for which 
the acceleration length applies. 

Example 

Given: 

Problem: 

Solution: 

Highway Design Speed 
Entrance Ramp Curve Design Speed 
Average Grade 

Determine length of acceleration. 

70 mph 
40 mph 
5% upgrade 

Table 10.3F yields an acceleration length of 1010 ft on the level. According to Table 
10.3F, this should be increased by 2.6. 

Therefore: L = 1010 x 2.6 
L = 2626 ft 

A 2626-ft acceleration length should desirably be provided from the PT of the 
entrance ramp curve to the last point at which the full width of the entrance ramp 
is available. However, the 1010-ft acceieration distance would be acceptable; the 
additional distance would be appropriate if judged to be practical and cost effective. 
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Highway 
Speed 

Design Reached 
Speed 

(mph) (mph) 
(Va) (V) 

30 18 

40 26 

50 34 

60 42 

70 48 

INTERCHANGES 

Table 103G 

IBNGTIIS FOR ACCELERATION 
(300 lb/hp Trucks) 

L = Acceleration Length (ft) 

For Entrance Curve Design Speed (mph) (V') 

Stop 15 20 25 30 35 40 

And Initial Speed (mph) (V' a) 

0 14 18 22 26 30 36 

150* - - - - - -
350* 300* 250* 150* -* - -
900 850 800 700 600 450 -

2,200 2,150 2,100 2,000 1,900 1,800 1,000 

3,700 3,700 3,700 3,600 3,400 3,300 2,700 

July 1992 

45 50 

40 44 

- -
- -
- -

900 -

1,950 1,100 

* For these speeds, the minimum lengths for passenger cars in Table 10.3E will apply. 

12·r Va 

~ 
Va 

......-:::: -
-1 J. .J v~ :,--1· L v· L 0 

TAPER TYPE PARALLEL TYPE 

Note: The acceleration lengths are calculated from the distance needed for a 300 lb/hp truck to 
accelerate from the average running speed of the entrance curve to a speed of 10 mph 
below the average running speed on the mainline. 
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1. there is LOS D or worse at the junction, 

2. there is a significant accident history 
involving trucks which can be attributed to 
an inadequate acceleration length, and/or 

3. there is an undesirable level of vehicular 
delay at the junction attributed to an 
inadequate acceleration length. 

Where the upgrades exceed 3%, the truck 
acceleration distances may be corrected for 
grades as provided in Table 10.3F. Before 
providing any additional acceleration lane 
length, the designer must consider the impacts 
of the added acceleration length (e.g., 
additional construction costs, wider structures, 
right-of-way impacts). 

The specific application of the acceleration 
criteria to horizontal curves is as follows: 

1. The design speed of the last horizontal 
curve on the ramp proper will be 
determined by open-highway conditions 
(e.g., side-friction factors (f) and the 
distribution method between f and super­
elevation ). These are discussed in 
Chapter Six. 

2. Based on the design speeds of the 
highway and the ramp curve, Table 10.3E 
or Table 10.3G will yield the required 
length of acceleration. 

3. For relatively short entrance ramps, the 
acceleration distance may be determined 
by that distance needed to accelerate from 
zero (at the beginning of the ramp) to the 
mainline design speed. The designer 
should check to determine if this distance 
governs. 

1032.4 Sight Distance 

Decision sight distance should desirably be 
provided for drivers on the mainline 
approaching an entrance terminal. They need 
sufficient distance to see the merging traffic 
so they can adjust their speed or change lanes 
to allow the merging traffic to enter the 
freeway. Likewise, drivers on the entrance 
ramp need to see a sufficient distance 
upstream from the entrance to locate gaps in 
the traffic stream for merging. 

10325 Superelevation 

The entrance ramp superelevation should be 
gradually transitioned to meet the normal 
cross slope of the mainline. The principles of 
superelevation for open highways, as 
discussed in Chapter Six, should be applied to 
the entrance design. Figures 10.3F and G 
illustrate the superelevation application at 
freeway /ramp entrances. Table 10.3H 
presents detailed superelevation development 
criteria which apply to entrance ramps. 
Section 10.3.1 also discusses superelevation 
criteria at the freeway /ramp junction. This 
includes emax• superelevation rate, transition 
lengths, the distribution of transition lengths 
between curve and tangent, and the axis of 
rotation. 

10.32.6 Cross Slope Rollover 

The cross slope rollover is the algebraic 
difference between the slope of the through 
lane and the slope of the entrance lane, where 
these two are adjacent to each other. The 
maximum algebraic difference is 4% - 5% 
beyond the physical gore. Between the gore 
nose and physical gore, the maximum cross 
slope rollover is 8%. 
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D 
Approach 

Curve 

30001 

3°151 
30301 

3°451 

4°001 

4°151 

4°301 

4°451 
50001 

50301 

6°00' 
6°301 

7°001 
70301 

8°001 
8030' 

Notes: 

INTERCHANGES 

Table 103H 

SUPEREIBVATION DEVELOPMENT 
(Freeway /Ramp Entrance) 

V=45 mph V=50 mph V=55 mph 
Approach Curve Annroach Curve Anoroach Curve 

A A A s (ft) s (ft) s (ft) 

.040 30 .045 - .050 30 

.041 30 .046 30 .052 30 

.043 30 .048 30 .054 30 

.045 - .050 30 .055 35 

.046 30 .052 30 .057 40 

.048 30 .053 30 .058 45 

.049 30 .054 30 .059 50 

.050 30 .055 35 .060 50 

.051 30 .056 40 .060 50 

.054 30 .058 45 Dmax = 5°151 

.055 35 .059 50 

.057 40 .060 50 

.058 45 Dmax = 6°451 

.059 50 

.060 50 

.060 50 emax = 0.06 
Dmax = 80301 

July 1992 

V=60 mph 
Annroach Curve 

A s (ft) 

.055 35 

.057 40 

.058 45 

.059 50 

.060 50 
Dmax = 4°151 

1. Superelevation rates are based on open-road conditions. See Chapter Six. 

2. Transition lengths "A" are calculated by : 

Where: 

A = (S - .045) x 15 x 222 

A distance needed to transition from superelevation rate of approach curve to 
superelevation rate of fixed curve ( .045), ft 

15 = typical ramp width, ft 

222 = reiative longitudinal slope for design speed of fixed curve (60 mph) 
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10.3.2.7 Shoulder Transitions 

At entrance terminals, the right hand shoulder 
must be transitioned from the narrower ramp 
shoulder to the wider freeway shoulder. 
Figures 10.3F and 10.3G illustrate the typical 
shoulder transition, which occurs just before 
the PCC at the physical gore. In restricted 
areas, it is acceptable to maintain the 8-ft 
right shoulder width throughout the 
acceleration taper (or parallel lane) until the 
merge with the mainline. 

10.3.3 Continuous Auxiliary Lane 

For closely spaced interchanges, it may be 
warranted to provide a continuous auxiliary 
lane between the entrance ramp of one 
interchange and the exit ramp of the 
downstream interchange. A continuous 
auxiliary lane should be considered where: 

1. the distance between the end of the 
entrance taper (without the connecting 
auxiliary lane) and the beginning of the 
downstream exit taper would be less than 
1000 ft, or 

2. a capacity and operational analysis 
indicates the need. 

Where the continuous lane is used, both 
freeway /ramp junctions should be designed 
based on the parallel-lane type exit and 
entrance. 

10.3.4 Freeway/Ramp Junctions on Curves 

The previous discussions on freeway /ramp 
junctions assumed tangent alignments. 
Figures 10.3J, 10.3K and 10.3L illustrate 
schematics for both taper and parallel designs 
on curves which may be appropriate. The 
basic objective is to present a layout on curves 
which have approximately the same 

operational characteristics as the 
recommended layouts on tangent. 

Left-hand exits on horizontal curves may be 
particularly troublesome. Through traffic in 
the outside lanes tend to follow the ramp exit 
causing confusion at the gore. Consequently, 
left-hand exits on curves should be avoided, if 
practical. For right-hand exits on left-turning 
curves, the ramp should not be a direct 
extension of the mainline tangent. This gives 
the driver an illusion that the freeway 
continues up the ramp instead of turning. To 
eliminate this problem, the exit ramp taper 
should begin a significant distance before or 
after the PC. 

Superelevation development is another 
specific problem of freeway/ramp junctions 
on horizontal curves, especially where the 
ramp and mainline are curving in opposite 
directions. In these cases, it may be difficult 
to coordinate the mainline and ramp design 
to meet all applicable criteria (e.g., cross slope 
rollover, gore cross slopes, superelevation 
transition lengths). As discussed in Section 
10.3.1, freeway/ramp junctions on horizontal 
curves are candidate locations where the 
parallel-lane design may be more adaptable to 
exit ramps than the taper design. 

Wherever an exit or entrance taper falls on 
curved alignment, the entire length of the 
taper should desirably be within the limits of 
the curve. If the taper is introduced on 
tangent alignment just upstream from the 
beginning of the curve, the designer should be 
careful to minimize the appearance of a kink. 

10.35 Multilane Terminals 

Multilane terminals may be required when the 
capacity of the ramp is too great for single­
lane operation. They may also be used to 
i.rnprove traffic operations (e.g., weaving) at 
the junction. The following lists several 
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Note: When the main roadway alignment is on a curve whose degree does not exceed 00°45', the following 
geometric controls will be required. Points "A" and "B" are located on the centerline of the median or, 
in the case of a median transition, on the base line of the lane such that the Arc "A" - "B" is 500' in 
length for 60 mph and 550' for 70 mph. Through Point "A", a radial line is passed to obtain Point "C," 
the beginning of the taper. Similarly, a radial line is passed through "B" to obtain Point "D" 14' beyond 
the outside edge of pavement. From Point "D," deflect an angle of A and establish Point "E" 19' beyond 
Point "D." The straight line connecting Point "C" and Point "E" establishes the bearing and length of 
the taper and the bearing of the tangent of the Exit Curve. 

These geometric controls are to be used in conjunction with the criteria on exit ramps in Section 10.3. 
See the Geometric Design Branch for more information. 

EXIT IBRMINAI.S ON CURVILINEAR ALIGNMENT 
(0=00°45' max) 

FigJre 10.3J 
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PC 

A 

..... ..... 

DECELERATION TAPER* 
<CURVILINEAR> 

* FOR A DECELERATION TAPER = 500',A • 3°46'46.30' AND OFFSET 6.6' PER STATION 
FOR A DECELERATION TAPER = 550',A • 3°26'10.49" AND OFFSET 6.0' PER STATION 

Note: When the main roadway is on a curve whose degree exceeds 00° 45' minimum, the following geometric 
controls will be required on the inside of the roadway curye. Points "A" and "B" are located 500' (or 
550') apart along the arc on the centerline of median or, in the case of a median transition, on the base 
line of the lane. A radial line is passed through Point "A" to establish Point "C," the beginning of the 
taper. A radial line is also passed through Point "B" to establish Point "D" 14' from the edge of 
pavement. From Point "D," deflect an angle of A and establish Point "E" 19' beyond Point "D." 

The bearing of the line from Point "D" to Point "E" is the bearing of the radius of the exit curve. The 
survey data for the ramp will begin at Point "E." The edge line on the inside of the ramp from Point 
"C" to Point "E" shall be identified as "Offset 6.6 Feet per Station for 60 mph" or "Offset 6.0 Feet per 
Station for 70 mph." 

For the design of exit terminals on the outside of the roadway curve, consult with the Geometric Design 
Branch. For 0>00°45' and the exit ramp on the outside of the curve, the use of a parallel-lane exit 
ramp should be considered. 

These geometric controls are to be used in conjunction with the criteria on exit ramps in Section 10.3. 
See the Geometric Design Branch for more information. 

EXIT 1ERMINALS ON CURVILINEAR AUGNMENT 
(D=00°45' Minimum) 

Figure 103K 
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© 

ACCELERATION TAPER 2 o FIXED CURVE 
50:1 OR 70:1 

@ 

- - - - - -~ - - - - - - -

.. _ - - - - - - - -

2 o FIXED CURVE 

~* 
RADIAL TO CENTER 
OF 2° CURVE 

+-

*FOR A 50'1 ACCELERATION TAPER, A= 1°08'44.75" 
FOR A 70:1 ACCELERATION TN'ER, A• 0049'06.44" 

ACCELERATION TAPER 
50:1 OR 70:1 

N>PROACH 
CURVE 

Note: When the main roadway alignment is on a curve, the following geometric controls will be required. 
Points "A" and "B" are located on the centerline of survey or baseline of construction, such that the arc 
length "A" to "B" will be either a 900' arc length for a 50:1 taper or a 1260' arc length for a 70:1 taper 
rate. A radial line is passed through "A" to establish Point "C," on outside edge of pavement; also, a 
radial is passed through "B" to produce Point "D" 18' beyond the outside edge of main line pavement. 
Center of 2° curve is established by projecting a deflection angle of fl from a radial line on I. curve 
passed through Point "D" as shown on detail. Point "E" is established on a radial line on 2° curve 
passed through F, a point of intersection of an offset curve concentric with curve on base line and an 
offset curve concentric with 2° curve on ramp. 

Above design is applicable where design speed of approach curve is 50 mph or more. Where V < 50 
mph, a parallel-lane entrance design should be considered. 

These controls are to be used in conjunction with the criteria on entrance ramps in Section 10.3. See 
the Geometric Design Branch for more information. 

ENTRANCE IBRMINAI.S ON CURVII..Thi~ ALIGNMENT 

Figure 103L 
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elements the designer needs to consider when 
a multilane terminal is required: 

1. Lane Balance. Lane balance at the 
freeway /ramp junction should be 
maintained. See Section 10.1. 

2. Entrances. ODOT practice is that, for 
multilane entrance ramps, a parallel-lane 
design is typically used. Figure 10.3M 
illustrates a schematic of a typical 
multilane entrance ramp. 

3. Exits. For a two-lane exit ramp, the 
additional lane should be added at least 
1500 ft prior to the terminal. Either a 
taper or a parallel-lane design is 
acceptable (see Figure 10.3N). 

4. Signing. The geometric layout of 
multilane exits must be coordinated with 
the Traffic Engineering Division because 
of the complicated signing which may be 
required in advance of the exit. 

103.6 Major Fork/Branch Connections 

Figures 10.30 and 10.3P illustrate typical 
design details for a major fork or branch 
connection. The following lists a few 
geometric issues that the designer should 
consider when designing major divisions: 

1. Lane Balance. The principle of lane 
balance should be maintained. See 
Section 10.1. 

2. Divergence Point. Where the alignments 
of both roadways are on horizontal curves 
at a major fork, the nose of the split 
should be placed in direct alignment with 
the centerline of one of the interior lanes, 
so that a driver in the center lane has the 
option of going in either direction. See 
Schematics A, B and C in Figure 10.30. 
Where one of the roadways is on a 

tangent at a major fork, the gore design 
should be the same as a freeway/ramp 
multilane exit. See Figure 10.3N. 

3. Nose Width. At the painted nose of a 
major fork, the lane should be at least 24-
ft wide but preferably not over 28 ft. The 
widening from 12 ft to 24 ft should take 
place within a distance of 1000 to 1800 ft. 
See Schematic A in Figure 10.30. 

4. Branch Connection. When merging, a full 
lane width should be carried for at least 
1000 ft beyond the nose. See Schematic B 
in Figure 10.3P. 
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PARALLEL-LANE DESIGN 

Notes: 

1. L. is the required acceleration length as shown in Table 10.3E. L. = 500' minimum. 
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2. Typically, a parallel-lane design will be used at multilane entrances. The design details are similar to 
those for a single-lane entrance. See Figure 10.3H. 

MUL1IlANE ENTRANCE RAMPS 

Figure 103M 
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Notes: 

PC 

I 
20 - 50 1500' MIN. 200'-300'1 

OIVER~~~E -ANGLE ! AUXILIARY LANE I I 
- - _------ r---_·----_'._ __ 
----~ = = = = = = = -------= -r?=--=.._- ---

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -i f- - - - - - - - - -

-A-

..... PC 

~-- I 
..... ~~---- ..... 
,~, '~----

I 200·-300· 

I I 

TAPER TYPE 

1500' MIN. 200'-300' 
AUXILIARY LANE 

', ..._ --- ------------
/ ---- -----l f---·---- I - - - - -·,I - - - - - c=----::..::..= 

--------=======~~·----------------------> (-------------------------------------I F - - - - - - - - -
-8- PARALLEL TYPE 

1. See Figure 10.3A for gore details. 

2. Other design elements (e.g., tapers, shoulder ·widths) will be determined on a case-by-case basis. 

MULTil.ANE EXIT RAMPS 

Figure 103N 
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10.4 RAMP DESIGN 

10.4.1 Design Speed 

Table 10.4A provides the acceptable ranges of 
ramp design speed as compared to the design 
speed on the mainline. These design speeds 
apply to the ramp proper and not to the 
freeway/ramp junction. If a ramp will be 
terminated at an at-grade intersection with 
stop or signal control, the design speeds in the 
table may not apply to the ramp portion near 
the intersection. If the two intersecting 
mainlines have different design speeds, the 
higher of the two should control. However, 
the ramp design speed may vary, the portion 
of the ramp nearer the lower-speed highway 
being designed for the lower speed. 

In general, the higher design speeds apply to 
directional ramps for right turns, such as at 
diamond and fully directional interchanges. 
The lower design speeds generally apply to 
loop ramps. 

Table 10.4A 

RAMP DESIGN SPEEDS 

Highway Design Speed (mph) 50 60 65 70 

Ramp Design Speed (mph) 
High Range 45 50 55 60 
Mid Range 35 45 45 50 
Low Range 25 25 25 25 

10.4.2 Cross Sections 

Figures 10.4A and 10.4B present typical cross 
sections for ramps on tangents and for 
adjacent on/off ramps separated by a raised 
median. 

10.4.2.1 Ramp Widths 

The paved width of a ramp is determined 
according to the controlling radius and the 
selected design vehicle. Table 10.4B provides 
the pavement widths for the various design 
vehicles. All freeway ramps will typically be 
designed for a WB-114 design vehicle. In 
restricted locations, a WB-67 design vehicle 
may be acceptable. All interchange ramps not 
connected to a freeway will typically be 
designed for a WB-67 design vehicle. The SU 
design vehicle may only be used for the 
turnaround design at diamond interchanges 
(see Section 10.5). 

The following discusses the application and 
derivation for the ramp widths. 

Uncurbed Ramps 

The criteria in Table 10.4B for uncurbed 
ramps are determined as follows: 

1. For each curve radius, select the width for 
Case IIB in Table III-21 of Reference (1) 
(P. 209). Deduct 10 ft total from this 
value for the left and right shoulders. 

2. Compare the value in Step #1 to the 
Case IB widths in Table III-21 of 
Reference ( 1 ). Select the larger of the 
two and add 10 ft total for the left and 
right shoulders. 

3. Compare the value in Step #2 to the 
calculated Case I widths for each design 
vehicle in Table III-20 of Reference (1) 
(P. 208). Select the larger of this value or 
the value in Step #2. This will ensure 
that the paved ramp width is at least 
adequate for the selected design vehicle, 
although there may be no provision for 
passing the design vehicle should it 
become disabled on the ramp. 
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2. Designer may determine a median barrier is warranted to separate on/ off ramps. 
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Radius on Inner 
Edge of Traveled 

SU* Wav (ft) 

50 28 
75 27 
100 26 
150 26 
200 26 
300 25 
400 25 
500 25 

Tangent 25 

INTERCHANGES 

Table 10.4B 

RAMPWIDTIIS 
(Feet) 

U b dR ncur e amp 

Selected Design Vehicle 

WB-67 

29 
27 
26 
26 
26 
25 
25 
25 
25 

* SU design vehicle is only used for turnarounds. See Section 10.5. 

I 

Notes: 1. Widths are for entire paved area; i.e., traveled way plus shoulders. 

July 1992 

WB-114 

37 
33 
31 
26 
26 
25 
25 
25 
25 

2. Widths apply to ramp proper; they do not apply to freeway/ramp junctions or at-grade 
intersections. 

3. For two-lane operation, ramp widths are typically 38' (two 12' lanes + 10' right shoulder + 
4' left shoulder). 

4. See discussion in Section 10.4.2 for derivation of widths. 

C b dR ur e amp 

Radius on Inner Selected Design Vehicle 
Edge of Traveled 

SU* WB-67 WB-114 Way (ft) 

50 25 29 37 
75 23 26 33 
100 22 26 31 
150 21 24 25 
200 21 21 23 
300 20 20 20 
400 20 20 20 
500 20 20 20 

Tangent 19 19 19 

* SU design vehicle is only used for turnarounds. See Section 10.5. 

Notes: 1. Widths are for curb-to-curb distance. 

2. Widths apply to ramp proper; they do not apply to freeway /ramp junctions or at-grade 
intersections. 

3. For two-lane operation, ramp widths are typically 28' curb-to-curb. 

4. See discussion in Section 10.4.2 for derivation of widths. 
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Curbed Ramps 

The criteria in Table 10.4B for curbed ramps 
are determined as follows: 

1. For each curve radius, select the width for 
Case IIB in Table 111-21 of Reference (1) 
(P. 209). 

2. Compare the value in Step # 1 to the 
calculated Case I widths for each design 
vehicle in Table III-20 of Reference (1) 
(P. 208). Select the larger of this value or 
the value in Step # 1. This will ensure 
that the paved ramp width is at least 
adequate for the selected design vehicle, 
although there may be no provision for 
passing the design vehicle should it 
become disabled on the ramp. 

The following will apply to widths of bridges 
on ramps: 

1. Uncurbed Ramp. The bridge width is 
typically 29 ft regardless of the 
approaching ramp width. 

2. Curbed Ramp. The bridge width is 
typically 29 ft. The approaching curbed 
ramp section (typically 19-ft wide) is 
transitioned to a 25-ft uncurbed section in 
advance of the bridge. The departure 
side of the bridge is treated similarly. See 
Section 8.1 and the ODOT Standard 
Drawings for more information on curb 
transitions. 

10.4.2.2 Other Elements 

The following presents applicable design 
criteria for ramp cross section elements other 
than width: 

1. Cross Slope. The traveled way cross 
slopes are typically 2%. Shoulders less 
than 4-ft wide should be sloped at the 
same rate and in the same direction as 
the ramp. Shoulder widths 4 ft or greater 
typically have a cross slope of 2% to 4% 
and slope away from the traveled way. 

2. Curbs. Curbs on ramps are used only if 
they are necessary for drainage or where 
required for right-of-way considerations. 
On low-speed ramps, curbs also improve 
delineation for the driver. If curbs are 
used on a ramp, they will be mountable. 
See Figure 10.4A. 

3. Side Slopes/Ditches. Side slopes and 
ditches should meet the same criteria as 
for the mainline. Chapter Eight provides 
information on the design of these 
elements. 

4. Clear Zones. The clear zone from the 
edge of the traveled way portion of the 
ramp will be determined from Table 
11.2A. The design ADT will be the 
directional ADT on one-way ramps. 

5. Barriers. Whenever practical, an 
additional 2 ft should be added to the 
shoulder when a roadside barrier is used. 
Where a barrier is present on a horizontal 
curve, the designer should determine the 
barrier impact on horizontal sight 
distance. See Chapter Six. 

6. Right-of-Way. The right-of-way adjacent 
to the ramp should be the same as that 
determined for the freeway mainline in 
the vicinity of the interchange. 
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10.4.3 Horizontal Alignment 

10.4.3.1 Theoretical Basis 

Establishing horizontal alignment criteria 
requires a determination of the theoretical 
basis for the various alignment factors. These 
include the side-friction factor (f), the 
distribution method between side friction and 
superelevation, and the distribution of the 
superelevation transition length between the 
tangent and horizontal curve. For horizontal 
alignment on the ramp proper, the theoretical 
basis will be one of the following: 

1. Open-Road Conditions. Chapter Six 
presents the theoretical basis for 
horizontal alignment assuming open-road 
conditions. In summary, this includes: 

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

b. the use of AASHTO Method 5 to 
distribute side friction and 
superelevation; 

c. relatively flat longitudinal gradients 
for superelevation transition lengths; 
and 

d. distributing 75% of the superelevation 
transition length to the tangent and 
25% to the horizontal curve. 

The designer should review Chapter Six to 
gain an understanding of horizontal 
alignment theory for open-road 
conditions. 

2. Turning Roadwav Conditions. Chapter 
III of the AASHTO A Policy on Geometric 
Design of Highways and Streets (Reference 
1) presents the theoretical basis for 
horizontal alignment assuming turning 

roadway conditions. In summary, this 
includes: 

a. higher side-friction factors to reflect a 
higher level of driver acceptance of 
discomfort; 

b. a range of acceptable superelevation 
rates for combinations of curve radius 
and design speeds to reflect the need 
for flexibility to meet field conditions 
for turning roadway and ramp design; 
and 

c. the allowance of some flexibility in 
superelevation transition lengths and 
in the distribution between the 
tangent and curve. 

The designer should review the AASHTO 
Policy to gain an understanding of 
horizontal alignment theory for turning 
roadway conditions. 

The selection of which theoretical basis to use 
will be based on the portion of the ramp 
under design. These are: 

1. freeway /ramp junction, 
2. ramp proper (direct connection ramps), 
3. ramp proper (loop ramps), 
4. ramp terminus (intersection control), and 
5. ramp terminus (merge control). 

In addition, several general controls will 
dictate horizontal alignment on interchange 
ramps. All of these are discussed in the 
following sections. 

10.43.2 General Controls 

The following will apply to the horizontal 
alignment of all ramp elements: 

1. ~aX" The typical maximum super-
elevation rate is 0.06. An emax = 0.08 
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may be used to meet restrictive field 
conditions, which is often necessary for 
loop ramps. 

2. Axis of Rotation. This will typically be 
about the right edge of the travelway. 
This is normally the profile base line. 

3. Shoulder Superelevation. The criteria 
presented in Chapter Six for 
superelevating the high side and low side 
of shoulders will apply to superelevated 
curves on ramps. 

4. Minimum Len&th of Desiw Super­
elevation. The designer should not 
superelevate curves on ramps such that 
the design superelevation rate is 
maintained on the curve for a very short 
distance. As a general rule, the minimum 
distance should be about 100 ft. 

5. Si&}lt Distance. Chapter Six presents the 
criteria for sight distance around 
horizontal curves based on the degree of 
curve and design speed. These criteria 
apply to curves on ramps. 

6. Compound Curves. For compound curves 
on the ramp proper, the minimum length 
of the entering flatter curve should allow 
for safe deceleration to the design speed 
of the sharper curve. Table 10.3A can be 
used to determine the minimum distance 
between the PC and PCC. For example, 
if the design speed at the PC is 40 mph 
and the design speed at the PCC is 30 
mph, Table 10.3A yields a deceleration 
distance of 185 ft. Therefore, the 
minimum distance between the PC and 
PCC should be 185 ft. See Chapter Six 
for more information on compound 
curves. 

10.433 Freeway /Ramp Junctions 

Horizontal alignment at freeway /ramp 
junctions is based on open-road conditions. 
This is further discussed in Section 10.3. 

10.43.4 Ramp Proper (Direct Connection 
Ramps) 

Direct connection ramps refer to those ramps 
which are relatively direct in their alignment. 
These include ramps at diamond interchanges, 
the outer ramps at cloverleaf interchanges 
and ramps at directional and semi-directional 
interchanges. 

The ramp proper, for the purpose of 
horizontal alignment, is considered to be 
approximately 100 ft - 200 ft beyond or before 
the gore nose. The following will determine 
the application of horizontal alignment to 
horizontal curves on the ramp proper: 

1. Radius :'!: 500'. Use open-roadway con­
ditions. 

2. Radius < 500'. Desirably, use open­
roadway conditions. It is acceptable to 
use turning roadway conditions. 

10.43.5 Ramp Proper (Loop Ramps) 

Loop ramps are those ramps on the interior 
portions of cloverleaf and partial cloverleaf 
interchanges. The ramp proper is considered 
to be approximately 100 ft - 200 ft beyond or 
before the gore nose. Because of the 
normally restrictive conditions for loop ramps, 
the curve radii are typically less than 500 ft. 
The horizontal alignment is typically designed 
assuming turning roadway conditions. 
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10.43.6 Ramp Terminus (Intersection 
Control) 

Interchange ramps may end at at-grade 
intersections. These may be stop control or 
signal control; If horizontal curves on the 
ramps are relatively close to the intersection, 
a design speed for the curve should be 
selected which is appropriate for expected 
operations at the curve. The following will 
apply to horizontal curves at the ramp 
terminus: 

1. Radius ~ 500'. Use open-roadway con­
ditions. 

2. Radius < 500'. Desirably, use open­
roadway conditions. It is acceptable to 
use turning roadway conditions. 

10.43.7 Ramp Terminus (Merge Control) 

Interchange ramps may terminate with a 
merge into the intersecting road. The 
horizontal alignment at the ramp merge will 
generally be based on open-road conditions. 

10.4.4 Vertical Alignment 

10.4.4.1 Grades 

Maximum grades for vertical alignment 
cannot be as definitively expressed as those 
for the highway mainline. General values of 
limiting gradient are shown in Table 10.4C 
but, for any one ramp, the selected gradient is 
dependent upon a number of factors. These 
include: 

1. The flatter the gradient on the ramp, the 
longer it will be. At restricted sites (e.g., 
loops), it may be necessary to provide a 
steeper grade to shorten the length of 
ramp. 

2. The steepest gradients should be designed 
for the center portion of the ramp. 
Freeway/ ramp junctions and landing areas 
at at-grade intersections should be as flat 
as practical. 

3. Short upgrades of as much as 5% do not 
unduly interfere with truck and bus 
operations. Consequently, for new 
construction it is desirable to limit the 
maximum gradient to 5%. 

4. Downgrades on ramps should follow the 
same guidelines as upgrades. They may, 
however, safely exceed these values by 2% 
with 8% considered a re.commended 
maximum. 

5. For approximately 200 ft within the gore 
nose of the freeway /ramp junction, the 
gradients on the ramp should be 
compatible with those on the mainline. 

6. Practical ramp gradients and lengths can 
be significantly impacted by the angle of 
intersection between and gradients on the 
two highways. 

Table 10.4C 

RAMP GRADIENT GUIDELINES 

Ramp Design Speed (mph) 20 30 40 50 

Maximum Grade Range(%) 6-8 5-7 4-6 3-5 

Notes: 

1. Downgrades may exceed the table values by 
2% but should not exceed 8%. 

2. The 6% - 8% grades and 20 mph design 
speed should only be used in extreme 
conditions and where the restrictive 
geometric elements are clearly visible to the 
driver. 
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10.4.4.2 Vertical Curvature 

Vertical curves on ramps should be designed 
the same as those on the mainline. They 
should desirably be designed to meet the 
stopping sight distance criteria as the 
minimum design. The ramp profile often 
assumes the shape of the letter S with a sag 
vertical curve at one end and with a crest 
vertical curve at the other. In addition, the 
vertical curvature of the ramp should be 
compatible with that of the mainline for 
approximately 200 ft before or beyond the 
gore nose. Where a crest or sag vertical 
curve extends onto the freeway /ramp 
junction, the following will apply: 

1. Loop Ramps. The length of the vertical 
curve may be determined by using a 
design speed intermediate between that 
on the loop and the highway mainline. 

2. Other Ramps. For other than loop 
ramps, vertical curve lengths should 
desirably be based on a minimum 50-mph 
design speed. 

See Chapter Seven for additional details on 
the design of vertical curves. 

10.45 Roadside Safety 

The criteria in Chapter Eleven (e.g., clear 
zones, barrier warrants) will apply to the 
roadside safety design of interchange ramps. 
One special situation is the warrant for a 
median barrier between adjacent on/off 
ramps, which will be determined on a case-by­
case basis. This situation typically occurs at 
full or partial cloverleaf interchanges. 
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105 OTIIER INTERCHANGE DESIGN 
CONSIDERATIONS 

105.1 Capacity 

The operational goal of the interchange 
design is to allow the interchange to operate 
at an acceptable level of service. In addition, 
the designer should ensure that the operation 
of the ramp/minor road intersection in urban 
areas will not impair the operation of the 
mainline. This may involve a consideration of 
the operational characteristics of the minor 
road for some distance in either direction 
from the interchange. 

The Highway Capacity Manual provides the 
required information on how to calculate the 
level of service for the freeway mainline, the 
freeway /ramp junction, the ramp and any 
weaving movements. In addition, a 
publication Procedure for Analysis and Design 
of Weaving Sections; A Users Guide 
(Reference (5)) provides additional 
information and sample problems for 
designing weaving sections. 

1052 Collector-Distnbutor Roads 

In general, interchanges that are designed 
with single exits are superior to those with 
two exits, especially if one of the exits is a 
loop ramp or the second exit is a loop ramp 
preceded by a loop entrance ramp. Whether 
used in conjunction with a full cloverleaf or 
with a partial cloverleaf interchange, the 
single-exit design may improve the 
operational efficiency of the entire 
interchange. 

Collector-distributor (C-D) roads use the 
single exit approach to improve the 
interchange operational characteristics. C-D 
roads will: 

1. remove weaving maneuvers from the 
mainline and transfer them to the slower 
speed C-D roads, 

2. provide high-speed single exits and 
entrances from and onto the mainline, 

3. satisfy driver expectancy by placing the 
exit in advance of the separation 
structure, 

4. simplify signing and the driver decision­
making process, and 

5. provide uniformity of exit patterns. 

C-D roads are most often warranted when 
traffic volumes are so high that the 
interchange without them cannot operate at 
an acceptable level of service, especially in 
weaving sections. They are particularly 
advantageous at full cloverleaf interchanges 
where the weaving between the 
ramp/mainline traffic can be very difficult. 
Figure 10.2F illustrates a schematic of a C-D 
within a full cloverleaf interchange. 

C-D roads may be one or two lanes, 
depending upon the traffic volumes and 
weaving conditions. Lane balance should be 
maintained at the exit and entrance points of 
the C-D road. Desirably, the design speed of 
the C-D road should be within 10 mph of the 
freeway mainline but, at a minimum, should 
not be less than 40 mph. The separation 
between the C-D road and mainline should be 
as wide as practical but not less than that 
required to provide the applicable shoulder 
widths and a longitudinal barrier between the 
two. 

1053 Frontage Roads 

The designer must consider the impact of 
frontage roads, where present, on i11terchange 
design. At most interchanges, it is impractical 

10.5 (1) 



Oklahoma INTERCHANGES July 1992 

to separate the intersections of the ramp and 
frontage road with the crossing road. In these 
cases, the only alternative is to combine the 
ramp and frontage road before the 
intersection with the crossing road. This can 
apply to either the exit or entrance ramp. 

Figure 10.SA provides the basic schematic for 
this design. The critical design element is the 
distance "A" between the ramp/frontage road 
merge and the crossing road. This distance 
must be sufficient to allow traffic weaving, 
vehicular deceleration and stopping, and 
vehicular storage to avoid interference with 
the merge point. Table 10.SA presents 
general guidelines which may be used to 
estimate this distance during the preliminary 
design phase. A number of assumptions have 
been made including weaving volume, 
operating speeds and intersection queue 
distance. Therefore, a detailed analysis will 
be necessary to firmly establish the needed 
distance to properly accommodate vehicular 
operation. 

The following summarizes the available 
options for coordinating the design of the 
interchange ramps, frontage road and crossing 
road: 

1. Slip Ramps. Slip ramps are typically used 
to connect the freeway with one-way 
frontage roads before (or after) the 
intersection with the crossing road. Newly 
constructed slip ramps to a two-way 
frontage road are unacceptable because 
they may induce wrong-way entry onto the 
freeway and may cause accidents at the 
intersection of the ramp and frontage 
road. 

2. Buttonhook Ramps. For two-way 
frontage roads, buttonhook ramps are 
typically used to connect the freeway with 
the frontage road before (or after) the 
intersection with the crossing road. 

3. Separate Intersections. As an option to 
providing an intersection between the 
freeway ramp and frontage road, it may 
be practical to provide separate 
ramp/crossing road and frontage 
road/crossing road intersections. This 
may be accomplished by curving the 
frontage road away from the ramp and 
intersecting the frontage road with the 
crossing road outside the ramp limits of 
no access. This treatment allows the two 
intersections to operate independently, 
and it eliminates the operational and 
signing problems of providing the same 
point of exit and entrance for the frontage 
road and freeway ramp. 

Section 10.6 presents typical interchange 
design figures (e.g., for diamond and 
cloverleaf interchanges). The Section 
illustrates interchanges with both one-way and 
two-way frontage roads. Section 10.5.7 
presents typical figures for at-grade 
intersections for ramp termini. These include 
figures for ramp/frontage road intersections 
(e.g., buttonhook ramps). 

Chapter Eight discusses overall design criteria 
for frontage roads (e.g., functional class, outer 
separation). 

105.4 Freeway Lane Drops 

Freeway lane drops, where the basic number 
of lanes is decreased, must be carefully 
designed. They should normally occur on the 
freeway mainline away from any other 
turbulence such as interchange exits and 
entrances. However, it may be advantageous 
to drop a basic freeway lane at a two-lane 
exit. 

Figure 10.SB illustrates the recommended 
design of a lane drop beyond an interchange. 
The following criteria are ii-nportant when 
designing a freeway lane drop: 
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Table 10.5A 

DISTANCE •A" FROM EXIT RAMP/FRONTAGE ROAD TO 
INIERSECTION WITII MlNOR ROAD 

Frontage Road Exit Ramp 
"A" (ft) 

Typical Typical Volume (vph)1 Volume (vph)2 

Minimum Desirable 

200 140 380 500 

400 275 460 560 

600 410 500 630 

800 550 540 690 

1000 690 590 760 

1200 830 640 870 

1400 960 690 970 

1600 1100 770 1070 

1800 1240 860 1180 

2000 1380 970 1300 

July 1992 

Special 
Conditions 

260 

360 

400 

430 

450 

480 

500 

530 

550 

580 

Total frontage road and exit ramp volume between merge to intersection with minor road. 

Assumed to be 69% of total volume in first column. 

Note: Table values are acceptable for planning purposes; final dimensions will be based on a detailed 
operational analysis. 

A 

---- ----

-
- -

RAMP/FRONTAGE ROAD INTERSECTION 

Figure 10.5A 
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1. Location. In urban areas, desirably the 
lane drop should occur approximately 
2,000 - 3,000 ft beyond the previous 
interchange. Under restricted conditions 
1,000 ft is acceptable; the MUTCD 
signing distance is the absolute minimum. 
For rural areas the minimum distance is 
a % mile. This distance allows adequate 
signing and driver adjustments from the 
interchange, but yet is not so far 
downstream that drivers become 
accustomed to the number of lanes and 
are surprised by the lane drop. In 
addition, a lane should not be dropped on 
a horizontal curve or where other signing 
is required, such as for an upcoming exit. 

In urban areas, interchanges may be 
closely spaced for considerable lengths of 
highway. In these cases, it may be 
necessary to drop a freeway lane at an 
exit. Where this is necessary, it is 
preferable to drop a freeway lane at a 
two-lane exit rather than a single-lane 
exit. 

Figure 10.3E illustrates the recommended 
design. One key design feature is the 
"escape taper" provided just beyond the 
exit gore. Some drivers may miss the 
signs which notify them that the mainline 
lane is being dropped at the exit. The 
escape taper provides these drivers with 
an opportunity to merge left into the 
remaining through lanes. As discussed in 
Section 10.1 on the basic number of lanes, 
a lane should not be dropped at an exit 
unless there is a large decrease in traffic 
demand for a significant length of 
freeway. 

2. Transition. Desirably, the transition taper 
length will be L= WS, where Wis the lane 
width and S is the design speed. The 
minimum taper rate that can be used is 
50:1 (see Figure 10.5B). 

3. Si&ht Distance. Decision sight distance 
(DSD) should be available to any point 
within the entire lane transition. See 
Chapter Five for applicable DSD values. 
When determining the availability of 
DSD, the desirable height of object will be 
0.0 ft (the roadway surface); it is 
acceptable to use 6 inches. This criteria 
would favor, for example, placing a 
freeway lane drop within a sag vertical 
curve rather than just beyond a crest. 

4. Ri&ht-Side versus Left-Side Drop. Right­
side freeway lane drops are preferred; 
however, a left-side lane reduction may be 
warranted at specific locations. 

5. Shoulders. The full-width right shoulder 
will be maintained through a right-side 
lane drop. If a left-side lane drop will be 
used to reduce the number of lanes from 
three to two, the left shoulder will be 
reduced from 10 ft (or 12 ft) to 4 ft. The 
full 10-ft left shoulder should be 
maintained for a distance of 
approximately 200 ft beyond the merge 
point of the dropped lane. This provides 
an area to allow a driver, who may have 
missed the signing, an opportunity to 
safely merge with the through traffic. 

10.55 Access Control 

Proper access control must be provided along 
the crossing road in the vicinity of the 
ramp/crossing road intersection or along a 
frontage road where present. This will ensure 
that the intersection has approximately the 
same degree of freedom and absence of 
conflict as the freeway itself. The access 
control criteria should be consistent with 
these goals. 

Section 10.6 presents several typical 
interchange design figures. These provide 
ODOT policy for the location of the limits of 
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no access lines along the ramp, at ramp/ 
crossing road intersections, across from the 
ramp terminal and along frontage roads. 

As indicated in the figures, the limits of no 
access extend· a distance along the crossing 
road away from the ramp or frontage road 
intersection. The 100 ft in urban areas and 
300 ft in rural areas should usually satisfy any 
congestion concerns. However, in areas 
where the potential for development exists 
which would create traffic problems, it may be 
appropriate to consider longer lengths of 
access control. In addition, many areas have 
changed over the years from rural to urban. 
As indicated, ODOT has adopted different 
criteria for the access control at urban and 
rural interchanges. However, a change in 
area character alone is not a sufficient 
justification to alter the location of the limit­
of-no-access line when an existing interchange 
will be rehabilitated or when ODOT receives 
requests for additional access points from 
outside interests. 

The figures in Section 10.6 note that, on the 
crossing road, the limit of no access should 
extend the indicated distance beyond "the 
ramp terminal." For an exit ramp, this is 
defined as the tangent point (PT) of a radius 
return on the crossing road or the end of a 
taper for an entrance onto the crossing road 
(e.g., for an acceleration lane); i.e., the ramp 
terminal ends where the typical section of the 
crossing road resumes. A similar definition 
applies to ramp terminals for entrance ramps. 

105.6 Turnarounds 

105.6.1 General 

Turnarounds are an interchange design 
feature which may be warranted at urban 
diamond interchanges with one-way frontage 
roadse Figure 10~5C illustrates the basic 
schematics of a turnaround. Depending upon 

specific site conditions, this arrangement may 
significantly improve traffic operations at the 
interchange. The major operational feature 
of the turnaround is that it provides access for 
traffic on the freeway to the one-way frontage 
in the opposite direction without passing 
through the two at-grade intersections on the 
crossing road. 

Some advantages and disadvantages of the 
turnaround are as follows: 

Advantai:es 

1. It preserves and enhances the accessibility 
to property abutting one-way frontage 
roads. 

2. U-turning vehicles do not have to stop at 
the two at-grade intersections. 

3. The capacity of the at-grade intersections 
is improved. 

Disadvantai:es 

1. It is more costly than a diamond due to 
the wider structure. 

2. It can be confusing because it violates 
driver expectancy (i.e., driving to the left 
of the oncoming traffic). 

3. Because of the left-side on and off 
maneuvers onto the frontage roads, it 
cannot be used with two-way frontage 
roads. 

4. Longer distances are needed between the 
ramp/frontage road intersection and the 
crossing street. 
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105.6.2 Warrants 

The warrant for the turnaround will be 
determined on a site-by-site basis. Where a 
turnaround will not be used at a new urban 
diamond interchange, the designer should 
consider arranging the end spans of 
overpasses, or grade lines of underpasses, so 
that turnarounds may be added in the future, 
if warranted. 

105.63 Design Criteria 

Design criteria presented for ramps in Section 
10.4 apply, in general, to turnarounds. For 
example, the ramp width criteria in Table 
10.4B will apply. The minimum design vehicle 
for the design of a turnaround is the SU 
design vehicle. Where the SU is used, proper 
signing must be provided to notify trucks not 
to use the turnaround. This must be 
coordinated with the Traffic Engineering 
Division. 

105.7 Ramp/Crossing Road Intersection 

At service interchanges, the ramp will often 
end with an at-grade intersection with either 
a crossing road or a frontage road. In 
general, the intersection should be treated as 
described in Chapter Nine. This will involve 
a consideration of capacity and the physical 
geometric design elements such as sight 
distance, angle of intersection, acceleration 
lanes, channelization and turning lanes. 
However, several points warrant special 
attention in the design of the ramp/ crossing 
road intersection: 

1. Capacity. In urban areas where traffic 
volumes are often high, inadequate 
capacity of the ramp/ crossing road 
intersection can adversely affect the 
operation of the ramp/freeway junction. 
In a worst case situation the safety and 

operation of the mainline itself may be 
impaired by a backup onto the freeway. 
Therefore, special attention should be 
given to providing sufficient capacity and 
storage for an at-grade intersection or a 
merge with the crossing road. This could 
lead to the addition of lanes at the 
intersection or on the ramp proper, or it 
could involve traffic signalization where 
the ramp traffic will be given priority. 
The analysis must also consider the 
operational impacts of the traffic 
characteristics in either direction on the 
intersecting road. 

The Project Engineer is responsible for 
capacity analyses with assistance from the 
Geometric Design Branch. Any 
signalization is coordinated through the 
Traffic Engineering Division. 

2. Si&Jlt Distance. Chapter Nine discusses 
the criteria for intersection sight distance. 
These criteria also apply to a 
ramp/crossing road intersection. Special 
attention must be given to the location of 
the bridge pier, abutment, sidewalk, 
bridge rail, roadside barrier, etc. These 
may present major sight distance 
obstacles. The bridge obstruction and the 
required intersection sight distance may 
result in the need to relocate the 
ramp/ crossing road intersection. 

3. Wrong-Way Movements. Wrong-way 
movements may originate at the ramp/ 
crossing road intersection. The 
intersection must be properly signed and 
designed to minimize the potential for a 
wrong-way movement. 

See Section 10.8 for typical design details for 
ramp/crossing road or ramp/frontage road 
intersections. 
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10.6 TYPICAL INTERCHANGE DESIGN 
FIGURES 

July 1992 

To provide the designer with an indication of 
the basic layout of various types of inter­
changes, this Section presents typical inter-

change designs. Table 10.6A summarizes the 
Figures in Section 10.6. 

Table 10.6A 

TYPICAL INTERCHANGE DESIGN FIGURES 

Figure Number Figure Title 

Figure 10.6A Typical Diamond Interchange (without Frontage Roads) 
Figure 10.6B Typical Diamond Interchange (with Two-Way Frontage Roads) 
Figure 10.6C Partial Cloverleaf Interchange (Two Quadrants) 
Figure 10.6D Cloverleaf Interchange (without Collector-Distributor Roads) 
Figure 10.6E Loop Design (Uncurbed) 
Figure 10.6F Loop Design (Curbed) 
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Figure 10.60 
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G) SEE SECTION 10.4 FOR SUPERELEVATION OF LOOPS. 

@ SEE CHAPTERS TWELVE ANO THIRTEEN FOR SHOULDER 
WIDTHS ADJACENT TO AUXILIAAY LANES. 

Q} VAAY SHOULDER WIDTH FROM 8' TO 10' ANO CURB 
HEIGHT FROM 0" TO 4" 

@ SEE SECTION 10.3 FOR OET AILS ON ESCAPE TAPER. 

@ SEE SECTION 10.3 FOR DETAILS OF ENTRANCE RAMPS. 

NOTE: SEE FIGURE 10.9A FOR RAMP TYPICAL SECTIONS. 
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(Uncurbed) 

Figure 10.6E 
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(j) SEE SECTION 10.4 FOR SUPERELEVATION OF LOOPS. 

@ SEE CHAPTERS TWELVE AND THIRTEEN FOR SHOULDER 
WIDTHS ADJACENT TO AUXILIARY LANES. 

@SEE SECTION 10.3 FOR DETAILS ON ESCAPE TAPER. 

@SEE SECTION 10.3 FOR DETAILS OF ENTRANCE RAMPS. 

@SEE SECTION 8.1 AND ODOT STD. DRAWINGS FOR 
CURB TR'*ISITIONS. 

NOTE' SEE FIGURE 10.9A FOR RAMP TYPICAL SECTIONS. 

36' 

1 l 

LOOP DESIGN 
(Curbed) 

Figure 10.6F 
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10.7 TYPICAL FREEWAY/RAMP 
JUNCllON FIGURES 

This Section presents design details used by 
ODOT for freeway /ramp junction designs. 

Table 10.7 A summarizes the figures in Section 
10.7. 

Table 10.7A 

TYPICAL FREEWAY RAMP JUNCTION FIGURES 

Figure Number Figure Title 

Figure 10.7A ODOT Typical Taper Exit Ramp (Uncurbed, V=60 on Mainline) 
Figure 10.7B ODOT Typical Taper Exit Ramp (Uncurbed, V = 70 on Mainline) 
Figure 10.7C ODOT Typical Parallel-Lane Exit Ramp (Uncurbed) 
Figure 10.7D ODOT Typical Exit Gore (Curbed) 
Figure 10.7E Escape Taper (Lane Drop at Exit Ramp) 

Figure 10.7F ODOT Typical Taper Entrance Ramp (Uncurbed, V = 60 on Mainline) 
Figure 10.7G ODOT Typical Taper Entrance Ramp (Uncurbed, V=70 on Mainline) 
Figure 10.7H ODOT Typical Parallel-Lane Entrance Ramp (Uncurbed) 
Figure 10.71 ODOT Typical Entrance Gore (Curbed) 
Figure 10.7J Exit Terminals on Curvilinear Alignment (D=00°45' Maximum) 

Figure 10. 7K Exit Terminals on Curvilinear Alignment (D=00°45' Minimum) 
Figure 10. 7L Entrance Terminals on Curvilinear Alignment 
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section. 

Design Speed of Ramp Curve 
(moh) 

Z - Length of Taper per Foot of 
Ramo Width Reduction (ft) 

1. Figure applies where V=60 mph for 
mainline and V~O mph for exit curve. 
In restricted locations, the exit curve 
may be designed for V=45 mph. 

5. See Figures 10.7J and 10.7K for exits 
on curvilinear alignment. 
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2. See Table 10.3C for superelevation 
information. 

3. See Figure 10.70 for typical curbed 
exit gore. 

ODOT TYPICAL TAPER EXIT RAMP 
(Uncurl>ed, V = 60 on Mainline) 

Figure 10.7A 

6. A 300' minimum length of exit curve is 
desirable. 

7. Refer to Traffic Engineering Division 
for detailed pavement markings. 
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3. See Figure 10.70 for typical curbed 
exit gore. 

ODOT TYPICAL TAPER EXIT RAMP 
(Uncurbed, V = 70 on Mainline) 

Figure 10.7B 
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4. See Figure 10.9A for typical ramp 
section. 

5. See Figures 10.7J and 10.7K for exits 
on curvilinear alignment. 

6. A 300' minimum length of exit cuive is 
desirable. 

7. Refer to Traffic Engineering Division 
for detailed pavement markings. 
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Notes: 

1. Figure applies where taper design is 
inappropriate. 

2. See Chapter Six for superelevation 
information. 

3. See Figure 10. 7D for typical curbed 
exit gore. 
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4. See Figure 10.9A for typical ramp 
section. 

5. A 300' minimum length of exit cum: is 
desirable. 

6. Refer to Traffic Engineering Division 
for detailed pavement markings. 
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Notes: 

1. Figure applies where curb is warranted 
on ramp. See Section 10.4. 

2. See Figure 10.9A for typical ramp 
section. 

ODOT TYPICAL EXIT GORE 
(Curbed) 

Figure 10.ID 
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3. Refer to Traffic Engineering Division 
for detailed pavement markings. 
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4. See Figure 10.9A for typical ramp section. 

l. Figure applies where V,,,60 mph for mainline and V2:50 mph for approach curve. 5. See Figure 10.7Lfor entrances on curvilinear alignment. 
In restricted locations, the approach curve may be designed for V=45 mph. 6. A 300 1 minimum length of approach curve is desirable. 

2. See Table 10.3H for superelevation information on the approach curve, including 7. Refer to Traffic Engineering Division for detailed pavement markings. 
the dimension "A". 

3. See Figure 10.7Ifor typical curbed entrance gore. 

ODOT TYPICAL TAPER ENTRANCE RAMP 
(Uncurbed, V =CiO on Mainline) 

Figure 10.7F 
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4. See Figure 10.9A for typical ramp section. 
l. Figure applies where V=70 mph for mainline and V:!:50 mph for approach curve. 5. See Figure 10.7Lfor entrances on curvilinear alignment. 
2. See Table 10.3H for superelevation information on the approach curve, including 6. A 300' minimum length of approach curve is desirable. 

the dimension •A•. 7. Refer to Traffic Engineering Division for detailed pavement markings. 
3. See Figure l0.7Ifor typical curbed entrance gore. 

ODOT TYPICAL TAPER ENTRANCE RAMP 
(Uncurbed, V=70 on Mainline) 

Figure 10. 7G 
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Notes: 

1. Figure applies where tape.r design is inappropriate. 4. See Figure 10.9A for typical ramp section. 
2. See Table 10.3C for superelevation information. 5. A 300' minimum length of approach cutve is desirable. 

300' MIN. 

3. See Figure 10.71 for typical curbed entrance gore. 6. Refer to Traffic Engineering Division for detailed pavement markings. 

ODOT TYPICAL PARALLEL-IANE ENTRANCE RAMP 
(Uncurbed) 

Figure 10.7H 
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2. See Figure 10.9A for typical ramp section. 

3. Refer to Traffic Engineering Division for detailed pavement markings. 

ODOT TYPICAL ENfRANCE GORE 
(Curbed) 

Figure 10.71 
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Oklahoma INTERCHANGES 

DECELERATION TAPER 
- STRAJGHT 

19' 
~~~:..:=.:.J~~21::"-14.'... - - - - - - -:- - - - - - - - - - - - - -.... 

* FOR A DECELERATION TAPER = 500',A • 3°46'46.30" 
FOR A DECELERATION TAPER = 550',A • .3°26' 10.49" 

July 1992 

Note: When the main roadway alignment is on a curve whose degree does not exceed 00°45', the following 
geometric controls will be required. Points "A" and "B" are located on the centerline of the median or, 
in the case of a median transition, on the base line of the lane such that the Arc "A" - "B" is 500' in 
length for 60 mph and 550' for 70 mph. Through Point "A", a radial line is passed to obtain Point "C," 
the beginning of the taper. Similarly, a radial line is passed through "B" to obtain Point "D" 14' beyond 
the outside edge of pavement. From Point "D," deflect an angle of !l. and establish Point "E" 19' beyond 
Point "D." The straight line connecting Point "C' and Point "E" establishes the bearing and length of 
the taper and the bearing of the tangent of the Exit Curve. 

These geometric controls are·to be used in conjunction with the criteria on exit ramps in Section 10.3. 
See the Geometric Design Branch for more information. 

EXIT 1ERMINAI.S ON CURVILINEAR ALIGNMENT 
(D=00°45' max) 

Figure 10.7J 
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PC 
100' 

19' 
~~~=-==..:....;~~3'1;:-14.:.. - - - - - - -:- - - - - - - - - - - - - - - - - -..... 

8 

CCURVILINEAR> 

~0>0°45' 
* FOR A DECELERATION TAPER = 500',6 • .3°46'46 . .30' AND OFFSET 6.6' PER STATION 

FOR A DECELERATION TAPER = 550' ,6 • 3°26'10.49" AND OFFSET 6.0' PER STATION 

Note: When the main roadway is on a curve whose degree exceeds 00°45' minimum, the following geometric 
controls will be required on the inside of the roadway curve. Points "A" and "B" are located 500' (or 
550') apart along the arc on the centerline of median or, in the case of a median transition, on the base 
line of the lane. A radial line is passed through Point "A" to establish Point "C," the beginning of the 
taper. A radial line is also passed through Point "B" to establish Point "D" 14' from the edge of 
pavement. From Point "D," deflect an angle of A and establish Point "E" 19' beyond Point "D." 

The bearing of the line from Point "D" to Point "E" is the bearing of the radius of the exit curve. The 
survey data for the ramp will begin at Point "E." The edge line on the inside of the ramp from Point 
"C" to Point "E" shall be identified as "Offset 6.6 Feet per Station for 60 mph" or "Offset 6.0 Feet per 
Station for 70 mph." 

For the design of exit terminals on the outside of the roadwav curve, consult with the Geometric Design 
Branch. For D>00°45' and the exit ramp on the outside of the curve, the use of a parallel-lane exit 
ramp should be considered. 0 

These geometric controls are to be used in conjunction with the criteria on exit ramps in Section 10.3. 
See the Geometric Design Branch for more information. 

EXIT 1ERMINAIS ON CURVIUNEAR AUGNMENT 
(D=00°45' Minimum) 

Figure 103K 
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© 

ACCELERATION TAPER 20 FIXED CURVE 
50•1 OR 70:1 

------z --------
-- - - - - - - - -

20 FIXED CURVE 

~· RADIAL TO CENTER 
OF 2° CURVE 

*FOR A 50:1 ACCELERATION TAPER, ~ = 1°08'44.75" 
FOR A 70•1 ACCELERATION TAPER,~ - 0049'06.44" 

ACCELERATION TAPER 
50:1 OR 70:1 

N'PROACH 
CURVE 

Note: When the main roadway alignment is on a curve, the following geometric controls will be required. 
Points "A" and "B" are located on the centerline of survey or baseline of construction, such that the arc 
length "A" to "B" will be either a 900' arc length for a 50:1 taper or a 1260' arc length for a 70:1 taper 
rate. A radial line is passed through "A" to establish Point "C," on outside edge of pavement; also, a 
radial is passed through "B" to produce Point "D" 18' beyond the outside edge of main line pavement. 
Center of 2 ° curve is established by projecting a deflection angle of fl from a radial line on I. curve 
passed through Point "D" as shown on detail. Point "E" is established on a radial line on 2 ° curve 
passed through F, a point of intersection of an offset curve concentric with curve on base line and an 
offset curve concentric with 2 ° curve on ramp. 

Above design is applicable where design speed of approach curve is 50 mph or more. Where V < 50 
mph, a parallel-lane entrance design should be considered. 

These controls are to be used in conjunction with the criteria on entrance ramps in Section 10.3. See 
the Geometric Design Branch for more information. 

ENTRANCE TERMlNMS ON CURVILINEAR ALIGNMENT 

Figure 103L 
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10.8 TYPICAL RAMP TERMINAL 
FIGURES 

This Section presents design details for ramp/ 
crossing road or ramp/frontage road inter-

sections. Table 10.8A summarizes the figures 
in Section 10.8. 

Table 10.SA 

TYPICAL RAMP TERMINAL FIGURES 

Figure Number Figure Title 

Figure 10.8A Ramp Terminal at 2-Lane Crossroad (Rural) 
(WB-114 Design Vehicle) 

Figure 10.8B Ramp Terminal at 2-Lane Crossroad (Rural) 
(WB-114 Design Vehicle) 

Figure 10.8C Corner Radii Designs (Ramp Terminals) 
Figure 10.8D Ramp Terminal at 4-Lane Undivided Crossroad (Rural) 

(WB-114 Design Vehicle) 
Figure 10.8E Ramp Terminal at 4-Lane Undivided Crossroad (Rural) 

(WB-114 Design Vehicle) 

Figure 10.8F Ramp Terminal at 4-Lane Divided Crossroad (Rural) 
(WB-114 Design Vehicle) 

Figure 10.8G Ramp Terminal at 4-Lane Divided Crossroad (Rural) 
(WB-114 Design Vehicle) 

Figure 10.8H Ramp Terminal at 4-Lane Undivided Crossroad (Urban) 
(WB-114 Design Vehicle) 

Figure 10.81 Ramp Terminal at 4-Lane Undivided Crossroad (Urban) 
(WB-114 Design Vehicle) 

Figure 10.8J Ramp Terminal at 4-Lane Divided Crossroad (Urban) 
(WB-114 Design Vehicle) 

Figure 10.8K Buttonhook Exit Terminal to Frontage Road (WB-114 Design Vehicle) 
Figure 10.8L Buttonhook Entrance Terminal to Frontage Road 

(WB-114 Design Vehicle) 
Figure 10.8M Ramp Terminal at 2-Lane Crossroad (Rural) (WB-67 Design Vehicle) 
Figure 10.8N Ramp Terminal at 2-Lane Crossroad (Rural) (WB-67 Design Vehicle) 
Figure 10.80 Ramp Terminal at 4-Lane Undivided Crossroad (Rural) 

(WB-67 Design Vehicle) 
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Figure Number Figure Title 

Figure 10.SP Ramp Terminal at 4-Lane Undivided Crossroad (Rural) 
(WB-67 Design Vehicle) 

Figure 10.SQ Ramp Terminal at 4-Lane Divided Crossroad (Rural) 
(WB-67 Design Vehicle) 

Figure 10.SR Ramp Terminal at 4-Lane Divided Crossroad (Rural) 
(WB-67 Design Vehicle) 

Figure 10.SS Ramp Terminal at 4-Lane Undivided Crossroad (Urban) 
(WB-67 Design Vehicle) 

Figure 10.ST Ramp Terminal at 4-Lane Undivided Crossroad (Urban) 
(WB-67 Design Vehicle) 

Figure 10.SU Ramp Terminal at 4-Lane Divided Crossroad (Urban) 
(WB-67 Design Vehicle) 

Figure 10.SV Buttonhook Exit Terminal to Frontage Road (WB-67 Design Vehicle) 
Figure 10.SW Buttonhook Entrance Terminal to Frontage Road 

(WB-67 Design Vehicle) 
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SEE FIG. 10.BC<A> FOR 
RADII DESIGN DETAILS 

NOTES: 

PROVIDE FULL DEPTH OR STRENGTHEt<ED 
SHOULDERS FOR OFF· TRACKING. 
FULL DEPTH OR STRENGTt-£NED SHOULDERS 
SHOULD BEGIN APPROXIMATEl Y 200' FROM 
THE INTERSECTION ON EACH APPROACH. 
SEE SECTION 9.5 FOR CORNER RAOU DESIGN DET MLS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVALUATE THE NEED FOR LEFT·TURN LANES 
ON THE CROSS·ROAD. PAVEMENT WIDTH MAY 
V/tRY FROM 24' TO 40' DEPENDING ON 
LEFT·TURN LANE REQUIREMENTS. 

© OFFSET ISLAND TO BACK OF SHOULDER. 

RAMP TERMINAL AT 2-lANE CROSSROAD (RURAL) 
(WB-114 Design Vehicle) 

Figure 10.SA 
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PROVIDE FULL DEPTH OR STRENGTt£NED 
SHOULDERS FOR OFF· TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
Tl-£ INTERSECTION ON EACH APPROACH. 
SEE SECTION 9.5 FOR CORNER RADII DESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVALUATE THE NEED FOR LEFT·TURN LANES 
ON THE CROSS·ROAO. PAVEMENT WIDTH MAY 
VARY FROM 24' TO 40' DEPENDING ON 
LEFT· TURN LANE REQUIREMENTS. 

© OFFSET ISLAND TO BACK OF SHOULDER. 

RAMP TERMINAL AT 2-1.ANE CROSSROAD (RURAL) 
(WB-114 Design Vehicle) 

Figure 10.SB 
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INTERCHANGES 
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Figure 10.SC 
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0:: NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS FOR Off-TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 

R•125' I I I I J 
SEE SECTION 9.5 FOR CORNER RAOllDESIGN DETAILS. 

@ PERFORM CAPACITY ANN.. YSES TO DETERMNE 
TH! NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

~~,~~-
®) EVALUATE THE NEED FOR LEFT·TURN LANES 

ON THE CROSS·ROAO. PAVEMENT WIDTH MAY 
VARY FROM 48' TO 64' DEPENDING ON 

8' LEFT· TURN LANE REQUIREMENTS. 
MIN. 

© OFFSET ISLAND TO BACK OF SHOULDER. 

RAMP IBRMINAL AT 4-I.ANE UNDIVIDED CROSSROAD (RURAL) 
(WB-114 Design Vehicle) 

Figure 10.SD 
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NOTES: 

PROVIDE ruLL DEPTH OR STRENGTHENED 
SHOULDERS FOR OFF-TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE NTERSECTION ON EACH APPROACH. 

SEE SECTION 9.5 FOR CORNER RAOIDESICN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER or LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE CROSS-ROAD. PAVEMENT WIDTH MAY 
VARY FROM 48'TO 64' DEPEl\{)ING ON 

., ~ ~... ·l§!il!I· 8' LEFT-TURN LANE REQUIREMENTS. 
...•. ' MIN. 

© OFFSET ISLAND TO BACK OF SHOULDER. 

RAMP TERMINAL AT 4-I.ANE UNDIVIDED CROSSROAD (RURAL) 
(WB-114 Design Vehicle) 

Figure 10.SE 
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NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS FOR OFF-TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 

SEE SECTION 9.5 FOR CORNER RADII DESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERl.INE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ LOCATION OF BULLET NOSE AND RADIUS Rt 
AND R2 CONTINGENT UPON MEDIAN WIDTH 
AND DESIGN VEHICLE TURNING PATH. SEE 
SECTION 9.8 FOR DESIGN CRITERIA FOR 
MEDIAN WIDTHS OTHER THAN 40'. 

© OFFSET ISLAND TO BACK OF SHOULDER. 

(ID SEE SECTION 9.3 FOR DESIGN CRITERIA 
FOR LEFT-TURN LANES. 

RAMP 1ERMINAL AT 4-I.ANE DNIDED CROSSROAD (RURAL) 
(WB-114 Design Vehicle) 

Figure 10.SF 
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NOTES: 

PROVIDE FULL DEPTH OR STRENGTt£NED 
SHOULDERS FOR OFF· TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' f"ROM 
Tt£ INTERSECTION ON EACH APPROACH. 

SEE SECTION 9.5 f"OR CORNER RADII DESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY f"OR THE 
EXIT RAMP TERMINALS 

@ LOCATION Of BULLET NOSE Al'.D RADIUS Rt 
AND R2 CONTINGENT UPON MEDIAN WIDTH 
AND DESIGN VEHICLE TURNING PATH. SEE 
SECTION 9.8 FOR DESIGN CRITERIA FOR 
MEDIAN WIDTHS OTHER THAN 40'. 

© OFFSET ISLAND TO BACK OF SHOULDER. 

@ SEE SECTION 9.3 FOR DESIGN CRITERIA FOR 
LEFT· TURN LANES. 

RAMP TERM1NAL AT 4-I.ANE DIVIDED CROSSROAD (RURAL) 
(WB-114 Design Vehicle) 

Figure 10.80 
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SEE SECTION 9.5 f'OR CORNER RAOllDESIGN DETAILS. 

@ PERF'ORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER Of' LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE CROSS-ROAD. PAVEMENT WIDTH "W" MAY 
VARY FROM 50' TO 68' DEPENDING ON 
LEFT-TURN LANE REQUIREMENTS ANO CURB 
OFFSET OISTANCES<GUTTER WIDTH>. 

RAMP TERMINAL AT 4-LANE UNDIVIDED CROSSROAD (URBAN) 
(WB-114 Design Vehicle) 

Figure 10.SH 
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NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS FOR OFF· TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 
SEE SECTION 9.5 FOR CORNER RAOH DESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVALUATE THE NEED FOR LEFT·TURN LANES 
ON THE CROSS·ROAO. PAVEMENT WIDTH MAY 
V MY FROM 50' TO 68' DEPENDING ON 
LEFT·TURN LANE REQUIREMENTS. 

RAMP TERMINAL AT 4-IANE UNDNIDED CROSSROAD (URBAN) 
(WB-114 Design Vehicle) 

Figure 10.81 
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Oklahoma INTERCHANGES 

(!) 4" MOUNTABLE CURB 

(%} VAA.Y 4" MOUNTABLE CURB TO 6" MOUNTABLE 
OR BAARER CURB 

Q) VAAY 6" MOUNTABLE OR BAARIER CURB TO O" 

NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS FOR OFF· TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 
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ID . 
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R•60' 

SEE SECTION 9.5 FOR CORNER RADO DESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
Tt£ NUMBER OF LANES NECESSAAY FOR THE 
EXIT RAMP TERMINALS 

@ LOCATION OF MEDIAN NOSE IS CONTINGENT 
UPON THE MEDIAN WIDTH ANO THE DESIGN 
VEHICLE TURNING PATH. SEE SECTION 9.8 
FOR DESIGN CRITERIA FOR MEDIAN WIDTHS 
OTHER THAN 16'. . 
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R•B' 

© SEE SECTION 9.J FOR DESIGN CRITERIA FOR 
LEFT-TURN LANES. 

@ PAVEMENT WIDTH, W, ANO MEDIAN WIDTHS, 
TYP. TYP. ~ 

m AND M, MAY VMY. SEE APPLICABLE CHAPTERS 
FOR WIDTHS. 

RAMP TERMINAL AT 4-I.ANE DIVIDED CROSSROAD (URBAN) 
(WB-114 Design Vehicle) 

Figure 10.8J 

July 1992 
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CONTACT THE TRAFFIC ENGINEERING DIVISION FOR SIGNING 
ANO STRPING 

@ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE FRONTAGE ROAD. PAVEMENT WIDTH 
MAY VJ.RY FROM 12' TO 24' DEPENDING ON 
LEFT-TURN LANE REQUIREMENTS. 

@ TRANSITION FRONTAGE ROAD SHOULDER TO 8' IN 35'. 

@ BEGIN CURB TRANSITION FOR CURBED FRONT AGE ROADS. 
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4" MOUNTABLE CONCRETE 
DIVIDING STRIP 4" MOUNTABLE CURB 

BUITONHOOK EXIT TERMINAL TO FRONTAGE ROAD 
(WB-114 Design Vehicle) 

Figure 10.SK 
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PROVIDE FULL DEPTH OR STRENGTHENED SHOULDERS FOR OFF-TRACKING. 

CONT ACT THE TRAFFIC ENGINEERING DIVISION FOR SIGNING 
AND STRIPING 

@ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE FRONT AGE ROAD. PAVEt.4ENT WIDTH 
MAY VM.Y FROt.4 12' TO 24' DEPENDING ON 
LEFT-TURN LANE REQUIREMENTS. 

@ TRANSITION FRONT AGE ROAD SHOULDER TO 8' IN 35'. 

@ BEGIN CURB TRANSITION FOR CURBED FRONT AGE ROADS. 

BUTfONHOOK ENTRANCE TERMINAL 10 FRONTAGE ROAD 
(WB-114 Design Vehicle) 

Figure 10.8L 
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PROVIDE FULL DEPTH OR STRENGTHEllED 
SHOULDERS FOR OFF-TRACKING. 
FULL DEPTH OR STRENGTt£NED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 
SEE SECTION 9.5 FOR CORNER RADII DESIGN OET AILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE CROSS-ROAD. PAVEMENT WIDTH MAY 
V/IRY FROM 24'TO 40' DEPENDING ON 
LEFT-TURN LANE REQUIREMENTS. 

© OFFSET ISLAND TO BACK OF SHOU...DER. 

RAMP IBRMJNAL AT 2-IANE CROSSROAD (RURAL) 
(WB-67 Design Vehicle) 

Figure l0.8M 
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NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS f'OR Off· TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' F'ROM 
THE INTERSECTION ON EACH APPROACH. 
SEE SECTION 9.5 f'OR CORNER RADII DESIGN OET AILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER or LANES NECESSARY f'OR THE 
EXIT RAMP TERMINALS 

~ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE CROSS-ROAD. PAVEMENT WIDTH MAY 
VARY FROM 24' TO 40' DEPENDING ON 
LEFT-TURN LANE REQUIREMENTS. 

© Of'f'SET ISLAND TO BACK Of' SHOULDER. 

RAMP IBRMINAL AT 2-IANE CROSSROAD (RURAL) 
(WB-67 Design Vehicle) 

Figure 10.SN 
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NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS FOR OFF·TRACKNG. 
f"lJLL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 

SEE SECTION 9.5 FOR CORNER RADII DESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVALUATE THE NEED FOR LEFT·T~ LANES 
ON Tt£ CROSS-ROAD. 
PAVEMENT WIDTH MAY VARY FROM 48' TO 64' 
DEPENDING ON LEFT-TURN REQUIREMENTS. 

© OFFSET ISLAND TO BACK OF SHOULDER. 

RAMP IBRMJNAL AT 4-l.ANE UNDMDED CROSSROAD (RURAL) 
(WB-67 Design Vehicle) 

Figure 10.80 
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NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS FOR Of'F-TRACKNG. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 

SEE SECTION 9.5 FOR CORNER RAOllDESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER Of' LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE CROSS-ROAD. 
PAVEMENT WIDTH MAY VARY FROM 48' TO 64' 
DEPENDING ON LEF'T-TURN REQUIREMENTS. 

@ OFFSET ISLAND TO BACK OF SHOULDER. 

RAMP 'IERMINAL AT 4-IANE UNDIVIDED CROSSROAD (RURAL) 
(WB-67 Design Vehicle) 

Figure to.SP 

0 

~ 
~ 
p.l 

~ 

I 

~ 
"<'" ,_. 
"° "° N 



-0 
Oo 

,-.., -'° ._ 

@~l c:::::> 

in 
t:! . 
a:: 

@ -~f_T • T:~_N~M r-r:n-'\1 I I iM 

R•125' 

R•10'~ 

~~ 

tr 
~ 
~ 
;,. 

8' 
MIN. 

R•SO' 

~~ 
~ .. LJ.J-~·::..+11r .. ·1.~· --n• 1 MIN. .~-.~ 

NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS FOR OFF-TRACKING . 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 
SEE SECTION 9.5 FOR CORNER R.A.Dft DESIGN DETAILS. 

@ PERFORM CAPACITY AN/IL. YSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMIN/IL.S 

@ LOCATION OF BULLET NOSE AND RADIUS R1 
AND R2 CONTINGENT UPON MEDIAN WIDTH 
AND DESIGN VEHICLE TURNING PATH. SEE 
SECTION 9.8 FOR DESIGN CRITERIA FOR 
MEDIAN WIDTHS OTHER THAN 40'. 

~ OFFSET ISLAND TO BACK OF SHOULDER • 

@ SEE SECTION 9.3 FOR DESIGN CRITERIA 
FOR LEFT·TURN LANES. 

RAMP TERMINAL AT 4-LANE DIVIDED CROSSROAD (RURAL) 
(WB-67 Design Vehicle) 

Figure 10.SQ 
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NOTES: 

PROVIDE FULL DEPTH OR STRENGTHENED 
SHOULDERS FOR OFF'· TRACKING. 
FULL DEPTH OR STRENGTHENED SHOULDERS 
SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 
SEE SECTION 9.5 f"OR CORNER RAOllDESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETER..WNE 
THE NUMBER Of' LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ LOCATION Of' BULLET NOSE ANO RADIUS R1 
ANO R2 CONTINGENT UPON MEDIAN WIDTH 
AND DESIGN VEHICLE TURNING PATH. SEE 
SECTION 9.8 FOR DESIGN CRITERIA FOR 
MEDIAN WIDTHS OTHER THAN 40'. 

© OFFSET ISLAND TO BACK Of' SHOULDER. 

@ SEE SECTION 9.3 FOR DESIGN CRITERIA 
FOR LEFT· TURN LANES. 

RAMP IBRMINAL AT 4-I.ANE DNIDED CROSSROAD (RURAL) 
(WB-67 Design Vehicle) 

Figure 10.SR 
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@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TER .. NALS 

@ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE CROSS-ROAD. PAVEMENT WIDTH "W" MAY 
VARY FROM so· TO 68' DEPENDING ON 
LEFT-TURN LANE REQUIREMENTS ANO CURB 
OFFSET DIST ANCES<GUTTER WIDTH>. 

RAMP IBRMINAL AT 4-IANE UNDIVIDED CROSSROAD (URBAN) 
(WB-67 Design Vehicle) 

Figure 10.SS 
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SHOULDERS FOR OFF-TRACKING. 
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SHOULD BEGIN APPROXIMATELY 200' FROM 
THE NTERSECTION ON EACH N-'PROACH. 
SEE SECTION 9.5 FOR CORNER RADllDESIGN DETAILS. 

@ PERFORM CAPACITY ANALYSES TO DETERMINE 
THE NUMBER OF LANES NECESSARY FOR THE 
EXIT RAMP TERMINALS 

@ EVAl.UATE THE NEED FOR LEFT·TURN LANES 
ON THE CROSS-ROAD. PAVEMENT WIDTH MAY 
VARY FROM 50' TO 68' DEPENDING ON 
LEFT-TURN LANE REQUIREMENTS. 

RAMP 1ERMINAL AT 4-LANE UNDIVIDED CROSSROAD (URBAN) 
(WB-67 ~ign Vehicle) 

Figure 10.ST 

~ 
~ 

~ 
~ 

~ c: 
-< 
...... 
l.O 
l.O 
N 



Oklahoma INTERCHANGES 

(!) 4" MOUNTABLE CURB 

@ VAAY 4" MOUNTABLE CURB TO 6" MOUNTABLE 
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SHOULD BEGIN APPROXIMATELY 200' FROM 
THE INTERSECTION ON EACH APPROACH. 
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Tt£ NUMBER OF LANES NECESSAAY FOR THE 
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VEHICLE TURNING PATH. SEE SECTION 9.8 
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OTHER THAN 16'. . 
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RAMP TERMINAL AT 4-IANE DIVIDED CROSSROAD (URBAN) 
(WB-67 Design Vehicle) 

Figure to.SU 
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PROVIDE FULL DEPTH OR STRENGTHENED SHOULDERS FOR Off-TRACKING, 

CONT ACT THE TRAFFIC ENGINEERING DIVISION FOR SIGNING 
AND STRIPING 

~ EVALUATE THE NEED FOR LEFT-TURN LANES 
ON THE FRONTAGE ROAD. PAVEMENT WIDTH 
MAY VARY FROM 12' TO 24' OEPENOlllG ON 
LEFT· TURN LANE REQUIREMENTS. 

@ TRANSITION FRONT AGE ROAD SHOULDER TO 8' IN 35'. 

© BEGIN CURB TRANSITION FOR CURBED FRONT ACE ROADS. 

BUITONHOOK ENTRANCE 1ERMINAL TO FRONTAGE ROAD 
(WB-67 Design Vehicle) 

Figure 10.SW 
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10.9 TYPICAL SECTION FIGURES 

This Section presents the typical ramp section 
figures used by ODOT. Table 10.9A 
summarizes the figures in Section 10.9. 

Table 10.9A 

TYPICAL RAMP SECTION FIGURES 

Figure Number Figure Title 

Figure 10.9A Typical Ramp Sections (Tangent) 
Figure 10.9B Typical Ramp Sections (Adjacent On/Off Ramps) 

July 1992 
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Note: Typical sections are for ramp proper away from either terminal. Section will vary at the at-grade intersection or 
freeway /ramp junction. 
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Notes: 1. Typical sections are for ramp proper away from either terminal. Section will vary at the at-grade intersection 
or freeway /ramp junction. 

2. Designer may determine a median barrier is warranted to separate on/off ramps. 

TYPICAL RAMP SECllONS 
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Figure 10.9B 
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Chapter Eleven 

ROADSIDE SAFETY 

11.1 DEFINITIONS 

1. Roadside Clear Zones. The distance 
beyond the edge of travel lane that should 
be clear of any non-traversable hazards or 
fixed objects. 

2. Roadside Hazards. A general term to 
describe roadside features which cannot 
be safely impacted by a run-off-the-road 
vehicle. Roadside hazards include both 
fixed objects and non-traversable roadside 
features (e.g., rivers). 

3. Parallel Slopes. Cut and fill slopes for 
which the toe runs approximately parallel 
to the flow of traffic. 

4. Transverse Slopes. Cut and fill slopes for 
which the toe runs approximately 
perpendicular to the flow of traffic. 
Transverse slopes are typically formed by 
intersections between the mainline and 
driveways, median crossovers or side 
roads. 

5. Recoverable Parallel Slope. Slopes which 
can be safely traversed and upon which an 
errant motorist has a reasonable 
opportunity to stop and return to the 
roadway. Fill slopes 4:1 and flatter are 
considered recoverable. 

6. Non-Recoverable Parallel Slope. Slopes 
which can be safely traversed but upon 
which an errant motorist is unlikely to 
recover. The run-off-the-road vehicle will 
likely continue down the slope and reach 

its toe. For most embankment heights, if 
a fill slope is between 3:1 (inclusive) and 
4: 1 (exclusive), it is considered a non­
recoverable parallel slope. 

7. Critical Parallel Slope. Slopes which 
cannot be safely traversed by a run-off­
the-road vehicle. Depending on the 
encroachment conditions, a vehicle on a 
critical slope may overturn. For most 
embankment heights, fill slopes steeper 
than 3: 1 are considered critical. A 
roadside barrier may be required on a 
critical parallel slope. Section 11.3 
provides additional information. 

8. Fore Slope. The side slope created by 
connecting the graded shoulder at the 
hinge point to the ditch bottom, 
downward and outward. 

9. Back Slope. The side slope created by the 
connection of the ditch bottom, upward 
and generally outward, to the natural 
ground. 

10. Fill Slope. The side slope created by 
connecting the graded shoulder at hinge 
point to the ditch bottom or natural 
ground line, downward and outward. 

11. Cut Slope. The side slope created by 
going directly upward and outward from 
the shoulder edge to the natural ground. 

12. Run/Rise Ratio or Slope Value. The 
relative steepness on a slope normal to 
the edge of the traveled way expressed as 

11.1 (1) 
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a ratio of run to rise. For example, a 4:1 
back slope rises 1 ft for each 4-ft run 
(lateral offset); likewise, a 4:1 fill slope 
falls 1 ft for each 4-ft run (lateral offset). 

13. Toe of (Fill) Slope. The intersection of 
the fill slope or fore slope with the natural 
ground or ditch bottom, before the 
recommended rounding is applied. 

14. Top of (Cut) Slope. The intersection of 
the back slope with the natural ground, 
before the recommended rounding is 
applied. 

15. Barrier Warrant. A criterion that identi­
fies an area of concern which should be 
shielded by a traffic barrier, if judged to 
be practical. 

16. Roadside Barrier. A longitudinal barrier 
used to shield hazards located within an 
established clear zone. Roadside barriers 
include guardrail, concrete barriers, etc. 

17. Median Barrier. A longitudinal barrier 
used to prevent an errant vehicle from 
crossing the portion of a divided highway 
separating the traveled ways for traffic in 
opposite directions. 

18. Impact Attenuator (Crash Cushion). A 
traffic barrier used to safely shield fixed 
objects or other hazards from 
approximately head-on impacts by errant 
vehicles. 

19. Len~h of Need. Total length of a 
longitudinal barrier, measured with 
respect to the centerline of roadway, 
needed to shield an area of concern. The 
length of need is measured to the last 
point of full-strength rail. 

20. Shy Distance. Distance from the edge of 
the traveled way beyond which a roadside 
object will not be perceived as an 

immediate hazard by the typical driver, to 
the extent that he will change vehicular 
placement or speed. This is considered a 
minimum of 2 ft on low-speed urban 
streets. 

21. Impact Angle. For a longitudinal barrier, 
the angle between a tangent to the face of 
the barrier and a tangent to the vehicle's 
path at impact. For a crash cushion, it is 
the angle between the axis of symmetry of 
the crash cushion and a tangent to the 
vehicle's path at impact. 

22. Experimental System. A roadside barrier, 
end terminal or crash cushion which has 
performed satisfactorily in full-scale crash 
tests, but has not yet been installed in 
sufficient quantity and/ or has not been 
exposed to traffic long enough to evaluate 
its in-service performance adequately. 

23. Operational System. A roadside barrier, ) 
end terminal or crash cushion which has { 
performed satisfactorily in full-scale crash 
tests and has demonstrated satisfactory in­
service performance. 

24. Barrier Curb. A longitudinal element, 
typically concrete, placed at the roadway 
edge for delineation, to control drainage, 
to control access, etc. Barrier curbs may 
range in height between 6 inches and 12 
inches with a face steeper than 1 
horizontal to 3 vertical. 

25. Mountable Curb. A longitudinal element, 
typically concrete, placed at the roadway 
edge for delineation, to control drainage, 
to control access, etc. Mountable curbs 
have a height of 6 inches or less with a 
face no steeper than 1 horizontal to 3 
vertical. 

11.1 (2) 
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11.2 ROADSIDE CLEAR ZONES 

11.2.1 General Application 

The clear zone widths presented in this 
Manual must be placed in proper perspective. 
The distances imply a degree of accuracy that 
does not exist. They do, however, provide a 
good frame of reference for making decisions 
on providing a safe roadside area. Each 
application of the clear zone distance must be 
evaluated individually, and the designer must 
exercise good judgment. 

Table 11.2A presents clear zone distances for 
design. When using the recommended clear 
zone distances, the designer should consider 
the following: 

1. Project Scope of Work. The clear zone 
distances in Section 11.2 apply to all 
freeway projects and to new construction/ 
reconstruction projects on non-freeways. 
Chapter Thirteen presents the criteria for 
3R projects on non-freeways. 

2. Context. If a formidable obstacle lies just 
beyond the zone, it may be appropriate to 
remove or shield the obstacle if costs are 
reasonable. Conversely, the clear zone 
should not be achieved at all costs. 
Limited right-of-way or unacceptable 
construction costs may lead to installation 
of a barrier or perhaps no protection at 
all. 

3. Boundaries. The designer should not use 
the clear zone distances as boundaries for 
introducing roadside hazards such as 
bridge piers, non-breakaway sign supports, 
utility poles or landscaping features. 
These should be placed as far from the 
roadway as practical. 

4. Roadside Cross Section. The recom­
mended clear zone distance will be based 
on the type of roadside cross section. 

Figure 11.2A presents a schematic for the 
various possibilities. 

5. Hi~hway Design Adjustments. The 
recommended clear zone distance should 
be adjusted for the highway design speed, 
slope condition and traffic volumes, as 
indicated in Table 11.2A. See Section 
11.2.4 for adjustments on horizontal 
curves. 

11.2.2 Parallel Slopes (Uncurbed) 

Table l 1.2A presents the Department's 
criteria for clear zones on cut and fill slopes 
which run parallel to the highway. The 
following discusses the application of the 
table: 

1. Recoverable Fill Slopes. For parallel fill 
slopes 4:1 and flatter (Figure ll.2A(a)), 
the recommended clear zone distance can 
be determined directly from Table 1 l.2A. 

2. Non-Recoverable Fill Slopes. For parallel 
fill slopes steeper than 4:1 but 3:1 or 
flatter (Figure 11.2A(b) ), the 
recommended clear zone includes a 
distance beyond the toe of the slope. Use 
the following procedure to determine the 
clear zone: 

a. The slope beyond the toe of the non­
recoverable fill slope will probably be 
6: 1 or flatter. Determine the clear 
zone for a 6: 1 or flatter slope from 
Table 11.2A for the applicable design 
speed and traffic volume. 

b. To determine the recommended 
distance beyond the toe, subtract the 
shoulder width (or the distance from 
the edge of the travel lane to the 
slope break) from the distance in Step 
#2a. 

11.2 (1) 
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Design Design 
Speed ADT 

40 mph Under 750 
or less 750-1500 

1500-6000 
Over 6000 

45-50 Under 750 
mph 750-1500 

1500-6000 
Over 6000 

55 Under 750 
mph 750-1500 

1500-6000 
Over 6000 

60 Under 750 
mph 750-1500 

1500-6000 
Over 6000 

65-70 Under 750 
mph 750-1500 

1500-6000 
Over 6000 

Table 11.2A 

CLEAR ZONE DISTANCE (ft) 
(New Construction/Reconstruction) 

Fill $lopes 

6:1 or 5:1 to 3:1 3:1 flatter 4:1 

7-10 7-10 7-10 
10-12 12-14 10-12 
12-14 14-16 . 12-14 
14-16 16-18 14-16 

10-12 12-14 
('.I 

8-10 ~ 
14-16 16-20 - 10-12 -16-18 20-26 c:: 12-14 
20-22 24-28 0 14-16 ... .... 

u 
12-14 14-18 Cl) 8-10 ti) 

16-18 20-24 c:: 10-12 ... 
20-22 24-30 Cl) 14-16 
22-24 26-32* 

..... 
16-18 ::I 

-0 

16-18 20-24 ~ 10-12 0 
20-24 26-32* ..... 12-14 ~ 
26-30, 32-40* Cl) 14-18 
30-32* 36-44* Cl) 

20-22 ti) 

18-20 20:26 10-12 
24-26 28-36* 12-16 
28-32* 34-42* 16-20 
30-34* 38-46* 22-24 

Cut Slopes 

4:1 to 6:1 or 
5:1 flatter 

7-10 7-10 
10-12 10-12 
12-14 12-14 
14-16 14-16 

8-10 10-12 
12-14 14-16 
14-16 16-18 
18-20 20-22 

10-12 10-12 
14-16 16-18 
16-18 20-22 
20-22 22-24 

12-14 14-16 
16-18 20-22 
18-22 24-26 
24-26 26-28 

14-16 14-16 
18-20 20-22 
22-24 26-28 
26-30 28-30 

Source: (1) 
Notes: 1. All distances are measured from the edge of the travel lane. 

* 

2. 

3. 

4. 

5. 

See discussion in Section 11.2.2 (Comment #2) for application of clear zone criteria on non­
recoverable fill slopes. 

See discussion in Section 11.2.3 for application of clear zone criteria across ditch sections. 

These values apply to tangent sections of highway. For horizontal curve adjustments on horizontal 
curves, see Table 11.2B. 

For clear zones, the "Design ADT" will be the total ADT on two-way roadways and the directional 
ADT on one-way roadways (e.g., ramps and one roadway of a divided highway). 

Where a site specific investigation indicates a high probability of continuing accidents or such occurrences 
are indicated by accident history, the designer may provide clear zone distances greater than 30 ft as 
indicated. Clear zones may be limited to 30 ft for practicality and to provide a consistent roadway template 
if previous experience with simiiar projects or designs indicates satisfactory performance. When the clear 
zone distance is reduced to 30 ft as covered above, a Level 2 exception documentation must be developed. 
Also see note 6 on Table 11.2B. 
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CLEAR ZONE 

SHOULDER I 

f--EDGE OF 
TRAVEL LANE 

FILL SLOPE 4:1 
OR FLATTER 7 

TOE OF r FILL SLOPE 

RECOVERABLE PARALLEL SLOPE <0> 

SHOULDER 

l-EDGE OF 
I TRAVEL LANE 

CLEAR ZONE 

FILL SLOPE STEEPER THAN 
4:1 BUT 3:1 OR FLATTER 

TOE OF DISTANCE 
FILL SLOPE\ I BEYOND TOE 

~ C10' MINIMUM> 

6:1 OR FLATTER 

NON-RECOVERABLE PARALLEL SLOPE (b) 

RECOVERY AREA 

"X"* 

CLEAR ZONE 
C10' MINIMUM) 

SHOULDER RECOVERABLE SLOPE NON-RECOVERABLE "X"* 
SLOPE C10' MINIMUM> 

July 1992 

EDGE OF 
TRAVEL LANE 

6:1 OR FLATTER 

*SEE COMMENT S:S3 IN SECTION 11.2.2. 

BARN-ROOF' PARALLEL SLOPE <c> 

o· - 2·----. 

I 
SHOULDER i 

EDGE OF 
TRAVEL LANE 

NOTE: BECAUSE A BARRIER IS 
TYPICAl..L Y USED, THERE IS 
NO CLEAR ZONE APPLICATION 

FILL SLOPE** 
••SEE SECTION 11.3.2 FOR BARRIER 

WARRANTS AT EMBANKMENTS. 
Source: (1) Revised 

CRITICAL PARALLEL SLOPE <d> 

CLEAR ZONE APPLICATION FOR FILL SLOPES 
(Uncurbed) 

Figure 11.2A 
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c. If the distance in Step #2b is greater 
than 10 ft, this distance will be the 
desirable clear zone beyond the toe; 
10 ft will be the minimum. If the 
distance in Step #2b is less than 10 ft, 
the minimum clear distance will be 10 
ft beyond the toe. 

3. Barn-Roof Fill Slope (Recoverable/Non­
Recoverable. Barn-roof fill slopes may be 
designed with a recoverable slope leading 
to a non-recoverable slope (Figure 
11.2A(c)). The distance from the slope 
break to the clear zone (noted as 'x" on 
Figure 11.2(A)(c)) should be applied as 
an addition outside the intersection of the 
non-recoverable slope and the 6: 1 or 
flatter slope. This addition should be a 
minimum of 10 ft wide. The procedure 
for determining the clear zone is similar 
to that described for non-recoverable fill 
slopes in Comment #2; i.e., a clear area 
beyond the toe of slope (10-ft minimum) 
will be needed where the clear zone 
extends beyond the break between the 
recoverable and non-recoverable slopes. 

4. Barn-Roof Fill Slope (Recoverable/Re­
coverable. Barn-roof fill slopes may be 
designed with two recoverable slope rates; 
the second slope is steeper than the slope 
adjacent to the shoulder. This design 
requires less right-of-way and 
embankment material than a continuous, 
flatter slope. Although a "weighted" 
average of the slopes may be used, a 
simple average of the clear zone distances 
for each slope is sufficiently accurate, if 
the variable slopes are approximately the 
same width. If one slope is significantly 
wider, the clear zone computation based 
on that slope alone may be used. 

5. Critical Fill Slope. Fill slopes steeper 
than 3:1 are critical (Figure 11.2A(d)). 
These typically require a barrier and, 

therefore, there is no clear zone 
application. 

The following examples illustrate how to 
determine the clear zone distance for various 
parallel slopes. 

* * * * * * * * * * 

Example 11-1 (Recoverable Fill Slope) 

Given: Fill Slope - 4:1 
Design Speed - 60 mph 
Design ADT - 7000 

Problem: Determine the recommended 
clear zone distance. 

Solution: From Table 11.2A, the clear zone 
distance should be 36' - 44'. Note that 
this distance will apply regardless of the 
shoulder width. However, as indicated in 
a footnote to the table, the clear zone 
distance may be limited to 30' based on 
specific site conditions to provide a more 
practical design. 

Example 11-2 (Barn-Roof Fill Slope) 

Given: Fill Slope - See Figure 1 l.2B 
Design Speed - 60 mph 
Design ADT - 7000 

Problem: Determine the recommended 
clear zone distance. 

Solution: The procedure in Section 11.2.2 
for non-recoverable fill slopes is used as 
follows: 

2a. From Table 11.2A, the clear zone for 
a fill slope 6: 1 or flatter is 30' - 32'. 

2b. The recommended clear distance 
beyond the toe of the non-recoverable 
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15' 12' 15'-17' 

1Q:t OR LESS 

LEDGE OF 
I TRAVEL LANE 

8:1 

TOE OF SLOPE 

Source: (1) Revised 

NON-RECOVERABLE FILL SLOPE 
(Example 11-2) 

Figure 11.2B 

slope (3.5:1) is (30' - 32') minus 15' 
yields (15' - 17'). 

2c. The desirable clear distance beyond 
the toe is 15' - 17'; the minimum 
distance is 10'. 

* * * * * * * * * * 

11.23 Cut Slopes (Uncurbed) 

Ditch sections, as illustrated in Figure 1 l.2C, 
are typically constructed in roadside cuts 
without curbs. The applicable clear zone 
across a ditch section will depend upon the 
fore slope, the back slope, the horizontal 
location of the toe of the back slope, and 
various highway factors. The designer will use 
the following procedure to determine the 
recommended clear zone distance: 

1. Check Fore Slope. Use Table ll.2A to 
determine the clear zone based on the 
ditch fore slope. 

2. Check Location of the Toe of Back Slope. 
Based on the distance from Step # 1, 
determine if the toe of the back slope is 
within the clear zone. The toe of back 

slope is defined as the point at which the 
ditch rounding ends and the (uniform) 
back slope begins. If the toe is at or 
beyond the clear zone, then the designer 
usually need only consider roadside 
hazards within the clear zone on the fore 
slope or within the ditch. If the toe is 
within the clear zone, the designer should 
evaluate the practicality of relocating the 
toe of back slope. If the toe of back slope 
will remain within the clear zone, Step #3 
below will apply. 

3. Check for Roadside Hazards on Back 
Slope. If the toe of the back slope is 
within the clear zone distance from Step 
# 1 above, a clear zone should be provided 
on the back slope. This clear zone will be 
a distance beyond the toe of back slope as 
follows: 

a. When the back slope is 6:1 or flatter 
(Figure ll.2C(a)), treat the back slope 
as level and use the clear zone based 
on the fore slope rate to determine 
the clear zone limit on the back slope. 

b. When the back slope is steeper than. 
6:1 but 3:1 or flatter (Figure 
1 l.2C(b) ), assume the vehicle cannot 
make it up to the top of the back 
slope, if the slope is at least 10-ft 
wide. The initial 10 ft beyond the 
outside limit of ditch rounding or the 
distance in Step #3a, whichever is 
less, should be clear of roadside 
hazards. Any obstacles beyond this 
point would be considered outside of 
the clear zone. 

c. When the back slope is steeper than 
3:1 (Figure 11.2C(c)), the initial 5 ft 
beyond the outside limit of ditch 
rounding should be clear of roadside 
hazards. 
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CLEAR ZONE 

SHOULDER 

! 
~EDGE OF 

TRAVEL LANE 
\__ BACK OF ROUNDED DITCH 

BACK SLOPE 6:1 OR FLATTER Ca> 

I .. 

SHOULDER 

EDGE OF 
TRAVEL LANE 

CLEAR ZONE 

BACK OF ROUNDED DITCH 

BACK SLOPE STEEPER THAN 6:1 BUT 3:1 OR FLATTER Cb> 

CLEAR ZONE 

SHOULDER 

EDGE OF 
TRAVEL LANE 

BACK OF ROUNDED DITCH 

BACK SLOPE STEEPER THAN 3:1 <c> 

CLEAR ZONE APPIJCATION FOR ClTf SLOPES 
(Uncurbed) 

Figure 11.2C 

July 1992 
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d. In rock cuts with steep back slopes, no 
clear zone is required beyond the toe 
of back slope. However, the rock cut 
should be relatively smooth to mini­
mize the hazards of vehicular impact. 

4. Check Ditch Traversability. The designer 
should evaluate the traversability of the 
ditch cross section. See Section 11.3.7.1 

* * * * * * * * * * 

Example 11-3 (Ditch Section) 

Given: ADT = 7000 
V = 60 mph 
Tangent Roadway 
Fore Slope = 6:1 
Ditch Width = 8' 
Back Slope = 4:1 

_____ Toe of back slope is 25' from 
edge of travel lane. 

See Figure 11.2D 

CLEAR ZONE • 30' 

SHOULDER 

EDGE OF 
TRAVEL LANE 

25' 

Problem: Determine 
application 
section. 

the clear 
across the 

zone 
ditch 

Solution: Using the procedure m Section 
11.2.3: 

1. Check Fore Slope. Table 11.2A yields a 
clear zone of 30' for a 6: 1 fore slope. 

2. Check Location of Toe of Back Slope. 
The toe of back slope is within the clear 
zone. Therefore, Step #3 applies. 

3. Check for Roadside Hazards on Back 
Slope. With a 4: 1 back slope, the criteria 
in Step #3b in the procedure will apply. 
Based on these criteria, the initial 5' 
beyond the toe of back slope should be 

--~c-le ..... a~r of roadside-hazards This provides 
a 30' clear zone for the roadside. 

\ 

\__BACK OF 
ROUNDED DITCH 

CLEARZONEATDITCHSECTION 
(Example 11-3) 

Figure 112D 
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4. Check Ditch Traversability. As discussed 
in Section 11.3, the ditch in this example 
is a traversable ditch and, therefore, is not 
a roadside hazard. 

·* * * * * * * * * * 

112.4 Horizontal Curves 

On the outside of horizontal curves, run-off­
the-road vehicles may travel a farther distance 
from the travel lane before regaining control 
of the vehicle. The designer may choose to 
modify the clear zone distance obtained from 
Table 11.2A for horizontal curvature. These 
modifications are normally considered where 
accident history indicates a need or where a 
specific site investigation shows a definitive 
accident potential. 

Where adjustments will be applied, Figure 
11.2E illustrates the application on a curve. 
Table 11.2B provides recommended factors 
for clear zones on horizontal curves. 

112.5 Curbed Sections 

Figure 11.2F illustrates the clear zone 
application where curbed sections are used. 
In urban areas, the minimum clear zone 
distance is 1.5 ft from the face of curb. 
However, if practical, a 5-ft to 10-ft clear zone 
distance should be provided, especially at 
intersections and driveway entrances, as 
measured from the face of curb. 

-----.. ------- ... ... --

CZt = clear zone on tangent section 
CZc = clear zone on horizontal curve 

HORIZONTAL CURVE ADJUSTMENTS 

Figure 11.2E 
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Table 11.2B 

CLEAR ZONE ADJUSTMENT FACTORS FOR HORIZONTAL CURVES (Kcr) 

DEGREE DESIGN SPEED (mph) 
OF CURVE 40 45 50 55 60 65 70 

2.0 1.08 1.10 1.12 1.15 1.19 1.22 1.27 

2.5 1.10 1.12 1.15 1.19 1.23 1.28 1.33 

3.0 1.11 1.15 1.18 1.23 1.28 1.33 1.40 

3.5 1.13 1.17 1.22 1.26 1.32 1.39 1.46 

4.0 1.15 1.19 1.25 1.30 1.37 2.44 

4.5 1.17 1.22 1.28 1.34 1.41 1.49 

5.0 1.19 1.24 1.31 1.37 1.46 

6.0 1.23 1.29 1.36 1.45 1.54 

7.0 1.26 1.34 1.42 1.52 

8.0 1.30 1.38 1.48 

------Y.O 1.34 1.43 1.)3 
--- -- --

10.0 1.37 1.47 

15.0 1.54 

Source: (1) 

Notes: 1. Adjustments apply to the ~ of a horizontal curve. 

2. Curves flatter than 2° do not require adjustments. 

3. The applicable clear zone distance on a horizontal curve is calculated by: CZc = (KcJ(CZt) 

clear zone on a curve, ft 
curve correction factor 
clear zone on a tangent section from Section 11.2. 

4. For curves intermediate in the table, use a straight-line interpolation. 

5. See Figure 11.2E for the application of CZc to the roadside around a curve. 

6. Curve correction criteria may be modified or reduced as covered in note on Table 11.2A, but 
reduction or elimination of horizontal curve correction distances (down to 30') must be documented 
as a Level 2 exception. 
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CLEAR ZONE 

SHOULDER SHELF! 

EDGE OF 
TRAVEL LANE 

MOUNT ABLE CURB 

RURAL CURBED SECTION Co) 

EDGE OF 
TRAVEL LANE 

UTILITY POLE 

DESIRABLE 5'-10' 
2' MINIMUM 1.5' 

TYP. 

\_ CURB <BARRIER OR MOUNT ABLE> 

URBAN CURBED SECTION (b) 

July 1992 

Note: Where mountable curb is used in urban areas, the clear zone will desirably be determined 
as indicated in (a) for a rural section. 

CLEAR ZONE APPLICATION 
(Curbed Section) 

Figure 112F 
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112.6 Rural Collectors and Local Roads 

On non-State highways functionally classified 
as rural collectors and rural local roads, where 
the design speed is 40 mph or less, the 
minimum clear zone will be 10 ft, regardless 
of the side slopes or traffic volumes. See 
County Roads Design Guidelines Manual for 
additional information. 

11.2.7 Auxiliary Lanes 

As discussed in Section 8.1, auxiliary lanes are 
defined as any lanes beyond the basic through 
travel lanes which are intended for use by 
vehicular traffic for specific functions. This 
includes turn lanes at intersections, truck­
climbing lanes, weaving lanes, etc. The clear 
zone for auxiliary lanes will be determined as 
follows· -- -- --

1. Turn Lanes at Intersections. Where the 
intersection is uncurbed, clear zones will 
be determined based on the design speed 
and traffic volumes associated with the 
through travel lanes; i.e., the presence of 
the turn lane is ignored when determining 
clear zones. Where the intersection is 
curbed, the criteria in Section 11.2.5 will 
apply; i.e., the minimum clear zone is 1.5 
ft from the face of curb, and the desirable 
clear zone is 5 ft to 10 ft from the edge of 
the tum lane. 

2. Auxiliacy Lanes Adjacent to Mainline. 
Figure 11.2G(a) illustrates the clear zone 
application for climbing lanes, 
acceleration/ deceleration lanes, weaving 
lanes, etc. Two independent clear zone 
determinations are necessary. First, the 
designer calculates the clear zone from 
the edge of the through traveled way 
based on the total traffic volume, 
including the auxiliary lane volume. 
Second, the designer calculates the clear 
zone from the edge of the auxiliary lane 

based on the traffic volume in the 
auxiliary lane. The clear zone distance 
which extends the farthest will apply. 

3. Variable Design Speeds. Figure ll.2G(b) 
illustrates a roadway with a variable 
design speed - a slip ramp from a 
mainline to a one-way frontage road. As 
illustrated in the figure, variable clear 
zones will apply based on the variable 
design speeds. 
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AUXILIARY LANE 

EDGE OF 
TRAVEL LANE 
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CLEAR ZONE <MAINLINE> 

CLEAR ZONE <AUXILIARY LANE> 

SHOULDER 

Note: Use larger of clear zone measured from edge of travel lane or from edge of auxiliary lane. 
See Section 11.2.7. This applies to higher volume, higher speed auxiliary lanes (e.g., truck­
climbing lanes, acceleration lanes). For turn lanes at intersections, see Section 11.2.7. 

x 

y 

AUXILIARY LANES ADJACENT TO MAINLINE <o> 

-----i~.. MAINLINE 

x X • CLEAR ZONE FOR MAINLINE 

Y • CLEAR ZONE FOR FRONTAGE ROAD 

FRONT AGE ROAD 

SLIP RAMPS (b) 

CLEAR ZONE APPLICATION 
{Auxiliary Lanes) 

Figure 11.2G 
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113 ROADSIDE BARRIER WARRANTS 

113.1 Range of Treatments 

If a roadside hazard is within the clear zone, 
the designer should select the treatment which 
is judged to be the most practical and cost­
effective for the site conditions. The range of 
treatments include: 

1. eliminate the hazard (flatten 
embankment, remove rock outcroppings, 
etc.); 

2. relocate the hazard; 

3. where applicable, make the hazard 
breakaway (sign posts, luminaire 
supports); 

4. shield the hazard with a roadside barrier; 
or 

5. do nothing. 

The selected treatment will be based upon the 
traffic volumes, roadway geometry, proximity 
of the hazard to travelway, nature of the 
hazard, costs for remedial action and accident 
experience. Where used, the designer should 
ensure that any roadside barrier installations 
are considered early in the project design. 

As an alternative to a subjective evaluation, 
the designer may elect to use an approved 
cost-effective analysis for roadside safety 
applications. One example is ROADSIDE, 
which is presented in Appendix A of 
Reference (1). 

11.3.2 Embankments 

The severity of the roadside embankment 
depends upon the rate of fill slope and the 
height of fill. For all highways, Figure ll.3A 
should be used to determine if a barrier is 

warranted. For low embankment heights, the 
criteria allow fill slopes steeper than 3: 1 to 
remain unshielded. A barrier is not required 
for areas outside of the shaded region, unless 
there are roadside hazards within the clear 
zone as calculated from Section 11.2. 

113.3 Roadside Hazards 

Section 11.2 presents the recommended clear 
zone distances for various highway conditions. 
These distances should be free of any fixed 
objectives and non-traversable hazards based 
on the relative severity between impacting 
guardrail and impacting the hazard. A few 
examples of roadside hazards include: 

1. non-breakaway sign supports, non­
breakaway luminaire supports, tra,ffic 
signal poles and railroad signal poles; 

2. concrete footings, etc., extending more 
than 4 inches above the ground; 

3. bridge piers and abutments at 
underpasses, bridge parapet ends and 
pedestrian rail ends; 

4. retaining walls and culvert headwalls; 

5. trees with diameter greater than 4 inches 
(at maturity); 

6. rough rock cuts; 

7. large boulders; 

8. mailboxes; 

9. streams or permanent bodies of water; 

10. non-traversable ditches; and 

11. utility poles or towers. 
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BARRIER WAR.RANTS FOR EMBANKMENTS 

Figure 113A 
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Once the designer has concluded that a 
barrier is warranted, the first attempt should 
be to remove or relocate the hazard or to 
make the hazard breakaway. If these are not 
practical, a barrier should be installed only if 
engineering judgment indicates it is a 
reasonable solution. For example, it would 
probably not be practical to install a barrier to 
shield an isolated point obstacle, such as a 
tree, located near the edge of the clear zone. 

a. design speed; 

b. pedestrian volumes; 

c. traffic volumes; 

d. accident history; 

e. geometric impacts (e.g., sight 
distance); 

f. practicality of providing proper end 
113.4 Bridge Rails/Parapets treatments; 

113.4.1 Approaches 

Barrier protection is normally warranted on 
all approach ends to bridge rails or parapets, 
and it is normally warranted on the trailing 
ends of two-way roadways. No roadside 
barrier is needed on the trailing end of a one­
way roadway, unless a barrier is warranted for 
other reasons (e.g., fill slopes steeper than 
3:1). Figure 11.3B presents the criteria for 
barrier warrants for bridge rails or parapets. 

113.4.2 Pedestrian Rail 

If a sidewalk is placed on a bridge, it may be 
warranted to provide the typical bridge rail to 
separate the vehicular traffic from pedestrians 
and then use a pedestrian rail on the outside 
edge of the sidewalk. The following will 
apply: 

1. Principal Arterials. A separate pedestrian 
rail is required on all bridges with 
sidewalks on all high-speed principal 
arterials with partial control of access. 

2. Other Facilities. On all other facilities 
with sidewalks on bridges, the need for a 
separate pedestrian rail will be considered 
on a case-by-case basis. The following 
factors will be evaluated: 

g. construction costs; and 

h. local preference. 

The Bridge Division will be responsible for 
the final decision on when to use a pedestrian 
rail in combination with a typical bridge rail. 

1135 Transverse Slopes 

Where the highway mainline intersects a 
driveway, side road or median crossing, a 
slope transverse to the mainline will be 
present. See Figure 11.3C. In general, 
transverse slopes should be as flat as practical. 
The following will apply: 

1. Multilane Divided Highways. On all 
freeways and other multilane divided 
highways with V ~50 mph and high traffic 
volumes, the transverse slopes should be 
10: 1 or flatter. 

2. Other Facilities. The transverse slopes 
should be 6: 1 or flatter. However, on 
urban facilities (V ~45 mph) and on rural 
facilities (V ~40 mph), transverse slopes 
steeper than 6: 1 may be considered. 

If these criteria cannot be met practically, a 
roadside barrier should be considered. The 
decision to use a barrier will be made on a 
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Source: (2) 
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Figure 113B 
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SEE TABLE 11.2A 
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case-by-case basis considering costs, traffic 
volumes, severity of the proposed transverse 
slope and other relevant factors. 

113.6 Rock·Cuts 

As indicated in Section 11.3.3, rough rock cuts 
located within the clear zone may be 
considered a roadside hazard. The following 
will apply to their treatment: 

1. Hazard Identification. There is no precise 
method to determine whether or not a 
rock cut is sufficiently "ragged" to be 
considered a roadside hazard. This will 
be a judgment decision based on a case­
by-case evaluation. 

2. Debris. A roadside hazard may be identi­
fied based on known or potential 
occurrences of rock debris encroaching 
onto the roadway. 

3. Barrier Warrant. If the rock cut or rock 
debris is within the clear zone, a barrier 
may be warranted. 

4. Barrier Type. Where a barrier is used, a 
full-section concrete median barrier will 
typically be used up to a suggested 
maximum offset of 15 ft from the edge of 
travel lane. 

113.7 Roadside Drainage Features 

Effective drainage is one of the most critical 
elements in the design of a highway or street. 
However, drainage features should be 
designed and constructed considering their 
consequences on run-off-the-road vehicles. 
Ditches, curbs, culverts and drop inlets are 
common drainage system elements that 
should be designed, constructed and 
maintained considering both hydraulic 
efficiency and roadside safety. 

In general, the following options, listed in 
order of preference, are applicable to all 
drainage features: 

1. Design or modify drainage structures so 
that they are traversable or present a 
minimal hazard to an errant vehicle. 

2. If a major drainage feature cannot 
effectively be redesigned or relocated, 
shielding by a traffic barrier should be 
considered if the feature is in a vulnerable 
location. 

11.3.7.1 Roadside Ditches 

Figure ll.3D and E present preferred fore 
slope and back slope combinations for basic 
ditch configurations. Cross sections which fall 
in the shaded region of each of the figures 
are considered traversable. Ditch sections 
which fall outside the shaded region are 
considered less desirable and their use should 
be limited where high-angle encroachments 
can be expected, such as on the outside of 
relatively sharp curves. 

The designer should recognize that the 
traversability criteria in Figures 1 l.3D and E 
are predicated on impact speeds of 60 mph at 
a 25° angle of impact. Although no specific 
criteria are available, steeper fore slopes 
and/or back slopes or narrower ditch widths 
would be safely traversable at lower design 
speeds. Chapters Eight and Twelve present 
ODOT's criteria for the dimensions of 
roadside ditches based on functional 
classification and design speed. In general, 
these ditch sections meet the traversability 
criteria in Figures 1 l.3D and E for the higher 
speed facilities; the ditch section criteria for 
the lower speed facilities are judged to be 
reasonable for those highway types. 
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Note: This chart is applicable to all V-ditches, rounded ditches with a bottom width less than 8 
feet, and trapezoidal ditches with bottom widths less than 4 feet. 

PREFERRED CROSS SECTIONS FOR DITCHES 
(With Abrupt Slope Changes) 

Figure 1130 

Source: (1) 
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(With Gradual Slope Changes) 

Figure 113E 

Source: (1) 
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113.7.2 Curbs 

Curbs are typically used for drainage control. 
In general, the use of curbs with a barrier is 
discouraged and, specifically, curbs higher 
than 4 inches should not be used with a 
barrier on new construction facilities with 
design speeds 50 mph or higher. Existing 
curb installations higher than 4 inches may 
remain if the installation otherwise meets 
ODOT criteria. Section 11.5 provides 
additional details for relative placement of 
curbs and guardrail. Section 8.1 and the 
ODOT Standard Drawings provide information 
on the different types of curbs used by ODOT 
and the criteria for their placement. 

113. 7 3 Cross Drainage Structures 

If a slope is generally traversable, the 
preferred treatment for any cross drainage 
structure is to extend (or shorten) it to 
intercept the roadway embankment and to 
match the inlet or outlet slope to the 
embankment slope. This results in an 
extremely small "target" to hit, reduces 
erosion problems and simplifies mowing 
operations. For small culverts, no other 
treatment is required. For cross drainage 
structures, a small pipe culvert is defined as a 
single round pipe with a 30-inch or less 
diameter or multiple round pipes each with a 
30-inch or less diameter. Extending or 
shortening culverts and their fill slopes, 
however, to locate the inlets/outlets beyond 
the clear zone is not recommended if such 
treatments introduce discontinuities in an 
otherwise traversable slope. See ODOT 
Standard Drawings. 

Single structures, drop inlet openings, or end 
treatments wider than 30 inches shall be made 
traversable for passenger size vehicles by 
using bar grates or pipes to reduce the clear 
opening width. The ODOT Standard Draw­
ings provide additional details in the design of 

bar grates. To maintain hydraulic efficiency, 
it may be necessary to apply bar grates to 
flared wingwalls, flared end sections or culvert 
extensions that are larger in size than the 
main barrel. 

For intermediate sized pipes and culverts with 
inlets and outlets which cannot readily be 
made traversable, the pipe should be extended 
so that the obstacle is located outside of the 
clear zone. For major drainage structures 
which are costly to extend and with end 
sections which cannot be made traversable 
(e.g., 5-ft high box culverts), shielding with a 
barrier may be warranted. 

113.7.4 Parallel Drainage Structures 

Parallel drainage culverts are those which are 
oriented parallel to the main flow of traffic. 
They are typically used under driveways, field 
entrances, access ramps, intersecting side 
roads and median crossovers. As with cross 
drainage structures, the designer's primary 
concern should be to design generally 
traversable slopes and to match the culvert 
opening with adjacent slopes. Section 11.3.5 
provides ODOT's criteria for transverse slope 
rates. 

Parallel drainage structures should desirably 
match the selected side slope and be safely 
treated if practical when they are located in a 
vulnerable position relative to the main road 
traffic outside the clear zone. Although many 
of these structures are small and present a 
minimal target, the addition of pipes and bars 
perpendicular to traffic can reduce wheel 
snagging in the culvert openings. The ODOT 
Standard Drawings provide additional details 
in the design of pipes and bars. Generally, 
single pipes with diameters of 24 inches or 
less will not require a grate. However, when 
a multiple-pipe installation is involved, 
consideration of a grate for the smaller pipes 
may be appropriate. 
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Parallel drainage structures may be closely 
spaced because of frequent driveways and 
intersecting roads. In such locations, it may 
be desirable to convert the open ditch into a 
storm drain and backfill the areas between 
adjacent driveways. This treatment will 
eliminate the ditch section as well as the 
transverse embankments with pipe inlets and 
outlets. 

July 1992 
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11.4 ROADSIDE BARRIERS 

11.4.1 Barrier Imes 

Table ll.4A presents the roadside barrier 
types which .are approved for use by ODOT. 
The table summarizes the hardware 
requirements for each system. The designer 
should reference the ODOT Standard 
Drawings for more detailed information. The 
following sections briefly describe each system 
and its typical usage. 

11.4.1.1 "W" Beam Guardrail 

The "W" beam system with heavy posts is a 
semi-rigid system. In general, this guardrail 
system is the preferred selection on non­
freeway highways and on rural freeways. A 
major objective of the heavy post system is to 
prevent a vehicle from "snagging" on the 
posts. This is achieved by using blackouts to 
offset the posts from the longitudinal beam 
and by establishing 6'-3" as the maximum 
allowable post spacing. 

ODOT has approved the use of two guardrail 
"W" beam systems. One uses 6" x 8" wood 
posts, and the other uses either W6 x 8.5 or 
W6 x 9.0 steel posts. The selection of which 
system to use on a project is the Contractor's 
option. 

11.4.1.2 Modified Thrie Beam 

The modified thrie beam is a semi-rigid 
system with an 18-inch longitudinal W-beam 
section. The deeper longitudinal member of 
the thrie beam decreases the probability of an 
impacting vehicle overriding or underriding 
the barrier. The notch at the base of the 
blockout is designed to bend in upon impact. 
This dynamic reaction allows the longitudinal 
beam to remain nearly vertical, thereby 
enhancing barrier performance. 

Based on crash tests, the modified thrie beam 
can accommodate vehicles ranging in size 
from an 1,800-pound vehicle to a 32,000-
pound intercity bus. Because of its capacity 
to contain many large-vehicle impacts, the 
designer should consider using the modified 
thrie beam at locations which have 
experienced or may experience a high number 
of large-vehicle impacts. The modified thrie 
beam should also be considered where there 
is a concern for snagging (e.g., at bridge 
parapets, bridge piers, etc.). 

There are two modified thrie beam systems 
available. One uses 6° x 8" wood posts, and 
the other uses either W6 x 8.5 or W6 x 9.0 
steel posts. The selection of which system to 
use on a project is the Contractor's option. 
Whichever post system is selected, the 
blockout plate must always be steel. 

11.4.1.3 Concrete Median Barrier (CMB) 

The CMB should be considered on the 
roadside to shield rigid objects where no 
deflection distance is available. The CMB is 
typically used on urban freeways wherever a 
barrier is required. If a rigid object is not 
continuous (e.g., bridge piers), the designer 
may use a half-section CMB. To provide the 
necessary lateral support, backfill should be 
provided behind the half-section CMB, or the 
CMB should be tied to a concrete surface 
with reinforcing steel. If this is not practical, 
use the full-section CMB. See ODOT 
Standard Drawings and Table 1 l.4A. 

11.4.1.4 Vertical Wall 

A vertical concrete wall may be appropriate at 
some locations. This includes, for example, in 
the median of a divided facility where 
rectangular-shaped bridge piers are used. 

11.4(1) 
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System "W" Beam Guardrail 

Post Spacing 

Deflection Distance 

Post Type 

Beam Type 

Off set Brackets 
(Blockouts) 

See ODOT Standard Drawings. 

(Wood Posts) 

6'-3" 

4"" 

6" x 8" Treated 
Wood Post 

Steel "W" Section, 
12 ga. 

6" x 8" x 14" 
Treated Block 

Table 11.4A 

ROADSIDE BARRIERS 

1" 

"W" Beam Guardrail 
(Steel Posts) 

6'-3" 

4' * 

W6 x 8.5 Steel Post 
or 

W6 x 9.0 Steel Post 

Steel "W" Section, 
12 ga. 

W6x8.5x14" 
Steel Block 

or 
W6x9.0x14• 

Steel Block 

rj 
- ~ 

"1j -

Modified Tbrie Beam Concrete 
Guardrail (Steel Posts) Median Barrier*** 

6'-3" N/A 

3'* 0 

W6 x 8.5 Steel Post** N/A 
or 

W6 x 9.0 Steel Post 

Steel Thrie Beam, N/A 
12 ga. 

W6 x 8.5 x 21 % • I N/A 
Steel Block 

or 
W6 x 9.0 x 21 % " 

Steel Block 

* Clear distance measured from the face of the rail. Decreasing the post spacing to 3 ' -1 % " will decrease the deflection distance by 1 ft. 
** A 6" x 8" treated wood post may also be used . 
*** Where the half-section CMB is used (as shown in figure), backup support is required. 
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11.4.2 Barrier Selection 

The barrier performance-level requirements 
must be considered when selecting an 
appropriate roadside barrier. Traditionally, 
most barriers have been developed and tested 
for passenger cars and off er marginal 
protection when struck by heavier vehicles at 
high speeds and other than flat angles of 
impact. Therefore, if passenger vehicles are 
the primary concern, the "W" beam system 
will normally be selected. However, locations 
with poor geometrics, high traffic volumes and 
speeds, high-accident experience, and/or a 
significant volume of heavy trucks and buses 
may warrant a higher performance level 
barrier (e.g., the modified thrie beam or 
CMB). This is especially important if barrier 
penetration by a vehicle is likely to have 
serious consequences. 

The dynamic deflection must also be 
considered in barrier selection. Table 1 l.4A 
provides the deflection distances for the 
various systems. If the deflection distance is 
not available, the railing system should be 
stiffened or a CMB should be used. 

Another consideration in selecting the barrier 
type depends on maintenance of the system. 
Although the "W" beam can often sustain 
second hits, it will need to be repaired with 
some frequency. In areas of restricted 
geometry, high speeds, high traffic volumes 
and/or where railing repair creates hazardous 
conditions for both the repair crew and for 
motorists using the roadway, a rigid barrier 
should be considered. The CMB also allows 
better control of roadside vegetation, and it 
provides a more convenient means to 
transition into bridge piers. For these 
reasons, the CMB is typically used on urban 
freeways when a barrier is required. 

Table 11.4B summarizes the advantages and 
disadvantages of the roadside barriers used by 
ODOT and provides their typical usage. 

July 1992 
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Table 11.4B 

ROADSIDE BARRIER SELECI10N 

ADVANI'AGFS DISADVANI'AGFS 

Lowest initial cost. 1. Cannot accommodate impacts by large vehicles 
at other than flat angles of impact. 

High level of familiarity by maintenance 
personnel. 2. At high-impact locations, will require frequent 

maintenance. 
Can safely accommodate wide range of 
impact conditions for passenger cars. 3. Susceptible to vehicular underride and override. 

Relatively easy installation. 4. Susceptible to vehicular snagging (without rub 
rail). 

Remains functional after moderate 
collisions. 

Lower initial cost than CMB. 1. Higher initial cost than W-beam guardrail. 

Improved underride/override protection. 2. Cannot accommodate severe impacts by large 
vehicles. 

Improved performance for large vehicle 
impacts. 3. Some lack of familiarity by maintenance 

personnel. 
Relatively easy installation. 

Remains functional arter moderate 
collisions. 

Can accommodate most vehicular impacts 1. High initial cost. 
without penetration. 

2. Can induce vehicular rollover. 
Little or no deflection distance required 
behind barrier. 3. For given impact conditions, highest occupant 

decelerations; therefore, least forgiving of 
Little or no damage sustained for most barrier systems. 
vehicular impacts; therefore, least need for 
maintenance. 4. Reduced performance where offset between 

travel lane and barrier exceeds 15'. 
No vehicular underride/override potential 
or snagging potential. 

TYPICAL USAGE 

1. Non-freeways. 

2. Rural freeways. 

1. Special sites only. 

1. Urban freeways. 

2. Where high traffic volumes are 
present. 

3. Where high volumes of large 
vehicles are present. 

4. Where snagging is a concern. 
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115 ROADSIDE BARRIER IAYOUT 

11.5.1 Length of Need 

A roadside barrier must be extended a 
sufficient distance upstream from the hazard 
to safely protect a run-off-the-road vehicle. 
Otherwise, the vehicle could travel behind the 
guardrail and impact the hazard. The 
designer should recognize that vehicles depart 
the road at relatively flat angles. Based on a 
number of field studies, the average angle of 
departure is estimated to be 10°. The 80th 
percentile is estimated to be 15°. These flat 
angles of departure result in the need to 
extend the barrier a significant distance in 
front of the hazard. 

Many factors combine to determine the 
appropriate length of need for a given 
roadside condition. Figure 11.5A illustrates 
the variables that must be considered in 
designing a roadside barrier to shield a 
hazard effectively. Once the appropriate 
variables have been selected, the required 
length of need can be calculated from the 
following formulas: 

Flared Design 

(11-1) 

(11-2) 

(11-3) 

where: 

X, Y = coordinates of end of guardrail 
need. 

ajb = guardrail flare (e.g., 15: 1) (see 
Table 11.5A). 

Le = recommended clear zone. 

LH = distance from edge of travel lane 
to back of hazard. The lateral 

AfXtent of the hazard (LH), is the 
~istance from the edge of the .' i,b-e1( 

travel lane to the far side of the \~If' \r..,t>) 
hazard if .the hazard is a fixed..... V iv· 
o6ject, or~J!!_~ou!side edge of 
the clear zone, Le; if the hazard is 
a:n-·emfomkment or a fixed object 
that- extends beyond the clear 
zone. 

Ls = shy line offset, or distance at 
which guardrail is no longer 
perceived as an obstacle by a 
driver (see Table 11.5A). 

LR = runout length (see Table 11.5A). 

= distance from hazard to where 
guardrail flare begins. 

= distance from edge of travel lane 
to guardrail. 

1 

= distance from edge of travel lane 
to front of hazard. (~ - Lz) must 
equal or exceed deflection 
distance. 

11.5(1) 
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Table 115A 

DESIGN ELEMENTS FOR BARRIER LENGTII OF NEED 

Design Traffic Volume (ADT) 
- _I,, 

Design -
Speed 
(mph) Over 6000 2000-6000 800-2000 

La(ft) La(ft) La(ft) 

70, 480 440 400 
6,5 440 400 365 
60 400 360 330 
55 360 325 295 
50 320 290 260 
45 280 255 230 
40 240 220 200 
35 210 190 170 
30 170 160 140 
25 140 130 120 
'20 110 100 90 

* * * * * * * * * * 

Example 11-4 (Roadside Obstacle) 

Given: The following site conditions apply 
to a roadside obstacle (see Figure 
11.SB): 

ADT = 7000 
V = 60 mph 
Slope = 6:1 fill slope 
Tangent Roadway 
Shoulder Width = 8' 
LH = 25' (to back of hazard) 

Problem: Determine the details of barrier 
location. Use the W-beam system 
with an unflared layout. L1 = 0. 

Under 
800 

La(ft) 

360 
330 
300 
270 
240 
210 
180 
160 
130 
110 
80 

Flare Rates 

Ls 
Shy Line 

Offset (ft) 
Inside of 

Outside of Shy Line 

Shy Line 
Guardrail CMB 

10.0 30:1 15:1 20:1 
9.0 28:1 14:1 18:1 
8.0 26:1 13:1 17:1 
7.25 24:1 12:1 16:1 
6.5 21:1 11:1 14:1 
5.75 19:1 10:1 13:1 
5.0 17:1 9:1 11:1 
4.25 15:1 8:1 10:1 
3.5 13:1 7:1 8:1 
2.75 12:1 7:1 8:1 
2.0 10:1 7:1 8:1 

Source: (1) Revised 

Solution: The following steps apply: 

1. Determine Clear Zone. From Table 
11.2A, the clear zone is 30'. No 
adjustment for horizontal curvature is 
necessary. Therefore, Le = 30'. The 
hazard is within the clear zone and, 
therefore, LH = 25'. 

2. Determine Barrier Lateral Location (6). 
From Table 11.SA, Ls = 8.0' (the shy line 
offset). As discussed in Section 11.5.2, the 
barrier lateral location should be at Ls or 
the shoulder width, whichever is greater. 
Desirably, the shoulder will be widened by 
2' and the barrier face will be placed at 
the edge of the widened shoulder. For 
this example, use Li = 10'. 

11.5(3) 
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3. Determine "~. From Table 11.4A, the 
deflection distance for the W-beam guard­
rail is 4'. ~ = Lz+4' = 14'. There­
fore, the front of the hazard can be no 
closer than 14' from the edge of travel 
lane. 

4. Determine "LR:. From Table 11.5A, LR 
= 400'. 

5. Determine Length of Need Coordinates 
(X.Y). For the approaching traffic, 
Equations 11-3 and 11-4 yield the 
following for the unflared design: 

x = 400 (25-10) = 240' 
25 

y = 10' 

For the opposing traffic and assuming 12' 
travel lanes, the following adjustments are 
made: 

L - 30' c -

LH = 37' 

(Note: The back of the hazard is outside 
of the clear zone for opposing 
traffic; however, the entire hazard 
may be protected for a small 
additional cost.) 

L 2 = 10' + 12' = 22' 

LR = 400' 

x = 400 (37 - 22) = 162' 
37 

y = 22' 

Discussion: A flared barrier will considerably 
shorten the required length of guardrail. 

i 
. l 

Assuming L1 = 0 and a/b = 15:1, Equations 
11-1 and 11-2 yield the following: 

Approach 
x = 116' 
y = 18' 

Opposing 
x = 95' 
y = 29' 

Example 11-5 (Bridge Rail Approach) 

Given: The following site conditions apply 
to a bridge rail approach (see 
Figure 11.5C): 

ADT = 4000 
V = 55 mph 
Slope = 3:1 fill slope 
Embankment Height = 10' 
Tangent Roadway 
Shoulder Width = 10' 
Graded Shoulder Width = 15' 

Problem: Determine the details of barrier 
location. Use the W-beam system 
with an unflared layout. 

Solution: The following steps apply: 

1. Determine Clear Zone. Based on the 
discussion in Section 11.2, the clear zone 
will extend a minimum of 10' beyond the 
toe of the 3: 1 fill slope. Therefore, the 
minimum LH from the edge of travel lane 
is the sum of the graded shoulder width 
plus the additional barrier offset plus the 
lateral extent of fill slope plus 10': 

LH = 15' + (3 x 10') + 10' = 55' 

The hazards within the clear zone are the 
bridge rail end and the river. 

2. Determine Barrier Lateral Location (6).. 
From Table 11.5A, Ls = 7.25' (the shy 
line offset). As discussed in Section 
11.5.2, the barrier lateral location should 
be at Ls or the shoulder width, whichever 

11.5(5) 
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is greater. Desirably, the shoulder will be 
widened by 2' and the barrier will be 
placed at the edge of the widened 
shoulder. For this example, use Li = 12'. 

3. Determine "~. Not applicable. 

4. Determine "LR:. From Table 11.5A, LR 
= 325'. 

5. Determine Length of Need Coordinates 
(X.Y). For the approaching traffic, 
Equations 11-3 and 11-4 yield the 
following for the unflared design: 

x = 325 (55 - 12) = 254' 
55 

y = 12' 

Example 11-6 (Embankments) 

Given: The following site conditions apply 
to an embankment (see Figure 
11.5D) 

ADT = 5000 
V = 60 mph 
Slope = 4: 1 fill slope constantly 

transitioning to a 2: 1 fill 
slope 

Embankment Height = 20' @ 
3:1 slope rate 

No roadside hazards beyond toe of 
slope. 

Tangent Roadway 
Shoulder Width = 8' 
Graded Shoulder Width = 12' 

1. Determine Clear Zone. Based on the 
discussion in Section 11.3, a fill slope does 
not become a roadside hazard until its 
steepness exceeds 3:1. Therefore, in the 
absence of any roadside hazard beyond 
the toe of fill slope, the lateral extent of 
hazard in this example is at the toe of the 

3:1 fill slope. 41, then, is the sum of the 
shoulder width plus the additional barrier 
offset plus the lateral extent of the 3:1 fill 
slope: 

LH = 8' + 4' + (3 x 20') = 72' 

2. Determine Barrier Lateral Location (.kz).. 
From Table ll.5A, Ls= 8.0' (the shy line 
offset). As discussed in Section 11.5.2, the 
barrier lateral location should be at Ls or 
the shoulder width, whichever is greater. 
Desirably, the shoulder will be widened by 
2' and the barrier will be placed at the 
edge of the widened shoulder. For this 
example, use Li = 10'. 

3. Determine"~. Not applicable. 

4. Determine "LR:. From Table 1 l.5A, LR 
= 360'. 

5. Determine Length of Need Coordinates 
(X.Y). For the approaching traffic, 
Equations 11-3 and 11-4 yield the 
following for the unflared design: 

x = 360 (72 - 10) = 310' 
72 

y = 10' 

* * * * * * * * * * 

11.52 Lateral Placement 

Roadside barriers should normally be placed 
as far as practical from the edge of the travel 
lane. Such placement gives an errant motorist 
the best chance of regaining control of the 
vehicle without impacting the barrier. It also 
provides better sight distance, particularly at 
nearby intersections. These factors should be 
considered when determining barrier lateral 
placement: 
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1. Deflection: The dynamic deflection 
distance of the barrier, as measured from 
the face of the rail, should not be violated. 
Table 11.4A provides the deflection 
distances for the types of roadside 
barriers used by ODOT. 

2. Post Support. At a minimum, 2 ft should 
be provided between the back of the 
barrier post and the slope break (PI) in a 
fill slope to provide adequate soils support 
for the post. 

3. Shy Distance. Drivers tend to "shy" away 
from continuous longitudinal obstacles 
along the roadside, such as guardrail. 
Therefore, the lateral barrier offset should 
desirably be based on the criteria in Table 
11.5A. 

4. Shoulder Widening. When barrier is 
placed next to the shoulder, desirably the 
shoulder width should be increased by an 
additional 2 ft. In addition, the area 
between the edge of the travel lane and to 
a point 2 ft behind the barrier should be 
paved, even if the normal shoulder is 
unpaved. See ODOT Standard Drawings 
for additional information on guardrail 
placement and shoulder base widening. 

Figure 11.SE illustrates these criteria in the 
lateral placement of a roadside barrier. 

1153 Placement Behind Curbs 

If practical, roadside barriers should not be 
placed in conjunction with mountable or 
barrier curbs. Where this is necessary, the 
following will apply (see Figure ll.5F): 

1. Roadside Barrier /Curb Orientation. 
Typically, the face of the barrier should be 
in line with the face of the curb (i.e., at 
the gutter line). At a maximum, the 
barrier face should typically be no more 

than 9 inches from the face of the curb. 
The height of the guardrail must be 
measured from the pavement surface 
(e.g., where curbs are on bridges). 

2. Lateral Placement. Table 11.SB presents 
criteria to determine proper barrier 
placement behind curbs. 

Table 115B 

BARRIER PIACEMENT 
BEIDND CURBS 

Design Speed Barrier Mountable 
(mph) Curb Curb 

s35 NA NA 
40 8.5' 8.5, 
45 9.0' 9.0' 
~o Note (2) Note (2) 

Source: (2) Revised 

Notes: 1. Value in table represent distance beyond 
which it is acceptable to place a barrier. 
See Figure 11.SF. 

2. For design speeds '?.SO mph, curbs 
should not be used with a barrier on 
new constrnction. 

115.4 Placement on Slopes 

Slopes in front of a barrier should be 10: 1 or 
flatter. This also applies to the areas in front 
of the flared section of guardrail and to the 
area approaching the terminal ends. In some 
cases, it may be acceptable to use slopes 
steeper than 10: 1. See the discussion in 
Reference (1). 
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1155 Terminal Treatments 

Barrier terminal sections present a potential 
roadside hazard for run-off-the-road vehicles. 
However, they are also critical to the proper 
structural performance of the barrier system. 
Therefore, the designer must carefully 
consider the selection and placement of the 
terminal end. As described in the ODOT 
Standard Drawings, the following terminal 
treatments are used by ODOT: 

1. Anchor Unit Type A. This guardrail 
anchor provides a gradual height 
transition up to the full rail height. The 
ODOT Standard Drawings provide details 
on the design and placement of this 
anchorage unit. 

2. Anchor Unit Type B. This guardrail 
anchor is typically used on the trailing end 
of a barrier on a one-way facility. It 
provides the structural capacity required 
at the terminus of the guardrail. 

3. Anchored in Back Slope. Wherever 
practical, the use of this anchor is 
encouraged. It essentially eliminates the 
possibility for an errant vehicle to strike 
the terminal end or to run behind the 
terminal. 

4. Special Terminal End Treatments. There 
are several types of special end treatments 
available in the market (e.g., SENTRE, 
CAT). Selection should be based upon 
manufacturer's recommendations. 

5. Brid~e Connections. The ODOT Standard 
Drawings provide details for anchorage 
systems used at bridge connections. 

No specific guidance is presented on when to 
use Anchorage Unit Type A ( # 1) or the 
special end treatments available (#4). On 
Federal-aid projects, the selection of end 
treatments will be made between ODOT and 

FHWA on a project-by-project and site-by-site 
basis. 

115.6 Transitions 

Guardrail transitions are necessary to join two 
systems with different structural and/or 
dynamic characteristics. For example, this 
occurs when guardrail approaches a bridge 
parapet or CMB installation. The ODOT 
Standard Drawings provide details for anchor 
units and standard guardrail. See Section 7.8 
of Reference ( 1) for additional discussion. 

11.5.7 Minimum Length/Gaps 

Short runs of barrier have limited value, and 
they should be avoided. As a rule of thumb, 
a barrier should have at least 100 ft of 
standard guardrail section exclusive of 
terminal sections and/or transition sections. 
Likewise, short gaps between runs of barrier 
are undesirable. Therefore, gaps of less than 
200 ft between barrier termini should be 
connected into a single run. Exceptions may 
be necessary for access. 
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11.6 MEDIAN BARRIERS 

11.6.1 Warrants 

The following summarizes the Department's 
criteria: 

1. Freeways. Figure 1 l.6A presents the 
warrants for a median barrier based on 
median width and traffic volumes. Note 
that the traffic volumes are based on a 5-
year projection. In the areas shown as 
optional, the decision to use a median 
barrier will be based on construction and 
maintenance costs and crossover accident 
experience. A median barrier may also be 
warranted on medians not within the 
optional or warranted area, if a significant 
number of crossover accidents have 
occurred. 

2. Non-Freeways. On other highways, some 
judgment must be used to determine 
median barrier warrants. On highways 
without full access control, the median 
barrier must terminate at each at-grade 
intersection, which is undesirable. In 
addition, lower speeds will reduce the 
likelihood of a crossover accident. 
Therefore, on non-freeway highways, the 
designer should evaluate the accident 
history, traffic volumes and speeds, 
median width, alignment, sight distance 
and construction costs to determine the 
need for a median barrier. Figure ll.6A 
can be used for some guidance. 

11.6.2 ~ 

Table 1 l.6A presents the types of median 
barriers which are approved for use by 
ODOT. The following briefly describes each 
type: 

1. "W" Beam Median Barrier. The "W" 
beam median barrier with heavy posts is 

a semi-rigid system. Its performance is 
similar to the "W" beam guardrail system. 
This median barrier is most applicable to 
medians with intermediate width. 
Another application of the W-beam 
median barrier is for the separation of 
adjacent on/off ramps at interchanges. 

ODOT has approved the use of two "W" 
beam median barriers. One uses 6N x 8* 
timber posts, and the other uses either 
W6 x 8.5 or W6 x 9.0 steel posts. The 
selection of which system to use on a 
project is the Contractor's option. 

2. Modified Thrie Beam Median Barrier. 
The modified thrie beam median barrier 
on heavy steel posts is a semi-rigid 
system. Its performance is similar to the 
thrie beam guardrail system. As with the 
modified thrie beam guardrail, the thrie 
beam median barrier is only used in 
special situations where it is judged to be 
a better selection. 

3. Concrete Median Barrier. The concrete 
median barrier (CMB) is a rigid system 
which will rarely deflect upon impact. A 
half-section CMB may be necessary where 
the median barrier must divide to go 
around a fixed object in the median (e.g., 
bridge piers). In this situation, the 
obstacle is typically encased within 
concrete to create a level surface from 
CMB face to CMB face. 

4. Tall CMB. The standard 32-inch CMB 
may not successfully redirect heavy 
vehicles if the impact speed and angle are 
high. If the median barrier is penetrated 
by a heavy vehicle, this can lead to 
undesirable results. Therefore, on some 
freeways it may be warranted to install 
the "tall" CMB, which is 42 inches high. 
The barrier maintains the standard safety 
shape of the 32-inch CMB, but it is 
extended an additional 10 inches. 
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System 

Post Spacing 

Deflection Distance* 

Post Type 

Beam Type 

Offset Brackets 
(Blockouts) 

See ODOT Standard Drawings. 

"W' Beam Median 
Barrier (Wood Posts) 

6' -3" 

4' 

6" x 8" Treated 
Wood Post 

Steel "W" Section, 
12 ga. 

6" x8• x 14• 
Treated Block 

Table 11.6A 

MEDIAN BARRIERS 

1" 

I "W" Beam Median 
Barrier (Steel Posts) 

6' -3" 

4' 

W6 x 8.5 Steel Post 
or 

W6 x 9.0 Steel Post 

Steel "W" Section, 
12 ga. 

W6 x 8.5 x 14" 
Steel Block 

or 
W6x9.0x14• 

Steel Block 

I 

f4" 
r~ 

Modified 

"' io 

Thrie Beam Median 
Barrier (Steel Posts) 

6'-3" 

3' 

W6 x 8.5 Steel Post"'** 
or 

W6 x 9.0 Steel Post 

Steel Thrie Beam, 
12 ga. 

W6 x 8.5 x 21 % • 
Steel Block 

or 
W6 x 9.0 x 21% • 

Steel Block 

~-m· 
I 

Concrete 
Median Barrier** 

N/A 
0 

N/A 

N/A 

I N/A 

* Clear distance measured from the face of the rail. Decreasing the post spacing to 3' -1 % • will decrease the deflection distance by 1 ft. 
** See text for discussion on 42" CMB. 
* * * A 6" x 8 • treated wood post may also be used. 
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However, this restricts sight distance 
around horizontal curves and restricts 
vision for authorized vehicles (e.g., police) 
who wish to view the opposing lanes. 

If there has been an adverse history of 
heavy-vehicle cross over accidents, the tall 
CMB should be considered. 

11.63 Median Barrier Selection 

ODOT has not adopted specific criteria for 
the selection of median barrier systems. This 
involves a subjective evaluation of the many 
trade-offs between systems. The designer 
should evaluate each of the following factors 
when selecting a median barrier: 

1. Median Width. The median width will 
significantly affect the probability of 
impact (i.e., the number of hits) and the 
likely angles of impact. The former will 
influence maintenance costs; the latter 
influences safety. The greater the offset 
to the barrier, the higher the likely angle 
of impact. Specifically for the CMB, 
offsets of more than 15 ft should desirably 
be avoided. Therefore, considering both 
maintenance and safety, this favors the 
use of the CMB on median widths up to 
about 30 ft and either the "W" beam or 
modified thrie beam system for wider 
medians. 

2. Traffic Volumes. The higher the traffic 
volume, the higher the likely number of 
impacts on the median barrier. From a 
maintenance perspective, this favors the 
CMB; from a safety perspective, this 
favors the metal beam systems. 

3. Heayy Vehicle Traffic. The CMB is more 
likely to restrain and redirect heavy 
vehicles (trucks and buses) than the metal 
beam systems. Therefore, where there is 
a high volume of heavy vehicles, this may 

favor the CMB even on medians wider 
than 30 ft. Between the two metal beam 
systems, the modified thrie beam 
performs somewhat better when impacted 
by heavy vehicles. 

4. Costs. The initial cost of the CMB will 
exceed, perhaps by a wide margin, the 
initial cost of the two metal beam median 
barriers. The CMB may also require a 
closed drainage system in the median, 
further increasing initiai costs. However, 
the maintenance costs per impact on the 
CMB will probably be far less, which 
favors the CMB in narrow medians and/ 
or on high-volume highways. 

5. Maintenance Operations. Two factors are 
important. First, maintenance response 
time will influence safety. The longer that 
a damaged section of median barrier is 
present, the greater the likelihood of a 
second impact on a substandard barrier. 
This observation favors the use of the 
CMB which normally sustains far less 
damage when impacted. Second, the 
maintenance operations for repairing 
damaged barrier can interrupt traffic 
operations. It is particularly undesirable 
to close a traffic lane to repair a barrier. 
The consideration of maintenance 
operations generally favors the use of the 
CMB in narrow medians and/or on high­
volume highways. 

Table l 1.6B summarizes the advantages and 
disadvantages of the median barriers used by 
ODOT and provides their typical usage. 

11.6.4 Median Barrier Layout 

Much of the information presented in Section 
11.5 on roadside barrier layout also applies to 
median barriers (e.g., placement behind 
curbs). The following sections present criteria 
specifically for the design of median barriers: 
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Table 11.6B 

MEDIAN BARRIER SEIECllON 

SYSTEM ADVANTAGES DISADVANTAGES 

1. Lowest initial cost. 1. Cannot accommodate impacts by large vehicles 
at other than flat angles of impact. 

2. High level of familiarity by maintenance 
personnel. 2. At high-impact locations, will require frequent 

maintenance. 
W-Beam 3. Can safely accommodate wide range of 

Median Barrier impact conditions for passenger cars. 3. Susceptible to vehicular underride and override. 

4. Relatively easy installation. 4. Susceptible to vehicular snagging. 

5. Remains functional after moderate 
collisions. 

1. Lower initial cost than CMB. 1. Higher initial cost than W-beam median 
barrier. 

2. Improved underride/override protection. 
2. Cannot accommodate severe impacts by large 

Modified 3. Improved performance for large vehicle vehicles. 
Thrie Beam impacts. 

Median Barrier 3. Some lack of familiarity by maintenance 
4. Relatively easy installation. personnel. 

5. Remains functional after moderate 
collisions. 

1. Can accommodate most vehicular impacts 1. High initial cost. 
without penetration. 

2. Can induce vehicular rollover. 
2. Little or no deflection distance required 

behind barrier. 3. For given impact conditions, highest occupant 
decelerations; therefore, least forgiving of 

Concrete 
3. Little or no damage sustained for most barrier systems. 

Median Barrier vehicular impacts; therefore, least need for 
maintenance. 4. Reduced performance where offset between 

travel lane and barrier exceeds 15' . 
4. No vehicular underride/override potential 

or snagging potential. 

5. Light supports, sign supports, glare -- screens, etc. may be mounted on top. 

°' ,........ 
VI -

1YPICAL USAGE 

1. Wider medians. 

2. Low to mid-range of traffic 
volumes. 

1. Special sites only. 

1. Urban freeways. 

2. Where high traffic volumes are 
present. 

3. Where high volumes of large 
vehicles are present. 

4. Where maintenance operations 
will require lane closure. 
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11.6.4.1 Sloped Medians 

A median barrier should not be placed on a 
slope steeper than 10: 1. Where the median 
slopes are steeper than 10: 1, the designer 
should give special consideration to median 
barrier placement. Figure 11.6B illustrates 
three basic types of sloped medians. The 
following discusses barrier placement for each 
type (assuming a median barrier is 
warranted): 

1. For Cross Section I, the designer should 
determine if the individual slopes warrant 
protection based on the criteria in Section 
11.3. If both slopes warrant protection 
(IDustration 1 ), a roadside barrier should 
be placed at "b" and "d." If only one slope 
warrants protection, the median barrier 
should be placed to shield that slope. If 
neither slope warrants protection and 
both slopes are steeper than 10: 1 
(IDustration 2), a median barrier should 
be placed at "b" or "d," whichever is 
shielding the steeper slope. If the slopes 
are 10:1 or flatter (IDustration 3), the 
median barrier should be placed in the 
center of the median. 

2. For Cross Section II, the slope in the 
median will determine the proper 
treatment. If the slope is steeper than 
10:1 but flatter than 3:1 (IDustration 4), 
the median barrier should be placed at 
"b." If the median slope is 3:1 or steeper, 
a roadside barrier at "b" is the only 
necessary treatment. If the median slope 
is a roadside hazard (e.g., rough rock cut) 
(IDustration 5), a roadside barrier should 
be placed at both "b" and "d." If the 
median slope is 10:1 or flatter (IDustration 
6), the median barrier should be placed in 
the center of the median. 

3. For Cross Section III (lliustration 7), the 
redirective capacity of the median slope 
will determine the proper treatment. If 

the median slope is 3:1 or steeper and 3 ft 
or higher, no roadside or median barrier 
is necessary. If the median slopes are 
flatter than 3:1 and/or not 3-ft high, the 
median barrier should be placed at the 
apex of the cross section. 

11.6.42 Flared/Divided Median Barriers 

It may be necessary to intermittently divide a 
median barrier or to flare the barrier from 
one side to the other. A sioped median or a 
fixed object in the median may require this. 
The median barrier may be divided by one of 
these methods: 

1. A fixed object may be encased by a CMB. 

2. A half-section CMB may be used on both 
sides to shield a fixed object. 

3. The metal beam median barriers can be 
split into two separate runs of barrier 
passing on either side of the median 
hazard (fixed object or slope). 

If a median barrier is split, the design should 
adhere to the suggested flare rates. See Table 
11.SA and the ODOT Standard Drawings. 

11.6.4.3 Barrier-Mounted Obstacles 

The designer may consider an additional 
factor when a CMB divides to pass on either 
side of an obstacle or when obstacles are 
mounted on top of a CMB (e.g., luminaire 
supports). If trucks or buses impact the 
CMB, their high center of gravity may result 
in a vehicular roll angle which possibly will 
allow the truck or bus to impact the obstacle 
on top of the CMB. Two potential counter­
measures are to: 
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1. provide a 2-ft deflection distance between 
the barrier and obstacle (e.g., bridge 
piers); or 

2. use the 42-inch ("tall") CMB. 

11.6.4.4 Terminal Treatments 

As with roadside barrier terminals, median 
barrier terminals also present a potential 
roadside hazard for run-off-the-road vehicles. 
Therefore, careful consideration must be 
given to the selection and placement of the 
terminal end. If practical, the median barrier 
should be extended into a wider median area. 
The following terminal treatments are used by 
ODOT: 

1. Special Terminal End Treatments (W­
Beam. Thrie Beam). There are several 
types of special end treatments available 
for median metal beam rails (e.g., 
GREAT, CAT, BRAKEMASTER). 

2. Impact Attenuator (CMB). For the 
terminal ends of concrete median barriers, 
impact attenuators are typically used (e.g., 
Sand Barrels, GREAT). See Section 11.7 
for more information on impact 
attenuators. 

No guidance is presented on when to use a 
specific anchorage type. On Federal-aid 
projects, the selection of end treatments will 
be made between ODOT and FHWA on a 
project-by-project and site-by-site basis. 

11.6.5 Glare Screens 

11.6.5.1 Warrants 

Headlight glare from opposing traffic can be 
bothersome and distracting. Glare screens 
can be used in combination with median 
barriers to eliminate the problem. ODOT has 
not adopted specific warrants for the use of 
glare screens. The typical application, 
however, is on urban freeways with narrow 
medians and high traffic volumes. Another 
application is between on/off ramps at 
interchanges where the two ramps adjoin each 
other. Here, the sharp radii or curvature and 
the narrow separation may make headlight 
glare especially bothersome. The designer 
should consider the use of glare screens at 
these sites. A key element warranting their 
use is the number of public complaints ODOT 
may have received for a highway section. 

11.6.52 Design 

Blocking headlight glare can be achieved in 
several ways: 

1. Vegetation can be used; however, the 
designer should not introduce hazardous 
fixed objects in a narrow median. 

2. Several commercial glare screens are 
available. One example is a series of 
plastic paddles. See the ODOT Standard 
Drawings. 

Glare screens should be designed for a cutoff 
angle of 20°. This is the angle between the 
median centerline and the line of sight 
between two vehicles traveling in opposite 
directions. See Figure 11.6C. The glare 
screen should be designed to block the 
headlights of oncoming vehicles up to the 20° 
cutoff angle. On horizontal curves, the design 
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cutoff angle should be increased to allow for 
the effect of the curvature on headlight 
direction. The criteria is: 

Cutoff Angle = 20 + D 

where: D = degree of curve 

The designer should also evaluate the impact 
of a glare screen on horizontal sight distance 
on curves to the left. The screen could 
significantly reduce the available middle 
ordinate for stopping sight distance. See 
Section 6.5 for a discussion of sight distance 
at horizontal curves. 

July 1992 
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11.7 IMPACT ATIENUATORS 
(Crash Cushions) 

11.7.1 General 

Impact attenuators (crash cushions) are 
protective systems that prevent errant vehicles 
from impacting hazards by either decelerating 
the vehicle to a stop after a frontal impact or 
by redirecting it away from the hazard after a 
side impact. Impact attenuators are 
adaptable to many roadside hazard locations 
where longitudinal barriers cannot practically 
be used. 

11.7.2 Warrants 

Impact attenuator warrants are the same as 
barrier warrants. Once a hazard is identified, 
the designer should first attempt to remove, 
relocate or make the hazard break away. If 
the foregoing is impractical, then an impact 
attenuator should be considered. 

Impact attenuators are most often installed to 
shield fixed-point hazards which are close to 
the travel lane. Examples include exit gore 
areas (particularly on structures), bridge piers, 
non-breakaway sign supports and median 
barrier ends. Impact attenuators are often 
preferable to guardrail to shield these 
hazards. Site conditions and costs will 
determine whether to use a barrier or impact 
attenuator. 

11.73 Impact Attenuator Jlpes 

The following sections present the impact 
attenuators which are used by ODOT. A 
figure is presented for each system to 
illustrate a typical installation; however, each 
system can be designed for a wide range of 
performance and site conditions. Also, the 
designer should note that all of the 
operational systems are patented. See ODOT 

Standard Drawings for additional information 
on standard impact attenuator installations. 

11.7 3.1 Hex Foam Sandwich 

This impact attenuator is an array of bays 
filled with hex foam cartridges which gradually 
dissipate the vehicle's kinetic energy during 
impact. It requires a rigid back-up support 
and a vertical and lateral restraint with cables 
and diaphragms. Its side fender panels 
provide redirective capabilities. Figure 11. 7 A 
illustrates a typical Hex Foam Sandwich 
impact attenuator layout. 

11.73.2 GREAT 

The Guard Rail Energy-Absorbing Terminal 
(GREAT) uses hex foam cartridges similar to 
those in the Hex Foam Sandwich impact 
attenuator. Its redirective capabilities are 
achieved with triple corrugated structural 
plate beams ( thrie beams) that telescope 
when impacted at the system's nose. The unit 
is restrained laterally by proof coil chains at 
the bottom and longitudinally by cables at the 
top for side impacts. A back-up structure and 
base pad are required. 

The G REA T's primary advantage is its 
adaptability to narrow obstacles where 
encroachments beyond the width of the 
obstacle cannot be tolerated. An example is 
the exposed end of a concrete median barrier 
in a narrow median. The number of bays can 
be varied to accommodate any design speed. 
It is available in standard widths of 2 ft, 2.5 ft 
and 3 ft. Figure 1 l.7B presents a typical 
GREAT layout. 

11.7(1) 
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11.7.3.3 Sand Barreis (Inertial System) 

These systems are an array of sand-filled 
plastic modules. The sand barrels can be 
intermixed and arranged to accommodate 
various design speeds and obstacle widths. 
This system has a low initial cost but relatively 
high maintenance cost. Therefore, sand 
barrel systems are best suited for low-impact 
locations (e.g., less than 3 hits a year). In 
addition, it may be the only practical impact 
attenuator for very wide hazards (e.g., a 
bridge pier in the center of a median). 

The system requires no back-up support. 
However, the barrels have no redirective 
capability, and it generates considerable 
debris upon impact. The barrels should be 
placed within 1 ft of the hazard and are 
usually spaced 6 inches from module to 
module. The exterior modules must be 
laterally offset at least 30 inches from the 
corner of the hazard. Figure 11.7C presents 
a typical layout for a sand barrel system. 
Also, see the ODOT Standard Drawings. 

11.7.3.4 Other Systems 

There are several other impact attenuators 
available (e.g., the Connecticut Impact 
Attenuator System (CIAS), Hi-Dro Sandwich 
System). A proposed use of new or 
experimental systems must be coordinated 
with the Research and Development Division 
and Traffic Engineering Division. See 
Chapter Eighteen for additional guidance. 

11.7.4 Impact Attenuator Selection 

The selected impact attenuator must be 
compatible with the specific site 
characteristics. Normally, most of the 
operational systems will be adaptable to the 
site. Therefore, the designer must exercise 
judgment in impact attenuator selection 

considering safety, initial costs and 
maintenance. 

Table 11. 7 A provides a summary of the 
advantages and disadvantages of the 
operational impact attenuators used by 
ODOT. Table 11.7B provides guidelines for 
impact attenuator selection based on the 
obstacle width and relative number of 
expected impacts. There are many other 
factors which will influence the selection of a 
impact attenuator for a given site, some of 
which are indicated in the Notes for Table 
11.7B. Therefore, the designer should only 
use this table as a rough indicator to select a 
system. 

The following indicates typical ODOT usage: 

1. GREAT. This system is most often used 
at the end of a CMB, retaining wall, etc. 

2. Sand Barrels. These are recommended 
for use off the highway where sand scatter 
and other debris will not adversely affect 
traffic. They are used to protect, for 
example, sign supports, single sign poles, 
bridge piers, etc. 

11.7 5 Impact Attenuator Design 

Once an impact attenuator has been selected, 
the designer must ensure that its design is 
compatible with the traffic and physical 
conditions at the site. The following sections 
will provide criteria for the basic input 
parameters into impact attenuator design. 
The designer should contact the manufacturer 
of the system for the detailed design of the 
impact attenuator. 

11.75.1 Deceleration 

For all safety appurtenances, acceptable 
vehicular deceleration is determined by the 

11.7(4) 
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Table 11.7A 

IMPACT ATIENUATOR TYPES 
(Advantages and Disadvantages) 

ADVANTAGES DISADVANTAGES 

Relatively low initial cost. 1. Considerable debris after a unit is hit requiring clean-up. 

Ease of installation. 2. Relatively high maintenance cost to repair after hits 
(damaged barrels must be replaced). 

Little or no site preparation required. 
3. Generally no residual attenuation capacity after a major hit. 

Versatile; can be used to cover a large area. 
4. No side redirection and little or no "coffin corner" 

protection. 

5. Considerable inventory of parts and space for replacements 
required. 

6. Modules may "walk" when placed on structures. 

Little or no debris after a hit. 1. High initial cost. 

Ease of maintenance after a hit. 2. Considerable site preparation (e.g., back-up structure). 

Some attenuation capacity after a hit. 3. Width of protection limited by width of units available. 
Standard widths from 3' to 7.5'; special designs up to 15'. 

Relatively low maintenance cost to repair after a hit. 

Coffin corner protection and side hit redirection. 

1.-5. Same as Hex Foam Sandwich. 1. High initial cost. 

6. Lightweight and, therefore, more suitable on 2. Considerable site preparation (e.g., back-up structure). 
structures. 

3. Width of protection limited by width of units available. 
7. Adaptable to very narrow obstacles. Standard widths from 2' to 3' . 
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Table 11.7B 

GUIDELINES FOR IMPACT ATfENUATOR SELECTION 

Width of Obstacle Relative No. of Suggested Priority Notes (W) Expected Impacts of Selection 

High 1. GREAT (1), (3) 
2. Sand Barrels (2), (4) 

w < 3' 
Low 1. Sand Barrels (2), (4) 

2. GREAT (1), (3) 

High 1. Hex Foam Sandwich (1), (3) 
2. Sand Barrels (2), (4) 

3' s; w s; 7.5' 
Low 1. Sand Barrels (2), (4) 

2. Hex Foam Sandwich (1), (3) 

High 1. Hex Foam Sandwich (1), (3), (5) 
2. Sand Barrels (2), ( 4) 

7.5' < w s; 15' 
Low 1. Sand Barrels (2), (4) 

2. Hex Foam Sandwich (1), (3), (5) 

w > 15' All Sites 1. Sand Barrels (2), (4) 

Notes: 

1. System requires a back-up structure, and the design of the back-up may or may not be 
compatible with the site conditions. 

2. For rigid obstacles, system must be wider than the obstacle by at least 30 inches on either 
side. See Figure 11.7C. 

3. System has redirective capabilities. 

4. System has no redirective capabilities. 

5. System requires special designs to accommodate this range of width. 
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occupant impact velocity as measured from 
full-scale crash tests. For design purposes, the 
maximum average deceleration level should 
not exceed 7.0 g's for attenuators. Wherever 
practical, the impact attenuator should be 
designed to meet this limit for deceleration. 
Only at very restricted sites will it be 
acceptable to exceed 7.0 g's. 

11.75.2 Design Procedures 

To determine the size and layout for the Hex 
Foam Sandwich, the GREAT System and the 
Sand Barrels, the initial vehicular speed must 
be selected. This should be the design speed 
with 40 mph as a minimum. 

To determine the appropriate number of bays 
for the Hex Foam and GREAT Systems, 
Table 11.7C presents the design data for a 
Hex Foam Sandwich, and Table 11.7D 
presents the design data for a GREAT 
system. The designer should contact the 
manufacturer for more information. The 
Traffic Engineering Division will approve the 
final design. 

The design of a sand barrel system requires 
an iterative process based on the conservation 
of momentum principle. The manufacturer of 
the system should be consulted for the 
detailed design of a sand barrel system. The 
final design will be prepared by the Traffic 
Engineering Division for sand barrels. 

11.753 Side Impacts 

The impact attenuator design should allow for 
safe side impacts. All systems used by 
ODOT, except the sand barrels, are designed 
to redirect impacting vehicles on the side. 

11.75.4 Placement 

Several factors should be considered in the 
placement of an impact attenuator: 

1. Level terrain. All impact attenuators have 
been designed and tested for level 
conditions. Vehicular impacts on devices 
placed on a non-level site could result in 
an impact at the improper height which 
could produce undesirable vehicular 
behavior. Therefore, the attenuator 
should be placed on a level surface or on 
a cross slope not to exceed 5%. 

2. Curbs. No curbs should be present on 
new projects at proposed impact 
attenuator installations. On existing 
highways, all curbs should be removed at 
proposed installations if feasible, 
particularly those that are 4 inches or 
higher. 

3. Surface. A paved, bituminous or concrete 
pad should be provided under the impact 
attenuator. 

4. Elevated Structures. There is some 
concern that the unanchored sand barrels 
may walk or crack due to the vibration of 
an elevated structure. This could 
adversely affect its performance. 

5. Orientation. The impact attenuator 
should be oriented to accommodate the 
probable impact angle of an encroaching 
vehicle. This will maximize the likelihood 
of a head-on impact, However, this is not 
as important for impact attenuators with 
redirective capability. The proper 
orientation angle will depend upon the 
design speed, roadway alignment and 
lateral offset distance to the attenuator. 
A maximum angle of approximately 10°, 
as measured between the highway and 
impact attenuator longitudinal centerlines, 
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Notes: 

No. of Bays 
40 

4 
6.0 *10'-5%" 

5 5.0 12'-8%" 

6 4.2 
14'-11%" 

7 3.7 17'-2%" 

8 3.2 
19'-5%" 

9 2.9 
21'-8%" 

10 2.6 23'-llYz" 

11 2.4 
26'-2Yz" 

12 
28'-5Yz" 

ROADSIDE SAFETY 

Table 11.7C 

DECELERATION DATA 
(Hex Foam Sandwich) 

July 1992 

Impact Velocity (mph) 

65 70 

6.3 

4.6 5.7 

4.1 5.1 6'1 !111111111:11111~11111111111111111111111111:1111111~~111111111111:111: 11111111111111111111::1111111111 

3.7 4.5 5.5 6·5 11111111111111111~1111111111111111111111111111111·1111111111111111 
3.3 4.1 5.0 5.9 6'9 

11:11111111111j11111111111111:111 

3.0 3.8 4.5 5.4 

2.8 3.5 4.2 5.0 5.8 6.8 

Source: (1) 

Total length of unit as measured from front face of backup to forward edge of front 
cartridge. 

1. Table presents average g's for deceleration forces. Shaded area denotes possible excessive 
decelerations. 

2. These criteria are for preliminary design purposes only. The designer should contact the 
manufacturer for detailed design. The Traffic Engineering Division will have final approval 
for design. 
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No. of Bays 
(length) 

Notes: 

12 
(38'-9") 

11 
35'-9" 

10 
32'-9" 

9 
29'-9" 

8 
26'-9" 

7 
23'-9" 

6 
20'-9" 

5 
17'-9" 

4 
14'-9" 

3 
11'-9" 

2 
8'-9" 

1 
(5'-9") 

15 20 

ROADSIDE SAFETY 

Table 11.ID 

DECELERATION DATA 
(G.REAT.) 

Impact Velocity (mph) 

25 30 35 40 45 50 55 

July 1992 

65 70 

5.0 

5.4 

5.1 5.9 

4.8 5.6 6.5 

3.6 4.5 5.6 6.7 111111111111::1111!]!/lll~illl:111111:·11:1~1~11111111 
3.3 4.3 5.4 6.7 11:.11111~::11:1::1:-1·1111·11=1::·:::1rn·::1~1~·1:11 

3.0 4.1 5.4 6.8 11:11:illf:::11:., illillili~·111111::1111:J.111:::::: 
··:··:::;:;:::::::::::;:::-: ········:«·:·· ....... -..... :·:·:·:·:·:·:-:-·-·.;. 

2.8 4.0 5.5 :·::::!::~1!:.:1:::. :·:::\·:1~1:::':::: 1:::::11.: __ · 

1.5 2.7 4.3 6.2 :11:11:1111111111\:·\l!\."·t1~11:::1 

Source: (1) 

1. Table presents average g's for deceleration forces. Shaded area denotes possible excessive 
decelerations. 

2. These criteria are for preliminary design purposes only. The designer should contact the 
manufacturer for detailed design. The Traffic Engineering Division will have final approval 
for design. 

3. In most cases, the 8-bay design will be used. 
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is considered appropriate. See the ODOT 
Standard Drawings for more information. 

6. Reserve Area. The designer should, as 
early as possible in the project design 
process, . determine the need for and 
approximate dimensions of an impact 
attenuator. This will avoid late changes 
which could significantly affect the project 
design. Figure 11. 7D provides 
recommended criteria for the impact 
attenuator reserve area. 

July 1992 
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*lolPACT ATTENUATOR RESERVE M[.A 

TRAFFIC---

SHOULDER 

TRN'F'IC---•S. 

• NO CURBS OR R...SEO PAVEMENT 
IS TO SE BUil T OR REMAIN IN THE 
AREA SURROUN:>NO OR OCCUPIED BY 
THE lolPACT ATTENUATOR. 

Design Speed 
on 

Mainline 
(mph) 

30 

50 

70 

80 

N 

6 

6 

6 

6 

FACE OF RH. OR PARAPET 

N ENJ OF RH. OR EQUIVllLENT F'IXED OBJECT 

L 

Dimensions for Crash Cushion Reserve Area 
(feet) 

Minimum 

Restricted Unrestricted Preferred 
Conditions Conditions 

L F N L F N L F 

8 2 8 11 3 12 17 4 

17 2 8 25 3 12 33 4 

28 2 8 45 3 12 55 4 

35 2 8 55 3 12 70 4 

Source: (1) 

Note: This figure is for preliminary design purposes only and must be used in combination with 
Tables 11.7C and ll.7D. 

IMPACT ATIENUATOR RESERVE AREA 

Figure 11.7D 
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Chapter Twelve 

GEOMETRIC DESIGN TABLES 
(New Construction/Reconstruction) 

This chapter presents the Department's 
criteria for the geometric design of new 
construction and reconstruction projects. 
These are defined as follows: 

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. 

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 
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 
needed pavement reconstruction should 
also be considered in identifying a project 
as reconstruction. In addition, any 
intersection which falls within the limits 
of a reconstruction project will be 
reconstructed as needed. 

The designer should consider the following in 
the use of these tables: 

1. Functional Classification. The selection 
of design values depends on the func­
tional classification of the highway facility. 
This is discussed in Section 5.2. 

2. Urban Design Classification. Within an 
urbanized or urban area, the selection of 
design values depends on the design 
classification of the facility. Separate 
tables are presented for "suburban" and 
"urban" classifications. See Section 5.2 for 
a description of the two classifications. 

3. Rural "Suburban" Areas. Some segments 
of rural facilities may pass through areas 
which are built up or suburban in 
character. In these cases, the designer 
may use the suburban tables for 
application of geometric design, although 
the facility is categorized as rural. 

4. Cross Section Elements. The designer 
should realize that some of the cross 
section elements included in a table (e.g., 
median width) are not automatically 
warranted in the project design. The 
values in the tables will only apply after 
the decision has been made to include the 
element in the highway cross section. 

5. Manual Section References. These tables 
are intended to provide a concise listing 
of design values for easy use. They 
should be used by the designer already 
familiar with the full narrative as 
referenced in the tables. 

12 (1) 
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6. Footnotes. The tables include many 
footnotes, which are identified by a 
number in parenthesis {e.g., { 6) ). The 
information in the footnotes is critical to 
the proper use of the design tables. 

7. Controllinfj Design Criteria. The tables 
provide an asterisk to indicate controlling 
design criteria. Section 5.8 discusses this 
in more detail and presents the process 
for approving exceptions to controlling 
design criteria. 

July 1992 
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Design Element 

Standard Desimation 
Desi1t11 Year (Geometrics 

• Desi1t11 Sneeo (mph) (la 
Access Control 
Level of SeJ.Vice 

• Lane Width 

Shoulder 
Type 

•Width (2c) 
• Travel Lane 

Cross Slope 
Shoulder 

Auxiliary Lanes 
Lane Width 

Shoulder Width 

Median Width (3) 
With Barrier 

Without Barrier 
Rilbt-of-Way Width 
Clear Zone 

Fore Slone 
Cut (5) Ditch Width 

Side Slopes 
Back Slope 
0'-4' Heilht 

Table 12-1 
GEOMETRIC DFSIGN CRITERIA FOR FREEWAYS 

(New Construdion/Reooostrudion) 

Manual Rural Section 

- RF 
S.3 20 years 

5.2 70 (lb) 
5.4 Full Control 
5.3 Desirable: B Minimum: C 

8.1 12' 
8.1 , , Paved 
8.1 Right: 10' (lft.) Left: 4' CM & 2b) 
8.1 2%Typical ' 
8.1 3% - 4% Typical 
8.1 12' 
8.1 Desirable: Full Shoulder Width Minimum: 6' 

8.2 N/A 

8.2 46' Recommended; 64' Desirable 
8.6 (4) 
11.2 See Section 11.2 
8.3 6:1 
8.3 8' 
8.3 4:1 
8.3 6:1 

Fill 4'-10' Heilht 8.3 6:1 to clear zone; 4:1 to toe 
>10' Heilht 8.3 6:1 to clear zone; 3:1 to toe 

70 mph . Desirable Stopping Simt Distance (6) 5.7 850' 
Decision Silht Distance 5.7 See Section 5.7 

• Maximum Degree of emax = 0.06 6.1 2°45' 
Curvature emax = 0.08 6.1 3°00' 

• Superelevation Rate 6.2 See Section 6.2 
• Vertical Curvature for Crest 7.2 K=540 

Desirable SSD Sal!: 7.2 K=220 
Level 7.1 3% . Maximum Grade (7) Rollinl!: 7.1 4% 

Mountainous 7.1 5% 
Minimum Grade 7.1 Desirable: 0.5% Minimum: 0% 

• New /Reconstructed Structural Capacity (8) - HS-20/0K Overload Truck 
Bridges Width 8.4 Full Approach Roadway Width 

• Existing Bridges to Structural Capacity - HS-20 (Inventory Ratinl!:) 
Remain in Place Width (9) 8.4 2 lanes: 28' 3 lanes: 40' 

• Vertical Qearanc:e New /Replaced Bridges 7.4 16'-9• 
(10) Existing Bridges 7.4 14'-6· 

• Controlling design criteria (See Section 5.8) 

Uroan 

UP 
20 vc:ars 

55-70 
Full Control 

Desirable: C Minimum: D 

12' 
Paved . 

Rilht: 10' M Left: 4' (JA & 2b) 
'2% Typical ' 

3% - 4% Typical 
12' 

Desirable: Full Shoulder Width Minimum: 6' 
4 lanes: 10' min.; 14' des. (3a); 

> 4 lanes: 22' min. 
46' Recommended 

(4 
See Section 11.2 

6:1 
8' 
4:1 
6:1 

6:1 to clear zone; 4:1 to toe 
6:1 to clear zone; 3:1 to toe 

55 mph 60mph 6.5 mph 70mph 
550' 650' 725' 850' 

See Section 5.7 
5°15' 4°15' 3°30' 2°45' 
6°00' 4°45' 3°45' 3°00' 

See Section 6.2 
K=220 K=310 K=400 K=540 
K=130 K=160 K=180 K=220 
3.5% 3% 3% 3% 
4.5% 4% 4% 4% 
6% 6% 5.5% 5% 

Desirable: 0.5% Minimum: 0% 

HS-20/0K Overload Truck 
Full Approach Roadway Width 

HS-20 (Inventory Rating) 
2 lanes: 28' 3 lanes: 40' 

16'-9. 
14'-6" 

0 

~ 
~ 

~ 
0 s:: 
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GEOMETRIC DESIGN CRITERIA FOR FREEWAYS 
(New Construction/Reconstruction) 

Footnotes to Table 12-1 

1. Design Speed. The following will apply: 

a. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

July 1992 
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b. In rolling terrain, a design speed of 65 mph will be acceptable. This is allowed by the AASIITO A Policy on Design Standards 
-- /nleTState System. 

2. Shoulder Width. The following will apply: 

-a. Path Shouldets. \l'kcn the vnh1me ef ttucb cxcc"*1!§0 BBIPl, botli the tight &lid left shouldc1s will It• 12' 
b. Left Shoulder. With three or more lanes in one direction, use a 10' shoulder. 
c. Barriers. All shoulder widths should desirably be increased by 2' when a barrier is present. 

3. Median Width. The median width will depend upon many factors. These include the type of median (depressed or flush), the 
required depth of ditch, the acceptable median slopes, the available right-of-way, the anticipated ultimate development of the facility 
(i.e., planned addition of travel lanes) and field conditions. In addition, the following will apply: 

a. Where light poles, glare screens, etc., will be mounted on the median barrier, the desirable median width is 22' - 26'. 

b. Additional median width may be necessary to meet horizontal sight distance criteria on horizontal curves. See Section 65. 

c. When the volume of trucks exceeds 250 DDHV, the minimum median width is 26'. 

4. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
median width plus the necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will accommodate the 
anticipated ultimate development of the facility plus utility requirements. 

5. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. 

6. Desirable Stopping Sight Distance. Values in table are desirable SSD criteria for passenger cars on level grades. See Section 6.5 
for the application of the SSD to horizontal curves. 

7. Maximum Grades. Grades 1% steeper may be used in restricted urban areas where development precludes the use of flatter grades. 
Grades 1 % steeper may also be used for one-way downgrades at all sites except in mountainous terrain. 

8. Structural Caoacitv (New/Reconstructed Bridges). The Alternate Military Loading will also apply to the Interstate system. The 
Oklahoma Overload Truck applies only to State highways. 

9. Width (Existing Bridges to Remain in Place). For bridge widths wider than the widths in the table, the bridge should be evaluated 
for widening to full approach roadway width 2!!!v if one of the condition codes from the NBIS inspection report is less than 5 (deck, 
superstructure or substructure) or the approach roadway width is widened. 

10. Minimum Vertical aearance. The vertical clearances apply to the freeway passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 17' -9• for a freeway passing beneath a new sign truss or pedestrian 
bridge and 171-0• for a freeway passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing beneath 
a freeway. The typical clearance will be 23'-0'. An allowance should also be made for future ballasting. 
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Table 12-2 
GEOMETRIC DF.sIGN CRITERIA FOR RURAL PRINCIPAL ARTERIALS 

(New Construction/Reconstruction) 

Design Element Manual 2-Lane Divided Multilane•• Section DHV 100-200 I DHV > 200 
Standard Desimation - RPA-1 RPA-2 
Design Year (Geometrics) 5.3 20 vears 20 years 
Design Soecd (mph) (1) 5.2 Level: 60-70; Rollinir. 60; Mountainous: SO Level: 60-70; Rolling: 60; Mountainous: SO 
Access Control 5.4 Control by Regulation Control by Rer;ulation/Partial Control 
Level of Service 5.3 Desirable: B Minimum: C Desirable: B Minimum: C 

Lane Width 8.1 12' 12' 

Shoulder 
TVDC 8.1 Paved Paved 

• Width (2) 8.1 6' I 8' Rillht: Desirable: 10', Min: 8'; Left: 4'(2a) 
• Travel Lane 2%Typical 2% Typical 

Cross Slope 
8.1 

Shoulder 8.1 2o/o-4% Typical 2%-4% Typical 

Auxiliary Lanes 
Lane Width 8.1 12' 12' 

Shoulder Width 8.1 4' min. (naved) 4' min. foaved) 
Median Width (3) 8.2 NA 46' Recommended: 64' Desirable 
Right-of-Way Width 8.6 (4} (4) 
Clear 7..one 11.2 See Section 11.2 See Section 11.2 

Fore SIODC 8.3 6:1 6:1 
Cut Ditch Width 8.3 8' 8' (5) 

Back Slone 8.3 4:1 4:1 
Side Slopes 

0'-4' Heilbt 8.3 6:1 6:1 
Fill 4'-10' Height 8.3 ) 6:1 to clear zone; 4:1 to toe 6:1 to clear zone; 4:1 to toe 

> 10' Heilbt 8.3 6:1 to clear zone· 3:1 to toe 6: 1 to clear zone; 3: 1 to toe 
SO mph 60mph 70mph 

Desirable Stoooinit Sight Distance (6) 5.7 475' 650' I 850'' 
Intersection Sil!ht Distance 9.2 See Section 9.2 
Decision Si2'tt Distance 5.7 See Section 5.7 
Passing Si2'tt Distance 5.7 1800' 2100' 2500' 
Maximum Degree of I e ..... v=0.06 6.1 6°45' 4°15' 2°45' 
Curvature emax=0.08 6.1 70301 4°45' 3°00' 
Suoerelevation Rate 6.2 See Section 6.2 
Vertical Curvature for Crest 7.2 K=160 K=310 K=540 
Desirable SSD Sag 7.2 K=110 K=160 K=220 

Level 7.1 4% 3% 3% 
Maximum Grade (7) Rollin11: 7.1 5% 4% 4% 

Mountainous 7.1 7% 6% 5% 
Minimum Grade 7.1 Desirable: 0.5% Minimum: 0% 

New /Reconstructed Structural Capacity (8) - HS-20/0K Overload Truck 
Bridges Width 8.4 Full Approach Roadway Width 
Existing Bridges to Structural Capacity - HS-20 (Inventory Rating) 
Remain in Place Width (9) 8.4 Approach Travelway + 4' (28' min.) 

Vertical Clearance (10) 
New/Replaced Bridges 7.4 16'-9. 

Existing Bridges 7.4 14'-6. 

• Controlling design criteria (See Section 5.8) •• See Table 12-6 "Suburban Principal Arterials" for multilane undivided design criteria for Rural Principal Arterials. 
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Oklahoma GEOMETRIC DESIGN TABLES July 1992 

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

Footnotes to Table 12-2 

12 (6) 

1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Shoulder Width. The following will apply: 

a. Where there are three or more lanes in one direction, the left shoulder should be 8'. 
b. All shoulder widths should desirably be increased by 2' when a barrier is present. 

3. Median Width. The median width will depend upon many factors. These include the type of median (depressed or flush), the 
required depth of ditch, the acceptable median slopes, the available right-of-way, the anticipated ultimate development of the facility 
(i.e., planned addition of travel lanes) and field conditions. 

4. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
median width plus the necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will accommodate the 
anticipated ultimate development of the facility plus utility requirements. 

5. Cut Slopes, Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. 

6. Desirable Stopping Sight Distance. Values in table are desirable SSD criteria for passenger cars on level grades. See Section 6.5 
for the application of the SSD to horizontal cutves. 

7. Maximum Grades. Grades 1% steeper may be used for one-way downgrades at all sites except in mountainous terrain. 

8. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

9. Width (Existing Bridges to Remain in Place). For bridge widths wider than the widths in the table, the bridge should be evaluated 
for widening to full approach roadway width Q!l]y if one of the condition codes from the NBIS inspection report is less than 5 (deck, 
superstructure or substructure) or the approach roadway width is widened. 

10. Minimum Vertical Oearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 17'-9• for an arterial passing beneath a new sign truss or pedestrian 
bridge and 17' -0• for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing beneath 
an arterial. The typical clearance will be 231-0•. An allowance should also be made for future ballasting. 
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Table 12-3 
GEOMETRIC D~IGN CRJTERlA FOR RURAL OTHER ARTERIALS 

(New Construd:ion/Rec:oostrudion) 

Design Element Manual 2-Ltne 
Divided Multilane• • Section DHV<lOO I DHV 100-200 I DHV>200 

Standard Desimation - ROA-1 ROA-2 
Desiim Year (Geometrics) 5.3 20 years 20 years 

DesiE!I SDCC<I (mph) (1) 5.2 Level: 60-70; Rollinit: 5().6(}; Mountainous: 40-50 Level: 60-70; Rollinit: 50-60; Mountainous: 40-50 
Access Control 5.4 Control by Regulation Control by Replation 
Level of Service 5.3 Desirable: B Minimum: C Desirable: B Minimum: C 
Lane Width (2) 8.1 12' 12' 

Shoulder 
Type 8.1 2' Paved/Remainder Sod I Paved Paved 

•Width (3) 8.1 4' I 6' I 8' Right: 8' Left: 3' min. (3a) 

Cros.'> Slope 
• Travel Lane 8.1 2%Typical 2%Typical 

Shoulder 8.1 2% - 4% Typical 2% - 4% Typical 

Auxiliary Lanes 
Lane Width 8.1 Desirable: Same as Travel Lane; Minimum: 11' 12' 

Shoulder Width 8.1 2' Paved/2' Sod I 4' Paved Rildtt: 4' Paved Left: 3' Paved 
Median Width (4) 8.2 N/A 46' Recommended; 64' Desirable 
Rildtt-of-Wav Width 8.6 (5) (5) 
Clear Z.One 29.711.2 See Section 11.2 See Section 11.2 

Fore Slooe 8.3 V>50: 6:1 V:SSO: 4:1 V>50: 6:1 V:SSO: 4:1 
Cut (6) Ditch Width 8.3 8' 8' 

Side Slopes 
Back Slope 8.3 V>50: 4:1 V:SSO: 3:1 V>50: 4:1 V:SSO: 3:1 
0'-4' Height 8.3 Desirable: 6:1 Maximum: 4:1 Desirable: 6:1 Maximum: 4:1 

Fill 4'-10' Heildtt 8.3 4:1 4:1 
>10' Heildtt 8.3 4:1 to clear zone; 3:1 to toe 4:1 to clear zone; 3:1 to toe 

40 mph 50 mph 60 mph ?Omph 
Minimum Stoooing Sight Distance (7) 5.7 275' 400' 525' I 62'5' 
Intersection Sildtt Distance 9.2 See Section 9.2 
Decision Sig.ht Distance 5.7 See Section 5.7 
Passing Sight Distance 5.7 1500' 1800' 2100' 2500' 
Maximum Degree of I emax = 0.06 6.1 11°15' 6°45' 4°15' 2°45' 
Curvature em:>Y = 0.08 6.1 12°15' 70301 4°45' 3°00' 
Superelevation Rate 6.2 See Section 6.2 
Vertical Curvature for Crest 7.2 K=60 K=llO K=190 K=290 
Minimum SSD Sae; 7.2 K=60 K=90 K=120 K=150 

Level 7.1 5% 4% 3% 3% 
Maximum Grade (8) Rolling 7.1 6% 5% ,. 4% 4% 

Mountainous 7.1 8% 7% 6% 5% 
Minimum Grade 7.1 Desirable: 0.5% Minimum: 0% 

New /Reconstructed Structural Capacity (9) - HS-20/0K Overload Truck 
Bridges Width 8.4 Full Approach Roadway Width 
Existing Bridges to Structural Capacitv - HS-20 (Inventory Rating) 
Remain in Place Width (10) 8.4 Approach Travelwav + 4' (28' min.) 

Vertical Qearance (11) 
New/Replaced Bridges 7.4 16'-9' 

Existing Bridges 7.4 14'-6' 

• Controlling design criteria (See Section 5.8) • • See Table 12-8 "Suburban Other Arterials" for multilane undivided design. criteria for Rural Other Arterials. 
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Oklahoma GEOMETRIC DESIGN TABLES 

GEOMETRIC DESIGN CRITERIA FOR RURAL OTIIER ARTERIAL.5 
(New Construction/Reconstruction) 

Footnotes to Table 12-3 

July 1992 

12 (8) 

1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Lane Width. The following will apply: 

a. For a SO-mph design speed and for DHV < 100, lane widths may be 11' on 2-lane highways. 

b. Existing 11' lanes on all reconstructed rural other arterials may be retained if alignment and safety record are satisfactory. 

3. Shoulder Width. The following will apply: 

a. Where there are three or more lanes in one direction, the left shoulder should be 8'. 
b. All shoulder widths should desirably be increased by 2' when a barrier is present. 

4. Median Width. The median width will depend upon many factors. These include the type of median (depressed or flush), the 
required depth of ditch, the acceptable median slopes, the available right-of-way, the anticipated ultimate development of the facility 
(i.e., planned addition of travel lanes) and field conditions. 

5. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
median width plus the necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will accommodate the 
anticipated ultimate development of the facility plus utility requirements. 

6. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. 

7. Minimum Stopping Sight Distance. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 65 
for the application of the SSD to horizontal curves. 

8. Maximum Grades. Grades 1 % steeper may be used for one-way downgrades at all sites except in mountainous terrain. 

9. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

10. Width (Existing Bridges to Remain in Place). For bridge widths wider than the widths in the table, the bridge should be evaluated 
for widening to full approach roadway width Qfily if one of the condition codes from the NBIS inspection report is less than 5 (deck, 
superstructure or substructure) or the approach roadway width is widened. 

11. Minimum Vertical Qearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 17' -9" for an arterial passing beneath a new sign truss or pedestrian 
bridge and 17' -o• for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing beneath 
an arterial. The typical clearance will be 23'-0". An allowance should also be made for future ballasting. 



Table 12-4 
GEOMETRIC DESIGN CRITERIA FOR RURAL COLLECI'ORS 

(New Construdion/Reronstruc:tion) 

Manual 
State Hi2hwavs Non-State Hi2hwavs• • 

Design Element Section AADT DHV 100- DHV200- DHV AADT DHV DIN I DHV 
<400 200 400 >400 <400 100-200 200-400 >400 

Standard Desimation - RCS RCNS 
Desiim Year (Geometrics) (ll S.3 20 vears 20 vears 

Level S.2 4S so (i() 40 so 60 
• Design Speed (mph) (2) Rolling S.2 4S 4S so 30 40 so 

Mountainous S.2 40 40 40 20 30 40 
Access Control S.4 Control by Re~lation Control by Reiwlation 
Level of Service S.3 Level/Rollinr. C Mountainous: D Level/Rollinr, C Mountainous: D 

Lane Width Tvoe 8.1 Paved Gravel/Paved 
•Width 8.1 11' 3a) 12' (3c) I 121 10' 11' (3b) 12' (3cl I 121 

Type 8.1 2·~ 2' ~ 4' Paved/ Gravel/Sod Shoulder ( 4) 2' 4' 4'Sod 
*Width 8.1 41 61 81 21 C4al 6' (4b) 8' -· • Travel Lane 8.1 2%Tvoical Paved: 2% Gravel: 2o/o-4% 

Cl'OliS Slope 
Shoulder 8.1 2o/o-4% Tvvical Gravel: 4%-6% Sod: 6%-8% 

Auxiliary Lanes Lane Width 8.1 Des: 11' Min: 10' Des: 121 Min: 11' NA 
Shoulder Width 8.1 Des: 4' Min.: 2' NA 

Ridlt-of-.Way Width 8.6 (5) (5) 
Clear Zone 11.2 See Section 11.2 See Section 11.2 - Fore Slope 8.3 Maximum: 4:1 Maximum: 3:1 

Cut 
Desirable: 6:1 Desirable: 4:1 

(6) Ditch Width 8.3 Desirable: 81 Minimum: 41 Desirable: 41 Minimum: 2' 
Back Slope 8.3 3:1 Desirable: 3:1 Maximum: 2:1 Side Slopes 
0'-4' Heilht 8.3 4:1 Desirable: 4:1 Maximum: 3:1 

Fill 4'-10' Heilht 8.3 Desirable: 4:1 Maximum: 3:1 3:1 
> 10' Heilht 8.3 3:1 3:1 

20mnh I 30 moh I 40mnh 50mnh (i() mnh 
• Minimum S~1t Distance (7) S.7 125' 2001 275' 4001 5251 

lnte1~.ction Slidlt Distance 9.2 See Section 9.2 
Decision Sildtt Distance S.7 See Section 5.7 
Passing Silht Distance NA 11001 1500' 18001 21001 

• Maximum Degree of emax = 0.06 6.1 49°151 21°001 11°1S1 6°4S1 4°15 1 

Curvature emax = 0.08 6.1 53°301 22°45 1 12°15' 70301 4°45 1 

• Superelevation Rate 6.2 See Se1~tion 6.2 
• Vertical Curvature for Crest 7.2 K=lO K=30 K=•W K=llO K=190 

Minimum SSD Salt 7.2 K=20 K=40 K=•60 K=90 K=120 
Level 7.1 7% 7% 7'% 6% 5% 

• Maximum Grade (8) Rollin it 7.1 10% 9% 8% 7% 6% 
Mountainous 7.1 12% 10% 10% 9% 8% 

--Minimum Grade 7.1 Desirable: 0.5% Minimum: 0% 
<400 100-200 200-400 I >400 <400 100-200 200-400 I >400 

• New /Recon.~tmcted Structural Capacity - HS-20/0K Overload Truck HS-20 
Brid2CS Width 8.4 TW + 8' Ano. Roadway Width TW + 4' TW + 61 I TW + 81 I APR 

• Existing Bridges to Struc~ural Capacity - HS-15 (Inventory Ratin2) HS-15 
Remain in Place Width (9) 8.4 24' 261 28' 221 I 24' I 28' 

• Vertical aearance (10) New/Replaced Bridites 7.4 16 1-9• 161-9• 
Existing Bridges 7.4 14'..{;· 141-0• 
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Oklahoma GEOMETRIC DESIGN TABLES 

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

Footnotes to Table 12-4 

July 1992 

12 (10) 

1. Design Year. If the DHV is less than 100 (based on a 20-year projection), then the current AADT may be used for design. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For a 26' paved roadway, pavement striping will be for two 11' lanes. 
b. For DHV 100-200, the lane width may be 10' where the design speed is 30 mph. 
c. For DHV 200-400, the lane width may be 11' where the design speed is 40 mph. 

4. Shoulder Width. All shoulder widths should desirably be increased by 2' when a barrier is present. The following will also apply: 

a. If guardrail is present, the minimum shoulder width is 4'. 
b. For current AADT>400 and (20-year) DHV <100, the shoulder width may be 4' minimum. 

5. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane widths plus the outside shoulder widths plus the 
necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will also accommodate utility requirements. 

6. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. 

7. Minimum Stopping Sight Distance. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 6.5 
for the application of the SSD to horizontal curves. 

8. Maximum Grades. For grades less than 500' in length (PVf to PVC), the maximum grade may be 2% steeper than table value. 
For roads with less than 400 current AADT, the maximum grade may be 2% steeper than table value. 

9. Width (Existing Bridges to Remain in Place). For bridges on the State highway system and where the width is wider than the widths 
in the table, the bridge should be evaluated for widening to full approach roadway width 2!!!v if one of the condition codes from 
the NBIS inspection report is less than 5 (deck, superstructure or substructure) or the approach roadway width is widened. 

For bridges not on the State highway system and where the bridge is more than 100' in length, the values in the table do not apply. 
The acceptability of these bridges will be assessed individually. 

10. Minimum Vertical Oearance. The vertical clearances apply to the collector passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a collector. The typical clearance will be 23'-0*. 
An allowance should also be made for future ballasting. 



Table 12-S 
GEOMETRIC DESIGN CRITERIA FOR RURAL LOCAL ROADS•• 

(New • . ) 

Design Element Manual AADT<50 AADTS0-250 AADT DHV 100-200 I DHV 200-400 I DHV>400 
Section 250-400 

Standard Desiimation - RL 
Desiim Year (Geometrics 5.3 20 """J'S (1) 

Level 5.2 30 30 40 50 
• Design Speed (mph) (2) Rollin2 5.2 20 30 30 40 

Mountainous 5.2 20 20 20 30 
Acces.~ Control 5.4 Control by Ree;ulation 
Level of Service 5.3 D 

• Travel Lanes 
Type 8.1 Paved, Chio Seal Gravel or Dirt 
Width 8.1 V:S30: 9' V>30: 10' 10' 10' (3a) I 11' (3b) I 12' 

Shoulder 
Tvne 8.1 Gravel or Sod 

• Width (4a) 8.1 2' 6' (4bl I 8' -
CrcilSS Slope 

• Travel Lane 8.1 Chio Seal: 2% Gravel: 2o/o-4% Dirt: 4%-6% 
Shoulder 8.1 Gravel: 4o/o-6% Sod: 4%-8% 

Auxiliarv Lanes 8.1 NA 
-· Ril?Jlt-of-Way Width 8.6 (5) 
-0-Ciear '.Zone 11.2 See Section 11.2 

Fore Slope 8.3 3:1 
Cut Ditch Width 8.3 As Reouired for Drainage (6) 

Back Slope 8.3 Desirable: 3:1 Maximum: 2:1 
Side Slopes 

0'-4' Heil?,ht 8.3 Desirable: 4:1 Maximum: 3:1 
Fill 4'-10' Heismt 8.3 3:1 

> 10' Hei2ht 8.3 3:1 

20 moh 30moh 40mph I 50mph 
• Minimum Stonnin2 Simt Distance (7) 5.7 125' 200' 275' I 400' - Intersection Si2ht Distance 9.2 See Section 9.2 

Decision Sildlt Distance 5.7 NA 450' 600' 750' 
Passi!!& Si&!!t Distance 5.7 NA 1100' 1500' 1800' 

• Maximum Degi"Ce of emax=0.06 6.1 49•15• 21°00' 11°15' 6°45' 
Curvature I emax=0.08 6.1 53°30' 22°45' 12°15' 7°30' . Superelevation Rate 6.2 See Section 6.2 

• Vertical Curvature for Crest 7.2 K=lO K=30 K=60 K=llO 
Minimum SSD Sa2 7.2 K=20 K=40 K=60 K=90 

Level 7.1 - 7% 7% 6% 
• Maximum Grade Rollinit 7.1 11% 10% 9% 8% 

Mountainous 7.1 16% 14% 12% 10% 
Minimum Grade 7.1 Desirable: 05% Minimum: 0% 

• New /Reconstructed 
<50 50-250 I 250-400 100-200 I 200-400 I >400 

Structural Caoacitv - HS-20 Bridges 
Width (8) 8.4 Travelwav + 4' Travelway + 6' I Aon. Rd. Wid. 

• Existing Bridges to Structural Capacitv - HS-10 HS-15 
Remain in Place Width (9) 8.4 20' I 22' I 24' I 28' 

• Vertical Qcarance (10) 
New/Replaced Bridges 7.4 16'-9' 

Existing Bridges 7.4 14'-0' 

• Controlling design criteria (See Section 5.9) ••Table will only apply where Stat.e and/or Federal funds are used. 
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GEOMETRIC DESIGN CRITERIA FOR RURAL LOCAL ROADS 
(New Construction/Reconstruction) 

Footnotes to Table 12-5 

July 1992 

12 (12) 

1. Design Year. If the DHV is less than 100 (based on a 20-year projection), then the current AADT may be used for design. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For DHV 100-200, use 11' lanes where V?: 40 mph. 
b. For DHV 200-400, use 12' lanes where V ?: 50 mph. 

4. Shoulder Width. The following will apply: 

a. All shoulder widths refer to the graded width, which is the distance between the edge of travel lane and the point of 
intersection of the shoulder slope and side slope. 

b. For AADT>400 but DHV<lOO, the shoulder width may be 4'. 

5. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane widths plus the outside shoulder widths plus the 
necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will also accommodate utility requirements. 

6. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. 

7. Minimum Stopping Sight Distance. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 65 
for the application of the SSD to horizontal cuives. 

8. Width (New and Reconstructed Bridges). Widths of bridges more than 100' in length will be analyzed individually. 

9. Width (Existing Bridges to Remain in Place). Minimum clear widths that are 2' narrower may be used on roads with few trucks. 
However, the clear roadway width should be at least the same width as the approach travelway. For one-lane bridges, the width 
can be 18'. For bridges of more than 100' in length, the values in the table do not apply. The acceptability of these bridges will 
be assessed individually. 

10. Minimum Vertical Oearance. The vertical clearances apply to the local road passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a local road. The typical clearance will be 23'-
0'. An allowance should also be made for future ballasting. 



Table 12-6 
GEOMETRIC DF.slGN CRITERIA FOR SUBURBAN PRINCIPAL ARTERIALS 

(New Construc:tion/Reoonstmc:tion) 

Design Element Manual 2-Lane Multilane 
Section With Curb Without Curb With Curb Without Curb 

Standard Desiimation - SPA-1 SPA-2 SPA-3 SPA-4 
Design Year (Geometrics) 5.3 20 years 20 years 

• Desiim Soc:ed <mvh) {ll 5.2 45-60 45..(i() 
Access Control 5.4 Control by Re1t11lation Control by Regulation/Partial Control - Level of Service 5.3 Desirable: C Minimum: D Desirable: C Minimum: D 

• Lane Width 8.1 12' 12' 

Shoulder/Curb Offset 
Type 8.1 Paved Paved 

• Width 8.1 2' Min. (2) 8' Ril!:ht: 2' Left: 2' (2) Right: 8' Left: 4' 

Cross Slope ' • Travel Lane 8.1 2%Troical 2% Typical (3) 
Shouldell'/Curb Offset 8.1 Same as adjacent T.L 2%-4% Typical Same as adjacent T.L. 2o/o-4% Typical 

Auxiliary Lanes 
Lane Width 8.1 12' 12' 

Shoulder/Curb Offset 8.1 2' Min. (4) 4'Min. 2' Min. 4) 4' Min. 
TWLT Lane Width 9.4 NA 14' (5) 
Parking Lane Width (6) 17.1 Desirable: 12' Minimum: 11' Desirable: 12' Minimum: 11' 
Median Width 8.2 NA (7 

___ Ri,&!!t-0f-Wa~ Width 8.6 (8 (8 
Clear 2'..one 11.2 15' (9) See Section 11.2 1.5' (9) See Section 11.2 

Fore Slope 8.3 NA 4:1 NA 4:1 
Cut Ditch Width 8.3 NA 8' NA 8' (10) 

Back Slope 8.3 3:1 3:1 3:1 3:1 
Side Slopes 

0'-4' Heil!:ht 8.3 3:1 3:1 3:1 3:1 
Fill 4'-10' Height 8.3 3:1 3:1 3:1 3:1 (11) 

> 10' Heil!:ht 8.3 3:1 3:1 3:1 3:1 
45 mph SO mph 60mph 

• Desirable Stoooing Sight Distance (12) 5.7 400' 475' 650' 
Intersection Siltht Distance 9.2 See Section 9.2 
Decision Si2ht Distance 5.7 See Section 5.7 

• Maximum Degree of ema.x=0.04 6.l 80301 I NA NA 
Curvature ema.x=0.06 6.1 9°15' 6°45' 4°15' 

• Superelevation Rate 6.2 See Section 6.2 
• Vertical Curvature for Crest 7.2 K=120 K=160 K=310 

Desirable SSD Sag 7.2 K=90 K=llO K=160 
Level 7.1 6.5% 6% 5% 

• Maximum Grade Rolling 7.1 15% 7% 6% 
Mountainous 7.1 95% 9% 8% 

Minimum Grade 7.1 Desirable: 0.5% Minimum: Curbed: 0.4%; Uncurbed: 0% 

• New /Reconstructed Structural Capacity (13) - HS-20/0K Overload Truck 
Bridges Width 8.4 Full Approach Roadway Width 

• Existing Bridges to Structural Capacity - HS-20 (lnventoIV Ratinst) 
Remain in Place Width (14) 8.4 Uncurbed Sections: Travelway + 4' Curbed Sections: Site Specific · 

• Vertical Clearance (15) 
New/Replaced Bridges 7.4 16'-9" 

Existin2 Brid11;es 7.4 14'-6" 
• Controlling design criteria (See Section 5.8) 
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GEOMETRIC DESIGN CRITERIA FOR SUBURBAN PRINCIPAL ARTERIALS 

(New Construction/Reconstruction) 

Footnotes to Table 12-6 

1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Shoulder/Curb Offset. Where the design speed is 45 mph or less on facilities with curbs, the curb offset (for both left and right) 
may be 1' minimum for barrier curbs and may be zero for mountable curbs. 

3. Travel Lane Cross Slope (Multilane). On curbed multilane facilities, the typical cross slope is 3% for any travel lanes adjacent to 
the curb. 

4. Auxiliaiy Lane Shoulder/Curb Offset. Widths adjacent to auxiliary lanes will typically be 4 1 or equal to the width adjacent to the 
travel lane, whichever is less. 

5. TWLT Lane Width. In industrial areas with large trucks turning frequently, the desirable TWLT lane width is 16'. 

6. Parking Lanes. Where the parking lane will be used as a travel lane during peak hours or may be converted to a travel lane in the 
future, the width should be 12' plus a 1' offset to the curb (if present). The cross slope of the parking lane will be the same as 
that of the adjacent travel lane. 

7. Median Width. The median width will depend upon many factors. These include the type of median (depressed, flush or raised), 
the required depth of ditch, the acceptable median slopes, the available right-of-way, the anticipated ultimate development of the 
facility (i.e., planned addition of travel lanes) and field conditions. In addition, the following will apply where a median barrier is 
wananted: 

a. Where light poles, glare screens, etc., will be mounted on a median barrier, the desirable median width is 22' - 26'. 

b. Additional median width may be necessary to meet horizontal sight distance criteria on horizontal curves. See Section 65. 

8. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
median width plus the necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will accommodate the 
anticipated ultimate development of the facility plus utility requirements. 

9. Qear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 15' from the gutter line. The 15' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

10. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. On facilities with curbs, it is desirable to 
provide a 6' sodded "shelf" between the curb and the toe of the back slope or an 8' shelf where a sidewalk is present. See Section 
8.3. 

11. Fill Slopes. On facilities with curbs, it is desirable to provide a 6' sodded "shelf" between the curb and the break in the fill slope 
or an 8' shelf where a sidewalk is present. See Section 8.3. 

12. Desirable Stoooing Sight Distance. Values in table are desirable SSD criteria for passenger cars on level grades. See Section 65 
for the application of the SSD to horizontal curves. 

13. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

14. Width (Existing Bridges to Remain in Place). On State highways, the minimum width is 28 1 for uncurbed sections. On all facilities, 
for bridge widths wider than the widths in the table, the bridge should be evaluated for widening to full approach roadway width 
2!!!Y if one of the condition codes from the NBIS inspection report is less than 5 (deck, superstructure or substructure) or the 
approach roadway width is widened. 

15. Minimum Vertical Qearance. The vertical clearances apply to the arterial passing under a bridge. The following also appl}~ 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 17' -9" for an arterial passing beneath a new sign truss or pedestrian 
bridge and 17' -0"' for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing beneath 
an arterial. The typical clearance will be 23 1 -0". An allowance should also be made for future ballasting. 



-

Table 12-7 
GEOMETRIC DESIGN CRITERIA FOR URBAN PRINCIPAL ARTERIAl.S 

(New Coostruction/Reconstrudion) 

Design Element Manual 2-Lane Multilane 
Section With Curb Without Curb With Curb Without Curb 

Standard Desismation ·. - UPA-1 UPA-2 UPA-3 UPA4 
Design Year (Geometrics) 5.3 20 years 20 years 

• Design Soeed (mohl rll 5.2 40-50 40-60 
Access Control 5.4 Control by ReJtUlation Control by Regulation/Partial Control 
Level of Service 5.3 Desirable: C Minimum: D Desirable: C Minimum: D 

• Lane Width (2) 8.1 Desirable: 12' Minimum: 11' Desirable: 12' Minimum: 11' 
Tvoe 8.1 Paved Paved 

Shoulder/Curb Offset 
• Width 8.1 2' Min. (3a) Des.: 8' Min: 6' Right: 2' Left: 2' (3a) Right: 6'(3b) Left: 4' 

Cross Slope 
• Travel Lane 8.1 2% TVDical 2% TVDical (4) 

Shoulder/Curb Offset 8.1 Same as adjacent T.L 2o/c-4% Typical Same as adjacent T.L. 2o/c-4% Typical 

Auxiliary Lanes 
Lane Width 8.1 Desirable: Same as Travel Lane· Minimum: 11' Desirable: Same as Travel Lane· Minimum: 11' 

Shoulder/Curb Offset 8.1 2' Min. (5) 4' Min. 2' Min. (5) 4' Min. 
TWLT Lane Width NA 14' (6) 
Parking Lane Width lf J Desirable: 12' Minimum: 10' Desirable: 12' Minimum: 10' 
Median Width 8.2 NA (8 
Ri1?ht-of .. Wav Width 8.6 (9) (9 
Qear Zone 11.2 1.5' (10) See Section 11.2 1.5' (10) See Section 11.2 

Fore Slope 8.3 NA 4:1 NA 4:1 
Cut Ditch Width 8.3 NA 8' NA 8' (11) 

Back Slooe 8.3 3:1 3:1 3:1 3:1 
Side Slopes 

0'4' Heig;ht 8.3 3:1 3:1 3:1 3:1 
Fill 4'-10' Heil!ht 8.3 3:1 3:1 3:1 3:1 (12) 

> 10' Hei2ht 8.3 3:1 3:1 3:1 3:1 
40mph 45 mph 50mph 60mph 

• Desirable Stoooing Sight Distance (13) 5.7 325' 400' 475' 660' 
Intersection Sil!ht Distance 9.2 See Section 9.2 
Decision Simt Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 6.1 110301 8°30' NA NA 
Curvature. emax=0.06 6.1 12°45' 9°15' 6°45' 4"15' 

• Supe1-elevation Rate 6.2 See Section 6.2 ·-• Vertical Curvature for Crest 7.2 K=80 K=120 K=160 K=310 
Desirable SSD Sag 7.2 K=70 K=90 K=llO K=160 

Level 7.1 7% 6.5% 6% 5% 
• Maximum Grade Rolling 7.1 8% 7.5% 7% 6% 

Mountainous 7.1 10% 9.5% 9% 8% 
Minim\tm Grade 7.1 Desirable: 0.5% Minimum: Curbed: 0.4%; Uncurbed: 0% 

• New/Reconstructed Structural Capacity (14) - HS-20/0K Overload Truck 
Bridges Width 8.4 Full Approach Roadway Width -· ·-

• Existing Bridges to Structural Caoacity - HS-20 (Inventory Rating) 
Remain in Place Width (15) 8.4 Uncurbed Section: Travelwav + 4' Curbed Section: Site Specific 

• Vertical Qearance (16) 
New /Replaced Bridges 7.4 16'-9' 

Existing Brid!reS 7.4 14'-6" 
• Controlling design criteria (See Section 5.8) 
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GEOMETRIC DESIGN CRITERIA FOR URBAN PRINCIPAL ARTERIALS 

(New Construction/Reconstruction) 

Footnotes to Table 12-7 

12 (16) 

1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Lane Widths. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. Where truck 
volume !!:10%, lane widths should be 12'. 

3. Shoulder/Curb Offset. The following will apply: 

a. Where the design speed is 45 mph or less on facilities with curbs, the curb offset (for both left and right) may be 1' minimum 
for barrier curbs and may be zero for mountable curbs. 

b. Where partial control of access is used, the right shoulder width will be 8'. 

4. Travel Lane Cross Slope (Multilane). On curbed multilane facilities, the typical cross slope is 3% for any travel lanes adjacent to 
the curb. 

5. Auxiliary Lane Shoulder/Curb Offset. Widths adjacent to auxiliary lanes will typically be 4' or equal to the width adjacent to the 
travel lane, whichever is less. 

6. TWLT Lane Width. In industrial areas with large trucks turning frequently, the desirable TWLT lane width is 16'. 

7. Parking Lanes. Where the parking lane will be used as a travel lane during peak hours or may be converted to a travel lane in the 
future, the width should be 12' plus a 1' offset to the curb (if present). The cross slope of the parking lane will be the same as 
that of the adjacent travel lane. 

8. Median Width. The median width will depend upon many factors. These include the type of median (depressed, flush or raised), 
the required depth of ditch, the acceptable median slopes, the available right-of-way, the anticipated ultimate development of the 
facility (i.e., planned addition of travel lanes) and field conditions. In addition, the following will apply where a median barrier is 
warranted: 

a. Where light poles, glare screens, etc., will be mounted on a median barrier, the desirable median width is 22' - 26'. 

b. Additional median width may be necessary to meet horizontal sight distance criteria on horizontal curves. See Section 6.5. 

9. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
median width plus the necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will accommodate the 
anticipated ultimate development of the facility plus utility requirements. 

10. Qear :lone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 1.5' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

11. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. On facilities with curbs, it is desirable to 
provide a 6' sodded "shelr between the curb and the toe of the back slope or an 8' shelf where a sidewalk is present. See Section 
8.3. 

12. Fill Slopes. On facilities with curbs, it is desirable to provide a 6' sodded "shelr between the curb and the break in the fill slope 
or an 8' shelf where a sidewalk is present. See Section 8.3. 

13. Desirable Stopping Sight Distance. Values in table are desirable SSD criteria for passenger cars on level grades. See Section 6.5 
for the application of the SSD to horizontal curves. 

14. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

15. Width {Existing Bridges to Remain in Place). On State highways, the minimum width is 28' for uncurbed sections. On all facilities, 
for bridge widths wider than the widths in the table, the bridge should be evaluated for widening to full approach roadway width 
2n!y if one of the condition codes from the !'.'BIS inspection report is less than 5 (deck, superstructure or substructure) or the 
approach roadway width is widened. 
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16. Minimum Vertical Oearancc. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 17' -9" for an arterial passing beneath a new sign truss or pedestrian 
bridge and 17' -0"' for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) wiil determine the vertical clearance for railroads passing beneath 
an arterial. The typical clearance will be 23'-0". An allowance should also be made for future ballasting. 



Table 12-8 
GEOMETRIC DESIGN CRITERIA FOR SUBURBAN onmR ARTERIALS 

(New Construdion/ReconsUudion) 

Design Element Manual 2-Lane Multilanc 
Section With Curb Without Curb With Curb Without Curb 

Standard I>esimation - SOA-1 SOA-2 SOA-3 SOA-4 
Design Year (Geometrics 5.3 20 years 20 years 

• Desim Soced (mph) (1) 5.2 4()..(i() 4()..(i() 

Access Control 5.4 Control by Rc~lation Control by Rc~lation 
Level of Service 5.3 Desirable: C Minimum: D Desirable: C Minimum: D 

• Lane Width (2) 8.1 Desirable: 12' Minimum: 11' Desirable: 12' Minimum: 11' 

Shoulder/Curb Offset 
Typc 8.1 Paved Paved 

• Width 8.1 2' Min. (3) 6' Right: 2' Left: 2' (3) Right: 6'(2) Left: 4' 

Cross Slope 
• Travel Lane 8.1 2%Tvoical 2% TVPicai (4) 

Shoulder/Curb Offset 8.1 Same as adjacent T.L 2o/o-4% Typical Same as adjacent T.L. 2o/o-4% Typical 

Auxiliary Lanes 
Lane Width 8.1 Desirable: Same as Travel Lane· Minimum: 11' Desirable: Same as Travel Lane· Minimum: 11' 

Shoulder/Curb Offset 8.1 2' Min. (5) 4' Min. 2' Min. (5) 4'Min. 
TWLT Lane Width 9.4 NA 14' 6) 
Parkin1t Lane Width ttJ 17.1 Desirable: 12' Minimum: 10' Desirable: 12' Minimum: 10' 
Median Width 8.2 NA rs 
Right-of-Wav Width 8.6 (9) (9 
Gear :ZOnc 11.2 15' (10) Sec Section 11.2 15' (10) See Section 11.2 

Fore Slope 8.3 NA 4:1 NA 4:1 
Cut Ditch Width 8.3 NA 8' NA 8' (11) 

Back Slooc 8.3 3:1 3:1 3:1 3:1 
Side Slopes 

0'-4' Height 8.3 3:1 3:1 3:1 3:1 
Fill 4'-10' Heiltht 8.3 3:1 3:1 3:1 3:1 (12) 

> 10· Hcimt 8.3 3:1 3:1 3:1 3:1 
40mph 45 mph 50mph 60mph 

• Minimum Stonnim!'. Siltht Distance (13) 5.7 275' 325' 400' 525' 
Intersection Siltht Distance 9.2 Sec Section 9.2 
Decision Sie:ht Distance 5.7 See Section 5. 7 

• Maximum Degree of I emax=0.04 6.1 11°30' 8°30' NA NA 
CuM1ture I emax=0.06 6.1 12°45' 9°15' 6°45' 4°15' 

• Superelevation Rate 6.2 See Section 6.2 
• Vertical Curvature for Crest 7.2 K=60 K=80 K=110 K=190 

MinimumSSD Sal!: 7.2 K=60 K=70 K=90 K=120 
Level 7.1 7% 6.5% 6% 5% 

• Maximum Grade Rolling 7.1 8% 7.5% 7% 6% 
Mountainous 7.1 10% 9.5% 9% 8% 

,._.Minimum Grade 7.1 Desirable: 0.5% Minimum: Curbed: 0.4%; Uncurbed: 0% 

• New/Reconstructed Structural Capacity (14) - HS-20/0K Overload Truck 
Bridges Width 8.4 Full Approach Roadway Width 

• Existing Bridges to Structural Capacity - HS-20 (lnventorv Ratine:) 
Remain in Place Width (15) 8.4 Uncurbcd Section: Travelway + 4' Curbed Section: Site Soecific 

• Vertical acarance (16) 
New/Replaced Bridges 7.4 16'-9. 

Existine: Brid£es 7.4 14'-6* 
• Controlling design criteria (See Section 5.8) 

f 
~ 

a1 
0 
~ 

~ 
() 

~ a z 

~ 
~ 
Cf.> 

~ 
t::) -< 

,......._ ..... 
..... "° 00 \0 ,,,_.. N 



Oklahoma GEOMETRIC DESIGN TABLES July 1992 

GEOMETRIC DESIGN CRITERIA FOR SUBURBAN OTIIER ARIBRIAI.S 

(New Construction/Reconstruction) 

Footnotes to Table 12-8 

12 (19) 

1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Lane Widths. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. Where truck 
volume UO%, lane widths should be 12'. 

3. Shoulder/Curb Offset. Where the design speed is 45 mph or less on facilities with curbs, the curb offset (for both left and right) 
may be 1' minimum for barrier curbs and may be zero for mountable curbs. 

4. Travel Lane Cross Slope (Multilane). On curbed multilane facilities, the typical cross slope is 3% for any travel lanes adjacent to 
the curb. 

5. Auxiliarr Lane Shoulder/Curb Offset. Widths adjacent to auxiliary lanes will typically be 4' or equal to the width adjacent to the 
travel lane, whichever is less. For left-tum lanes in flush medians, the shoulder width adjacent to the turn lane may be zero. 

6. TWLT Lane Width. In industrial areas with large trucks turning frequently, the desirable TWLT lane width is 16'. 

7. Parking Lanes. Where the parking lane will be used as a travel lane during peak hours or may be converted to a travel lane in the 
future, the width should be 12' plus a 1' offset to the curb (if present). The cross slope of the parking lane will be the same as 
that of the adjacent travel lane. 

8. Median Width. The median width will depend upon many factors. These include the type of median (depressed, flush or raised), 
the required depth of ditch, the acceptable median slopes, the available right-of-way, the anticipated ultimate development of the 
facility (i.e., planned addition of travel Janes) and field conditions. In addition, the following will apply where a median barrier is 
warranted: 

a. Where light poles, glare screens, etc., will be mounted on a median barrier, the desirable median width is 22' - 26'. 

b. Additional median width may be necessary to meet horizontal sight distance criteria on horizontal curves. See Section 6.5. 

9. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
median width plus the necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will accommodate the 
anticipated ultimate development of the facility plus utility requirements. 

10. aear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 1.5' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

11. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. On facilities with curbs, it is desirable to 
provide a 6' sodded "shelf" between the curb and the toe of the back slope or an 8' shelf where a sidewalk is present. See Section 
8.3. 

12. Fill Slopes. On facilities with curbs, it is desirable to provide a 6' sodded "shelf" between the curb and the break in the fill slope 
or an 8' shelf where a sidewalk is present. See Section 8.3. 

13. Minimum Stopping Sight Distal'lce. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 65 
for the application of the SSD to horizontal curves. 

14. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

15. Width (Existing Bridges to Remain in Place). On State highways, the minimum width is 28' for uncurbed sections. On all facilities, 
for bridge widths wider than the widths in the table, the bridge should be evaluated for widening to full approach roadway width 
2!!!y if one of the condition codes from the NBIS inspection report is less than 5 (deck, superstructure or substructure) or the 
approach roadway width is widened. 
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16. Minimum Vertical Oearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 17' -9* for an arterial passing beneath a new sign truss or pedestrian 
bridge and 17'-0"' for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing beneath 
an arterial. The typical clearance will be 23' -0". An allowance should also be made for future ballasting. 
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Table 12-9 
GEOMETRIC DmIGN CRITERIA FOR URBAN 01HER. ARTERIAI.S 

(New Construc:tion/Recoostrud:ion) 

Design Element Manual 2-Lane Multilane 
Section With Curb Without Curb With Curb Without Curb 

Standard Desimation - UOA-1 UOA-2 UOA-3 UOA-4 
Desi1t11 Year (Geometrics) 5.3 20 years 20 vears 

• Desi1t11 Speed (mph) (1) 5.2 30-50 30-50 
Access Control 5.4 Control by Re~lation Control by Regulation 
Level of Service 5.3 Desirable: C Minimum: D Desirable: C Minimum: D 

• Lane Width (2) 8.1 Desitable: 12' Minimum: 11' Desirable: 12' Minimum: 11' 

Shoulder/Curb Offset 
Type 8.1 Paved Paved 

• Width 8.1 2' Min. (3) I Des.: 6' Min.: 4' Right: 2' Left: 2' (3) I Right: 6'(3) Left: 3' 

Cross Slope 
• Travel Lane 8.1 2% Tvvical 2% Typical (4) 

Shoulder/Curb Offset 8.1 Same as adjacent T.L I 2o/c-4% Typical Same as adjacent T.L 2%-4% Typical 

Auxiliary Lanes 
Lane Width 8.1 Desirable: Same as Travel Lane· Minimum: 11' Desirable: Same as Travel Lane; Minimum: 11' 

Shoulder/Curb Offset 8.1 2' Min. (5) 4' Min. 2' Min. (5) I 4' Min. 
'IWLT Lane Width 9.4 NA 14' (6) 
Parking Lane Width (7) 17.1 Desirable: 12' Minimum: 10' Desirable: 12' Minimum: 10' 
Median Width 8.2 NA (8) 
Ri2ht-of-Wav Width 8.6 (9~ (9 
Clear Zone 11.2 1.5' (10) See Section 11.2 1.5' (10) See Section 11.2 

Fore Slone 8.3 NA 4:1 NA 4:1 
Cut Ditch Width 8.3 NA 8' NA 8' (11) 

Back Slone 8.3 3:1 3:1 3:1 3:1 
Side Slopes 

0'-4' HeigM 8.3 3:1 3:1 3:1 3:1 
Fill 4'-10' Hei11 :ht 8.3 3:1 3:1 3:1 3:1 (12) 

> 10' Hei1 :ht 8.3 3:1 3:1 3:1 3:1 
30mph 40mph 45 mph 50 mph 

• Minimum StOOl)ing Sight Distance (13) 5.7 200' 275' 325' 400' 
Intersection Sight Distance 9.2 See Section 9.2 
Decision Sie:ht Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 6.1 24°45' 11°30' 80301 NA 
Curvature --emax=0.06 6.1 26°45' 12°45' 9°15' 6°45' 

• Superelevation Rate 6.2 See Section 6.2 
• Vertical Curvature for Crest 7.2 K=30 K=60 K=80 K=llO 

Minimum SSD Sag 7.2 K=40 K=60 K=70 K=90 
Level 7.1 8% 7% 6.5% 6% 

• Maximum Grade Rolling 7.1 9% 8% 7.5% 7% 
Mountainous 7.1 11% 10% 9.5% 9% 

Minimum Grade 7.1 Desirable: 0.5% Minimum: Curbed: 0.4%; Uncurbed: 0% 

• New/Reconstructed Structural Capacity (14) - HS-20/0klahoma Overload Truck 
Bridges Width 8.4 Full Approach Roadway Width 

• Existing Bridges to Structural Capacity - HS-20 (Inventory Rating) 
Remain in Place Width (15) 8.4 Uncurbed Section: Travelway + 4' Curbed Section: Site Specifi~ 

• Vertical Oearance (16) 
New/Replaced Bridges 7.4 16'-9. 

Existing Bridges 7.4 141-6• 

• C..ontrolling design criteria (See Section 5.8) 
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1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Lane Widths. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. Where truck 
volume ~10%, lane widths should be 12'. 

3. Shoulder/Curb Offset. Where the design speed is 45 mph or less on facilities with curbs, the curb offset (for both left and right) 
may be 1' minimum for barrier curbs and may be zero for mountable curbs. 

4. Travel Lane Cross Slope (Multilane). On curbed multilane facilities, the typical cross slope is 3% for any travel lanes adjacent to 
the curb. 

5. Auxiliaiy Lane Shoulder/Curb Offset. Widths adjacent to auxiliary lanes will typically be 4' or equal to the width adjacent to the 
travel lane, whichever is less. For left-tum lanes in flush medians, the shoulder width adjacent to the tum lane may be zero. 

6. 1WLT Lane Width. In industrial areas with large trucks turning frequently, the desirable 1WLT lane width is 16'. 

7. Parking Lanes. Where the parking lane will be used as a travel lane during peak hours or may be converted to a travel lane in the 
future, the width should be 12' plus a 1' offset to the curb (if present). The cross slope of the parking lane will be the same as 
that of the adjacent travel lane. 

8. Median Width. The median width will depend upon many factors. These include the type of median (depressed, flush or raised), 
the required depth of ditch, the acceptable median slopes, the available right-of-way, the anticipated ultimate development of the 
facility (i.e., planned addition of travel lanes) and field conditions. In addition, the following will apply where a median barrier is 
warranted: 

a. Where light poles, glare screens, etc., will be mounted on a median barrier, the desirable median width is 22' - 26'. 

b. Additional median width may be necessary to meet horizontal sight distance criteria on horizontal curves. See Section 6.5. 

9. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
median width plus the necessary width for fill and cut slopes and clear zones. Desirably, the ROW width will accommodate the 
anticipated ultimate development of the facility plus utility requirements. 

10. Qear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 1.5' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

11. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. On facilities with curbs, it is desirable to 
provide a 6' sodded "shelr between the curb and the toe of the back slope or an 8' shelf where a sidewalk is present. See Section 
8.3. 

12. Fill Slopes. On facilities with curbs, it is desirable to provide a 6' sodded "shelr between the curb and the break in the fill slope 
or an 8' shelf where a sidewalk is present. See Section 8.3. 

13. Minimum Stopping Sight Distance. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 6.5 
for the application of the SSD to horizontal curves. 

14. Structural Caoacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

15. Width (Existing Bridges to Remain in Place). On State highways, the minimum width is 28' for uncurbed sections. On all facilities, 
for bridge widths wider than the widths in the table, the bridge should be evaluated for widening to full approach roadway width 
Q!!b'. if one of the condition codes from the NBIS inspection report is less than 5 (deck, superstructure or substructure) or the 
approach roadway width is widened. 
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16. Minimum Vertical Oearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sim Truss/Pedestrian Bridge, The minimum clearance is 17' -9" for an arterial passing beneath a new sign truss or pedestrian 
bridge and 17'-0" for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing beneath 
an arterial. The typical clearance will be 23'-0". An allowance should also be made for future ballasting. 



Table 12-10 
GEOMETRIC DESIGN CR.ITBRIA FOR SUBURBAN COILECTORS 

(New Coostrudion/Reconstrodion) 

Design Element Manual With Curb Without Curb Section 

Standard Desimation - SC-1 SC2 
Desi1t11 Year (Geometrics) 5.3 Desirable: 20 years Minimum: 10 years 

• Desim Speed (mph) (1) 5.2 30-50 
Access Control 5.4 Control by ReJtUlation 
Level of Service 5.3 D 

• Lane Width (2) 8.1 Desirable: 12' Minimum: 11' 

Shoulder/Curb Offset 
Tvoc 8.1 Paved I Des.: 2' Paved/Remainder Sod Min.: Sod 

• Width 8.1 2' Min. (3) I Desirable: 6' Minimum: 4' 

Cross SI.ope 
• Travel Lane 8.1 2% Typical 

Shoulder/Curb Offset 8.1 Same as adjacent T.L. I Paved: 2%-4% Sod: 6o/o-8% 

Auxiliary Lanes 
Lane Width (4) 8.1 Desirable: Same as Travel Lane· Minimum: 11' 

Shoulder/Curb Offset 8.1 2' Min. (5) Desirable: 4' Minimum: 2' 
Parkin2 Lane Width (6) 17.1 Desirable: 10' Minimum: 7' 
Right-<1f-Way Width 8.6 I) 
Clear Zone 11.2 15'(8) See Section 11.2 

Fore Slooe 8.3 NA 3:1 
Cut Ditch Width 8.3 NA 4' (9) 

Back Slooe 8.3 2:1 3:1 
Side Slopes 

0'-4' Hcilht 8.3 3:1 3:1 
Pill 4'-10' Height 8.3 3:1 3:1 (10) 

> 10' Heilht 8.3 3:1 3:1 
30mph 40mph 45 mph 50mph 

• Minimum Stoooin2 Silht Distance (11) 5.7 200' 275' 325' 400' 
Intersection Sight Distance 9.2 Sec Section 9.2 
Decision Silht Distance 5.7 See Section 5.7 

• Maximum Degree of cmax=0.04 6.1 24°45' 110301 8°30' I NA 
Cuivature cmax·=0.06 6.1 26°45' 12°45' 9°15' 6°45' 

• Superelcvation Rate 6.2 See Section 6.2 

• Vertical Cutvature for CfC..')t 7.2 K=30 K=60 K=80 K=llO 
MinimumSSD Sag 7.2 K=40 K=60 K=70 K=90 

Level 7.1 9% 9% 8% 7% 
• Maximum Grade (12) Rollin2 7.1 11% 10% 9% 8% 

Mountainous 7.1 12% 12% 11% 10% 
Minimum Grade 7.1 Desirable: 05% Minimum: Curbed: 0.4%; Uncurbed: 0% 

AADT < 400 DHV 100- 200 DHV 200-400 DHV > 400 

• New/Reconstructed Structural Caoacitv (13) - HS-20/0klahoma Overload Truck 
Bridges Width 8.4 With Curbs: Aoo. Roadway Width; Without Curbs: Travclway + 8' ADP. Roadway Width 

Structural Capacity - HS-15 (Inventory Ratin2) 
• Existing Bridges to Width (State Hiltltwavs1 (14) 8.4 24' 26' I 28' Remain in Place 

Width (Non-State Hwys) (14) 8.4 22' 24' 28' 

• Vertical Oearance (15) 
New/Replaced Brid2es 7.4 16'-9. 

Existing Bridges 7.4 14'-6· 

• Controlling design criteria (See Section 5.8) 

0 

~ 
0 
3 
s:i:> 

~ 
0 
~ 
~ 
~ 
() 

g 
en ..... 
~ 
~ 
~ en 

~ 

t::l I~ 
~ 

~ 
'-"' 

....... 
\0 
\0 
N 



Oklahoma GEOMETRIC DESIGN TABLES 

GEOMETRIC DESIGN CRTIERIA FOR SUBURBAN COLLECTORS 

(New Construction/Reconstruction) 

Footnotes to Table 12-10 

July 1992 

12 (25) 

1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Lane Widths. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. Where truck 
volume ~10%, lane widths should be 12'. In industrial areas, lane widths should be 12'. In residential areas with right-of-way 
restrictions, 10' lanes are acceptable. 

3. Shoulder/Curb Offset. Where the design speed is 45 mph or less on facilities with curbs, the curb offset may be 1' minimum for 
barrier curbs and may be zero for mountable curbs. 

4. Auxiliary Lane Width. In restricted locations, 10' widths may be used. 

5. Auxiliary Lane Shoulder/Curb Offset. Widths adjacent to auxiliary lanes will typically be 4' or equal to the width adjacent to the 
travel lane, whichever is less. 

6. Parking Lanes. In industrial or commercial areas, the minimum parking lane width is 9'. The cross slope of the parking lane will 
generally be the same as that of the adjacent travel lane. 

7. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
necessary width for fill and cut slopes and clear zones. 

8. Oear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 1.5' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

9. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. On facilities with curbs, it is desirable to 
provide a 6' sodded "shelf" between the curb and the toe of the back slope or an 8' shelf where a sidewalk is present. See Section 
8.3. 

10. Fill Slopes, On facilities with curbs, it is desirable to provide a 6' sodded "shelf" between the curb and the break in the fill slope 
or an 8' shelf where a sidewalk is present. See Section 8.3. 

11. Minimum Stopping Sight Distance. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 65 
for the application of the SSD to horizontal curves. 

12. Maximum Grades. For grades less than 500' in length (PVT to PVC), the maximum grade may be 2% steeper than table value. 

13. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

14. Width (Existing: Bridges to Remain in Place). Widths in table are for uncurbed sections; curbed section bridges will be evaluated 
on a site-specific basis. For bridges of more than 100' in length and not on the State highway system, the values in the table do 
not apply. The acceptability of these bridges will be assessed individually. 

15. Minimum Vertical Oearance. The vertical clearances apply to the collector passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a collector. The typical clearance will be 23' -0"'. 
An allowance should also be made for future ballasting. 



Table 12-11 
GEOMETRIC D~IGN CRITERIA FOR URBAN COLLECTORS 

(New Constmd:ion/Reconstrudion) 

Design Element Manual With Curb Without Curb Section 

Standard Desipation - UC-1 UC-2 
Desiltll Year (Geometrics) 5.3 Desirable: 20 years Minimum: 10 years 

• Desi£O Speed (mph) (1) 5.2 30-50 
Access Control 5.4 Control by ReEUlation 
Level of SelVice 5.3 D 

• Lane Width (2) 8.1 Desirable: 12' Minimum: 11' 

Shoulder/Curb Offset 
Type 8.1 Paved Des.: 2' Paved/Remainder Sod Min.: Sod 

• Width 8.1 2' Min. (3) Desirable: 6' Minimum: 4' 

Cross Slope 
• Travel Lane 8.1 2% Typir.al 

Shoulder/Curb Offset 8.1 Same as adjacent T.L. Paved: 2o/o-4% Sod: 6%-8% 

Auxiliary Lanes 
Lane Width 8.1 Desirable: Same as Travel Lane; Minimum: 10' 

Shoulder/Curb Offset 8.1 2' Min. (4) Desirable: 4' Minimum: 2' 
Parking Lane Width (5) 17.1 Desirable: 10' Minimum: 7' 
RiJt)lt-of-Way Width 8.6 (6) 
Clear Zone 11.2 1.5' (7) See Section 11.2 

Fore Slope 8.3 NA 3:1 
Cut Ditch Width 8.3 NA 4' (8) 

Back Slope 8.3 2:1 3:1 
Side Slopes 

0'-4' Heimt 8.3 3:1 3:1 
Fill 4'-10' Heiltbt 8.3 3:1 3:1 (9) 

> 10' Height 8.3 3:1 3:1 
30mph 40mph 45 mph 50mph 

• Minimum StotlDing Sight Distance (10) 5.7 200' 275' 325' 400' 
Intersection SiJt)lt Distance 9.2 See Section 9.2 -Decision Siltbt Distance 5.7 See Section 5.7 

• Maximum Degree of I emu:=0.04 6.1 24°45' I 110301 8030' NA 
CuIVllture I emax=0.06 6.1 26°45' I 12°45' 9°15' 6°45' 

• Superelevation Rate 6.2 See Section 6.2 
• Vertical CuIVllture for Crest 7.2 K=30 K=60 K=80 K=110 

MinimumSSD Sag 7.2 K=40 K=60 K=70 K=90 
Level 7.1 9% 9% 8% 7% 

• Maximum Grade (11) Rollin it 7.1 11% 10% 9% 8% 
Mountainous 7.1 12% 12% 11% 10% 

Minimum Grade 7.1 Desirable: 05% Minimum: Curbed: 0.4%; Uncurbed: 0% 

AADT < 400 I DHV 100- 200 DHV 200-400 DHV > 400 

• New/Reconstructed Structural Capacity (12) - HS-20/0klahoma Overload Truck 
BridttCS Width 8.4 With Curbs: Aoo. Roadway Width; Without Curbs: Travelway + 8' App. Roadway Width 

Structural Capacity - HS-15 (Inventory Ratintt) 
• Existing Bridges to Width (State Hilthwavs) (13) 8.4 24' 26' 28' Remain in Place 

Width (Non-State Hwys) (13) 8.4 22' 24' I 28' -·· New/Replaced BridltCS 7.4 
• Vertical Qearance (14) 

16'-9. 
Existintt Bridires 7.4 14'-6" 

• C'..ontrolling design criteria (See Section 5.8) 
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1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Lane Widths. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. Where truck 
volume 2!:10%, lane widths should be 12'. In industrial areas, lane widths should be 12'. In residential areas with right-of-way 
restrictions, 10' lanes are acceptable. 

3. Shoulder/Curb Offset. Where the design speed is 45 mph or less on facilities with curbs, the curb offset may be 1' minimum for 
barrier curbs and may be zero for mountable curbs. 

4. Auxiliary Lane Shoulder/Curb Offset. Widths adjacent to auxiliary lanes will typically be 4' or equal to the width adjacent to the 
travel lane, whichever is less. 

5. Parking Lanes. In industrial or commercial areas, the minimum parking lane width is 9'. The cross slope of the parking lane will 
generally be the same as that of the adjacent travel lane. 

6. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
necessary width for fill and cut slopes and clear zones. 

7. Clear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 15' from the gutter line. The 15' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

8. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. On facilities with curbs, it is desirable to 
provide a 6' sodded "shelf" between the curb and the toe of the back slope or an 8' shelf where a sidewalk is present. See Section 
8.3. 

9. Fill Slopes. On facilities with curbs, it is desirable to provide a 6' sodded "shelf" between the curb and the break in the fill slope 
or an 8' shelf where a sidewalk is present. See Section 8.3. 

10. Minimum Stopping Sight Distance. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 6.5 
for the application of the SSD to horizontal cuives. 

11. Maximum Grades. For grades less than 500' in length (PVT to PVC), the maximum grade may be 2% steeper than table value. 

12. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

13. Width (Existing Bridges to Remain in Place). Widths in table are for uncurbed sections; curbed section bridges will be evaluated 
on a site-specific basis. For bridges of more than 100' in length and not on the State highway system, the values in the table do 
not apply. The acceptability of these bridges will be assessed individually. 

14. Minimum Vertical Qearance. The vertical clearances apply to the collector passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a collector. The typical clearance will be 23'-0*. 
An allowance should also be made for future ballasting. 



Table 12-12 
GEOMETRIC DFSIGN CRITERIA FOR SUBURBAN LOCAL STREETS•• 

(New Construdion/Rec:onst:rudion) 

Design Element Manual With Curo Without Curo Section 
Standard Desitmation - SIA SL-2 
Desi1t11 Year (Geometrics) S.3 Desirable: 20 years Minimum: 10 vears 

• Desi1t11 Speed (mph) (1) S.2 20-30 
Access Control S.4 Control by Regulation 
Level of Service S.3 D 

• Lane Width (2) 8.1 Desirable: 12' Minimum: 11' 

Shoulder/Curo Offset 
Type 8.1 Paved Chip Seal, Gravel or Dirt 

• Width 8.1 2' Min. (3) Desirable: 6' Minimum: 4' 

Cross Slope 
• Travel Lane 8.1 Paved/Chip Seal: 2% Gravel: 2o/o-4% Dirt: 4%-6% 

Shoulder/Curo Offset 8.1 Same as adjacent T.L. I Gravel: 4%-6% Sod: 6%-8% 
Park.in2 Lane Width (4) 17.1 7' Typical 
Right-of-Way Width 8.6 (S) 
aear Zone 11.2 15' (6) See Section 11.2 

Fore Slooe 8.3 NA 3:1 
Cut Ditch Width 8.3 NA 4' (7) 

Back Slone 8.3 2:1 3:1 
Side Slopes 

0'-4' Heil!:ht 8.3 3:1 3:1 
Fill 4'-10' Heilht 8.3 3:1 3:1 (8) 

> 10' Height 8.3 3:1 3:1 
20mph 30mph 

• Minimum StODDinR SiRht Distance (9) S.7 125' 200' 
lntem:ction Silltt Distance 9.2 See Section 9.2 
Decision SiRht Distance S.7 See Section S.7 

• Maximum Degree of emax=0.04 6.1 72°45' 24°45' 
Curvature emax=0.06 6.1 77°00' 26°45' 

• Superelevation Rate 6.2 See Section 6.2 
• Vertical Curvature for Crest 7.2 K=lO K=30 

MinimumSSD Sag 7.2 K=20 K=40 

• Maximum Grade 
Residential 7.1 15% 

Commercial/Industrial 7.1 Desirable: 5% Maximum: 8% 
Minimum Grade 7.1 Desirable: 05% Minimum: Curoed: 0.4%; Uncuroed: 0% 

AADT < so I AADT S0-250 I AADT 250-400 DHV 100-200 I DHV 200-400 I DHV > 400 

• New/Reconstructed Structural Capacity - HS-20 

Bridges Width (10) 8.4 Travelway + 4' Travelway + 6' I App Rd Wid 
• Existing Bridges to Structural Capacity - HS-10 I HS-15 

Remain in Place Width <lll 8.4 20' I 22' I 24' I 28' 

• Vertical aearance (12) 
New/Replaced Bridires 7.4 16'-9. 

Existing Bridges 7.4 14'-6 • 
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1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Lane Widths. In industrial areas, lane widths should be 12'. In residential areas with right-of-way restrictions, 10' lanes are 
acceptable. 

3. Shoulder /Curb Offset. The curb offset may be 1' minimum for barrier curbs and may be zero for mountable curbs. 

4. Parking Lanes. In industrial or commercial areas, the minimum parking lane width is 9'. The cross slope of the parking lane will 
generally be the same as that of the adjacent travel lane. 

S. Ri&ht-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
necessary width for fill and cut slopes and clear zones. 

6. aear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel Jane, if this yields a greater clear 
distance than the 1.5' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

7. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. On facilities with curbs, it is desirable to 
provide a 6' sodded "shelf" between the curb and the toe of the back slope or an 8' shelf where a sidewalk is present. See Section 
8.3. 

8. Fill Slopes. On facilities with curbs, it is desirable to provide a 6' sodded "shelf" between the curb and the break in the fill slope 
or an 8' shelf where a sidewalk is present. See Section 8.3. 

9. Minimum Stowing Sight Distance. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 6.S 
for the application of the SSD to horizontal curves. 

10. Width (New and Reconstructed Bridges). Widths of bridges more than 100' will be analyzed individually. 

11. Width (Existing Bridges to Remain in Place). For bridges of more than 100' in length, the values in the table do not apply. The 
acceptability of these bridges will be assessed individually. 

12. Minimum Vertical aearance. The vertical clearances apply to the local street passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a local street. The typical clearance will be 23' -
O"'. An allowance should also be made for future ballasting. 



Table 12-13 
GEOMETRIC D~IGN CRITERIA FOR URBAN LOCAL STREETS .. 

(New Construd:ion/Recoastruction) 

Design Element Manual With Curb Without Curb Section 

Standard Desimation - UL-1 UL-2 
DesiRR Year (Geometrics) 5.3 Desirable: 20 vears Minimum: 10 years 

• DesiRR Speed (mph) (1) 5.2 20-30 
Access Control 5.4 Control by Regulation 
Level of Sel'Yice 5.3 D 

• Lane Width (2) 8.1 Desirable: 12' Minimum: 10' 

Shoulder/Curb Offset 
Type 8.1 Paved Chip Seal, Gravel or Dirt 

• Width 8.1 2' Min. (3) Desirable: 4' Minimum: 2' 

Cross Slope 
• Travel Lane 8.1 Paved/Chip Seal: 2% Gravel: 2%-4% Dirt: 4o/o-6% 

Shoulder/Curb Offset 8.1 Same as adjacent T.L. Gravel: 4o/o-6% Sod: 6%-8% 
Parking Lane Width (4) 17.1 7' Typical 
Right-of-Way Width 8.6 5) 
Oear Zone 11.2 15' {6) See Section 11.2 

Fore Slooe 8.3 NA 3:1 
Cut Ditch Width 8.3 NA 4' (7) 

Back Slope 8.3 2:1 3:1 
Side Slopes 

0' -4' Heiltht 8.3 3:1 3:1 
Fill 4'-10' Heiltht 8.3 3:1 3:1 (8) 

> 10' Heiltht 8.3 3:1 3:1 

20mph 30mph 
• Minimum Stoooine: Siltht Distance (9) 5.7 125' 200' 

Intersection Sight Distance 9.2 See Section 9.2 
Decision Sildtt Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 6.1 72°45' 24°45' 
Curvature emax=0.06 6.1 770001 I 26°45' 

• Superelevation Rate 6.2 See Section 6.2 

• Vertical Curvature for Crest 7.2 K=lO K=30 
Minimum SSD Sag 7.2 K=20 K=40 

• Maximum Grade 
Residential 7.1 15% 

Commercial/Industrial 7.1 Desirable: 5% Maximum: 8% 
Minimum Grade 7.1 Desirable: 0.5% Minimum: Curbed: 0.4%; Uncurbed: 0% 

AADT < 50 I AADT 50-250 I AADT 250-400 DHV 100-200 I DHV 200-400 I DHV > 400 

• New /Reconstructed Structural Capacity - HS-20 

Bridges Width (10) 8.4 Travelway + 4' Travelway + 6' I App Rd Wid 

• Existing Bridges to Structural Capacity - HS-10 I HS-15 
Remain in Place Width (11) 8.4 20' I 22' I 24' I 28' 

• Vertical Clearance (12) 
New/Replaced Bridges 7.4 16'-9. 

Existing Bridges 7.4 141-6• 
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1. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Lane Widths. In industrial areas, lane widths should desirably be 12'. Where right-of-way is restricted, lane widths may be 11' 
in industrial areas and commercial areas and may be 9' in residential areas. 

3. Shoulder/Curb Offset. The curb offset may be l' minimum for barrier curbs and may be zero for mountable curbs. 

4. Parking Lanes. In industrial or commercial areas, the minimum parking lane width is 9'. The cross slope of the parking lane will 
generally be the same as that of the adjacent travel lane. 

5. Right-of-Way Width. The minimum ROW width will be the sum of the travel lane width plus the outside shoulder widths plus the 
necessary width for fill and cut slopes and clear zones. 

6. Oear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 15' from the gutter line. The 15' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

7. Cut Slopes. Typical values in table apply to earth cuts. See Section 8.3 for rock cuts. On facilities with curbs, it is desirable to 
provide a 6' sodded "shelr between the curb and the toe of the back slope or an 8' shelf where a sidewalk is present. See Section 
8.3. 

8. Fill Slopes. On facilities with curbs, it is desirable to provide a 6' sodded "shelr between the curb and the break in the fill slope 
or an 8' shelf where a sidewalk is present. See Section 8.3. 

9. Minimum Stopping Sight Distance. Values in table are minimum SSD criteria for passenger cars on level grades. See Section 65 
for the application of the SSD to horizontal curves. 

10. Width (New and Reconstructed Bridges). Widths of bridges more than 100' will be analyzed individually. 

11. Width (Existing Bridges to Remain in Place). For bridges of more than 100' in length, the values in the table do not apply. The 
acceptability of these bridges will be assessed individually. 

12. Minimum Vertical Oearance. The vertical clearances apply to the local street passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a local street. The typical clearance will be 23' -
O". An allowance should also be made for future ballasting. 
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Chapter Thirteen 

GEOMETRIC DESIGN 
OF EXISTING IDGHWAYS 

13.l INTRODUCTION 

Section 5.6 of the ODOT Roadway Design 
Manual identifies five project scopes of work: 

1. new construction, 
2. reconstruction (non-freeways), 
3. 3R projects (non-freeways), 
4. 3R projects (freeways), and 
5. spot improvements. 

Chapter Twelve presents tables of ODOT's 
geometric design criteria which apply to new 
construction/ reconstruction projects. In 
addition, Chapters Five through Eleven 
present many design concepts and criteria 
which are directly applicable to new 
construction/ reconstruction. For these 
projects, the designer typically has the liberty 
of designing the highway to meet the most 
desirable and stringent criteria practical. 

The geometric design of projects on existing 
highways must be viewed from a different 
perspective. These projects are often initiated 
for reasons other than geometric design 
deficiencies (e.g., pavement deterioration), 
and they often must be designed within 
restrictive right-of-way, financial and 
environmental constraints. Therefore, the 
design criteria for new construction are often 
not attainable without major and, frequently, 
unacceptable adverse impacts. At the same 
time, however, ODOT must use the 

opportunity to make cost-effective, practical 
improvements to the geometric design of 
existing highways and streets. 

For these reasons, ODOT has adopted 
revised limits for geometric design criteria for 
projects on existing highways which are, in 
many cases, lower than the values for new 
construction. The revised criteria for existing 
highways are based on a sound, engineering 
assessment of the underlying principles behind 
geometric design and on how the criteria for 
new construction can be legitimately modified 
to apply to existing highways. 

This chapter presents ODOT's criteria for 3R 
non-freeway projects, 3R freeway projects and 
spot improvements. These criteria are 
intended to find the balance among many 
competing and often conflicting objectives. 
The objectives include improving Oklahoma's 
existing highways; minimizing the adverse 
impacts of highway construction on existing 
highways; and improving the greatest number 
of miles within the available funds for capital 
improvements. 
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132 3R NON-FREEWAY PROJECT'S 

132.1 Background 

132.1.1 Federal 3R Regulations 

On June 10, 1982, the FHWA issued its Final 
Rule entitled "Design Standards for Highways; 
Resurfacing, Restoration and Rehabilitation 
of Streets and Highways Other Than 
Freeways." This rule modified 23CFR Part 
625 to adopt a flexible approach to the 
geometric design of 3R non-freeway projects. 
Part 625 was modified again on March 31, 
1983 to explicitly state that one objective of 
3R projects is to enhance highway safety. In 
the rule, FHWA determined that it was not 
practical to adopt 3R design criteria for 
nationwide application. Instead, each State 
can develop its own criteria and/ or 
procedures for the design of 3R projects, 
subject to FHWA approval. This allows each 
State to tailor its design criteria for its 3R 
program consistent with the conditions which 
prevail within that State. This approach is in 
contrast to the application of criteria for new 
construction and reconstruction, for which the 
AASHTO A Policy on Geometric Design of 
Highways and Streets provides nationwide 
criteria for application. 

132.12 Special Report 214 

In 1987, the Transportation Research Board 
published Special Report 214 Designing Safer 
Roads; Practices for Reswfacing, Restoration 
and Rehabilitation. The objective of the TRB 
study was to examine the safety cost­
effectiveness of highway geometric design 
criteria and to recommend minimum design 
criteria for 3R projects on non-freeways. The 
final TRB report (SR214): 

1. reviewed the existing 3R design practices 
of 15 State highway agencies and several 
local highway agencies; 

2. examined the relationship between 
highway accident potential and geometric 
design elements, based on the existing 
research literature and on special research 
projects commissioned as part of the TRB 
study; 

3. examined the relationship between the 
extent of geometric design improvements 
and the cost of 3R projects; 

4. discussed the issue of cost-effectiveness 
relative to geometric design improvements 
on 3R projects; 

5. reviewed the literature on tort liability 
and geometric design; 

6. presented a safety-conscious design 
process; and 

7. presented specific numerical criteria for 
the geometric design of 3R projects for 
the following elements: 

a. lane and shoulder widths, 

b. horizontal curvature and supereleva­
tion, 

c. vertical curvature, 

d. bridge width, 

e. side slopes, and 

f. pavement cross slopes. 

The SR214 information has been 
incorporated, where considered appropriate 
for Oklahoma, into ODOT's criteria and 
procedures for 3R projects. The designer 
should reference SR214 for more discussion 
on 3R projects. 
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13.2.13 FHWA TechnicalAdvisoryT5040.28 

Pursuant to its adoption of SR214, FHWA 
issued on October 17, 1988, Technical 
Advisory T5040.28 "Developing Geometric 
Design Criteria and Processes for Non­
Freeway RRR Projects." The purpose of the 
Advisory is to provide guidance on developing 
or modifying criteria for the design of 
Federal-aid, non-freeway 3R projects. The 
Advisory: 

1. discusses the procedures for developing 
3R criteria; 

2. discusses the factors which should be 
evaluated in a safety-conscious design 
process; 

3. discusses the application of design 
exceptions for the FHWA 12 controlling 
design criteria on 3R projects; and 

4. presents specific criteria for the design of 
3 R projects. 

The information from the Technical Advisory 
has been incorporated, where considered 
appropriate for Oklahoma, into ODOT's 
criteria and procedures for 3R projects. 

13.2.2 Objectives 

From an overall perspective, the 3R program 
is intended to improve the greatest number of 
highway miles within the available funds for 
highway construction projects. "Improve" is 
meant to apply to all aspects which determine 
a facility's serviceability, including: 

1. the structural integrity of the pavement, 
bridges and culverts; 

2. the drainage design of the facility to, 
among other objectives, minimize ponding 
on the highway, to protect the pavement 
structure from failure, and to prevent 

roadway flooding during the design-year 
storm; 

3. from a highway capacity perspective, the 
level of service provided for the traffic 
flow; 

4. the adequacy of access to abutting 
properties; 

5. the geometric design of the highway to 
safely accommodate expected vehicular 
speeds and traffic volumes; 

6. the roadside safety design to reduce, 
within some reasonable boundary, the 
adverse impacts of run-off-the-road 
vehicles; and 

7. the traffic control devices to provide the 
driver with critical information and to 
meet driver expectancies. 

These objectives are competing for the limited 
funds available for 3R projects on existing 
highways. ODOT's responsibility is to realize 
the greatest overall benefit from the available 
funds for construction. Therefore, on 
individual projects, some compromises may be 
necessary to achieve the goals of the overall 
highway program. Specifically for geometric 
design and roadside safety, the compromise is 
between what is desirable (new construction 
criteria) and what is practical for the specific 
conditions of each highway project. 

Therefore, considering the above discussion, 
ODOT has developed its own criteria for the 
geometric design of 3R non-freeway projects. 
The overall objective of ODOT's criteria is to 
fulfill the requirements of the FHWA 
regulation and Technical Advisory which 
govern the 3R program. These objectives 
may be summarized as follows: 

1. 3R projects are intended to extend the 
service life of the existing facility and to 

13.2 (2) 



Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

return its features to a condition of 
structural or functional adequacy. 

2. 3R projects are intended to incorporate 
highway safety enhancements, where 
judged to be cost effective. 

3. 3R projects are intended to incorporate 
cost-effective, practical improvements to 
the geometric design of the existing 
facility. 

13.2.3 Approach 

ODOT's approach to the geometric design of 
3R non-freeway projects is to adopt, where 
justifiable, a revised set of numerical criteria. 
The design criteria throughout the other 
chapters in the Roadway Design Manual 
provide the frame of reference for the 3R 
criteria. The following summarizes the 
approach which has been used: 

1. Desiw Speed. As discussed in Section 
13.2.6, the design speed will typically be 
based on the existing posted or regulatory 
speed limit. The selected 3R design 
speed will then be used to evaluate all 
geometric design features of the existing 
highway which are based on speed (e.g., 
horizontal and vertical curvature). 

2. Cross Section Widths. The criteria in 
Chapter Twelve for new construction/ 
reconstruction have been evaluated 
relative to the typical constraints of 3R 
projects. Where justifiable, the cross 
section width criteria have been reduced. 
Where a range of values is provided in 
the Chapter Twelve tables, the upper 
values have been incorporated into the 3R 
criteria to provide a desirable objective. 
This provides an expanded range of 
acceptable values for application on 3R 
projects. See Section 13.2.9 for additional 
discussion on cross section widths. 

3. Other Design Criteria. The ODOT 
Roadway Design Manual contains many 
other details on proper geometric design 
techniques. These criteria are obviously 
applicable to new construction/ 
reconstruction. For 3R projects, these 
criteria have been evaluated and a 
judgment has been made on their proper 
application to 3R projects. Unless stated 
otherwise in this chapter, the criteria in 
other chapters apply to 3R projects and 
should be incorporated if practical. 

4. Evaluation. The designer should evaluate 
available data (e.g., accident experience) 
when determining the geometric aesign of 
3R projects. The necessary evaluations 
presented for 3R projects are based on 
the FHW A Technical Advisory T5040.28 
"Geometric Design Criteria for Non­
Freeway RRR Projects." Section 13.2.4 
discusses 3R project evaluation in more 
detail. 

13.2.4 3R Project Evaluation 

Sections 13.2.5 to 13.2.12 present the specific 
geometric design and roadside safety criteria 
which will be used to determine the design of 
3R projects. In addition, several other factors 
must be considered in a 3R project, and the 
designer should conduct applicable 
evaluations as may be deemed necessary. 
These evaluations are discussed below: 

1. Accident Experience. The historical 
accident data within the project limits of 
the 3R project will be evaluated. This is 
typically the most critical element of 3R 
project evaluation to determine the 
appropriate level of geometric and safety 
improvement. Accident data is available 
from the ODOT Traffic Engineering 
Division. The following accident data 
analyses should be conducted: 
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a. Accident Rate versus Statewide 
Average (for that type facility). This 
will provide an overall indication of 
safety problems within the 3R project 
limits. 

b. Accident Analysis by Type. This will 
indicate if certain types of accidents 
are a particular problem. For 
example, a large number of head-on 
and/ or sideswipe accidents may 
indicate inadequate roadway width. A 
large number of fixed object accidents 
may indicate an inadequate roadside 
clear zone. 

c. Accident Analysis by Location. 
Accidents may cluster about certain 
locations, such as a horizontal curve 
or intersection. In particular, the 
designer should check to see if any 
locations on ODOT's Suggested 
Surveillance Study Sites, as identified 
by ODOT's accident data system, fall 
within the proposed project limits. 

d. Collision Diagrams. The Traffic 
Engineering Division provides, upon 
request by the designer, collision 
diagrams at intersections. To receive 
these, the designer must check the 
applicable box on the ODOT Accident 
Report Form. The designer's 
evaluation of collision diagrams may 
indicate the need for intersection 
improvements within the limits of the 
3R project. See Chapter Fourteen for 
more information. 

2. Existin~ Geometrics. The designer will 
normally review the as-built plans and 
combine this with the field review and 
field survey to determine the existing 
geometrics within the project limits. This 
includes lane and shoulder widths, 
horizontal and vertical alignment, 
intersection geometrics and the roadside 
safety design. 

3. Speed Studies. The designer will make an 
initial determination on a case-by-case 
basis that a speed study may be needed 
for project design. Upon request, the 
Traffic Engineering Division will review 
any recent speed studies in the vicinity of 
the project and, if necessary, conduct a 
field study to determine the design speed 
of the 3R project. In addition, it may be 
desirable to conduct spot speed studies in 
specific locations (e.g., in advance of a 
specific horizontal or vertical curve) to 
assist in the determination of geometric 
design improvements. The speed study 
should be conducted before the field 
review. 

4. Physical Constraints. The physical 
constraints within the limits of the 3R 
project will often determine what 
geometric improvements are practical and 
cost-effective. These include topography, 
adjacent development, available right-of­
way, utilities and environmental 
constraints (e.g., wetlands). 

5. Field Review. The designer will normally 
conduct a thorough field review of the 
proposed 3R project. Other personnel 
should attend the field review as 
appropriate, including personnel from 
traffic, maintenance, construction, FHW A, 
etc. The objective of the field review 
should be to identify potential safety 
hazards and potential safety improve­
ments to the facility. 

6. Pavement Condition. 3R projects are 
usually programmed because of a 
significant deterioration of the existing 
pavement structure (including subbase, 
base and surface course). The extent of 
deterioration will determine the necessary 
level of pavement improvements. This 
decision will also influence the extent of 
practical geometric improvements. 
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7. Geometric Design of Adjacent Highway 
Sections. The designer should examine 
the geometric features and operating 
speeds of highway sections adjacent to the 
3R project. This will include investigating 
whether or not any highway improvements 
are in the planning stages. The 3R 
project should provide design continuity 
with the adjacent sections. This involves 
a consideration of factors such as driver 
expectancy, geometric design consistency 
and proper transitions between sections of 
different geometric designs. 

8. Early Coordination for Right-of-Way 
Acquisition/Utilities. Significant R/W 
acquisitions are typically outsiae the scope 
of 3R projects. However, the field review 
and accident or speed studies may 
indicate the need for selective safety 
improvements which will require R/W 
purchases. Therefore, the designer 
should, as early as feasible, determine 
improvements which will be incorporated 
into the project design and initiate the 
R/W acquisition process. 

Utility relocation and accommodation is 
often a problem on 3R projects because 
of the typically restrictive project 
constraints. The need for utility 
accommodation may lead to the need for 
R/W acquisition and/or easements. If 
this assessment is not made early in 
project development, utility accom­
modation may result in project delays. 

9. Maintenance and Protection of Traffic. A 
significant portion of 3R work will occur 
on existing highways. Therefore, 
maintenance and protection of traffic 
during construction will be an important 
consideration in 3R project development. 
The protection of the highway 
construction workers is also an important 
factor. The designer should reference 
Chapter Fourteen for ODOT criteria on 
the design of work zones for traffic 

accommodation. This will requrre 
significant coordination with the Traffic 
Engineering Division. 

10. Traffic Control Devices. All signing and 
pavement markings on 3R projects must 
meet the criteria of the Manual on 
Uniform Traffic Control Devices 
(MUTCD). The Traffic Engineering 
Division is responsible for selecting and 
locating the traffic control devices on the 
project. However, the designer should 
work with Traffic to identify possible 
geometric and safety deficiencies which 
will remain in place (i.e., no improvement 
will be made). These may include: 

a. narrow bridges, 

b. horizontal and vertical curves which 
do not meet the 3R criteria, and 

c. roadside hazards within the clear 
zone. 

The Traffic Engineering Division will then 
determine if additional signing, traffic 
control devices or delineation treatments 
are warranted. 

11. Document the Design Process. The 
designer should prepare a safety and 
design report. This report should describe 
the following: 

a. ex1stmg geometric and roadside 
features, traffic volumes and speeds, 
and accident history; 

b. applicable minimum design criteria; 

c. specific safety problems or concerns 
raised by a review of accident data, by 
a field inspection, or by the public; 

d. design options for correcting safety 
problems and the cost, safety and 
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other relevant impacts of these 
options; 

e. proposed exceptions to applicable 
design criteria and the rationale to 
support the exceptions; and 

f. the recommended design proposal. 

The designer must also prepare the 
Design Exception Checklist for the 3R 
project (see Section 5.8). 

1325 Tables of 3R Geometric Design 
Values 

Tables 13.2A through 13.2L present ODOT's 
criteria for the design of 3R projects for both 
rural and urban areas. The designer should 
consider the following in the use of the 3R 
design tables: 

1. Functional/Design Classification. The 
selection of design values for 3R projects 
depends on the functional and design 
classification of the highway facility. This 
is discussed in Section 5.1. The designer 
should use the highway classification for 
the selected design year (e.g., desirably 10 
years beyond the construction completion 
date). 

2. Cross Section Elements. The designer 
should realize that some of the cross 
section elements included in the table 
(e.g., median width) are not automatically 
warranted in the project design. The 
values in the tables will only apply after 
the decision has been made to include the 
element in the highway cross section. 

General ODOT policy is that a 3R project 
will not be designed with a narrower 
roadway width than the existing facility. 
See Section 13.2.9. 

3. Manual Section References. These tables 
are intended to provide a concise listing 
of design values for easy use. However, 
the designer should review the 
appropriate section references for greater 
insight into the design elements. 

4. Footnotes. The tables include many 
footnotes, which are identified by a 
number in parenthesis (e.g., ( 6) ). The 
information in the footnotes is critical to 
the proper use of the design tables. 

5. Controlling Design Criteria. The 3R 
tables of geometric design criteria provide 
an asterisk to indicate controlling design 
criteria. The discussion in Section 5.8 on 
design exceptions applies equally to the 
geometric design of 3R projects. How­
ever, the designer will evaluate the 
proposed design against the criteria 
presented in Chapter Thirteen. 
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Table 13.2A 
GEOMETRIC DE.5IGN CRITERIA FOR RURAL PRINCIPAL ARTERIAI..S 

(3R Projects) 

Design Element Manual 2-Lane 
Divided Multilane.•• Section AADT 751-2000 I AADT > 2000 

Standard Designation - RPA-1 (3R) RPA-2 {3R) 
Desil(ll Year (Geometrics) (1) 13.2.6 Desirable: 10 years Desirable: 10 vears 

• Desiim Speed (mph) (2) 13.2.6 Posted Speed Limit Posted Speed Limit 
Access Control 5.4 Control by Regulation Control by Regulation/Partial Control 
Level of Service 5.3 Desirable: B Minimum: D Desirable: B Minimum: D 

• Lane Width (3) 
Desism Speed < 50 mph 13.2.9 11' I 12' 

12' 
Design Speed l!: 50 mph 13.2.9 12' I 12' 

Shoulder 
Type 13.2.9 Des.: Full~Paved; Min.: Sod Paved 

* Width (4) 13.2.9 3' (4a) I 6' RT: Des.: 10' Min: 6'· LT: Des.: 4', Min.: 2' {4b) 

Cross Slope 
• Travel Lane 13.2.9 1.5%- 2% 1.5% - 2% 
Shoulder (5) 13.2.9 2%-6% 2%-6% -· Lane Width 13.2.9 Desirable: 12' Minimum: 11' Desirable: 12' Minimum: 11' 

Auxiliary Lanes (6) 
Shoulder Width 13.2.9 Desirable: 4' (paved); Minimum: 4' (sod) Desirable: 4' (paved); Minimum: 4' (sod) 

Median Width 13.2.9 NA Existing (7) 
Right-of-Way Width 13.2.9 (8) (8) 
Clear Zone 13.2.11 See Section 13.2.11 See Section 13.2.11 

Fore Slone 13.2.9 Existinit Existing 
Cut Ditch Width 13.2.9 ExistinR: ExistinR: 

Side Slopes (9) 
Back Slone 13.2.9 Existing Existing 
0'-4' Height 13.2.9 Existing Existin11: 

Fill 4'-10' Heil!;ht 13.2.9 ExistinR: ExistinR: 
> 10' Hei11:ht 13.2.9 Existing Existing 

50mph 60 mph 70mph . Minimum Stopping Sight Distance (10) 5.7 400' 525' 625' 
Intersection Sil!;ht Distance 13.2.10 See Section 13.2.10 
Decision Simt Distance 5.7 See Section 5.7 
Passing Sight Distance 5.7 Existing Existing Existing 

• Maximum Degree of I emax=0.06 13.2.7 See Section 13.2.7 
Curvature I e-~v=0.08 13.2.7 See Section 13.2.7 . Superelevation Rate 13.2.7 See Section 13.2.7 

• Vertical Curvature for Crest 13.2.8 See Section 13.2.8 
Desirable SSD Sag 13.2.8 See Section 13.2.8 

Level 13.2.8 6% 5% 5% 
Maximum Grade Rolling 13.2.8 7% 6% 6% 

Mountainous 13.2.8 9% 8% 7% 
Minimum Grade 7.1 Desirable: 0.5% Minimum: 0% 

• New /Reconstructed Structural Capacity (11) - HS-20/0K Overload Truck 
Bridges Width 13.2.9 Full Approach Roadway Width 

• Existing Bridges to Structural Capacity - HS-20 (Inventory Rating) 
Remain in Place Width (12) 13.2.9 Approach Travelway +4' (28' min) 

• Vertical C1earance (13) 
New/Replaced Bridl!:es 7.4 16'-9" 

Existing Bridges 7.4 14'-6' 

• Controlling design criteria (See Section 5.8) • • See Table 13.2E "Suburban Principal Arterials" for multilane undivided design criteria for Rural Principal Arterials. 
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GEOMETRIC DESIGN CRllERIA FOR RURAL PRINCIPAL ARTERIALS 
(3R Projects) 

Footnotes to Table 13.2A 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. See the 
Planning Division for National Network system. 

b. If there are less than 10% trucks, lane widths may be 1' less from table values. 
c. If there are 10% or more trucks, lane widths should desirably be 12'. 
d. Existing 11' lanes may be retained if alignment and safety records are satisfactory, except for routes on the National 

Network or on reasonable access routes. 

4. Shoulder Width. The following will apply: 

a. If the design speed is less than 50 mph, the shoulder width may be 2'. 
b. Where there are three or more lanes in one direction, the left shoulder should desirably be 81 • 

c. Where a barrier is present, all shoulders should be paved and their widths should desirably be increased by 2'. 
d. If guardrail is present, the minimum shoulder width is 4' and should be paved. 
e. Shoulder widths may be 1' less than table values in mountainous terrain. 

5. Shoulder Cross Slope. For paved shoulders less than 4' wide, the shoulder cross slope will typically be the same as the travel 
lane. 

6. Auxiliary Lanes. The following will apply: 

a. The minimum climbing lane width will be 11'. 
b. The minimum shoulder width adjacent to the climbing lane will be 4' and paved. 

7. Median Width. The median width will depend upon many factors. These include the type of median (depressed or flush), the 
required depth of ditch, the acceptable median slopes, the available right-of-way and field conditions. See Section 13.2.9. 

8. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever practical, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

9. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

10. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical curves are 
reconstructed. See Sections 13.2.7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which will remain. 

11. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

12. Existing Bridges to Remain in Place. For bridge widths wider than the widths in the table, the bridge should be evaluated for 
widening to full approach roadway width only if one of the condition codes from the NBIS inspection report is less than 5 (deck, 
superstructure or substructure) or if the approach roadway width is widened. 

13. Minimum Vertical Oearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 18' -0• for an arterial passing beneath a new sign truss or 
pedestrian bridge and 17'-0• for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing 
beneath an arterial. The typical clearance will be 23'-0". An allowance should also be made for future ballasting. 

13.2 (8) 
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Table 13.28 
GEOMEI'RIC DESIGN CRITERIA FOR RURAL OTHER ARTERIAI.S 

(3R Projects) 

Design Element Manual 2-Lane 
Divided Multilane• • Section AADT:S750 I AADT 751-2000 I AADT >2000 

Standard Designation - ROA-1 (3R) ROA-2 (3R) 
Design Year (Geometrics) (1) 13.2.6 Desirable: 10 years Desirable: 10 veai:s 
Design Speed (mph) (2) 13.2.6 Posted Speed Limit Posted Speed Limit 
Accc.'IS Control 5.4 Control by Regulation Control by Regulation 
Level of Service 5.3 Desirable: B Minimum: D Desirable: B Minimum: D 

Lane Width (3) 
Desi1t11 Speed < 50 mph 

13.2.9 
10' I 11' I 12' 

Desirable: 12' Minimum: 11' Desi1t11 Speed ~ 50 mph 10' I 12' I 12' 

Shoulder 
Type 13.2.9 Des.: Full Paved; Min.: Sod Paved 

•Width (4) 13.2.9 2' I 3' (4a) I 6' RT: Des.: 8' Min.: 6'; LT: Des. 4', Min.: 2 (4b) 

Cross Slope 
• Travel Lane 13.2.9 1.5% - 2% 1.5%- 2% 
Shoulder (5) 13.2.9 2%-6% 2%-6% 

Auxiliary Lanes (6) 
Lane Width 13.2.9 Desirable: Same as Travel Lane; Minimum: 10' Desirable: 12' Minimum: 11' 

Shoulder Width 13.2.9 Desirable: 4' Paved; Minimum: 4' Sod Desirable: 4' Paved; Minimum: 4' Sod 
Median Width 13.2.9 N/A Existing l I) 
Right-of-Way Width 13.2.9 (8) (8) 
Clear Zone 13.2.11 See Section 13.2.11 See Section 13.2.11 

Fore Slooe 13.2.9 Existing Existing 
Cut Ditch Width 13.2.9 Existinf Existinit 

Side Slopes (9) 
Back Slope 13.2.9 Existing Existing 
0'-4' Height 13.2.9 Existing Existing 

Fill 4'-10' Height 13.2.9 Exist in! Existin! 
>10' Hei!ht 13.2.9 Existing Existing 

40mph 50 mph 60mph 70mph 
Minimum Stopping Sight Distance (10) 5.7 275' 400' 525' I 625' 
Intersection Sight Distance 13.2.10 See Section 13.2.10 
Decision Sight Distance 5.7 See Section 5.7 
Passini!; Sight Distance 5.7 Existin! Existing Existing Existing 
Maximum Degree of emax = 0.06 13.2.7 See Section 13.2. 7 
Curvature emax = 0.08 13.2.7 See Section 13.2.7 
Superelevation Rate 13.2.7 See Section 13.2.7 
Vertical Curvature for Crest 13.2.8 See Section 13.2.8 
MinimumSSD Sag 13.2.8 See Section 13.2.8 

Level 13.2.8 7% 6% 5% 5% 
Maximum Grade Rolling 13.2.8 8% 7% 6% 6% 

Mountainous 13.2.8 10% 9% 8% 7% 
Minimum Grade 7.1 Desirable: 0.5% Minimum: 0% 

New /Reconstructed Structural Capacity (11) - HS-20/0K Overload Truck 
Bridges Width 13.2.9 Full Approach Roadway Width 
Existing Bridges to Structural Capacity - HS-20 (Inventory Rating) 
Remain in Place Width (12) 13.2.9 Approach Travelway +4' (28' minimum) 

Vertical Clearance (13) 
New /Replaced Brid!CS 7.4 16'-9 .. 

Existing Bridges 7.4 14'-<i .. 

• Controlling design criteria (See Section 5.8) •• See Table 13.2.G "Suburban Other Arterials" for multilane undivided design criteria for Rural Other Arterials. 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRITERIA FOR RURAL 01HER AR1ERIALS 
(3R Projects) 

Footnotes to Table 13.2B 

July 1992 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. See the 
Planning Division for National Network system. 

b. If there are less than 10% trucks, lane widths may be 1' less from table values. 
c. If there are 10% or more trucks, lane widths should desirably be 12'. 
d. Existing 11' lanes may be retained if alignment and safety records are satisfactory, except for routes on the National 

Network or on reasonable access routes. 

4. Shoulder Width. The following will apply: 

a. If the design speed is less than 50 mph, the shoulder width may be 2'. 
b. Where there are three or more lanes in one direction, the left shoulder should desirably be 8'. 
c. Where a barrier is present, all shoulders should be paved and their widths should desirably be increased by 2'. 
d. If guardrail is present, the minimum shoulder width is 4' paved. 
e. Shoulder widths may be 1' less than table values in mountainous terrain. 

5. Shoulder Cross Slope. For paved shoulders less than 4' wide, the shoulder cross slope will typically be the same as the travel 
lane. 

6. Auxiliary Lanes. The following will apply: 

a. The minimum climbing lane width will be 11'. 
b. The minimum shoulder width adjacent to the climbing lane will be 4' and should be paved. 

7. Median Width. The median width will depend upon many factors. These include the type of median (depressed or flush), the 
required depth of ditch, the acceptable median slopes, the available right-of-way and field conditions. See Section 13.2.9. 

8. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever practical, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

9. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

10. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical cuives are 
reconstructed. See Sections 13.2.7 and 13.2.8 for additional criteria on existing horizontal and vertical cuives which will remain. 

11. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

12. Existing Bridges to Remain in Place. For bridge widths wider than the widths in the table, the bridge should be evaluated for 
widening to full approach roadway width only if one of the condition codes from the NBIS inspection report is less than 5 (deck, 
superstructure or substructure) or if the approach roadway width is widened. 

13. Minimum Vertical Clearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 18'-0* for an arterial passing beneath a new sign truss or 
pedestrian bridge and 17'-0* for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing 
beneath an arterial. The typical clearance will be 23'-0'. An allowance should also be made for future ballasting. 

13.2 (10) 



Design Element 

Standard Desimation 
Desim Year (Geometrics) (1) 

• Desill:ll Speed (mph) (2) 
Access Control 
Level of Service 

Travel Lane *Width 
(J) 

Shoulder 

Cross Slope 

Auxiliary Lanes ( 6) 

Rie:ht-of-Wav Width 
Clear Zone 

Cut 

Side Slopes (8) 

Fill 

• Minimum StoppinR Sil!ht Distance (9) 
Intersection Sil!ht Distance 
Decision Sif!ht Distance 

-p;j"S.sinR Si1tht Distance 
• Maximum Degree of 

Curvature 

• Superelevation Rate 
• Vertical Curvature for 

Minimum SSD 

Maximum Grade 

Minimum Grade 

Table 13.2C 
GEOMEI'RIC D~IGN CRITERIA FOR RURAL COll.ECTORS 

(3R Projects) 

Manual 
State Highwavs Non-State Hil!hwavs•• 

Section AADT I 1~iofu I AADT >2000 AADT:S750 AADT AADT >2000 :S750 751-2000 

- RCS (JR) RCNS (JR) 
lJ.2.6 Desirable: 10 years Desirable: 10 vea·rs 

lJ.2.6 Posted St>eed Limit Posted Speed Limit 
5.4 Control by Regulation Control by Re2Ulation 
5.J Level/Rollin~ C Mountainous: D Level/Rollin~ C Mountainous: D 

Type 13.2.9 Paved Gravel Paved 
Desi)!.11. Speed <50 mph 13.2.9 10' I 11' I 12' 10' 11' 12' 
Desiim Speed ~ 50 mph lJ.2.9 10' I 12' I 12' 10' 12' 12' 

Type 13.2.9 Des.: Paved Min.: Sod Gravel Sod 
*Width (4) lJ.2.9 2' I J' (4a) I 6' 2' J' f4a) 6' 

• Travel Lane lJ.2.9 15%-2% Paved: 15%-2% Gravel: 2o/o-4% 
Shoulder (5) lJ.2.9 2%-6% Gravel: 4%-6% Sod: 6%-8% 
Lane Width lJ.2.9 Des: 11' Min: 10' I Des: 12' Min: 10' NA 

Shoulder Width lJ.2.9 Des: 4' Min.: 2' NA 
lJ.2.9 (7) u 
lJ.2.11 See Section lJ.2.11 See Section 13.2.11 

Fore Slope lJ.2.9 Existinl!: Existing 
Ditch Width lJ.2.9 ExistinR Existine: 
Back Slope lJ.2.9 ExistinR Existing 
0'-4' Heil!ht lJ.2.9 ExistinR Existine: 

4'-10' Heil!ht lJ.2.9 Existin1t Existing 
> 10' Hei11:ht lJ.2.9 ExistinR ExistinR 

20mph JO mph 40 moh 50 moh 60 moh 
5.1 125' 200' 275' 400' 525' 

lJ.2.10 See Section lJ.2.10 
5.7 See Section 5.7 

NA Existine: Existine: Existine: Existine: 
emax = 0.06 lJ.2.7 See Section lJ.2. 7 
emax = 0.08 lJ.2.7 See Section 13.2. 7 

13.2.7 See Section lJ.2.7 
Crest lJ.2.8 See Section lJ.2.8 

Sa11: lJ.2.8 See Section 13.2.8 
Level lJ.2.8 9% 9% 9% 8% 7% 

RollinR lJ.2.8 11% 11% 10% 9% 8% 
Mountainous 13.2.8 14% 12% 12% 11% 10% 

7.1 Desirable: 05% Minimum: 0% 

.. 

-

<200 DHV I 200-400 DHV I >400 DHV :S750 I 751-2000 I >2000 

• New /Reconstructed Structural Capacitv - HS-20/0K Overload Truck HS-20 
Brid11:e.s Width lJ.2.9 TW + 8' Aoo. Roadway Width TW + 4' I TW + 6' I APR 

• Existing Bridges to Structural Capacity - HS-15 (Inventory RatinR) HS-15 
Remain in Place Width 13.2.9 24' 26' I 28' (10) 

• Vertical aearance (11) 
New/Replaced Brid1tes 7.4 16'-9" 16'-9" 

ExistinR Brid11:es 7.4 14'-6" 14'-0" 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRTIERIA FOR RURAL COLLECTORS 
(3R Projects) 

Footnotes to Table 13.2C 

July 1992 

1. Design Year AADT. Desirably, the design year AADT ~ill be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. See the 
Planning Division for National Network system. 

b. If there are less than 10% trucks, lane widths may be 1' less from table values. 
c. Existing 11' lanes may be retained if alignment and safety records are satisfactory, except for routes on the National 

Network or on reasonable access routes. 

4. Shoulder Width. The following will apply: 

a. If the design speed is less than 50 mph, the shoulder width may be 2'. 
b. Where a barrier is present, all shoulders should be paved and their widths should desirably be increased by 2'. 
c. Shoulder widths may be 1' less than table values in mountainous terrain. 

5. Shoulder Cross Slope. For paved shoulders less than 4' wide, the shoulder cross slope will typically be the same as the travel 
lane. 

6. Auxiliary Lanes. The following will apply: 

a. The minimum climbing lane width will be 11'. 
b. The minimum shoulder width adjacent to the climbing lane will be 4' and should be paved. 

7. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever practical, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

8. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

9. Minimum Stotmine: Sie:ht Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical curves are 
reconstructed. See Sections 13.2.7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which will remain. 

10. Existing Bridges to Remain in Place. For bridge widths wider than the widths in the table, the bridge should be evaluated for 
widening to full approach roadway width only if one of the condition codes from the NBIS inspection report is less than 5 (deck, 
superstructure or substructure) or if the approach roadway width is widened. 

On non-State highways, the bridge should be evaluated for widening to full approach roadway width if the bridge is less than 
100' long and the usable width does not meet the following: 

a 

Design Year 
Volume (AADTI 

0-750 
751-2000 

Over 2000 

Usable Bridge Width ift)° 

Width of approach travelway 
Width of approach travelway plus 2 ft 
Width of approach travelway plus 4 ft 

If lane widening is planned as part of the 3R project, the usable bridge width should be compared with the planned 
width of the approaches after they are widened. 

11. Minimum Vertical Clearance. The vertical clearances apply to the collector passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a collector. The typical clearance will be 
23•-0•. An allowance should also be made for future ballasting. 

13.2 (12) 
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Table 13.20 
GEOMEI'RIC DESIGN CRITERIA FOR RURAL LOCAL ROADS** 

(3R Projects) 

Design Element Manual AADTS 1SO I AADT 751-2000 Section 
Standard Desi211ation - RL (3R) 
Desi211 Year (Geometrics l C 1) 13.2.6 Desirable: 10 vears 
Desi211 Sneed (moh) (2) 13.2.6 Posted Sneed Limit 
Access Control 5.4 Control bv Re2Ulation 
Level of Service 5.3 D 

TVDC 13.2.9 Chio Seal Gravel or Dirt 
Travel Lanes Width I Design Sneed <50 moh 9' I 10' 

(3) I Desi211 Speed ~O moh 
13.2.9 

10' I 11' 

Shoulder 
Tvoe 13.2.9 Gravel or Sod 

• Width (4a) 13.2.9 2' I 3' (4b) 

I AA.OT> 2000 

I 11' 
I 11' 

I 6' 

Cross Slope 
• Travel Lane 13.2.9 Chio Seal: 2%-3% Gravel: 2o/o-4% Dirt: 4%-6% 

Shoulder 13.2.9 Gravel: 4o/o-6% Sod: 4%-8% 
Auxiliarv Lanes 13.2.9 NA 
Rildlt-of-Wav Width 13.2.9 (5) 

• Qear Zone 13.2.11 See Section 13.2.11 
Fore Slope 13.2.9 Existin2 

Cut Ditch Width 13.2.9 Existine: 

Side Slopes (6) 
Back Slone 13.2.9 Existine: 
0'-4' Heil!:ht 13.2.9 Existin2 

Fill 4'-10' Heil!:ht 13.2.9 Existin2 
> 10' Heil!:ht 13.2.9 Existin2 

20 moh I 30mph I 40 mph 50mph 
• Minimum StODDin2 Siltbt Distance (7) 5.7 125' I 200' I 275' 400' 

Intersection Sight Distance 13.2.10 See Section 13.2.10 
Decision Sight Distance 5.7 See Section 5.7 
Passini! Sildlt Distance 5.7 Existing I Existing I Existing 

• Maximum Degree of I emax=0.06 13.2.7 See Section 13.2.7 
Curvature I emax=0.08 13.2.7 See Section 13.2. 7 

• Superelevation Rate 13.2.7 See Section 13.2. 7 
• Vertical Curvature for Crest 13.2.8 See Section 13.2.8 

MinimumSSD Sae: 13.2.8 See Section 13.2.8 
Level 13.2.8 9% 9% 9% 8% 

Maximum Grade Rolline: 13.2.8 13% 12% 11% 10% 
Mountainous 13.2.8 16% 15% 14% 12% 

Minimum Grade 7.1 Desirable: 0.5% Minimum: 0% 

• New/Reconstructed 
AADT s 751 I AADT 751-2000 I AADT > 2000 

Structural Capacity - HS-20 Bridges 
Width (8) 13.2.9 Travelwav + 4' I Travelwav + 6' I API>. Rd. Wid. 

• Exi.sting Bridges to Structural Capacitv - HS-10 I HS-15 
Remain in Place Width 13.2.9 (9) 

• Vertical Oearancc (10) 
New/Replaced Bride:es 7.4 161-9• 

Existing Bridges 7.4 14•-0• 

• Controlling design criteria (See Section 5.9) •• Table will only apply where State and/or Federal funds are used. 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRITERIA FOR RURAL LOCAL ROADS 
(3R Projects) 

Footnotes to Table 132D 

July 1992 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. If there are 10% or more trucks, lane widths should be 1' more than table values. 
b. Existing 10' lanes may be retained if alignment and safety records are satisfactory. 

4. Shoulder Width. The following will apply: 

a. All shoulder widths refer to the graded width, which is the distance between the edge of travel lane and the point of 
intersection of the shoulder slope and side slope. 

b. If the design speed is less than 50 mph, the shoulder width may be 2'. 

5. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever practical, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

6. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

7. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical curves are 
reconstructed. See Sections 13.2.7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

8. New and Reconstructed Bridges (Width). Width of bridges more than 100' in length will be analyzed individually. 

9. Existing Bridges to Remain in Place. The bridge should be evaluated for widening to full approach roadway width if the bridge 
is less than 100' long and the usable width does not meet the following: 

a 

Design Year 
Volume <AADT) 

0-750 
751-2000 

Over 2000 

Usable Bridge Width UV° 

Width of approach travelway 
Width of approach travelway plus 2 ft 
Width of approach travelway plus 4 ft 

If lane widening is planned as part of the 3R project, the usable bridge width should be compared with the 
planned width of the approaches after they are widened. 

10. Minimum Vertical Clearance. The vertical clearances apply to the local road passing under a bridge. The Planning Division 
(Rail Planning Branch) will determine the vertical clearance for railroads passing beneath a local road. The typical clearance 
will be 23'0*. An allowance should also be made for future ballasting. 

13.2 (14) 



Table 13.2E 
GEOMETRIC DESIGN CRITERIA FOR SUBURBAN PRINCIPAL ARTERIALS 

(3R Projects) 

Design Element Manual 2-Lane Multilane 
Section With Curb Without Curb With Curb Without Curb 

Standard Desimation - SPA-1 (3R) SPA-2 (3R) SPA-3 (3R) SPA-4 (3R) 
Design Year (Geometrics) (1) 13.2.6 Desirable: 10 years Desirable: 10 years 

• Design Speed (mph) (2) 13.2.6 Posted Soeed Limit Posted Soeed Limit 
Access Control 5.4 Control by Regulation Control by Regulation/Partial Control 
Level of Service 5.3 Desirable: C Minimum: D Desirable: C Minimum: D 

• Lane Width 13.2.9 Des.: 12' Min.: 11' (3) Des.: 12' Min.: 11' (3) 

Shoulder/Curb Offset 
Type 13.2.9 Paved Des.: Paved; Min.: Sod Paved Des.: Paved· Min.: Sod 

• Width 13.2.9 2' Min. (4a) Des.: 8' Min.: 4' Rt: 2' Left: 2' (4a) Rt: 6' Left: 2'(4b) 

Cross Slope 
• Travel Lane 13.2.9 15o/o-2% 15o/o-2% (5) 

Shoulder/Curb Offset (6) 13.2.9 Same as adjacent T.L 2o/o-6% Same as adjacent T.L 2o/o-6% Typical 

Auxiliary Lanes 
Lane Width 13.2.9 Des.: Same as Travel Lane Min.: 11' Des.: Same as Travel Lane Min.: 11' 

Shoulder/Curb Offset UJ 13.2.9 2' Min. 3'Min. 2'Min. 3' Min. 
TWLT Lane Width 9.4 NA Desirable: 14' Minimum: 12'(8) 
Parking Lane Width (9) 17.1 Desirable: 12' Minimum: 10' Desirable: 12' Minimum: 10' 
Median Width 13.2.9 NA Existin1 (10) 
Right-of-Way Width 13.2.9 (11) (11 
Qear Zone 13.2.11 15' (12) See Section 13.2.11 15' (12) See Section 13.2.11 

Fore Slope 13.2.9 NA Existing NA Exist!!!!r; 
Cut Ditch Width 13.2.9 NA Existing NA Existin11: 

Side Slopes (13) 
Back Slope 13.2.9 Existing Existing Existing Existing 
0'-4' Height 13.2.9 Existing Existing Existing Existing 

Fill 4'-10' Height 13.2.9 Existing Existing Existing Existing 
> 10' Height 13.2.9 Existing Existing Existing Existing 

40mph 45 mph 50 mph 60mph 
• Minimum Stouoing Sight Distance (14) 5.7 275' 325' 400' 525' 

Intersection Sight Distance 13.2.10 See Section 13.2.10 
Decision Sight Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 13.2.7 See Section 13.2. 7 NA I NA 
Curvature emax=0.06 13.2.7 See Section 13.2.7 

• Superelevation Rate 13.2.7 See Section 13.2.7 
• Vertical Curvature for Crest 13.2.8 See Section 13.2.8 

Desirable SSD Sag 13.2.8 See Section 13.2.8 - Level 13.2.8 9% 85% 8% 7% 
Maximum Grade Rolling 13.2.8 10% 95% 9% 8% 

Mountainous 13.2.8 12% 115% 11% 10% 
Minimum Grade 7.1 Desirable: 05% Minimum: Curbed: 0.3%; Uncurbed: 0% 

• New /Reconstructed Structural Capacity (15) - HS-20/0K Overload Truck 
Bridges Width 13.2.9 Full Approach Roadway Width 

• Existing Bridges to Structural Cauacitv - HS-20 <Inventorv Ratin2) 
Remain in Place Width (State Highwavs1 (16) 13.2.9 Uncurbed Sections: Travelway +4' Curbed Sections: Site Specific 

• Vertical Oea.rancc (17) 
New/Replaced Bridges 7.4 16'-9 .. 

Existing Bridges 7.4 14'-<i .. 

• Controlling design criteria (See Section 5.8) 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

GEOMETRIC DESIGN CRTIERIA FOR SUBURBAN PRINCIPAL ARTERIALS 
(3R Projects) 

Footnotes to Table 13.2E 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. See the 
Planning Division for National Network system. 

b. U there are less than 10% trucks, lane widths may be 1' less from table values. 

c. If there are 10% or more trucks, lane widths should desirably be 12'. 

d. Existing 11' lanes may be retained if alignment and safety records are satisfactory, except for routes on the National 
Network or on reasonable access routes. 

4. Shoulder/Curb Offset. The following will apply: 

a. Where the design speed is 45 mph or less on facilities with curbs, the curb offset (for both the left and right) may be 
1' minimum for barrier curbs and may be zero for mountable curbs. 

b. Where partial control of access is used, desirably the right shoulder width should be 8' and the left shoulder width 
4'. 

5. Travel Lane Cross Slope (Multilane). On curbed multilane facilities, the typical cross slope is 3% for any travel lanes adjacent 
to the curb. 

6. Shoulder Cross Slope. For paved shoulders less than 4', the shoulder cross slope will typically be the same as the travel lane. 

7. Auxiliary Lanes (Shoulder/Curb Offset). The following will apply: 

a. Desirably the width adjacent to auxiliary lanes will be equal to the width adjacent to the travel lane. 

b. On facilities with curbs and where the design speed is 45 mph or less on the mainline, the curb offset (for both left 
and right) may be 1' minimum for barrier curb and may be zero for mountable curb. 

8. TWLT Lane Width. In industrial areas with large trucks turning frequently, the desirable TWLT lane width is 16'. 

9. Parking Lanes. Where the parking lane will be used as a travel lane during peak hours or may be converted to a travel lane in 
the future, the width should desirably be 12' plus a 1' offset to the curb (if present). The cross slope of the parking lane should 
be the same as that of the adjacent travel lane. 

10. Median Widths. In most cases, the existing median width will be retained. However, in some situations, the best available 
alternative maybe to reduce the existing median to increase the width of other cross section elements (e.g., lane and shoulders). 
Section 13.2.9 provides additional information on median widths. 

11. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever possible, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

12. Clear '.Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 15' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

13. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

13.2 (16) 



Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

GEOMETRIC DESIGN CRITERIA FOR SUBURBAN PRINCIPAL ARIBRIAI.S 
(3R Projects) 

Footnotes to Table 13.2E 
(Continued) 

14. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical cuives are 
reconstructed. See Sections 13.2. 7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

15. Structural Capacitv (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

16. Existing Bridges to Remain in Place. For all bridges where the bridge width is wider than those in the table, the bridge should 
be evaluated for widening to full approach roadway width only if one of the condition codes from the NBIS inspection report 
is less than 5 (deck, superstructure or substructure) or if the approach roadway width is widened. 

For bridges not on the State highway system, the bridge should be evaluated for widening if the bridge is uncurbed and is less 
than 100' long and the usable width does not meet the following: 

a 

Design Year 
Volume (AADTJ 

0-750 
751-2000 

Over 2000 

Usable Bridge Width (ft)0 

Width of approach travelway 
Width of approach travelway plus 2 ft 
Width of approach travelway plus 4 ft 

If lane widening is planned as part of the 3R project, the usable bridge width should be compared with the 
planned width of the approaches after they are widened. 

Curbed section bridges will be evaluated on a site specific basis. 

17. Minimum Vertical Qearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 18'..()• for an arterial passing beneath a new sign truss or 
pedestrian bridge and 17'..()• for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing 
beneath an arterial. The typical clearance will be 23'..Q•. An allowance should also be made for future ballasting. 

13.2 (17) 



Table 13.2F 
GEOMEfRIC DF.sIGN CRITERIA FOR URBAN PRINCIPAL ARTERIALS 

(3R Projects) 

Design Element Manual 2-Lane Multilane 
Section With Curb I Without Curb With Curb I Witho\lt Curb 

Standard Designation - UPA-1 (3R) UPA-2 (3R) UPA-3 (3R) UPA-4 (3R) 
Desi211 Year (Geometrics) (1) 13.2.6 Desirable: 10 years Desirable: 10 years 

• Desi211 Soeed (mph) (2) 13.2.6 Posted Speed Limit Posted Soeed Limit· 
Access Control 5.5 Control by Re1t11lation Control by Regulation/Partial Control 
Level of Service 5.4 Desirable: C Minimum: D Desirable: C Minimum: D 

• Lane Width 13.2.9 Desirable: 12' Minimum: 10' (3) Desirable: 12' Minimum: 10' (3) 

Shoulder/Curb Offset 
Tvoe 13.2.9 Paved Paved 

• Width 13.2.9 2' Min. (4a) Des.: 8' Min: 2' Right: 2' Left: 2' (4a) Right: 6' Left: 2' (4b) 

Cross Slope 
• Travel Lane 13.2.9 15%- 2% 1.5%- 2% (5) 

Shoulder/Curb Offset (6) 13.2.9 Same as adjacent T.L. 2%-4% Same as adjacent T.L. 2%-4% 

Auxiliary Lanes 
Lane Width 13.2.9 Desirable: Same as Travel Lane· Minimum: 10' Desirable: Same as Travel Lane· Minimum: 10' 

Shoulder/Curb Offset (7) 13.2.9 {7b) 2'Min. (7b) 2'Min. 
TWLT Lane Width 9.4 NA Desirable: 14' Minimum: 12' (8) 
Parking Lane Width (9) 17.1 Desirable: 12' Minimum: 10' Desirable: 12' Minimum: 10' 
Median Width 13.2.9 NA Existing (10) 
Right-of-Way Width 13.2.9 (11 (11) 
Clear Zone 13.2.11 1.5' (12) See Section 13.2.11 15' (12) See Section 13.2.11 

Fore Slope 13.2.9 NA Existin11: NA Existing 
Cut Ditch Width 13.2.9 NA Existin2 NA Existin2 

Side Slopes (13) 
Back Slope 13.2.9 Existing Existing Existing Existing 

0'-4' Hei2ht 13.2.9 Existin2 Existin2 Existin2 Existin2 
Fill 4'-10' Height 13.2.9 Existing Existing Existing Existing 

> 10' Heildtt 13.2.9 Existing Existin2 Existin11: Exist in it 
30mph 40mph 45 mph 50 mph 60mph 

• Minimum Stoooinit Si2ht Distance (14) 5.7 200' 275' 325' 400' 525' 
Intersection Si2ht Distance 13.2.10 See Section 13.2.10 
Decision Si2ht Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 13.2.7 See Section 13.2.7 
Curvature I emax=0.06 13.2.7 See Section 13.2.7 

• Suoerelevation Rate 13.2.7 See Section 13.2. 7 
• Vertical Curvature for Crest 13.2.8 See Section 13.2.8 

Desirable SSD Sa11: 13.2.8 See Section 13.2.8 
Level 13.2.8 10% 9% 85% 8% 7% 

Maximum Grade Rolling 13.2.8 11% 10% 95% 9% 8% 
Mountainous 13.2.8 12% 12% 11.5% 11% 10% 

Minimum Grade 7.1 Desirable: 05% Minimum: Curbed: 0.3%; Uncurbed: 0% 

• New/Reconstnicted Structural Capacity (15) - HS-20/0K Overload Truck 
Bridges Width 13.2.9 Full Approach Roadway Width 

• Existing Bridges to Structural Caoacity - HS-20 (Inventory Ratinit) 
Remain in Place Width (State Hi2hwavsl (16) 13.2.9 Uncurbed Sections: Travelway +4' Curbed Sections: Site Soecific 

• Vertical Oearance (17) 
New/Replaced Bridges 7.4 16'-9. 

Existing Bridges 7.4 14'-6. 

• Controlling design criteria (See Section 5.8) 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

GEOMETRIC DESIGN CRTIERIA FOR URBAN PRINCIPAL ARTE~ 
(3R Projects) 

Footnotes to Table 13.2F 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. See the 
Planning Division for National Network system. 

b. If there are less than 10% trucks, lane widths may be 1' less from table values. 

c. If there are 10% or more trucks, lane widths should desirably be 12'. 

d. Existing 11' lanes may be retained if alignment and safety records are satisfactory, except for routes on the National 
Network or on reasonable access routes. 

4. Shoulder/Curb Offset. The following will apply: 

a. Where the design speed is 45 mph or less on facilities with curbs, the curb offset (for both the left and right) may be 
1' minimum for barrier curbs and may be zero for mountable curbs. 

b. Where partial control of access is used, desirably the right shoulder width should be 8' and the left shoulder width 
4'. 

5. Travel Lane Cross Slope (Multilane). On curbed multilane facilities, the typical cross slope is 3% for any travel lanes adjacent 
to the curb. 

6. Shoulder Cross Slope. For paved shoulders less than 4', the shoulder cross slope will typically be the same as the travel lane. 

7. Auxiliaiy Lanes (Shoulder/Curb Offset). The following will apply: 

a. Desirably the width adjacent to auxiliary lanes will be equal to the width adjacent to the travel lane. 

b. On facilities with curbs and where the design speed is 45 mph or less on the mainline, the curb offset (for both left 
and right) may be 1' minimum for barrier curb and may be zero for mountable curb. 

8. TWLT Lane Width. In industrial areas with large trucks turning frequently, the desirable TWLT lane width is 16'. 

9. Parking Lanes. Where the parking lane will be used as a travel lane during peak hours or may be converted to a travel lane in 
the future, the width should desirably be 12' plus a 1' offset to the curb (if present). The cross slope of the parking lane should 
be the same as that of the adjacent travel lane. 

10. Median Widths. In most cases, the existing median width will be retained. However, in some situations, the best available 
alternative may be to reduce the existing median to increase the width of other cross section elements (e.g., lane and shoulders). 
Section 13.2.9 provides additional information on median widths. 

11. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever possible, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

12. Oear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 15' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

13. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway 11ridening (i.e., lane and/or shoulder 
widening). 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

GEOMETRIC DESIGN CRI'IERIA FOR URBAN PRINCIPAL ARIBRIAIS 
(3R Projects) 

Footnotes to Table 132F 
(Continued) 

14. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical cuives are 
reconstructed. See Sections 13.2. 7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

15. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

16. Existing Bridges to Remain in Place. For all bridges where the bridge width is wider than those in the table, the bridge should 
be evaluated for widening to full approach roadway width only if one of the condition codes from the NBIS inspection report 
is less than 5 (deck, superstructure or substructure) or if the approach roadway width is widened. 

For bridges not on the State highway system, the bridge should be evaluated for widening if the bridge is uncurbed and is less 
than 100' long and the usable width does not meet the following: 

a 

Design Year 
Volume CAADTI 

0-750 
751-2000 

Over 2000 

Usable Bridge Width <(t)0 

Width of approach travelway 
Width of approach travelway plus 2 ft 
Width of approach travelway plus 4 ft 

If lane widening is planned as part of the 3R project, the usable bridge width should be compared with the 
planned width of the approaches after they are widened. 

Curbed section bridges will be evaluated on a site specific basis. 

17. Minimum Vertical Clearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 18'-0* for an arterial passing beneath a new sign truss or 
pedestrian bridge and 17'-0* for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch} will determine the vertical clearance for railroads passing 
beneath an arterial. The typical clearance will be 23'-0*. An allowance should also be made for future ballasting. 
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Table 13.2G 
GEOMEI'RIC DE.5IGN CRITERIA FOR SUBURBAN OTHER ARTERIAlS 

(3R Projeds) 

Design Element Manual 2-Lane Multilane 
Section With Curb Without Curb With Curb I Without Curb 

Standard Desimation - SOA-1 (3R) SOA-2 (3R) SOA-3 (3R) SOA-4 (3R) 
Desi21t Year (Ge-.ometrics) (1) 13.2.6 Desirable: 10 years Desirable: 10 yeai:s 

• Design Sneed (mph) (2) 13.2.6 Posted Speed Limit Posted Sneed Limit 
Access Control 5.5 Control bv Rel!lllation Control bv Rel!Ulation 
Level of Service 5.4 Desirable: C Minimum: D Desirable: C Minimum: D 

• Lane Width (3) 13.2.9 Desirable: 12' Minimum: 11' Desirable: 12' Minimum: 11' 

Shoulder/Curb Offset 
Tvne 13.2.9 Paved Des: Paved; Min: Sod Paved I Des: Paved; Min: Sod 

• Width 13.2.9 2' Min. (4a) 4' Ril!;ht: 2' Left: 2' (4a) Ril!:ht: 6'(4b) Left: 4' 

Cross Slope 
• Travel Lane 13.2.9 1.So/o-2% 1.So/o-2% (5) 

Shoulder/Curb Offset (61 13.2.9 Same as adiacent T.L 2o/o-6% Typical Same as adiacent T.L. I 2o/o-6% Tvoical 

Auxiliary Lanes 
Lane Width 13.2.9 Desirable: Same as Travel Lane; Minimum: 10' Desirable: Same as Travel Lane; Minimum: 10' 

Shoulder/Curb Offset (7) 13.2.9 2'Min. 2'Min. 2'Min. 2' Min. 
TWLT Lane Width 9.4 NA Desirable: 14' Minimum: 12' (8) 
Parkinl!: Lane Width (9) 17.1 Desirable: 12' Minimum: 9' Desirable: 12' Minimum: 9' 
Median Width 13.2.9 NA E.xistin2 (10) 
Right-of-Way Width 13.2.9 (11 (11) 
Oear Zone 13.2.11 1.5' (12) See Section 13.2.11 1.5' (12) See Section 13.2.11 

Fore Slooe 13.2.9 NA Existinl!: NA Existinl!: 
Cut Ditch Width 13.2.9 NA Existinl!: NA Existinl!: 

Side Slopes (13) 
Back Slope 13.2.9 Existing Existing Existinl!: Existing 
0'-4' Heil!:ht 13.2.9 Existinl!: Existin2 Existin2 Existing 

Fill 4'-10' Heie:ht 13.2.9 Existin2 Existine: Existine: Existine: 
> 10' Height 13.2.9 Existing Existing Existing Existing 

40mph 45 mph 50mph 60mph 
• Minimum Stopping Sight Distance (14) 5.7 275' 325' 400' 525' 

Intersection Sil!:ht Distance 13.2.10 See Section 13.2.10 
Decision Sight Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 13.2.7 See Section 13.2.7 NA NA 
Curvature emax=0.06 13.2.7 See Section 13.2. 7 

• Superelevation Rat.e 13.2.7 See Section 13.2.7 
• Vertical Curvature for Crest 13.2.8 See Section 13.2.8 

MinimumSSD Sal!: 13.2.8 See Section 13.2.8 
Level 13.2.8 9% 8.5% 8% 7% 

Maximum Grade Rollin2 13.2.8 10% 9.5% 9% 8% 
Mountainous 13.2.8 12% 11.5% 11% 10% 

Minimum Grade 7.1 Desirable: 0.5% Minimum: Curbed: 0.3%; Uncurbed: 0% 

• New/Reconstructed Structural Capacity (15) - HS-20/0K Overload Truck 
Bridges Width 13.2.9 Full Approach Roadwav Width 

• Existing Bridges to Structural Capacity - HS-20 (Inventory Rating) 
Remain in Place Width (State Hil!;hways) (16) 13.2.9 Uncurbed Sections: Travelwav +4' Curbed Sections: Site Specific 

• Vertical Oearana: (17) 
New/Replaced Brid2es 7.4 16'-9' 

Existing Bridges 7.4 14'-6' 
• Controlling design criteria (See Section 5.8) 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

GEOMETRIC DESIGN CRITERIA FOR SUBURBAN OnIER ARIBRIAI.S 
(3R Projects) 

Footnotes to Table 13.2G 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. See the 
Planning Division for National Network system. 

b. If there are less than 10% trucks, lane widths may be 1' less from table values. 

c. If there are 10% or more trucks, lane widths should desirably be 12'. 

4. Shoulder/Curb Offset. The following will apply: 

a. Where the design speed is 45 mph or less on facilities with curbs, the curb offset (for both the left and right) may be 
1' minimum for barrier curbs and may be zero for mountable curbs. 

b. Where partial control of access is used, desirably the right shoulder width should be 8'. 

5. Travel Lane Cross Slope (Multilane). On curbed multilane facilities, the typical cross slope is 3% for any travel lanes adjacent 
to the curb. 

6. Shoulder Cross Slope. For paved shoulders less than 4', the shoulder cross slope will typically be the same as the travel lane. 

7. Auxiliary Lanes (Shoulder/Curb Offset). The following will apply: 

a. Desirably the width adjacent to auxiliary lanes will be equal to the width adjacent to the travel lane. 

b. On facilities with curbs and where the design speed is 45 mph or less on the mainline, the curb offset (for both left 
and right) may be 1' minimum for barrier curb and may be zero for mountable curb. 

8. TWLT Lane Width. In industrial areas with large trucks turning frequently, the desirable TWLT lane width is 16'. 

9. Parking Lanes. Where the parking lane will be used as a travel lane during peak hours or may be converted to a travel lane in 
the future, the width should desirably be 12' plus a 1' offset to the curb (if present). The cross slope of the parking lane should 
be the same as that of the adjacent travel lane. 

10. Median Widths. In most cases, the existing median width will be retained. However, in some situations, the best available 
alternative may be to reduce the existing median to increase the width of other cross section elements (e.g., lane and shoulders). 
Section 13.2.9 provides additional information on median widths. 

11. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever possible, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

12. Clear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 15' from the gutter line. The 15' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

13. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

GEOMETRIC DESIGN CRTIERIA FOR SUBURBAN OTHER AR1ERIAIS 
(3R Proje.cts) 

Footnotes to Table 132G 
(Continued) 

14. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical curves are 
reconstructed. See Sections 13.2. 7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

15. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

16. Existing Bridges to Remain in Place. For all bridges where the bridge width is wider than those in the table, the bridge should 
be evaluated for widening to full approach roadway width only if one of the condition codes from the NBIS inspection report 
is less than 5 (deck, superstructure or substructure) or if the approach roadway width is widened. 

For bridges not on the State highway system, the bridge should be evaluated for widening if the bridge is uncurbed and is less 
than 100' long and the usable width does not meet the following: 

a 

Design Year 
Volume <AADT> 

0-750 
751-2000 

Over 2000 

Usable Bridge Width fflt 

Width of approach travelway 
Width of approach travelway plus 2 ft 
Width of approach travelway plus 4 ft 

If lane widening is planned as part of the 3R project, the usable bridge width should be compared with the 
planned width of the approaches after they are widened. 

Curbed section bridges will be evaluated on a site specific basis. 

17. Minimum Vertical Clearance. The vertical clearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 181-0• for an arterial passing beneath a new sign truss or 
pedestrian bridge and 171-0• for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing 
beneath an arterial. The typical clearance will be 23•-0•. An allowance should also be made for future ballasting. 
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Table 13.2H 
GEOMETRIC DESIGN CRITERIA FOR URBAN OTHER ARTERIALS 

(3R Projects) 

Design Element Manual 2-Lane Multilane 
Section With Curb Without Curb With Curb Without Curb 

Standard Designation - UOA-1 (3R) UOA-2 (3R) UOA-3 (3R) UOA-4 (3R) 
Design Year (Geometrics (1) 13.2.6 Desirable: 10 years Desirable: 10 years 

• Design Speed (mph) (2) 13.2.6 Posted Soeed Limit Posted Soeed Limit 
Access Control 5.5 Control by Re£Ulation Control by Regulation 
Level of Service 5.4 Desirable: C ·Minimum: D Desirable: C Minimum: D 

• Lane Width (3) 13.2.9 Desirable: 12' Minimum: 10' Desirable: 12' Minimum: 10' 

Shoulder/Curb Offset 
Tvoe 13.2.9 Paved Paved 

• Width 13.2.9 2' Min. (4a) Des.: 6' Min.: 2' Right: 2' Left: 2' (4a) Right: 6' Left: 2' (4b} 

Cross Slope 
• Travel Lane 13.2.9 l.So/o-2% l.So/o-2% (5) 

Shoulder/Curb Offset (6) 13.2.9 Same as adjacent T.L. 2o/o-4% Same as adjacent T.L. I 2o/o-4% 

Auxiliary Lanes 
Lane Width 13.2.9 Desirable: Same as Travel Lane; Minimum: 10' Desirable: Same as Travel Lane; Minimum: 10' 

Shoulder/Curb Offset (7) 13.2.9 2' Min. 0' 2' Min. 0' 
TWLT Lane Width 9.4 NA Desirable: 14' Minimum: 12' (8) 
Parking Lane Width (9) 17.1 Desirable: 12' Minimum: 9' Desirable: 12' Minimum: 9' 
Median Width 13.2.9 NA Existin1 (10) 
Riltht-of-Way Width 13.2.9 (11 (11) 

aear 7,one 13.2.11 15' (12) See Section 13.2.11 15' (12) See Section 13.2.11 
Fore Slooe 13.2.9 NA Existing NA Existinit 

Cut Ditch Width 13.2.9 NA Existine: NA Existine: 

Side Slopes (13) 
Back Slope 13.2.9 Existing Existing Existing Existing 
0'-4' Heiltht 13.2.9 Existinit Existine: Existine: Existing 

Fill 4'-10' Height 13.2.9 Existing Existing Existing Existing 
> 10' Heiltht 13.2.9 Existinit Existing Existing Existing 

30mph 40mph 45 mph 50 mph 
• Minimum Stopping Sight Distance (14) 5.7 200' 275' 325' 400' 

Intersection SiRht Distance 13.2.10 See Section 13.2.10 
Decision Sight Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 13.2.7 See Section 13.2. 7 NA 
Curvature emax=0.06 13.2.7 See Section 13.2.7 

• Supe!'elevation Rate 13.2.7 See Section 13.2.7 
• Vertical Curvature for Crest 13.2.8 See Section 13.2. 7 

MinimumSSD Sag 13.2.8 See Section 13.2.8 
Level 13.2.8 10% 9% 85% 8% 

Maximum Grade Rolling 13.2.8 11% 10% 95% 9% 
Mountainous 13.2.8 13% 12% 115% 11% 

Minimum Grade 7.1 Desirable: 05% Minimum: Curbed: 0.3%; Uncurbed: 0% 

• New/Reconstructed Structural Capacity (15) - HS-20/0K Overload Truck 
Bridges Width 13.2.9 Full Approach Roadway Width 

• Existing Bridges to Structural Capacity - HS-20 (Inventory Ratine:) 
Remain in Place Width (State Hilthwavs) (16) 13.2.9 Uncurbed Sections: Travelway +4' Curbed Sections: Site Specific 

• Vertical Oearance (17) 
New/Replaced Bridges 7.4 161-9• 

Existing Bridges 7.4 141-6• 

• Controlling design criteria (See Section 5.8) 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRITERIA FOR URBAN OTHER AR'IERIAI.S 
(3R Projects) 

Footnotes to Table 132H 

July 1992 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. The following will apply: 

a. For highways on the National Network or on reasonable access routes, the minimum lane width is 12'. See the 
Planning Division for National Network system. 

b. If there are less than 10% trucks, lane widths may be 1' less from table values. 

c. If there are 10% or more trucks, lane widths should desirably be 12'. 

4. Shoulder/Curb Offset. The following will apply: 

a. Where the design speed is 45 mph or less on facilities with curbs, the curb offset (for both the left and right) may be 
1' minimum for barrier curbs and may be zero for mountable curbs. 

b. Where partial control of access is used, desirably the right shoulder width should be 8' and the left shoulder width 
should be 4'. 

5. Travel Lane Cross Slope (Multilane). On curbed multilane facilities, the typical cross slope is 3% for any travel lanes adjacent 
to the curb. 

6. Shoulder Cross Slope. For paved shoulders less than 4', the shoulder cross slope will typically be the same as the travel lane. 

7. Auxiliary Lanes (Shoulder/Curb Offset). The following will apply: 

a. Desirably the width adjacent to auxiliary lanes will be equal to the width adjacent to the travel lane. 

b. On facilities with curbs and where the design speed is 45 mph or less on the mainline, the curb offset (for both left 
and right) may be 1' minimum for barrier curb and may be zero for mountable curb. 

8. TWLT Lane Width. In industrial areas with large trucks turning frequently, the desirable TWLT lane width is 16'. 

9. Parking Lanes. Where the parking lane will be used as a travel lane during peak hours or may be converted to a travel lane in 
the future, the width should desirably be 12' plus a 1' offset to the curb (if present). The cross slope of the parking lane should 
be the same as that of the adjacent travel lane. 

10. Median Widths. In most cases, the existing median width will be retained. However, in some situations, the best available 
alternative may be to reduce the existing median to increase the width of other cross section elements (e.g., lane and shoulders). 
Section 13.2.9 provides additional information on median widths. 

11. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever possible, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

12. Oear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 1.5' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

13. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRITERIA FOR URBAN OTHER ARIBRIAIS 
(3R Projects) 

Footnotes to Table 132H 
(Continued) 

July 1992 

14. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical curves are 
reconstructed. See Sections 13.2. 7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

15. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

16. Existing Bridges to Remain in Place. For all bridges where the bridge width is wider than those in the table, the bridge should 
be evaluated for widening to full approach roadway width only if one of the condition codes from the NBIS inspection report 
is less than 5 (deck, superstructure or substructure) or if the approach roadway width is widened. 

For bridges not on the State highway system, the bridge should be evaluated for widening if the bridge is uncurbed and is less 
than 100' long and the usable width does not meet the following: 

a 

Design Year 
Volume (AADTI 

0-750 
751-2000 

Over2000 

Usable Bridge Width (ft)0 

Width of approach travelway 
Width of approach travelway plus 2 ft 
Width of approach travelway plus 4 ft 

If lane widening is planned as part of the 3R project, the usable bridge width should be compared with the 
planned width of the approaches after they are widened. 

Curl>ed section bridges will be evaluated on a site specific basis. 

17. Minimum Vertical Clearance. The verticai ciearances apply to the arterial passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 1s•-0• for an arterial passing beneath a new sign truss or 
pedestrian bridge and 17' -0• for an arterial passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing 
beneath an arterial. The typical clearance will be 23'-0•. An allowance should also be made for future ballasting. 
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Table 13.21 
GEOMEI'RIC DESIGN CRITERIA FOR SUBURBAN COUECI'ORS 

(3R Projeds) 

Design Element Manual With Curb Without Curb Section 

Standard Desimation - SC-1 (3R) SC-2 (3R) 
DesiR11 Yeal' (Geometrics) (1) 13.2.6 Desirable: 10 years 

• Desi1t11 Soeed (mph) (2) 13.2.6 Posted Speed Limit 
Access Control 5.5 Control by Re1t11lation 
Level of Service 5.4 D 

• Lane Width (3) 13.2.9 Desirable: lZ' Minimum: 11' 

Shoulder/Curb Offset 
Tvne 13.2.9 Paved Desirable: Paved Minimum: Sod 

• Width 13.2.9 2' (4) I Desirable: 6' Minimum: 2' 

Cross Slope 
• Travel Lane 13.2.9 15%-2% 

Shoulder/Curb Offset 13.2.9 Same as adjacent T.L. Paved: 2o/o-4% (5) Sod: 6o/o-8% 

Auxiliary Lanes 
Lane Width 13.2.9 Desirable: Same as Travel Lane· Minimum: 10' 

Shoulder/Curb Offset 13.2.9 2' (6a) Desirable: 4' Minimum: 2' (6b) 
Parking Lane Width (7) 17.1 Desirable: 10' Minimum: 7' 
Ridlt-of-Wav Width 13.2.9 18) 
Clear Z.One 13.2.11 15' (9) See Section 13.2.11 

Fore Slone 13.2.9 NA Existing 
Cut Ditch Width 13.2.9 NA Existing 

Side Slopes (10) 
Back Slone 13.2.9 Existing Existing 
0'-4' Hei!Zht 13.2.9 Existine: Existine: 

Fill 4'-10' Heildtt 13.2.9 Existing Existing 
> 10' Heidlt 13.2.9 Existing Existing 

30 mph 40 mph 45 mph 50mph 
• Minimum Stoooinl!: Sidlt Distance (11) 5.7 200' I 275' 325' 400' 

Intersection Sie:ht Distance 13.2.10 See Section 13.2.10 
Decision Sight Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 13.2.7 See Section 13.2.7 NA 
Curvature emax=0.06 13.2.7 See Section 13.2.7 

• Superelevation Rate 13.2.7 See Section 13.2. 7 
• Vertie.al Curvature for Crest 13.2.8 See Section 13.2.8 

Minimum SSD Sag 13.2.8 See Section 13.2.8 
Level 13.2.8 11% 11% 10% 9% 

Maximum Grade Rolling 13.2.8 13% 12% 11% 10% 
Mountainous 13.2.8 14% 14% 13% 12% 

Minimum Grade 7.1 Desirable: 0.5% Minimum: Curbed: 0.3%; Uncurbed: 0% 

DHV < 200 DHV 200-400 DHV > 400 

• New/Reconstructed Structural Capacity (12) - HS-20/0K Overload Truck 
Bridges Width 13.2.9 With Curbs: Aoo. Roadway Width; Without Curbs: Travelway + 6' App. Roadway Width 

Structural Capacity - HS-15 (Inventory Rating) 
• Existing Bridges to Width (State Highways) (13) -- 24' 26' 28' Remain in Place 

Width (Non-State Hwys)(13) 13.2.9 22' 24' 28' 

• Vertical Clearance (14) 
New/Replaced Bridges 7.4 161-9• 

Existing Bridges 7.4 141-6• 

• Controlling design criteria (See Section 5.8) 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRTIERIA FOR SUBURBAN COLLECTORS 
(3R Projects) 

Footnotes to Table 13.21 

July 1992 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Sveed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. Lane widths must be 12' if facility is on the National Network or on a reasonable access route. See the Planning 
Division for National Network system. If there are 10% or more trucks, lane widths should desirably be 12'. In residential areas 
and where right-of-way is restricted, 10' lanes are acceptable. 

4. Shoulder/Curb Offset. Where the design speed is 45 mph or less on facilities with curbs, the curb offset may be l' minimum 
for barrier curbs and may be zero for mountable curbs. 

5. Shoulder Cross Slope. For paved shoulders less than 4', the shoulder cross slope will be the same as the travel lane. 

6. Auxiliaty Lanes (Shoulder/Curb Offset). The following will apply: 

a. On facilities with curbs and where the design speed is 45 mph or less on the mainline, the curb offset may be 1' 
minimum for barrier curb and may be zero for mountable curb. 

b. Desirably the width adjacent to auxiliary lanes will be equal to the width adjacent to the travel lane. 

7. Parking Lanes. In industrial or commercial areas, the recommended minimum parking lane width is 9'. The cross slope of the 
parking lane should be the same as that of the adjacent travel lane. 

8. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever possible, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

9. Qear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 15' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

10. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

11. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical cutves are 
reconstructed. See Sections 13.2. 7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

12. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

13. Width (Existing Bridges to Remain in Place). Widths in table are for uncurbed sections; curbed-section bridges will be evaluated 
on a site-specific basis. For bridges of more than 100' in length and not on the State highway system, the values in the table 
do not apply. The acceptability of these bridges will be assessed individually. 

14. Minimum Vertical Clearance. The vertical clearances apply to the collector passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a collector. The typical clearance will be 
23'..0'. An allowance should also be made for future ballasting. 
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Table 13.2J 
GEOMETRIC DESIGN CRITERIA FOR URBAN COUECTORS 

(3R Projects) 

Design Element Manual With Curo Without Curo Section 

Standard Designation - UCl (3R) UC2 (3R) 
Desin Year (Geometrics) (1) 13.2.6 Desirable: 10 years 

• Desin Speed (mph) (2) 13.2.6 Posted Speed Limit 
Access Control 5.5 Control by Re211lation 
Level of Service 5.4 D 

• l.ane Width (3) 13.2.9 Desirable: 12' Minimum: 10' 

Shoulder/Curo Offset 
Type 13.2.9 Paved I Desirable: Paved Minimum: Sod 

• Width 13.2.9 2' (4) Desirable: 6' Minimum: 1' 

Cross Slope 
• Travel l.ane 13.2.9 1.5%-2% 

Shoulder/Curo Offset 13.2.9 Same as adjacent T.L Paved: 2%-4% (5) Sod: 6o/o-8% 

Auxiliary l.anes 
l.ane Width 13.2.9 Desirable: Same as Travel l.ane; Minimum: 10' 

Shoulder/Curo Offset 13.2.9 2' (6a} Desirable: 4' Minimum: 0' (6b} 
Parkin2 l.ane Width (I) 17.1 Desirable: 10' Minimum: 7' 
Riitht-<>f-Way Width 13.2.9 18} 
Clear Z.One 13.2.11 1.5' (9) See Section 13.2.11 

Fore Slope 13.2.9 NA Existin2 
Cut Ditch Width 13.2.9 NA Existing 

Side Slopes (to) 
Back Slone 13.2.9 Existing Existin2 
0'-4' Hei!ht 13.2.9 Existin2 Existin2 

Fill 4'-10' Hei!ht 13.2.9 Existing Existin2 
> 10' Hei!ht 13.2.9 Existin2 Existing 

30 mph 40mph 45 mph 50mph 
• Minimum Stonoin2 Si!ht Distance (11) 5.7 200' 275' 325' 400' 

Intersection Sight Distance 13.2.10 See Section 13.2.10 
Decision Sight Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 13.2.7 See Section 13.2.7 NA 
Curvature emax=0.06 13.2.7 See Section 13.2. 7 

• Superelevation Rate 13.2.7 See Section 13.2. 7 
• Vertical Curvature for Crest 13.2.8 See Section 13.2.8 

Minimum SSD Sa2 13.2.8 See Section 13.2.8 
Level 13.2.8 11% 11% 10% 9% 

Maximum Grade Rolling 13.2.8 13% 12% 11% 10% 
Mountainous 13.2.8 14% 14% 13% 12% 

Minimum Grade 7.1 Desirable: 0.5% Minimum: Curoed: 0.3%; Uncuroed: 0% 

DHV < 200 DHV 200-400 DHV > 400 

• New/Reconstructed Structural Capacity (12) - HS-20/0K Overload Truck 
Bridges Width 13.2.9 With Curos: ADD. Roadway Width; Without Curos: Travelway + 4' App. Roadway Width 

Structural Capacity - HS-15 (Inventory Ratin2) 
* Existing Bridges to Width (State Hi!bwavs) (13) - 24' 26' 28' Remain in Place 

Width Non-State Hwys) (13} 13.2.9 20' 24' 28' 

• Vertical aearance (14) 
New /Replaced Brid2es 7.4 16'-9' 

Existing Bridges 7.4 14'-6' 
• Controlling design criteria (See Section 5.8) 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRTIERIA FOR URBAN COLLECTORS 
(3R Projects) 

Footnotes to Table 13.21 

July 1992 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. Lane widths must be 12' if facility is on the National Network or on a reasonable access route. See the Planning 
Division for National Network system. If there are 10% or more trucks, lane widths should desirably be 12'. In residential areas 
and where right-of-way is restricted, 10' lanes are acceptable. 

4. Shoulder/Curb Offset. Where the design speed is 45 mph or less on facilities with curbs, the curb offset may be 1' minimum 
for barrier curbs and may be zero for mountable curbs. 

5. Shoulder Cross Slope. For paved shoulders less than 4', the shoulder cross slope will be the same as the travel lane. 

6. Auxiliary Lanes (Shoulder/Curb Offset). The following will apply: 

a. On facilities with curbs and where the design speed is 45 mph or less on the mainline, the curb offset may be 1' 
minimum for barrier curb and may be zero for mountable curb. 

b. Desirably the width adjacent to auxiliary lanes will be equal to the width adjacent to the travel lane. 

7. Parking Lanes. In industrial or commercial areas, the recommended minimum parking lane width is 9'. The cross slope of the 
parking lane should be the same as that of the adjacent travel lane. 

8. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever possible, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

9. Qear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 1.5' from the gutter line. The 15' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

10. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

11. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical curves are 
reconstructed. See Sections 13.2.7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

12. Structural Capacity (New/Reconstructed Bridges). The Oklahoma Overload Truck applies only to State highways. 

13. Width (Existing Bridges to Remain in Place). Widths in table are for uncurbed sections; curbed-section bridges will be evaluated 
on a site-specific basis. For bridges of more than 100' in length and not on the State highway system, the values in the table 
do not apply. The acceptability of these bridges will be assessed individually. 

14. Minimum Vertical Clearance. The vertical clearances apply to the collector passing under a bridge. The Planning Division (Rail 
Planning Branch) will determine the vertical clearance for railroads passing beneath a collector. The typical clearance will be 
23' -0•. An allowance should also be made for future ballasting. 
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Table 13.2K 
GEOMETRIC DESIGN CRITERIA FOR SUBURBAN U>CAL STREETS** 

(3R Projects) 

Design Element Manual With Curb Without Curb Section 

Standard Desi£11ation - SL-1 (3R) SL-2 (3R) 
Design Year (Geometrics) (1) 13.2.6 Desirable: 10 years 

• Design Speed (mph) (2) 13.2.6 Posted Speed Limit 
Access Control 55 Control bv Re211lation 
Level of Service 5.4 D 

• Lane Width (3) 13.2.9 Desirable: 11' Minimum: 10' 

Shoulder/Curb Offset 
Type 13.2.9 Paved I Chip Seal Gravel or Dirt 

• Width 13.2.9 2' (4) Desirable: 6' Minimum: 2' 

Cross Slope 
• Travel Lane 13.2.9 Paved/Chip Seal: 15o/o-2% Gravel: 2o/o-4% Dirt: 4o/o-6% 

Shoulder/Curb Offset 13.2.9 Same as adjacent T.L Gravel: 4o/o-6% Sod: 6%-8% 
Parkin2 Lane Width (5) 17.1 7' Typical 
Ri2ht-0f-Wav Width 13.2.9 6) 
Clear Zone 13.2.11 15' (7} See Section 13.2.11 

Fore Slope 13.2.9 NA Existing 
Cut Ditch Width 13.2.9 NA Existin2 

Side Slopes (8) 
BackSlooe 13.2.9 Existing Existing 
0'-4' Height 13.2.9 Existin2 Existin2 

Fill 4'-10' Height 13.2.9 Existing Existing 
> 10' Hei2ht 13.2.9 Existin2 Existing 

20 mph 30mph 
• Minimum Stopping Simt Distance (9) 5.7 125' 200' 

Intersection Siitht Distance 13.2.10 See Section 13.2.10 
Decision Simt Distance 5.7 See Section 5.7 

• Maximum Degree of emax=0.04 13.2.7 See Section 13.2.7 
Curvature emax=0.06 13.2.7 See Section 13.2. 7 

• Superelevation Rate 13.2.7 See Section 13.2.7 
• Vertical Curvature for Crest 13.2.8 See Section 13.2.8 

Minimum SSD Sa2 13.2.8 See Section 13.2.8 

Maximum Grade 
Residential 13.2.8 15% 

Commercial/Industrial 13.2.8 Desirable: 7% Maximum: 10% 
Minimum Grade 7.1 Desirable: 05% Minimum: Curbed: 0.3%; Uncurbed: 0% 

AADT:!i 750 I AADT 751-2000 I AADT > 2000 

• New/Reconstructed Structural Capacity - HS-20 

Brid2es Width (10) 13.2.9 Travelway + 4' I Travelway + 6' I Approach Roadway Width 

• Existing Bridges to Structural Capacity {11) - HS-15 
Remain in Place Width (12) 13.2.9 20' I 22' I 24' 

• Vertical Clearance (13) 
New/Replaced Bridges 7.4 16'-9" 

Existing Bridges 7.4 14'-6" 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRTIERIA FOR SUBURBAN LOCAL STREETS 
(3R Projects) 

Footnotes to Table 13.2K 

July 1992 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. In industrial areas, lane widths should be 12' (desirable) and 11' (minimum). In residential areas and where right­
of-way is restricted, existing 9' lanes are acceptable. 

4. Shoulder/Curb Offset. The curb offset may be 1' minimum for barrier curbs and may be zero for mountable curbs. 

5. Parking Lanes. In industrial or commercial areas, the recommended parking lane width is 9'. The cross slope of the parking 
lane should be the same as that of the adjacent travel lane. 

6. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever possible, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

7. Qear Zone (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 15' from the gutter line. The 15' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

8. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

9. Minimum Stopping Sight Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical curves are 
reconstructed. See Sections 13.2.7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

10. Width (New and Reconstructed Bridges). Widths of bridges more than 100' will be analyzed individually. 

11. Structural Capacity (Existing Bridges to Remain in Place). Where the AADT !! 50, the minimum structural capacity is HS-10. 

12. Width (Existing Bridges to Remain in Place). Where the AADT :!O 750, the minimum width is 20' or the approach travelway 
width, whichever is less. For bridges of more than 100' in length, the values in the table do not apply. The acceptability of these 
bridges will be assessed individually. 

13. Minimum Vertical Clearance. The vertical clearances apply to the local street passing under a bridge. The Planning Division 
(Rail Planning Branch) will determine the vertical clearance for railroads passing beneath a local street. The typical clearance 
will be 23'-0'". An allowance should also be made for future ballasting. 
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Table 13.2L 
GEOMETRIC DF.sIGN CRITERIA FOR URBAN LOCAL STREETS** 

(3R Projeds) 

Design Element Manual With Curb Without Curb Section 

Standard Desiimation - UIA (3R) UL-2 <3R) 
Design Year (Geometrics (1) 13.2.6 Desirable: 10 years 

• Desism Speed (mph) (2) 13.2.6 Posted Speed Limit 
Access Control 5.5 Control by Regulation 
Level of Service 5.4 D 

• Lane Width (3) 13.2.9 Desirable: 11' Minimum: 10' 

Shoulder/Curb Offset 
Type 13.2.9 Paved Chip Seal, Gravel or Dirt 

* Width 13.2.9 2' (3) I Desirable: 4' Minimum: 0' 

Cross Slope 
• Travel Lane 13.2.9 Paved/Chip Seal: 1.5%-2% Gravel: 2o/o-4% Dirt: 4o/o-6% 

Shoulder/Curb Offset 13.2.9 Same as adjacent T.L Gravel: 4o/o-6% Sod: 6%-8% 
Parkin2 Lane Width (4) 17.1 7' Typical 
Ri2ht-of-Way Width 13.2.9 (5) 
Clear Zone 13.2.11 1.5' (6) See Section 13.2.11 

Fore Slone 13.2.9 NA Exi~tin2 
Cut Ditch Width 13.2.9 NA E.xistin2 

Side Slopes (7) 
Back Slope 13.2.9 E.xistin2 Existing 
0'-4' Heie:ht 13.2.9 Existin2 Existin2 

Fill 4'-10' Height 13.2.9 Existing E.xistin2 
> 10' Heie:ht 13.2.9 Existin2 Existin2 

20mph 30mph 
• Minimum Stonninir Sie:ht Distance (8) 5.1 125' 200' 

Intersection Siitht Distance 13.2.10 See Section 13.2.10 
Decision Sight Distance 5.1 See Section 5.7 

• Maximum Degree of emax=0.04 13.2.7 See Section 13.2.7 
Curvature emax=0.06 13.2.7 See Section 13.2.7 

• Superelevation Rate 13.2.7 See Section 13.2. 7 
• Vertical Curvature for Crest 13.2.8 See Section 13.2.8 

Minimum SSD Sag 13.2.8 See Section 13.2.8 

Maximum Grade 
Residential 13.2.8 15% 

Commercial/Industrial 13.2.8 Desirable: 7% Maximum: 10% 
Minimum Grade 7.1 Desirable: 0.5% Minimum: Curbed: 0.3%; Uncurbed: 0% 

AADT:!: 750 I AADT 751-2000 I AADT > 2000 

• New /Reconstructed Structural Capacity - HS-20 

Bridges Width (10) 8.4 Travelway + 4' I Travelway + 6' I APt> Rd Wid 
• Existing Bridges to Structural Capacity (11) - HS-15 

Remain in Place Width (12) 8.4 20' I 22' I 24' 

• Vertical Clearance (13) 
New/Replaced Bride:es 7.4 16'·9· 

Existing Bridges 7.4 14'-6" 
·-· --- - -· -- - . ... - - ..... 
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Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

GEOMETRIC DESIGN CRTIERIA FOR URBAN LOCAL STREETS 
(3R Projects) 

Footnotes to Table 13.2L 

July 1992 

1. Design Year AADT. Desirably, the design year AADT will be 10 years beyond the construction completion date. At a 
minimum, it will be the current traffic volumes as of the construction completion date. See Section 13.2.6. 

2. Design Speed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

3. Lane Width. In industrial areas, lane widths should be 12' (desirable) and 11' (minimum). In residential areas and where right­
of-way is restricted, existing 9' lanes are acceptable. 

4. Shoulder/Curb Offset. The curb offset may be 1' minimum for barrier curbs and may be zero for mountable curbs. 

5. Parking Lanes. In industrial or commercial areas, the recommended parking lane width is 9'. The cross slope of the parking 
lane should be the same as that of the adjacent travel lane. 

6. Right-of-Way. The acquisition of significant amounts of right-of-way is often outside the scope of a 3R project. Therefore, the 
existing right-of-way will often be unchanged by the 3R project. However, the designer should, wherever possible, secure 
additional right-of-way to allow cost-effective geometric and roadside safety improvements. 

7. Qear Z.One (Curbed Facilities). Desirably, the clear zone will be 10' from the edge of travel lane, if this yields a greater clear 
distance than the 1.5' from the gutter line. The 1.5' minimum is measured from the gutter line and applies regardless of the 
shoulder or curb offset width. 

8. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. Section 
13.2.9 provides additional information for side slope criteria on projects with roadway widening (i.e., lane and/or shoulder 
widening). 

9. Minimum Stoooinl!: Sil!:ht Distance. Values in the table are minimum SSD criteria when horizontal and/or vertical curves are 
reconstructed. See Sections 13.2.7 and 13.2.8 for additional criteria on existing horizontal and vertical curves which are to remain. 

10. Width (New and Reconstructed Bridges). Widths of bridges more than 100' will be analyzed individually. 

11. Structural Capacity (Existing Bridges to Remain in Place). Where the AADT ::5 50, the minimum structural capacity is HS-10. 

12. Width (Existing Bridges to Remain in Place). Where the AADT ::5 750, the minimum width is 20' or the approach travelway 
width, whichever is less. For bridges of more than 100' in length, the values in the table do not apply. The acceptability of these 
bridges will be assessed individually. 

13. Minimum Vertical Qearance. The vertical clearances apply to the local street passing under a bridge. The Planning Division 
(Rail Planning Branch) will determine the vertical clearance for railroads passing beneath a local street. The typical clearance 
will be 23'--0'. An allowance should also be made for future ballasting. 

13.2 (34) 



Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

13.2.6 Design Controls 

13.2.6.1 Design Speed 

In most cases, the existing posted or 
regulatory speed limit can be selected as the 
design speed on 3R projects. However, if the 
existing posted speed limit is likely to change 
after project completion, the designer should 
consult with the Traffic Engineering Division 
to determine an appropriate design speed for 
the project. On a case-by-case basis, the 
designer may request and Traffic may 
determine that a speed study within the 
project limits is necessary to establish a 3R 
design speed. 

The aesign speed must be equal to or great€r 
than the posted or regulatory speed limit after 
project completion, or a design exception will 
be required. See Sections 5.2 and 5.8 for 
additional information. 

In summary, the selection of a 3R project 
design speed will be one of the following: 

1. The existing posted or regulatory speed 
may be selected. 

2. The 85th percentile speed based on a 
speed study may be selected. This may be 
especially applicable to intersection 
modification studies (e.g., intersection 
sight distance, length of auxiliary turn 
lanes). 

3. The designer ay select a design speed 
which is higher than the anticipated 
posted or regulatory speed limit, where 
deemed to be appropriate. 

4. On projects of less than one-half mile 
length on facilities with unposted speed 
limits (typically intersections or bridge 
replacement projects), the selection of 
design speed should be made considering 
the operating speed, the overall 
characteristics of the corridor and the 

regulatory limit. If the selected design 
speed is less than the unposted regulatory 
speed limit, the project must provide for 
either a posted speed limit consistent with 
the design speed, or warning signs in 
combination with appropriate advisory 
speed signing. Such projects will not 
require a design exception. 

13.2.62 Traffic Volume Analysis 

The following traffic volume controls will 
apply to 3R projects: 

1. Level of Service (LOS). Tables 13.2.A 
through 13.2L provide the desirable and 
minimum LOS criteria for 3R projects. 

2. Desiim Year Traffic Volumes. Desirably, 
all elements of the facility will meet the 
LOS criteria for the DHV determined for 
10 years beyond the expected construction 
completion date. At a minimum, the 
highway facility should meet the LOS 
criteria for the DHV based on current 
traffic volumes as determined at the 
construction completion date. 

3. Traffic Data. The designer should obtain 
from the ODerr Planning Division the 
traffic data necessary to determine the 
level of improvement. At a minimum, 
this will include current ADT, DHV, 
percent of trucks and buses, turning 
movements at intersections, and any 
known future traffic impact. 

4. Capacity Analysis. The analytical 
techniques in the Highway Capacity 
Manual will be used to conduct the 
capacity analysis. See Reference 5. 
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13.2.63 Sight Distance 

The criteria presented in Section 5.7 on sight 
distance applies equally to 3R projects. 
However, the application of the sight distance 
criteria to individual highway elements (e.g., 
vertical curves) on a 3R project will differ 
from that on a new construction/reconstruc­
tion project. These are discussed at the 
applicable locations elsewhere in this Section. 

13.2.6.4 Adherence to Design Criteria 

The discussion in Section 5.8 on design 
exceptions applies equally to the geometric 
design of 3R projects. However, the designer 
will evaluate the proposed design against the 
criteria presented in Chapter Thirteen. 

13.2.7 Horizontal Alignment 

Engineering judgment and/or a cost­
effectiveness evaluation will ultimately reveal 
the need for improvements to the horizontal 
alignment within the 3R project. In general, 
improvements to the horizontal alignment 
should be considered if a specific problem is 
identified. Examples include: 

1. a disproportionate run-off-the-road 
accident rate at curve sites, 

2. a disproportionate number of multi­
vehicle accidents at curve sites, or 

3. the presence of an intersection within a 
horizontal curve. 

The evaluation of potential improvements will 
include a consideration of traffic volumes, 
truck volumes, right-of-way and utility 
impacts, environmental impacts, driver 
expectancy, construction costs, etc. 

13.2.7.1 Degree of Curvature/Superelevation 

It is often impractical and unnecessary to 
correct curves on 3R projects to meet 
ODOT's new construction/reconstruction 
criteria for maximum degree of curvature. 
Consequently, existing horizontal curves 
should be considered for reconstruction if 
they meet one or both of the following 
conditions: 

1. Where the accident data indicates a 
problem at the curve site. 

2. Where the design speed of the existing 
curve is more than 10 mph below the 
design speed (assuming improved 
superelevation cannot reduce this 
difference) of the 3R project and the 
AADT is greater than 750 vehicles per 
day. Figure 13.2A should be used to 
determine the design speed of the existing 
curve. Figure 13.2A is based on 
AASHTO Method 2 for the distribution 
of superelevation and side friction (see 
Section 6.2). 

Curves which do not meet these criteria (i.e., 
those that are not evaluated) are acceptable 
without improvement. 

If it is determined to reconstruct the curve to 
meet the degree of curvature criteria, the 
curve should be reconstructed to meet all 
horizontal alignment details for new 
construction/reconstruction (e.g., super­
elevation rate, superelevation trans1t10n 
lengths, distribution of superelevation between 
tangent and curve), as discussed in Chapter 
Six. 

If it is determined to retain the existing curve 
based on the above criteria, the designer may 
still be able to cost effectively improve other 
details of the horizontal curve. The frictional 
characteristics of the roadway may be 
improved with a new surface. The designer 
may specify a tapered overlay to increase the 
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NOTE: Figure applies to all rural highways at all design speeds and to urban facilities where the design speed 
is greater than 45 mph. For low-speed urban streets (V s:45 mph), the criteria in Section 6.2 will be used 
to determine the design speed of existing horizontal curves. 

HORIZONTAL CURVATURE FOR 3R PROJECfS 

Figure 13.2A 
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design speed of the curve by increasing the 
superelevation rate or by improving the 
superelevation development (transition 
length) at the curve to meet the new­
construction criteria. 

132.12 Reverse Curves 

It will be generally acceptable to leave reverse 
curves in place on 3R projects (i.e., the PT & 
PC may be coincident). However, to 
determine if improvements are warranted, 
existing reverse curves should be evaluated in 
combination using the criteria in Section 
13.2.7.1. The designer should also consider 
the impact one curve has on the other. An 
evaluation of the accident history will be 
especially important at existing reverse curves 
(e.g., multi-vehicle accidents). 

13.2.7.3 Broken-Back Curves 

Broken-back curves are closely spaced 
horizontal curves which provide deflection 
angles in the same direction. As an 
approximation, consecutive curves will be 
considered broken-back if the distance 
between the PT of the first curve and the PC 
of the second curve is less than 2 seconds of 
travel time at the design speed. These curve 
arrangements can interfere with smooth 
vehicular operation. For existing broken-back 
curves within the limits of a 3R project, the 
caesigner should, if practical, eliminate the 
curves and combine them into a single, 
continuous horizontal curve, especially where 
an evaluation of the accident history indicates 
a problem. 

132.7.4 Travelway Widening 

The use of travelway widening on a horizontal 
curve may be justified on a 3R project even 
where no other changes will be made to the 

curve. Section 6.4 presents warrants and 
applicable criteria for travelway widening. 

13.2.7.5 Horizontal Sight Distance 

Section 6.5 presents criteria for determining 
if the applicable sight distance is available at 
a horizontal curve. These criteria will apply 
to horizontal curves within the limits of a 3R 
project with the following modifications: 

1. Height of Object. The height of eye and 
height of object will determine the line of 
sight at the curve. For 3R projects, the 
height of object will be 18 inches. 
Combined with a height of eye of 3.5 ft, 
the line-of-sight intercept with the 
obstruction will be 2.5 ft above the center 
of the inside travel lane. 

2. Longitudinal Barriers. If an existing 
longitudinal barrier is the only obstacle 
which interferes with the line of sight at a 
horizontal curve, it generally will be 
acceptable to leave the barrier in its 
existing location, and it will not be 
necessary to seek a design exception. 

13.2.7.6 Traffic Control Devices 

For existing horizontal curves within a 3R 
project, a variety of traffic control devices 
may be considered to improve driver safety 
and comfort. These include: 

1. signing (e.g., advance warning, chevron); 

2. raised and/or standard pavement 
markers; and 

3. reflective marker posts or delineators. 

Chapter Fourteen and the MUTCD discuss 
the selection and installation of traffic control 
devices in more detail. 
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13.2.8 Vertical Alignment 

13.2.8.1 Grades 

Tables 13.2A through 13.2L present ODOT's 
criteria for maximum and minimum grades on 
3R projects. The maximum grades are 
generally 2% steeper than those for new 
construction/reconstruction. Improvements to 
existing grades should be considered if a 
specific problem is identified. Examples 
include: 

1. rear-end collisions, 

2. head-on accidents due to improper 
passing maneuvers, or 

3. evidence of pushed/rolled 
distress at the bottom 
downgrades. 

13.2.8.2 Crest Vertical Curves 

pavement 
of steep 

In most cases, existing crest vertical curves 
will be incorporated into the 3R project. 
However, the designet should consider 
reconstruction of a crest vertieal curve if: 

1. there is a histor:y of accidents related to 
the vertical curve (e.g., rear-end 
accidents); or 

2. the geometrics meet the following 
conditions: 

a. the crest hides from view major 
hazards such as intersections, sharp 
horizontal curves or narrow bridges; 
and 

b. the design speed of the existing crest 
(based on minimum stopping sight 
distance for passenger cars on level 
grade) is more than 20 mph below the 
3R design speed using a 6-inch object 
height; and 

c. the design year l\ADT is greater than 
1500 vehicles per day. 

If it is determined to retain the existing curve 
based on the above criteria, the designer will 
not normally consider improving other 
geometric details of the crest vertical curve 
(e.g., minimum length, drainage maximum). 
If the decision is maae to flatten the crest 
vertical curve on a 3R project, the following 
will apply: 

3. Desirably, the vertical curve will be 
designed to meet the criteria for new 
construction/rec0nstruction using a 6-inch 
height of object (see Section 7.2). 

4. Under restricted conditions, an 18-inch 
height of object may be used for design 
purposes. Figure 13.2B presents the K­
values for an 18-inch object height and a 
passenger car as the design vehicle. 

5. See Section 7.2 for additional criteria on 
the design of crest vertical curves (e.g., 
minimum length of curve, drainage 
considerations). 

13.2.83 Sag Vertical Curves 

Section 7.2 presents ODOT's criteria for the 
design of sag vertical curves for new 
construction/reconstruction. These criteria 
are based on designing the sag to allow the 
vehicular headlights to illuminate the 
pavement for a distance equal to the stopping 
sight distance for passenger cars. For 3R 
projects, the following will apply: 

1. Analysis. The comfort criteria represent 
the minimum criteria for the retention of 
existing sag vertical curves. Figure 13.2C 
P.resents the comfort criteria. If an 
existing sag does not meet the criteria in 
Figure 3.2C, then the designer may 
consider flattening the sag vertical curve. 
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Figure 13.2B 

Source: ( 1) Revised 
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L = 
A= 
K= 

Length of vertical curve, ft 
Algebraic difference between grades, % 
Horizontal difference required to effect 
a 1 % change in gradient 

LENGTII OE SAG VERTICAL CURVES 
(Comfort Criteria -3R Projects) 

Figure 132C 

Source: (1) Revised 
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If it is determined to retain the existing 
curve based on the above criteria, the 
designer will not normally consider 
improving other geometric details of the 
sag vertical curve (e.g., minimum length, 
drainage maximum). 

2. Corrective Action. If the decision is made 
to flatten the sag, the design desirably will 
meet the criteria for new construction/ 
reconstruction using headlight sight 
distance for passenger cars in Section 7.2. 
It is acceptable for the re-designed sag to 
meet the comfort criteria in Figure 13.2C. 

13.2.8.4 Angle Points 

It is acceptable to retain an existing "angle" 
point (i.e., no vertical curve) of 0.6% for crest 
vertical curves and 0.8% for sag vertical 
curves on a 3R project. 

132.9 Cross Sections 

Chapters Eight and Twelve present ODOT's 
criteria for cross section elements for new 
construction/reconstruction projects. The 
tables in Section 13.2.5 present the cross 
section criteria for 3R projects. In general, 
the criteria were established as follows: 

1. Upper Limit. The upper limit (or 
"desirable") of the range was established 
as equal to the upper level for new 
construction criteria. On 3R projects, 
these still provide a desirable objective for 
the design of the cross section elements. 

2. Lower Limit. The lower limit (or 
"minimum") of the range was established 
by considering the minimum acceptable 
width for the element from an operational 
and safety perspective; by considering 
what will be available for a practical 
improvement on a "typical" 3R project; 
and by considering that, in general, it is 

better to improve more miles to a lower 
level than to improve fewer miles to a 
higher level. All of these considerations 
are consistent with the overall objectives 
of ODOT's 3R program. 

The widths and/ or steepness of the existing 
cross section should be evaluated against the 
criteria in the 3R tables. ODOT's policy on 
the application of the cross section widths 
and/or steepness in the tables is as follows: 

3. Existing Width and/or Steepness Does 
Not Meet the Minimum 3R Criteria. The 
designer should consider widening and/or 
flattening the element. If the decision is 
made to widen and/or flatten the cross 
section element, the designer should 
provide a design which at least meets the 
minimum 3R criteria. This will be 
sufficient for the majority of 3R projects. 
However, if practical, it may be 
appropriate to widen or flatten the 
highway elements to meet the desirable 
3R criteria. 

4. Existing Width and/or Steepness Does 
Meet the Minimum 3R Width. In most 
cases, it will not be cost effective to widen 
or flatten the cross section element. 
However, if practical, it may be 
appropriate to widen or flatten the 
highway elements to meet the desirable 
3R criteria. 

5. Travel Lane Edge Dropoff. Even if the 
roadway width meets the minimum 3R 
criteria, the designer may consider 
roadway widening or the addition of a 
paved shoulder to remove any long 
extents of travel lane edge dropoff. See 
Chapter Sixteen for ODOT practices on 
pavement design. 

6. The designer should check maintenance 
and safety records, and consult with 
personnel from the Field Division to 
determine which cross-section design 

13.2 (42) 



Oklahoma GEOMETRIC DESIGN OF EXISTING HIGHWAYS July 1992 

elements warrant documentation and 
evaluation for possible improvements. 

The following sections summarize ODOT's 
3R criteria for cross section elements. 

13.2.9.1 Lane Width 

3R projects should include practical 
improvements to the existing lane widths, if 
needed. Tables 13.2A through 13.2L present 
ODOT's lane width criteria for 3R projects. 

13.2.9.2 Usable Shoulder Width 

3 R projects should include widening of the 
existing sliouiaers, if needed. Tables 13.2A 
through 13.2L present ODOT's usable 
shoulder width criteria for 3R projects. 

13.2.93 Roadway /Paved Width 

The following will apply to 3R projects: 

1. It is general ODOT policy that a 3R 
project will not have a narrower roadway 
width than the existing facility. 

2. It is general ODOT policy that an existing 
paved shoulder will not be converted to 
an unpaved shoulder. 

13.2.9.4 Lane and Shoulder Cross Slope 

On tangent sections, the lane and shoulder 
cross slopes on 3R projects should meet the 
criteria in Tables 13.2A through 13.2L. 

Restoring or improving the pavement cross­
slope is often considered cost-effective, 
resulting in improved ride, safety, drainage 
and maintainability of roadway pavements. 

13.2.9.5 Auxiliary Lanes 

Tables 13.2A through 13.2L present ODOT's 
criteria for lane and shoulder width for 
auxiliary lanes on 3R projects. These should 
be provided, if practical. 

13.2.9.6 Climbing Lanes 

The cross section criteria in Section 7.5 will 
apply to existing or proposed climbing lanes 
within the limits of 3R projects; however, for 
non-freeway projects, the following criteria 
are acceptable: 

1. Lane Width. The minimum width of the 
climbing lane may be 11 ft. 

2. Shoulder Width. The minimum width of 
the shoulder adjacent to the climbing lane 
may be 4 ft. 

Note that shoulders adjacent to climbing lanes 
should be paved. 

13.2.9.7 Curbs 

On 3R projects, the following will apply to the 
installation or retention of curbs: 

1. Types. Where a project will disturb 
existmg curbs, the curb is generally 
replaced in-kind. 

2. Height. 3R projects may include 
pavement work which will not affect the 
lateral location of existing curbs but will 
affect their finished height. The designer 
will consider adjusting the curb height (or 
the pavement design) if: 

a. an analysis of the storm water flow in 
the gutter indicates overtopping the 
curb for the design parameters (e.g., 
design-year frequency, ponding on 
roadway); and/or 
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b. the curb height after construction will 
be less than 3 inches. 

3. Safety Considerations. On high-speed 
facilities (V :<!:50 mph), existing curbs may 
be removed for safety reasons, if they are 
not needed for drainage. 

132.9.8 Sidewalks 

Where a 3R project will disturb existing 
sidewalks, the sidewalk is generally replaced 
in-kind. Existing sidewalks may also be 
resurfaced when necessary. Where sidewalks 
do not currently exist, the need for sidewalks 
will be determined on a case-by-case basis as 
discussed in Section 8.1. 

132.9.9 Median Width 

The following will apply to medians on 3R 
projects: 

1. Existini: Medians. An existing multilane, 
divided highway (non-freeway) may be 
improved as a 3R project. If so, the 
existing median width will normally be 
retained. 

2. New Medians. If an existing 2-lane 
fiighway is being converted to a divided 
highway (i.e., a new 2-lane roadway will 
be constructed), the median width should 
meet ODOT criteria for new construction 
(see Section 8.2). 

3. Raised Medians. In restricted locations, 
the minimum width of the raised island 
portion of a raised median may be 2 ft. 
This applies to both existing and proposed 
raised medians within 3R projects. 

4. Brick Medians. Any existing brick 
medians should be removed if they are 
structurally unsound or if the bricks will 

be subjected to traffic loads. Otherwise, 
existing brick medians may remain. 

13.2.9.10 Fill/Cut Slopes 

The following will apply to fill and cut slopes 
within the limits of a 3R project: 

1. No Roadway Widening. The existing fill 
and cut slopes will typically be retained. 

2. Roadway Widening. If the lane and/or 
shoulders are widened as part of the 3R 
project, this will produce a steeper fill 
slope or ditch fore slope (assuming the 
toe of fill slope or toe of back slope 
remains in the same location). f)esirably, 
the designer will modify the roadside 
design to provide a configuration which is 
the same as or flatter than the roadside 
cross section before the 3 R project. 
However, it will be acceptable to provide 
a minimum reshaping of the roadside 
section to accommodate the widened 
roadway without adjusting the location of 
toe of fill slope or ditch fore slope. 

Where an existing fill slope will be 
steepened, the designer should consider 
appropriate benching or other stabilizing 
treatments for the revised slope. 

3. Roadside Safety. Upgrading the roadside 
safety of the highway is often a major 
objective of the 3R project. On all 3R 
projects, the designer should consider the 
safety benefits of flattening fill and cut 
slopes to eliminate guardrail and to meet 
the criteria presented in Section 8.3 for 
new construction/reconstruction. An 
evaluation of run-off-the-road accidents 
will assist in the assessment. 
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13.2.9.11 Right-of-Way 

As indicated in the basic definition of a 3 R 
project, right-of-way acquisition will usually 
not be required or will be limited to small 
takings (e.g., easements for culvert 
extensions). Occasionally, more extensive 
right-of-way involvement may be appropriate 
if, for example, a horizontal curve is flattened. 
Wherever practical, additional right-of-way 
should be secured to allow cost-effective 
geometric and roadside safety improvements. 

13.2.9.12 Existing Bridges 

Tables 13.2A through 13.2L provide ODOT's 
criteria for structural capacity and widths of 
new and reconstructed bridges and for 
existing bridges to remain in place within the 
limits of a 3R project. If an existing bridge is 
structurally sound and if it meets ODOT's 
design loading for structural capacity, it is 
unlikely to be economical to improve the 
geometrics of the bridge. However, any 
geometric deficiencies and the accident 
experience at the bridge should be thoroughly 
analyzed. The following will apply to existing 
bridges within the limits of a 3R project: 

1. Width. The width of the existing bridge 
should be evaluated against the criteria in 
Tables 13.2A through 13.2L. If the 
existing bridge does not meet these 
criteria, it should be evaluated for 
widening, including a review of the 
accident experience at the bridge. 

2. Narrow Bridges. All bridges which are 
narrower than the approach roadway 
width (and will not be widened) should be 
evaluated for special narrow bridge 
treatments. At a minimum, the signing 
and pavement markings must meet the 
criteria of the MUTCD. In addition, 
NCHRP 203 Safety at Narrow Bridge Sites 
provides criteria specifically for narrow 
bridges (e.g., special pavement markings). 

The designer, in coordination with the 
Bridge Division and Traffic Engineering 
Division, should evaluate the value of 
these additional treatments at the bridge 
site. 

3. Bridge Rails. All existing bridge rails and 
their approaches will be evaluated to 
determine if they meet ODOT's current 
criteria. The Bridge Division will be 
responsible for the assessment of existing 
bridge rails and for making any 
recommendations for improvement. The 
designer is responsible for evaluating the 
adequacy of the approaching guardrail 
transitions. 

Many bridge improvements are performed as 
spot improvements. Section 13.4 discusses 
ODOT's criteria for spot improvements. 

13.2.10 Intersections At-Grade 

Chapter Nine provides criteria for the 
detailed design of intersections at-grade for 
new construction/reconstruction. Wherever 
practical, these criteria apply to 3R projects 
and should be implemented. The following 
sections indicate areas where modifications to 
the intersection design criteria may be made 
for 3R projects. 

13.2.10.1 General Design Controls 

The criteria presented in Section 9.1 for 
intersection alignment, profile, design vehicle 
selection, etc., also apply to 3R projects, 
except where noted in the following: 

1. Intersection Alignment. Preferably the 
angle of intersection should be within 20° 
of perpendicular. On 3R projects, existing 
intersections may be retained with angles 
up to 30°. 
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2. Y Intersections. On 3R projects, all 
existing Y intersections should desirably 
be converted to T intersections. 

3. Desiim Vehicle Selection. Existing 
intersections should be checked to 
determine if the suggested design vehicle 
criteria in Table 9.lA can be 
accommodated using the criteria in 
Section 13.2.10.4 for turning radii. 
Intersections which are unable to 
accommodate the minimum design vehicle 
should be considered for reconstruction. 

132.102 Intersection Sight Distance (ISD) 

Often, it is difficult to provide ISD at existing 
intersections; for example, flattening a crest 
vertical curve to achieve the ISD criteria may 
be impractical. However, less expensive 
options may be practical to implement (e.g., 
relocating signs, utility poles and fences, 
removing trees, cutting back slopes). For 3R 
projects, the following will apply to ISD at 
stop-controlled intersections: 

1. Desirable. If practical, the ISD criteria 
for new construction/reconstruction in 
Section 9.2 should be et. In particular, 
the designer should attempt to meet the 
minimum ISD criteria for new construc­
tion/reconstruction to provide 8 
seconds of travel time for passenger cars 
and 12 seconds of travel time where 
trucks become the governing design 
vehicle. 

2. Minimum. At a minimum, it is acceptable 
if the driver on the main road (i.e., free 
flowing) has stopping sight distance for 
passenger cars on level grades available to 
the intersection area, assuming a 6-inch 
height of object. 

13.2.103 Auxiliary Lanes 

Section 9.3 presents warrants for right- and 
left-turn lanes and design details for auxiliary 
turn lanes. These should be met if practical 
on 3R projects. However, the criteria for new 
construction/reconstruction may be 
impractical because of restricted site 
conditions. In general, the designer will 
provide the best design practical for the field 
conditions. Following are several specific 
examples of acceptable design criteria for 
auxiliary turn lanes on 3R projects: 

1. Shoulders. Existing paved shoulders of 
sufficient width and pavement strength 
may be striped to indicate a separate 
right-turn lane at an intersection. If so, it 
may be necessary to rebuild and/ or re­
design the curb return to accommodate 
the selected design vehicle. 

2. Reduced Travel Lane Width. It is 
acceptable to reduce the width( s) of the 
approaching travel lane( s) to provide a 
reasonable width for turn lanes. 
However, travel lanes should be at least 
10-ft wide at the intersection and may 
warrant wider lanes if truck traffic turns 
must be accommodated. 

3. Turn-Lane Widths. As indicated in 
Tables 13.2A through 13.2L, turn-lane 
widths on 3R projects may be narrower 
than those for new construction/ 
reconstruction projects. 

4. Length. The lengths for turn lanes should 
desirably include the components for 
taper, deceleration and storage as 
presented in Section 9.3. These criteria 
may be especially impractical on 3 R 
projects, particularly the length for the 
vehicular deceleration component. 
However, the minimum turn-lane lengths 
in Section 9.3 apply to 3R projects. 
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5. Tapers (Rii:ht-Turn Lanes). For 3R 
projects on uncurbed facilities, it is 
acceptable to provide a squared-off design 
for a right-tum lane with a 2: 1 painted 
stripe. 

13.2.10.4 Turning Radii 

Unless alerted by field personnel or where 
there is physical evidence of problems at an 
intersection (e.g., tire tracks over curbs, 
broken curbs, scraped utility poles), it will 
probably not be warranted to reconstruct the 
intersection to improve the turning radii 
design as part of the 3R project. However, 
once it has been determined to upgrade the 
intersection, the designer should desirably 
meet the criteria presented in Section 9.5. In 
urban areas, however, space limitations and 
existing curb radii have a significant impact 
on selecting a practical design for right­
turning vehicles. The designer should 
consider the following when determining the 
appropriate right-turn treatment for urban 
intersections on 3R projects: 

1. Inside Clearance. The minimum inside 
clearance of the selected design vehicle 
may be zero; i.e., the inside tire track may 
"touch" the curb line or pavement edge. 

2. Encroachment. Once a decision has been 
made to improve the intersection, the 
selected design vehicle should meet the 
encroachment criteria as discussed in 
Section 9.5. 

3. Swept Width. The designer should review 
the existing or redesigned intersection 
with the turning templates to ensure that 
there are not obstacles in the swept path 
of the turning design vehicle. 

4. Minor Intersections. At intersections with 
at least one leg considered a minor road, 
school buses, garbage trucks and fire 

trucks should be able to physically make 
the turn onto the minor street. 

As a general summary of acceptable existing 
turning radii on 3R projects, the following will 
apply: 

5. Passenier Cars. Simple radii of 15-25 ft 
are adequate for passenger vehicles. 
These radii may be retained on 3R 
projects on existing streets at: 

a. intersections with minor roads where 
very few trucks will be turning; 

b. intersections where the encroachment 
of SU and semitrailer vehicles onto 
adjacent lanes is tolerable; and 

c. intersections where a parking lane is 
present, and it is restricted a sufficient 
distance from the intersection, and is 
used as a parking lane throughout the 
day. 

6. SU Vehicles. Existing simple radii of 30 
ft or simple radii with tapers (for the SU 
design vehicle) may be retained at all 
intersections and at all mmor 
intersections. 

7. Semi-Trailers. At intersections where 
semitrailer combinations and buses turn 
frequently, an existing simple radius of 40 
ft or more may be retained. Preferably, 
the designer will use a radius with taper 
offsets for the selected design vehicle. 

8. Pedestrians. Radii dimensions should be 
coordinated with crosswalks for 
pedestrians and handicapped individuals. 

13.2.10.5 Driveways 

For driveways on 3R projects, the designer 
should meet the criteria presented in the 
ODOT Policy on Driveway Regulations for 
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Oklahoma Highways and the ODOT Standard 
Drawings. 

132.11 Roadside Safety 

ODOT's objective on 3R projects is to 
implement practical and economical roadside 
safety improvements. The designer should 
review the roadside accident history and 
identify possible locations for roadside safety 
improvements. The following discussion 
offers roadside safety criteria which apply 
specifically to 3R projects. 

132.11.1 Oear Zones 

Attempting to achieve a roadside clear zone 
on a 3R project can cause significant 
problems, especially related to right-of-way. 
The roadside environment is typically 
cluttered with any number of natural and 
man-made obstacles. To remove or relocate 
these obstacles can present formidable 
problems and public opposition, and it can be 
very costly. On the other hand, the designer 
cannot ignore the consequences to a run-off­
the-road vehicle. Therefore, the designer 
must exercise considerable judgement when 
determining the appropriate clear zone on the 
3R project. The designer should consider the 
following: 

1. Accident Records. The designer should 
review the acciaent data to estimate the 
extent of the roadside safety problem. In 
particular, there may be sites where 
clusters of run-off-the-road accidents have 
occurred (e.g., on the outside of 
horizontal curves). 

2. Location Relative to Clear Zone 
Distance. The closer an obstacle is to the 
traveled way, the greater the potential 
benefits of treatment. It is less likely to 
be cost effective to treat a hazard near 

the outer edge of the clear zone 
boundary. 

3. Location Relative to Other Hazards. If a 
hazard is one of many at about the same 
distance from the traveled way, this 
decreases the benefits of treatment. As 
an example, it may have little benefit to 
remove an obstacle 12 ft from the travel 
lane if a line of other obstacles (e.g., 
trees) are located at 15 ft from the travel 
lane. However, it may be beneficial to 
treat an isolated hazard along the 
roadside which is within the clear zone 
distance. 

4. Treatment Costs. A hazard may be 
removed, relocated, shielded or made 
breakaway. The costs of these treatments 
will be a significant factor in the decision­
making process. 

5. Nature of Hazard. The type of hazard 
and the available treatments will be a 
significant factor in the decision-making 
process. For example, a non-breakaway 
sign post, which is owned and maintained 
by ODOT, can be made breakaway 
without any impact on the surrounding 
environment. However, removing natural 
features (e.g., trees) may impact the 
environment and may meet with strong 
public opposition. 

6. Utilities. Utility poles are a common 
roadside obstacle on 3R projects. 
Relocation is mandatory when the utility 
poles physically interfere with construction 
or when their placement is inconsistent 
with ODO 's Utility Recommendations 
Policy. Relocation for safety benefits 
must be evaluated on a case-by-case basis. 

7. Barrier Protection. The designer should 
realize that the barrier warrants in 
Chapter Eleven are based on the relative 
severity between hazard and guardrail; 
they do not address the question of 
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whether or not a barrier installation is 
cost effective. On 3R projects, the de­
signer must judge whether or not a barrier 
should be installed when a hazard is with­
in the clear zone and will be left in place. 

Section 11.2 presents the specific numerical 
criteria for roadside clear zones on new 
construction/reconstruction projects. In 
addition to the preceding general discussion, 
the clear zone criteria for 3R projects will be 
as follows: 

8. Desirable. The most desirable objective 
will be to provide a clear zone equal to 
the criteria in Section 11.2. 

9. Acceptable. Table 13.2M presents 
acceptable target values for clear zones on 
3R projects adjusted for the project design 
speed, slope condition and traffic volumes. 
These values are judged to be reasonable 
considering the scope of a 3R project. 
Note that the procedures in Section 11.2 
for clear zones on non-recoverable fill 
slopes and across ditch sections apply to 
3R projects, except that Table 13.2M will 
be used as the basis for the analysis. 

10. Curbed Sections. For urban streets with 
curbs, the minimum clear zone distance is 
1.5 ft from the face of curb; this is a clear 
dimension to the obstacle, not to its 
center. See Section 11.2 for additional 
details on the application of the clear 
zone criteria on curbed sections. 

11. Horizontal Curves. Although desirable, 
the horizontal curve correction in Section 
11.2 will normally not be applicable on 3R 
projects. 

12. Ri&ht-of-Way. If the clear zone as 
determined in the above comments 
exceed the limits of the existing right-of­
way, the minimum clear zone distance will 
be the existing right-of-way line. If 
permanent right-of-way is purchased for 

other reasons, sufficient right-of-way 
should be purchased to provide the clear 
zone as determined in the above 
comments. 

Note: The clear zones for 3R freeway projects 
are presented in Section 11.2 and Section 13.3. 

13.2.11.2 Safety Appurtenances 

During the design of a 3R project, all existing 
safety appurtenances should be examined to 
determine if they meet the latest safety 
performance and design criteria. This 
includes guardrail, median barriers, impact 
attenuators, sign supports, luminaire supports 
and bridge parapets. Normally, substandard 
safety appurtenances will be upgraded to meet 
the most recent criteria. Chapter Eleven 
presents ODOT's criteria for the layout and 
design of safety appurtenances. 

Roadside barrier warrants on 3R projects can 
be especially difficult to resolve. The designer 
should evaluate the roadside environment 
against the criteria in Chapter Eleven. 
Basically, the process will be: 

1. Determine if barrier is warranted. 
However, also see Comment #7 "Barrier 
Protection" in Section 13.2.11.1. 

2. If an existing run of barrier is located 
where none is warranted, remove the 
barrier. 

3. If barrier is warranted, consider removing 
or relocating the hazard; reducing its 
severity (e.g., flattening a slope); or 
making it breakaway. 

4. If the hazard cannot be eliminated and a 
barrier is considered cost effective, then 
install barrier. All new installations of 
guardrail will meet the criteria set forth in 
Chapter Eleven and in the ODOT 
Standard Drawings. 
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Oklahoma 

Design 
Speed 

40mph 
or less 

45-50 
mph 

55 
mph 

60 
mph 

65-70 
mph 

Notes: 

GEOMETRIC DESIGN OF EXISTING HIGHWAYS 

Design 
ADT 

Under 750 
750-1500 

1500-6000 
Over 6000 

Under 750 
750-1500 

1500-6000 
Over 6000 

Under 750 
750-1500 

1500-6000 
Over 6000 

Under 750 
750-1500 

1500-6000 
Over 6000 

Under 750 
750-1500 

1500-6000 
Over 6000 

Table 13.2M 

CLEAR ZONE DISTANCE (Ff) 
(3R Non-Freeway Projects Only) 

Fill Slopes 

6:1 or 5:1 to 3:1 3:1 flatter 4:1 

6 6 6 
6 6-7 6 

6-7 7-8 6-7 
7-8 8-9 7-8 

6 6-7 N 6 r-! 
7-8 8-10 ....... 6 ....... 
8-9 10-13 c: 6-7 
10~11 12-14 0 7-8 ..... 

t) 
6-7 7-9 Q.) 6 Cl) 

8-9 10-12 .s 6 
10-11 12-15 Q.) 7-8 
11-12 13-16 .... 8-9 ::2 

"'O 

8-9 10-12 Q.) 6 u 
10-12 13-16 0 6-7 .... 
13-15 16-20 ~ 7-9 Q.) 

15-16 18-22 Q.) 10-11 Cl) 

9-10 10-13 6 
12-13 14-18 6-8 
14-16 17-21 8-10 
15-17 19-23 11-12 

Cut Slopes 

4:1 to 5:1 

6 
6 

6-7 
7-8 

6 
6-7 
7-8 
9-10 

6 
7-8 
8-9 

10-11 

6-7 
8-9 
9-11 
12-13 

7-8 
9-10 
11-12 
13-15 

1. All distances are measured from the edge of the travel lane. 

July 1992 

6:1 or 
flatter 

6 
6 

6-7 
7-8 

6 
7-8 
8-9 

10-11 

6 
8-9 

10-11 
11-12 

7-8 
10-11 
12-13 
13-14 

7-8 
10-11 
13-14 
14-15 

2. See discussion in Section 11.2.2 (Comment #2) for application of clear zone criteria 
on non-recoverable fill slopes. 

3. See discussion in Section 11.2.3 for application of clear zone criteria across ditch 
sections. 

4. For clear zones, the "Design ADT' will be the total ADT on two-way roadways and 
directional ADT on one-way roadways (e.g., ramps and one roadway of a divided 
highway). 
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13.2.113 Existing Barriers 

For existing runs of barrier which will remain, 
ensure that they meet, as practical, the 
applicable performance and design criteria 
presented in . Chapter Eleven, including: 

1. operational acceptability (hardware, 
height, etc.); 

2. dynamic deflection criteria; 

3. length of need; 

4. lateral placement; 

5. placement on slopes and behind curbs; 
and 

6. terminal treatments. 

For runs of existing barrier on 3R projects, 
the designer especially should consider the 
following: 

7. Barrier Height. A common problem on 
3R projects will be the height of existing 
installations because of a pavement 
overlay. Each existing run which will 
remain must be considered individually. 
As a general rule, the designer should 
consider raising the barrier when its 
height, after construction, will be more 
!han 3 inches below the standard height. 

8. Slopes in Front of Barrier. It will be 
acceptable to retain existing installations 
on 6: 1 or flatter slopes where the 
installation is otherwise acceptable. 
Where a flared section crosses a ditch 
section, it may be necessary to place a 
pipe and regrade through the ditch to 
meet this criteria. 

Existing barrier installations may have 
terminal sections which flare away and 
terminate on a slope steeper than 10: 1, 
but flatter than or equal to 6: 1. If no 

other barrier deficiencies exist, and the 
accident history does not indicate a 
problem, it will be acceptable to leave the 
existing installation in place. 

9. I:ength of Need. If the required length of 
need as determined from Section 11.5 is 
within 10% of that of the existing barrier 
to remain in place, then it will rarely be 
warranted to increase the length of 
barrier to meet the criteria in Section 
11.5, provided that there is not a run-off­
the-road accident problem related to the 
length of need. 

10. Lateral Placement. Where guardrail is 
placed to shield a fill slope, there will 
desirably be 2 ft between the back of the 
barrier post and the slope break (PI) in 
the fill slope. On 3R projects, this may 
not be practical. Therefore, a longer 
guardrail post should be used so that the 
barrier can be placed at the break in the 
slope. 

13.2.12 Traffic Engineerinr: Elements 

A 3R project may include upgrading of signs, 
pavement markings, signals and/or lighting. 
New installations or the replacement of these 
design traffic elements should meet the 
criteria presented in Chapter Fourteen and 
the MUTCD. The designer should consider 
upgrading or replacing any existing 
substandard traffic elements when warranted. 

The designer must coordinate with the Traffic 
Engineering Division to determine the 
appropriate signing and/ or markings for 
existing geometric elements which do not 
meet the 3R criteria and will remain. 
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133 3RFREEWAYPROJECI'S 

133.1 Backcround 

ODOT began construction of its freeway 
system in . the 1950's and, today, the 
Oklahoma system has been completed. The 
freeway system has introduced a level of 
mobility and safety for the traveling public 
which was unattainable without its special 
features, such as full control of access, wide 
roadway widths and higher design speeds. In 
the past few decades, this system has carried 
freeway traffic volumes in far greater 
proportion than its mileage within the State. 

The freeway system requires periodic repair 
and upgrading which exceeds the limits of 
normal maintenance. In general, these capital 
improvements are referred to as 3R freeway 
projects (resurfacing, restoration, and/or 
rehabilitation) which applies to any project on 
an existing freeway. As with non-freeway 3R 
projects, it is impractical to fully apply new 
construction criteria to 3R freeway projects. 
Therefore, the geometric design of 3R free­
way projects requires special design 
considerations which are discussed in the 
following sections. 

Note that 3R freeway projects do not include 
reconstruction. When the scope of the 
project work is judged to be reconstruction, 
the project will be designed according to the 
applicable criteria for new construction. 

1332 Objectives 

The objective of a 3R freeway project is, 
within practical limits, to return the freeway 
to its original level of serviceability or to 
improve its serviceability to meet current and 
future demands. This objective applies to all 
aspects of the freeway's serviceability, 
including: 

1. structural adequacy, 

2. drainage, 
3. level of service for the traffic flow, 
4. geometric design, 
5. roadside safety, and 
6. traffic control. 

1333 Approach 

3R freeway projects are most often initiated 
to make a specific improvement to the 
freeway. Therefore, ODOT's approach to the 
geometric design of 3R freeway projects is to 
selectively evaluate and improve the existing 
geometrics. The 3R approach is summarized 
as follows: 

1. Nature of Improvements. Identify the 
specific improvements intended for the 
3R project. For example, project 
improvements might include: 

a. pavement improvements, including 
full-depth pavement reconstruction; 

b. widening existing travel lanes or 
shoulders; 

c. improving the superelevation of 
existing horizontal curves; 

d. adding auxiliary lanes; 

e. improving roadway delineation; 

f. upgrading roadside safety; 

g. increasing the length of acceleration 
or deceleration lanes at an 
interchange; 

h. widening an existing bridge as part of 
a bridge rehabilitation project; 

1. eliminating a weaving area at an 
interchange; and/or 

J. improving the roadside drainage. 
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3R freeway work does not include, for 
example, the addition of travel lanes or 
significant improvements to the existing 
horizontal and vertical alignment. This 
level of work is typically considered 
reconstruction. 

2. Numerical Criteria. Table 13.3A presents 
ODOT's numerical criteria for the design 
of 3R freeway projects. In particular, the 
footnotes to the table provide essential 
information on 3R projects. In addition, 
the information in the remainder of 
Section 13.3 provides numerical criteria 
on other geometric design elements on 3R 
projects. 

3. Secondacy Impacts. Identify and evaluate 
any secondary impacts which may be 
precipitated by the freeway improvement. 
For example: 

a. The installation of a CMB may 
restrict horizontal sight distance. 

b. The addition of through lanes on the 
outside may reduce the available 
roadside clear zone to a level below 
ODOT criteria. 

c. A pavement overlay may require the 
adjustment of barrier height. 

4. Other Improvements. Identify any 
geometric design deficiencies within the 
project limits which can be practically 
corrected without exceeding the intended 
project scope of work. A review of the 
accident history is important in conducting 
this evaluation. 

5. Exceptions. The discussion in Section 5.8 
on design exceptions applies equally to 
the geometric design of 3R freeway 
projects using the criteria in this section. 

13.3.4 Geometric Design of 3R Freeway 
Projects 

Table 13.3A presents ODOT's criteria for the 
geometric design of 3R freeway projects. 
However, the designer must still make certain 
decisions, and there is some flexibility that 
can be applied. These are discussed in the 
following sections. 

The design criteria used for horizontal 
alignment, vertical alignment and widths of 
median, traveled way and shoulders for 3R 
freeway projects may be the AASHTO Inter­
state standards that were in effect at the time 
of original construction or inclusion into the 
Interstate system. 

13.3.4.1 Design Speed 

Chapter Twelve presents ODOT's criteria for 
selecting the design speed for new freeway 
construction. Desirably, these will also apply 
to 3R projects. The existing posted speed 
limit may be acceptable as the minimum 
design speed. However, the designer should 
check with the Traffic Engineering Division to 
determine if the existing posted speed limit is 
likely to change after project completion or if 
the original construction design speed was 
higher than the posted speed limit. 

The design speed must be equal to or greater 
than the posted or regulatory speed limit after 
project completion, or a design exception will 
be required. See Sections 5.2 and 5.8 for 
additional information. 

In summary, the selection of a 3R project 
design speed will be one of the following: 

1. The existing posted or regulatory speed 
may be selected. 

2. The 85th percentile speed based on a 
speed study may be selected. 
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Design Element 

Standard Desimation 
Desi211 Year (Geometrics) 

• Desi1V1 Sveed (mph) (1) 

Access Control 
Level of Service . Lane Width 

1--
Type 

Shoulder 
•Width -- • Travel Lane 

Cross Slope 
Shoulder 

I-• 
Lane Width 

Auxiliary Lanes 
Shoulder Width 

Median Width 
With Barrier 

Without Barrier 

I-• 
Rildlt-of-Wav Width 
Clear Zone 

1--• 
Fore Slope 

Cut Ditch Width 

Side Siopes (5) 
Back Slone 
0'-4' Height 

Fill 4'-10' Height 
>10' Hei2ht 

• Minimum Stot>Ping Sight Distance 
Decision Sight Distance 

• Maximum Degree of emax = 0.06 
Curvatu.re emax = 0.08 

• Suverelevation Rate ( 6) . Vertical Curvature for Crest 
Desirable SSD Sag 

Level 
• Maximum Grade Rollin2 

Mountainous 
Minimum Grade 

• New /Reconstructed Structural Capacity (7) 
Bridges Width 

• Existing Bridges to Structural Capacity 
Remain in Place Width (8) 

• Vertical Oe.arance New/Replaced Brid2es 
(9a & 9b) Existing Bridges 

Controlling design criteria (See Section 5.8) 

Table 133A 
GEOMETRIC DESIGN CRITERIA FOR FREEWAYS 

(3R Projects) 

Manual Rural Section•• 

- RF (3R) 
5.3 Desirable: 20 vears Minimum: 10 years 

5.2 Minimum: Posted Speed Limit 
5.4 Full Control 
5.3 Desirable: B Minimum: C 

8.1 12' 
8.1 Paved 
8.1 Right: 10' (2a) Left: 4' (2a & 2b) 
8.1 2% Typical 
8.1 3%-4% 
8.1 12' 
8.1 Desirable: Full Shoulder Width Minimum: 6' 
8.2 NIA 
8.2 Existing 
8.6 (4) 
11.2 See Section 11.2 
8.3 Existing 
8.3 Existing 
8.3 Existin2 
8.3 E!.xistin2 
8.3 E!.xisting 
8.3 Existin2 

Urban 

UF (3R) 
Desirable: 20 years Minimum: 10 years 

Minimum: Posted Speed Limit 
Full Control 

Desirable: C Minimum: D 

12' 
Paved 

Right: 10' (2a) Left: 4' (2a & 2b) 
2% Typical 

3%-4% 
12' 

Desirable: Full Shoulder Width Minimum: 6' 
(3) 

Existing 
(4) 

See Section 11.2 
Existin2 
Existing 
Existin2 
Existing 
Existing 
Existin2 

50 mph I 55 mph I 60mph I 65 mph I 70mph 
5.7 400' I 450' I 525' I 550' I 625' 
5.7 See Section 5.7 See Section 5.7 
6.1 Existing Existing 
6.1 Existing Existin2 
6.2 Existing Existing 
7.2 Existing Existin2 
7.2 Existing Existin2 
7.1 Existin2 Existin2 
7.1 Existin2 Existin2 
7.1 Existing Existing 
7.1 Desirable: 0.5% Minimum: 0% Desirable: 0.5% Minimum: 0% 

- HS..20/0K Overload Truck HS..20/0K Overload Truck 
8.4 Full Approach Roadway Width Full Approach Roadway Width 
- HS..20 (Inventory Ratin2) HS..20 (Inventory Rating) 

8.4 2 lanes: 28'' 3 lanes: 40' 2 lanes: 28' 3 lanes: 40' 
7.4 16'·9· 161-9• 
7.4 14'-6# (9c) 14 1-6• (9c) 

•• See also Section 13.3 for specific discussion on 3R projects. 
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GEOl\.IBTRIC DESIGN CRITERIA FOR FREEWAYS 
(3R Projects) 

Footnotes to Table 133A 

July 1992 

1. Design Sneed. The design speed should equal or exceed the anticipated posted or regulatory speed limit after construction. 

2. Shoulder Width. The following will apply: 

a. Both Shoulders. When the volume of trucks exceeds 250 DDHV, both the right and left shoulders will desirably be 
12'. 

b. Left Shoulder. With three or more lanes in one direction, a 10' shoulder should be used. 

All shoulder widths should desirably be increased by 2' when a barrier is present. 

3. Median Width. Expansion of the median width is typically outside the scope of a 3R project. However, when widening or adding 
additional lanes, the following should be considered: 

a. A 10' minimum median width should be provided on a freeway with 4 lanes. 
b. A 22' minimum median width should be provided on a freeway with more than 4 lanes. 
c. Where light poles, glare screens, etc., will be mounted on the median barrier, the desirable median width is 22'-26". 
d. When the volume of trucks exceeds 250 DDHV, the recommended minimum median width is 26'. 

4. Right-of-Way Width. The acquisition of significant amounts of right-of-way may be outside the scope of a 3R project. The 
designer should, wherever practical, secure additional right-of-way to allow cost-effective geometric and roadside safety 
improvements, especially where outside auxiliary lanes are added. 

5. Side Slopes. In most cases, retention of the existing side slope shape according to the original design will be acceptable. 
However, existing fill slopes steeper than 3:1 should be considered for flattening. 

6. Superelevation Rate. Normally, the existing superelevation rate will be adequate. Where the pavement will be reconstructed, 
it is typically practical to improve the superelevation rate, if needed. However, the designer should refer to Section 6.2 to 
determine if any improvements should be considered. 

7. Structural Capacitv (New /Reconstructed Bridges). The Alternate Military Loading will also apply to the Interstate system. The 
Oklahoma Overload Truck only applies to State highways. 

8. Width (Existing Bridges to Remain in Place). For bridge widths wider than the widths in the table, the bridge should be 
evaluated for widening to full approach roadway width Q!!ly if one of the condition codes from the NBIS inspection report is 
less than 5 (deck, superstructure or substructure) or if the approach roadway width is widened. 

9. Minimum Vertical Oearance. The vertical clearances apply to the freeway passing under a bridge. The following also apply: 

a. Sign Truss/Pedestrian Bridge. The minimum clearance is 18'-0" for a freeway passing beneath a new sign truss or 
pedestrian bridge and 17'-0" for a freeway passing beneath an existing pedestrian bridge. 

b. Railroads. The Planning Division (Rail Planning Branch) will determine the vertical clearance for railroads passing 
beneath a freeway. The typical clearance will be 23' -0•. An allowance should also be made for future ballasting. 

c. Urban Areas. A minimum clearance of 14'-6" may be retained in urban areas if there is an alternative freeway 
facility with the minimum 16'-0" clearance. 
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3. The designer may select a design speed 
which is higher than the anticipated 
posted or regulatory speed limit, where 
deemed to be appropriate. 

133.42 Design Hourly Volume (DHV) 

Some design elements on 3R freeway projects 
will require the selection of a DHV. 
Desirably, the geometric elements of the 
freeway will be designed to meet the level-of­
service criteria for a DHV determined for 20 
years beyond the expected completion date. 
At a minimum, the DHV will be determined 
for 10 years beyond the completion date. 

133.43 Horizontal/Vertical Alignment 

Unless the specific objective of the 3R 
freeway project is to improve one or more 
horizontal/vertical features, the existing 
alignment will normally be acceptable, if a 
review of the accident history does not 
indicate a problem. Once the decision has 
been made to reconstruct a horizontalfvertical 
curve, the designer will apply the criteria in 
Chapters Six and Seven. 

133.4.4 Vertical Oearances 

The minimum vertical clearance should 
desirably be 16 1-0•. In highly developed 
urban areas, where attaining the 16-ft 
clearance would result in unreasonable costs, 
the existing clearance as low as 14'-6•, may 
be maintained, if there is an alternative 
freeway facility with the minimum 16' -o• 
clearance. 

133.4.5 Bridges 

The following discusses ODOT's design 
criteria for bridges within the limits of a 3R 
freeway project: 

1. Bridges to Remain in Place. A 3R project 
may be primarily intended, for example, 
to improve the pavement condition over 
several miles. A bridge or several bridges 
may be within the limits of the 3R project. 
Desirably, the bridge width will equal the 
approach roadway width, including 
shoulders. At a minimum, the existing 
roadway width on the bridge will equal 
the approaching travelway width plus 3 ft 
on each side. However, this may not be 
the case. If the existing bridge is 
structurally sound and if it meets ODOT's 
design loading structural capacity, it is 
unlikely to be cost effective to improve 
the geometrics of the bridge. However, 
geometric deficiencies may exist, and/or 
there may be an adverse accident 
experience at the bridge. In this case, it 
may be warranted to widen the bridge as 
part of the 3R project. 

Existing bridge rails and the approach 
transitions should be evaluated to 
determine if they meet ODOT's current 
criteria. The Bridge Division will be 
responsible for assessing bridge rails and 
for making any recommendations for 
improvement. The designer is responsible 
for evaluating the adequacy of the 
approach guardrail transitions. 

2. Bridge Replacement/Rehabilitation. 3R 
freeway projects will often include bridge 
replacement or bridge rehabilitation and, 
in some cases, this will be the entire 
project scope of work. The following will 
apply to the geometric design of these 
projects: 

a. Horizontal and Vertical Alignment. 
An existing bridge may have an 
alignment which does not meet 
ODOT's current criteria. For bridge 
replacement projects, the designer 
shouid evaluate the practicality of 
realigning the bridge to meet the 
applicable alignment criteria for new 
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construction. For bridge rehabilita­
tion projects, it is unlikely to be cost 
effective to realign the bridge to 
correct any alignment deficiencies. 

b. Width. The bridge width should equal 
the full approach roadway width, 
including shoulders, as determined by 
the criteria in Chapter Twelve for the 
most likely level of future highway 
improvement on the approaches. If 
practical, this decision should be based 
on a capacity analysis for the selected 
DHV at the selected level of service. 
This analysis could determine the 
need for additional travel lanes 
and/ or the need for wider shoulders. 
For example, if the predicted volume 
of trucks exceeds 250 DDHV, the 
future shoulder width on the approach 
should be 12 ft. Because freeway 
bridges represent major economic 
investments with lengthy design lives, 
it may be warranted to provide the 
wider widths as part of a bridge 
replacement or rehabilitation project. 

As another example, a capacity 
analysis may indicate the need for an 
additional through lane to meet the 
level-of-service criteria for the design 
year. The decision may be made to 
widen the bridge as part of the 
replacement/rehabilitation project. 
Until the roadway approach is 
widened, it may be necessary to 
indicate with pavement markings that 
the additional width on the bridge 
cannot be used by through traffic. 

c. Len&th. The length of the freeway 
bridge determines the width of the 
underpass for the facility passing 
beneath the freeway. Therefore, if 
practical, the freeway bridge should be 
long enough to accommodate any 
likely future widening of the 
underpassing roadway, based on at 

least a 20-year projection. This may 
involve an assessment of the potential 
for further development in the general 
vicinity of the underpass. The ODOT 
Planning Division should be consulted 
for design year traffic projections. 

d. Bridge Rails. All existing bridge rails 
on the project should be evaluated to 
determine their adequacy. This will 
be the responsibility of the ODOT 
Bridge Division. 

e. Approach Barrier Transitions. The 
approaching barrier transitions will be 
evaluated to determine if they meet 
ODOT's current criteria. If the 
transitions do not, they will be 
upgraded. 

13.3.4.6 Roadside Safety 

All 3R freeway projects will be evaluated for 
potential roadside safety improvements within 
the project limits. Except as noted in the next 
paragraph, the criteria in Chapter Eleven will 
fully apply to the evaluation. This includes 
roadside clear zones, barrier warrants, barrier 
design and drainage features. 

Barrier warrants and design can present 
difficult problems (e.g., barrier height). The 
discussion in Section 13.2.11 on 3R non­
freeway projects also applies to safety 
appurtenances on 3R freeway projects. Note 
that clear zones are the same as for new 
construction/reconstruction. SeeSection 11.2. 

133.4.7 Interchanges 

A 3R freeway project may include proposed 
work on a freeway interchange. The work 
may be to rehabilitate the entire interchange 
or to make only selective improvements to the 
interchange geometrics. This may include 
lengthening acceleration/ deceleration lanes, 
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clearing the gore area, correcting the ramp 
superelevation, etc. In general, Chapter Ten 
will be used to design all interchange 
elements. The designer will determine, on a 
case-by-case basis, the proper application of 
the Chapter Ten criteria to a 3R freeway 
project. 

One specific interchange design detail 
warrants discussion. Section 10.5.3 states that 
newly constructed slip ramps to a two-way 
frontage road are unacceptable. Existing slip 
ramps to two-way frontage roads may be 
within the limits of a proposed 3R freeway 
project. If practical, these should be removed 
and replaced by, for example, a buttonhook 
ramp design (see Section 10.5.3). If the 
designer decides to retain existing slip ramps 
to two-way frontage roads, the designer must 
prepare a written justification and attain 
written approval from the Division head. 

July 1992 
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13.4 SPOT IMPROVEMENTS 

13.4.1 Okiectives 

Spot improvements are intended to correct an 
identified deficiency at an isolated location. 
This project scope of work is consistent with 
ODOT's responsibility to provide a safe 
driving environment for the motoring public 
which is free of unexpected demands on the 
driver. Research has demonstrated the need 
to improve specific roadway sections or spot 
locations with recognized deficiencies to at 
least a level consistent with the adjacent 
highway sections. This will provide drivers 
with a facility that is consistent with the 
principles of driver expectancy. 

The deficiency which the spot improvement 
will correct may be related to structural, 
geometric, safety, drainage or traffic control 
problems. These projects are not intended to 
provide a general upgrading of the highway, 
as are projects categorized as new 
construction/ reconstruction,3 R( non-freeway) 
or 3R (freeway). For these reasons, a flexible 
approach is necessary to determine the 
appropriate geometric design criteria which 
will apply to the spot improvement. 

Spot improvement projects may also be 
affected by special criteria which may apply to 
a particular funding category. One example is 
the Highway Bridge Replacement & 
Rehabilitation Program (HBRRP). The 
HBRRP is intended to correct structural and 
functional deficiencies on a priority basis. 
The priorities are determined by a Statewide 
bridge inspection program which leads to a 
sufficiency rating for each bridge. The rating 
is based on a weighted formula which reflects 
both structural and geometric deficiencies 
(e.g., inadequate roadway width, poor 
alignment or inadequate bridge rail or 
transitions). However, the structural 
deficiencies have the greater influence on the 
sufficiency rating. Therefore, this should be 
reflected in the consideration of any 

geometric improvements. Geometric design 
criteria for HBRRP projects are discussed 
separately in Section 13.4.3. 

13.42 Approach 

ODOT has adopted a flexible approach to the 
geometric design of spot improvement 
projects. The following summarizes the 
approach: 

1. Numerical Criteria. The designer should 
consider the level of improvement which 
will most likely be used to upgrade the 
highway in the future. If this is deemed 
to be reconstruction, then the criteria in 
Chapter Twelve will provide the frame of 
reference for the spot improvement. 
Chapter Nine will apply to an intersection 
project. If a 3R project is considered the 
most likely level of improvement, then the 
criteria in Section 13.2 or 13.3 apply. 

2. Desiw Speed. The design speed of the 
adjacent sections should be used for the 
spot improvement; however, a design 
speed less than the posted speed should 
generally not be used, unless a decision 
has been made to provide a signed 
reduction in the speed limit, or a design 
exception is approved. The selection of 
the applicable design speed will be left to 
the judgment of the designer. 

In summary, the selection of a project 
design speed will be one of the following: 

a. The existing posted or regulatory 
speed may be selected. 

b. The 85th percentile speed based on a 
speed study may be selected. This 
may be especially applicable to 
intersection modification studies (e.g., 
intersection sight distance, length of 
auxiliary turn lanes). 
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c. The designer may select a design 
speed which is higher than the 
anticipated posted or regulatory speed 
limit, where deemed to be 
appropriate. 

d. On projects of less than one-half mile 
length on facilities with unposted 
speed limits (typically intersections or 
bridge replacement projects), the 
selection of design speed should be 
made considering the operating speed, 
the overall characteristics of the 
corridor and the regulatory limit. If 
the selected design speed is less than 
the unposted regulatory speed limit, 
the project must provide for either a 
posted speed limit consistent with the 
design speed, or warning signs in 
combination with appropriate advisory 
speed signing. Such projects will not 
require a design exception. 

3. Application. The designer should apply 
the selected criteria specifically to the 
geometric improvement related to the 
objective of the spot improvement project 
(e.g., lengthening a culvert, flattening a 
curve, adding a left-turn lane). In 
addition, the designer should document 
and evaluate other geometric design 
deficiencies within the project limits, even 
if not related to the specific objective of 
the spot improvement. 

4. Exceptions. For spot improvements, the 
exception process will apply only to those 
elements which are improved by the 
project. See Section 5.8 for a discussion 
on the design exception process. 

13.43 Geometric Design of Highway Bridge 
Replacement/Rehabilitation Program 
(HBRRP) Projects 

The spot improvement approach discussed in 
Section 13.4.2 applies to HBRRP projects. 

The following offers additional factors to 
consider: 

1. Horizontal and Vertical Alignment. Many 
existing bridges have alignments which do 
not meet ODOT's current criteria. For 
bridge replacement projects, the designer 
should evaluate the practicality of 
realigning the bridge to meet the 
applicable alignment criteria ( reconstruc­
tion or 3R). For bridge rehabilitation 
projects, it is unlikely to be cost effective 
to realign the bridge to correct any 
alignment deficiencies. 

2. Width. The bridge width should equal or 
exceed the full approach width, including 
shoulders, as determined from ODOT's 
criteria for the most likely level of future 
highway improvement on the approaches 
(reconstruction or 3R). This width will be 
determined by the tables in Chapter 
Twelve, Section 13.2 or Section 13.3. If 
the decision is made not to provide the 
applicable width, the designer must 
comply with the exception process 
(Section 5.8). 

3. Narrow Bridges. All bridges which are 
narrower than the approach roadway 
width (including shoulders) should be 
evaluated for special narrow bridge 
treatments. At a minimum, the signing 
and pavement markings must meet the 
criteria of the MUTCD. In addition, 
NCHRP 203 Safety at Na"ow Bridge Sites 
provides criteria specifically for narrow 
bridges (e.g., special pavement markings). 
The designer, in coordination with the 
Traffic Engineering Division, shouid 
evaluate the value of these additional 
treatments at the bridge site. 

4. Bridge Rails. All existing bridge rails on 
the project should be evaluated to 
determine their adequacy. This will be 
the responsibility of the ODOT Bridge 
Division. 
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5. Approach Barrier Transitions. The 
approaching barrier transitions will be 
evaluated to determine if they meet 
ODOT's current criteria. If the 
transitions do not, they will generally be 
upgraded~ 

July 1992 
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Chapter Fourteen 

TRAFFIC ENGINEERING 

The field of traffic engineering covers a wide 
range of design applications concerning the 
actual operation of vehicles on the highway 
system. With the variety of methodologies 
available yielding different solutions, there 
can be confusion among designers and 
consultants in determining ODOT's preferred 
methodology for these design applications. 
Therefore, Chapter Fourteen provides 
information on ODOT's traffic engineering 
operations. This includes the Traffic 
Engineering Division's organization, highway 
signing, pavement markings, traffic signals, 
highway lighting, traffic data field studies, 
accident surveillance systems, maintenance 
and protection of traffic through construction 
zones, and the highway safety improvement 
program. 

14.1 TRAFFIC ENGINEERING DMSION 

The Traffic Engineering Division is under the 
Assistant Director - Design. For additional 
information on ODOT's organization, see 
Chapter One. Figure 14.lA presents the 
organizational structure of the Traffic 
Engineering Division. The following sections 
discuss the specific functional responsibilities 
of the Chief Traffic Engineer, each branch 
within the Traffic Engineering Division and 
the Field Division Traffic Engineer. 

14.1.1 Chief Traffic Engineer 

The Chief Traffic Engineer, and his staff, is 
responsible for overseeing and implementing 
the administrative duties of the Traffic 

Engineering Division. To accomplish these 
tasks, the Chief Traffic Engineer's duties are 
to: 

1. advise the Assistant Director - Design 
on traffic engineering issues and the 
Traffic Engineering Division's activities; 

2. ensure that there is adequate planning 
and resources available for all projects 
assigned to the Division; 

3. maintain adequate managerial controls to 
ensure that projects are processed 
according to plans and schedules; 

4. develop and present traffic items to the 
Oklahoma Transportation Commission 
for approval; 

5. develop standards 
devices, highway 
markings, signs, 
driveway controls; 

for traffic control 
lighting, pavement 

traffic signals and 

6. review and process driveway permits 
requiring the Central Office's approval; 

7. provide services to municipalities and 
other agencies relative to traffic design 
issues; 

8. recommend and/ or propose legislation 
concerning traffic laws; and 

9. maintain ODOT's Attraction Signing 
Program. 
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14.1.2 Traffic Planning and Safety Branch 

The Traffic Planning and Safety Branch is 
responsible for developing and implementing 
the Division's policies, procedures and 
programs relating to traffic planning and 
safety. To accomplish these tasks, the Traffic 
Planning and Safety Branch's duties are to: 

1. maintain data records on traffic statistics, 
traffic control devices and traffic 
movements in sufficient detail to meet the 
planning, research and operational needs 
of ODOT; 

2. review traffic studies prepared by other 
organizations in connection with traffic 
control movements, regulations and 
safety; 

3. coordinate with the Department of Public 
Safety to determine appropriate coding 
procedures for all traffic accidents that 
occur on the State Highway System and 
within municipalities throughout 
Oklahoma; 

4. maintain an inventory of traffic accident 
data in sufficient detail to meet the 
planning, research and operational needs 
of ODOT; 

5. analyze accident information and prepare 
summary reports reflecting significant 
findings which pertain to traffic accidents 
and related data; 

6. perform continuing surveillance of the 
State Highway System in an effort to 
identify those locations where accident 
incidence rates are significantly higher 
than expected; 

7. periodically publish an inventory of high­
accident locations; 

8. compile state-wide traffic accident data in 
specific formats so the data can be 
merged with other States' findings; 

9. conduct pavement surface friction testing 
for ODOT's Pavement Management 
System and wet weather accident analysis; 

10. conduct thorough evaluations of traffic 
control devices and recommend remedial 
signing improvements as needed; 

11. assist in the preparation and review of 
urban and rural planning studies related 
to traffic control devices; 

12. coordinate and perform research projects 
concerned with measuring the 
effectiveness of various traffic control 
devices; 

13. prepare specifications for materials and 
equipment related to traffic control 
devices; 

14. promote and encourage municipal 
governments throughout Oklahoma to 
actively upgrade traffic control devices 
within their respective jurisdictions; 

15. distribute the FHWAManual on Uniform 
Traffic Control Devices to counties and 
selected cities; 

16. maintain ODOT's Safety Management 
System, incorporating traffic safety design 
considerations from all areas of highway 
development (planning, design, 
construction and maintenance); 

17. perform roadway safety engineering 
analyses in order to recommend 
economically feasible safety improve­
ments; 

18. advise other State agencies, as necessary, 
in areas of traffic safety (e.g., Governor, 
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Highway Safety Office, Department of 
Public Safety, Department of Education, 
Attorney General); 

19. provide accident data and traffic safety 
analyses for the Office of the General 
Counsel as required by Risk 
Management; 

20. develop procedures to administer 
Federal-aid funds relating to traffic safety; 

21. maintain the Railroad Crossing Safety 
Program for the approximately 4,800 
public at-grade crossings within the State; 

22. conduct spot speed studies to establish 
speed zones; 

23. collect and assemble data to monitor 
highway traffic speed trends for ODOT 
and FHW A speed monitoring 
requirements; and 

24. produce and maintain ODOT's video log 
system. 

14.13 Traffic Operations Branch 

The Traffic Operations Branch is responsible 
for coordinating the design process between 
the Field Divisions and the Central Office. 
To accomplish these tasks, the Traffic 
Operations Branch's duties are to: 

1. provide guidance, coordination, liaison 
and technical assistance to the Field 
Divisions and other government agencies 
within the Field Divisions; 

2. provide feedback of information from the 
Field Divisions to the other Branches 
within the Traffic Engineering Division 
and other ODOT design units; 

3. act as a liaison between the Field 
Divisions, Planning Division, Transporta­
tion Commission and municipalities to 
determine speed zones and limits; 

4. act as a liaison between the Field 
Divisions, Urban and Rural Design 
Divisions and Deputy Director on 
driveway applications and agreements; 

5. review roadway design plans for proper 
use of traffic control devices, including 
maintenance and protection of traffic 
through construction zone plans; 

6. review project planning reports and other 
special reports prepared within the 
Central Office; 

7. prepare specifications for materials, 
equipment and installation procedures 
relative to traffic control devices; 

8. maintain surveillance of the State 
Highway System for areas of congestion 
and/or high-accident locations; 

9. coordinate the Traffic Division's 
Intergraph usage; 

10. train and guide the traffic designers on 
the use of Intergraph; 

11. prepare plans and drawings for the 
Traffic Operations Branch; 

12. determine the Division's computer 
hardware requirements; and 

13. review new software for possible 
applications by the Division and ODOT. 

14.1.4 Traffic Design Branch 

The Traffic Design Branch is responsible for 
developing and implementing the Division's 
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policies, procedures and programs pertaining 
to signing, pavement markings, traffic signals, 
lighting and special projects. To accomplish 
these tasks, the Traffic Design Branch's 
duties are to: 

1. review and/ or prepare specifications for 
materials, equipment and installation of 
highway signs; 

2. develop plans and standards for signing 
and pavement marking projects; 

3. review signing plans prepared by others; 

4. review, when requested, design plans for 
adequacy relative to the placement of 
highway signing; 

5. provide guidance and assistance to 
municipalities on issues relative to 
highway signing; 

6. act as a liaison between the Field 
Divisions, Traffic Signal Section, 
Transportation Commission and 
municipalities relative to signal warrants, 
designs, agreements and installations; 

7. review and/or prepare specifications for 
materials, equipment and installation of 
traffic signals; 

8. develop plans and standards for traffic 
signal projects; 

9. review traffic signal plans prepared by 
others; 

10. review, when requested, design plans for 
adequacy relative to placement of traffic 
signals; 

11. provide guidance and assistance to 
municipalities on issues relative to traffic 
signal designs; 

12. prepare traffic control device studies in 
urban areas; 

13. review traffic control device and safety 
studies prepared by the Traffic Planning 
and Safety Branch; 

14. review and/or prepare specifications for 
materials, equipment and installation of 
highway lighting; 

15. develop plans and standards for highway 
lighting; 

16. review highway lighting plans prepared by 
others; 

17. review, when requested, design plans and 
utility permits for adequacy relative to the 
placement of highway lighting; and 

18. provide guidance and assistance to 
municipalities on issues relative to 
highway lighting designs. 

14.15 State Sign Shop Branch 

The responsibilities of the State Sign Shop 
Branch are to prepare and manufacture all 
signs that are to be used along Oklahoma's 
State highways. In addition, they may also be 
requested to prepare and manufacture signs 
for other state agencies. 

4.1.6 Field Division Traffic En&ffieer 

The Field Division Traffic Engineer is 
responsible to the Transportation Division 
Engineer for all traffic operations functions in 
the Field Division. He is further accountable 
to the Chief Traffic Engineer with respect to 
traffic engineering policies. The 
implementation of policies of traffic 
engineering and traffic safety and design 
functions established by the Chief Traffic 
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Engineer is administered through the 
Transportation Division Engineer and, 
subsequently, through the Field Division 
Traffic Engineer. The Field Division Traffic 
Engineer's responsibilities are to: 

1. handle complaints related to traffic 
engineering and traffic operations within 
the Field Division; 

2. conduct studies and investigations for 
traffic signals and other traffic control 
devices; 

3. conduct special studies such as parking 
studies, ramp studies, pedestrian studies, 
school crossing studies, as needed; 

4. supervise the preparation of sign plans for 
new projects within the Field Division on 
the State Highway System for signs to be 
installed by State forces; 

5. participate in field plan-in-hand reviews 
prior to completion of construction plans 
for determining proper functional capacity 
and maximum safety of geometric design; 

6. comment on plans for signing, highway 
lighting, signals and other traffic control 
devices to be installed by the contractor; 

7. participate in preconstruction conferences 
and final inspections providing input to 
ensure that proper traffic control devices, 
geometric design and handling of traffic is 
adequate during and after construction; 

8. assist in establishing detours and 
necessary signing in cooperation with the 
Resident Engineer; 

9. make field inspections of all new projects 
on the State Highway System during and 
after construction for functionai operation 
and safety, including inspection of 

construction signing and handling of 
traffic; 

10. inspect periodically all traffic control 
devices on State Highway System 
maintained by ODOT, including: 

a. Paint Lines - At least twice a year, in 
the spring and fall, review all painted 
lines on the System. Schedule for 
restriping all lines needing repainting 
as soon as practicable. 

b. Signs - Inspect all signs at least once 
each year including inspecting for 
night reflectivity. Schedule all 
deficient signs for replacement, posts 
to be straightened, and other 
maintenance work as required. 

c. Traffic Signals and Flashers - Inspect 
at least once each year for proper 
operation, including timing. Schedule 
required maintenance work such as 
painting of heads, poles and arms; 
periodic reflectors; focusing of heads; 
and other maintenance work as 
needed. 

d. Highway Lighting - Inspect at least 
once each year for proper operation, 
and schedule necessary maintenance 
work. 

e. Other Traffic Control Devices (such 
as islands, pavement buttons, barrels, 
barricades, etc.) - Check once each 
year for painting or replacement, as 
needed. 

11. prepare special pavement marking designs 
in connection with channelization or other 
traffic control measures; 

12. conduct speed studies to establish or 
adjust speed zones; 
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13. review permit applications for all 
driveway entrances; 

14. provide technical supervision over the 
Division Sign Crews through the Traffic 
Superintendent; 

15. conduct studies of accident prone 
locations; 

16. review all fatal traffic collision reports 
and take such remedial action as may be 
required; 

17. establish and maintain a liaison with 
municipal officials responsible for traffic 
control, and act in an advisory capacity 
where such service is required by the 
municipality; and 

18. meet with governmental organizations, 
civic groups and other interested parties 
concerning traffic engineering and related 
matters. 
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14.2 MUTCD CONIEXT 

Throughout the MUTCD the words "shall," 
"should" and "may" are used to describe the 
appropriate application for various traffic 
control devices. The MUTCD defines these 
terms as follows: 

1. Shall -- a mandatory condition. Where 
certain requirements in the design or 
application of the device are described 
with the "shall" stipulation, it is mandatory 
when an installation is made that these 
requirements be met. 

2. Should -- an advisory condition. Where 
the word "should" is used, it is considered 
to be advisable usage, recommended but 
not mandatory. 

3. May -- a permissive condition. No 
requirement for design or application is 
intended. 

In reference to the MUTCD definitions, 
ODOT has taken the following positions: 

4. Shall. The designer will make every 
practical effort to follow the MUTCD 
criteria. For those few situations where it 
may be impractical to follow the "shall" 
criteria, the designer needs to obtain a 
Level One or Two design exception, as 
applicable. 

5. Should. The designer is to follow the 
MUTCD with very few exceptions. In 
some situations, ODOT has determined 
that the MUTCD's "should" is to be 
changed to a "shall" to reflect a 
mandatory condition in Oklahoma. These 
situations are discussed throughout 
Chapter Fourteen. 

For those situations where it may be 
impractical to follow the "should" criteria, 

the designer needs to obtain a Level Two 
design exception. 

6. May. The designer should make every 
reasonable effort to follow the MUTCD 
criteria. For those situations where it is 
impractical to follow the "may" criteria, no 
design exception will be necessary. 

14.2 (1) 



Oklahoma TRAFFIC ENGINEERING July 1992 

143 IIlGHWAY SIGNING 

14.3.1 General 

The majority of the information required for 
the design and placement of highway signs 
along Oklahoma highways can be found in 
the FHWA Manual on Unifonn Traffic 
Control Devices (MUTCD) and the ODOT 
Standard Drawings. The intent of this section 
is not to reiterate the information presented 
in these sources, but instead to supplement 
these references where necessary and to 
provide the user with additional guidance. 

143.1.1 References 

For additional information on highway 
signing, the designer is referred to the 
following publications: 

1. Manual on Unifonn Traffic Control 
Devices, FHWA; 

2. Traffic Control Devices Handbook, 
FHWA; 

3. Standard Highway Signs, FHWA; 

4. Standard Alphabets for Highway Signs and 
Pavement Markings, FHWA; 

5. Traffic Engineering Handbook, ITE; 

6. A Policy on Geometric Design, of Highways 
and Streets, AASHTO; 

7. Roadside Design, Guide, AASHTO; and 

8. Manual of Steel Construction, AISC. 

143.12 Computer Software 

There are many computer software programs 
available to the designer that may be used in 

the design of highway signing including sign 
layouts, legends, quantities, structure 
supports, etc. The designer needs to be 
aware that not all software packages are 
applicable to Oklahoma. Therefore, the user 
should first contact the Traffic Engineering 
Division to determine which programs and 
vers10ns are acceptable for use on ODOT 
projects. 

Most of these software programs can be 
purchased from either McTrans Center, 512 
Weil Hall, Gainesville, Florida 32611-2083; or 
from PC-TRANS, Kansas University 
Transportation Center, 2011 Learned Hall, 
Lawrence, Kansas 66045. 

143.13 MUTCD Context 

Throughout the MUTCD, the words "shall," 
"should" and "may" are used to describe the 
appropriate application for various traffic 
control devices. Section 14.2 presents 
ODOT's position on these clarifying words. 

1432 Applications 

1432.1 Sign Reflectorization 

It is ODOT's policy that all signs need to be 
either illuminated or reflectorized. The 
following describes the reflective sheeting 
types available: 

1. Type II. Enclosed lens type consisting of 
spherical lens elements embedded 
beneath the surface of a smooth, 
transparent, flexible plastic resulting in a 
nonexposed lens, optical reflecting system. 

2. Type II-A. Same as Type II but with a 
higher quality and number of spherical 
lens elements. 
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3. 'I):pe Ill-A. Encapsulated lens type 
consisting of spherical lens elements 
adhered to a synthetic resin and 
encapsulated by a flexible, transparent 
waterproof plastic having a smooth 
surface. · 

4. Type IV. Cube corner (mircoprism) 
retroreflective elements integrally bonded 
to a transparent, flexible, smooth­
surfaced, tough and weather-resistant 
polymeric film. 

Although Type III-A reflective sheeting is 
more expensive than Type II-A, it provides 
much better reflectivity. For permanent sign 
installations, only the Type III-A sheeting 
should be used. The Type IV sheeting is 
generally only used on construction traffic 
control devices (e.g., plastic cones, barrels) or 
on other devices where flexible sheeting is 
required. 

143.2.2 Overhead Signs 

It is ODOT's policy that along Interstates and 
fully controlled urban expressways all guide 
signs will be placed on either overhead sign 
structures or overpasses. For other types of 
highways, the decision on whether to use 
overhead signing will be determined on a 
case-by-case basis. For a list of factors to 
consider in determining the need for an 
overhead sign, the designer should review the 
factors listed in the MUTCD. 

Typically, all overhead signs are lighted, if an 
agreement can be reached with the local 
government for the sign lighting maintenance 
and if a power source is reasonably close to 
the overhead sign. 

All existing overhead sign structures should 
have walkways on the front. New overhead 
sign structures should have walkways on the 
front and back. 

143.23 Stop/Yield Signs 

All local roads/streets intersecting a State­
maintained highway with an at-grade 
intersection and which are not signalized will 
be stop controlled. A yield sign may be used 
if the intersection is operating in a merge 
condition (e.g., channelized intersection with 
a turning roadway) or at an entrance ramp to 
an access-controlled facility. 

143.2.4 Speed Limit Signs 

In accordance with Title 47 of the Oklahoma 
Statutes, the ODOT Transportation 
Commission is required to set all speed zones 
and limits under public jurisdiction. The 
Traffic Engineering Division is responsible for 
investigating a given site and recommending 
to the Transportation Commission an 
appropriate speed zone and limit. All 
requests for speed studies by local officials 
must first go through the Field Division 
Offices. The Field Division Office will then 
coordinate all such requests with the Traffic 
Engineering Division. 

Typically, it is ODOT's practice to establish 
the speed limit at the 85th percentile speed 
as determined through speed studies. In 
addition, the set speed limit should not 
exceed the 85th percentile speed or the 
regulatory speed limit. If deemed necessary, 
a lower speed limit may be recommended to 
the Commission for school zones, high­
accident locations, heavy congestion areas, 
etc. 

143.25 No-Tum-On-Red Signs 

Unless otherwise signed, right-turn-on-red is 
allowed at all intersections within the State. 
Where two one-way streets intersect, left­
turn-on-red is allowed unless otherwise 
signed. The decision on whether to eliminate 
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these maneuvers at an intersection should be 
based on an engineering study as defined in 
the MUTCD and must be coordinated with 
local and FHW A officials. Once the decision 
has been made to eliminate the turning 
movement,· the proper no-turn-on-red sign 
shall be used as specified in the MUTCD. 

14.32.6 Placement of Advance Warning 
Signs 

Table 14.3A provides the recommended 
minimum distances for placement of advance 
warning signs. These distances are based on 
three conditions which are defined by the 
MUTCD as follows: 

1. Condition A -- a higher driver judgement 
condition which requires the driver to use 
extra time in making and executing a 
decision because of a complex driving 
situation; 

2. Condition B -- a condition in which the 
driver will likely be required to stop; and 

3. Condition C -- a condition in which the 
driver will likely be required to decelerate 
to a specific speed. 

If these distances cannot be met, then an 
oversized sign and/or flashing beacons may 
be used to adequately warn the driver. The 
need for an oversized sign and/or flashing 
beacon will be determined on a case-by-case 
basis. Table 14.3B provides a breakdown for 
the above-listed conditions of the typical 
warning signs used in Oklahoma. The 
following example illustrates how to use the 
two tables. 

Example 

Given: Stop-controlled intersection 
Posted Speed 45 mph 

Problem: Where to place a Stop Ahead Sign 

Solution: From Table 14.3B it is determined 
that the stop ahead sign is a 
Condition B category (i.e., the 
driver must stop). From Table 
14.3A the set-back distance is 
shown to be 300 ft. 

If the sign cannot be adequately 
placed at a location of 
approximately 300 ft, then a 36" x 
36" sign or flashing beacons may 
be appropriate. 

1432.7 Tum/Curve Signs 

The MUTCD shows several alignment signs, 
but does not fully define when to use these 
signs. The decision on when to use an 
advance turn or curve warning sign is 
dependent upon many factors including 
speed, alignment, accident history, etc. It 
would be impractical and uneconomical to 
place an advance warning sign at every 
horizontal curve. Before using an advance 
turn or curve warning sign, the designer 
should consider the following: 

1. Speed Determinations. In determining 
whether or not to place an alignment 
warning sign and/or advisory speed 
plates, the designer first needs to 
determine the appropriate safe speed of 
the curve. If the curve radius and 
superelevation are known (e.g., from 
construction plans) then Figure 14.3A can 
be used to determine the appropriate safe 
speed of the curve. If the radius of the 
curve is unknown, then a speed study is 
usually warranted. These types of 
studies are typically done using a ball­
bank indicator. 

The ball-bank indicator test involves 
driving a test vehicle around a curve at 
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Table 143A 

SUGGESIBD DISTANCES FOR ADVANCE WARNING SIGN PIACEMENT (Ff)1 

General warning signs3 

Condition A 
Condition B Posted High Condition C - Deceleration condition to listed 

or 85 Judgment Stop 
advisory speed - MPH (or desired speed at condition) 

percentile needed2 Condition 

speed (10 secs. 
(MPH) PIEV) 0 10 20 30 40 50 

20 175 (4) (4) - - - -
25 250 (4) 100 - - - -
30 325 100 150 100 - - -
35 400 150 200 175 - - -
40 475 225 275 250 175 - -
45 550 300 350 300 250 - -
50 625 375 425 400 325 225 -
55 700 450 500 475 400 300 -
60 775 550 575 550 500 400 300 

65 850 650 650 625 575 500 375 

Source (1) 
Notes: 

1. Distances shown are for level roadways. Distance based on 36-inch signs. If 48-inch signs are used, the 
legibility distance may be increased to 200 feet. This would allow reducing the above distance by 75 feet. 

2. In urban areas, a supplementary plate underneath the warning sign should be used specifying the distance 
to the condition if there is an in-between intersection which might confuse the motorist. 

3. Distance provides for 3-second PIEV, 125 feet Sign Legibility Distance, Braking Distance for Condition B 
and Comfortable Braking Distance for condition C as indicated inA Policy on Geometric Design of Highways 
and Streets. 

4. No suggested minimum distance provided. At these speeds, sign location depends on physical conditions 
at site. 
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Table 14.3B 

CONDffiONS FOR ADVANCE WARNING SIGN PLACEMENT 

CONDITION A CONDITIONB CO~TIITION C 

W4-1(L) Wl-7 Wl-1 (L) 

W4-l(R) W2-1 Wl-1 (R) 

W4-2(L) W2-2 Wl-2 (L) 

W4-2(R) W2-3(L) Wl-2 (R) 

W9-l(L) W2-3(R) Wl-3 (L) 

W9-1(R) W2-4 Wl-3 (R) 

W9-2(L) W2-5 Wl-4 (L) 

W9-2(R) W3-la Wl-4 (R) 

W12-1 W3-2a Wl-5 (L) 

W12-2 W3-3 Wl-5 (R) 

W8-6 Wl-6 

W8-6A Wl-8 

W8-6S W6-1 

Wl0-1 W6-1 (Inv.) 

Wll-2 W6-3 

W8-5 

W13-1 

W13-2 

W13-2a 

W13-3 

W13-3a 

W14-3 

Note: This list only applies to those warning signs shown in the ODOT Standard Drawings. See 
Section 14.3.2.6 for determining conditions for other warning signs. 
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various speeds and reading a curved level 
to determine an appropriate safe speed 
for the curve. Table 14.3C presents the 
various recommended safe speeds for a 
curve based on several ball-bank readings. 
Test runs should be conducted in both 
directions with the selected speed 
applying to the lowest reading. 

2. Hi!Wway Alimment. The designer should 
review the overall highway alignment to 
determine if warning signs are warranted. 
Unexpected curves after long tangent 
sections may be candidates for placement 
of an advance warning sign. Conversely, 
sharp curves on winding highways may 
not warrant the use of an advance 
warning sign as the driver will be 
expecting the turn. 

3. Posted Speeds. Relative to the posted 
speed, the designer should consider the 
following: 

a. Highways with a posted or regulatory 
speed of less than 30 mph generally 
will not warrant an advance warning 
sign. 

b. A turn or curve sign should be 
considered when the recommended 
safe speed of the curve is found to be 
more than 10 mph below the posted 
speed. 

4. Accident History. The accident history 
should be reviewed to determine if there 
are a high number of run-off-the-road 
accidents that can be contributed to the 
horizontal curve. High-accident locations 
will most likely warrant advance warning 
signs, advisory speeds plates and/or 
chevrons. On curves with few or no 
accidents, the use of advance warning 
signs typically will not be warranted. 

5. Driver Familiarity. Highways serving 
local needs (e.g., collectors, local roads) 
will rarely warrant advance warning signs 
as the typical driver will be aware of the 
restrictive alignment. However, on 
arterials and recreational roads the typical 
driver may be less familiar with the 
highway and may require additional 
warnings. 

6. Area Classifications. Urban areas will 
typically not warrant the use of advance 
warning signs as speeds tend to be lower 
and there is greater driver familiarity and 
awareness. 

7. Public Reaction. Local residents 
generally have a good feel on how the 
drivers are reacting to the horizontal 
situation. If there are no complaints 
relative to near misses or accidents, the 
curve will probably not warrant the need 
for signing. Frequent complaints usually 
warrant further investigation. 

8. Turn Versus Curve Siw. If it is 
determined that an advance alignment 
warning sign is warranted, the MUTCD 
recommends that a turn sign be used if 
the curve's recommended safe speed is 30 
mph or less and that a curve sign be used 
if the curve's recommended safe speed is 
greater than 30 mph. 

9. Advisory Speed Plates. If a turn sign is 
used, an advisory speed plate should also 
be used listing the recommended safe 
speed. For curve signs, an advisory plate 
should be used when the safe speed of 
the curve is more than 15 mph below the 
posted speed. 
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Table 143C 

BALL-BANK INDICATOR READINGS 

RECOMMENDED SAFE 
VEHICLE SPEED BALL-BAl\1K READINGS SPEED OF CURVE 

20 mph or less 14° or greater 

20 - 30 mph 12° 

35 mph or greater 100 

143.2.8 Chevron Signs 

Chevron signs should be used where there is 
a history of run-off-the-road accidents in 
conjunction with a horizontal curve. The 
minimum chevron sign size along State 
highways is 18" x 24"; however, to improve 
visibility the use of the larger 30" x 36" 
chevron sign is recommended. 

143.2.9 Low Oearance Signs 

In accordance with Title 4 7, Section 14-114 of 
the Oklahoma Statutes, ODOT is required to 
post the vertical clearances of all bridges on 
the State Highway System. New clearance 
signs are required if, after resurfacing 
operations, the vertical clearances have 
changed. In addition, it is ODOT's policy to 
install advance low clearance signs where the 
bridge clearance is less than 13'-6*. 
Chapters Twelve and Thirteen present the 
minimum clearances for bridges and sign 
structures over highways. 

Speed at which the 14° 
reading occurs 

Speed at which the 12° 
reading occurs 

Speed at which the 10° 
reading occurs 

Source (2) 

143.2.10 Logo Signing Policy 

Information on ODOT's logo signing policy 
can be found in the ODOT publication, Logo 
Signing, or by contacting the Traffic 
Engineering Division. 

143.2.11 School Zones 

Part VII of the MUTCD and Section 11-801 
of Title 47 of the Oklahoma Statutes provide 
explicit criteria relative to the determination 
of school zones and the placement of crossing 
signs near schools. In addition to the above­
listed sources, the following should be 
considered: 

1. Maximum Speed Limit. The maximum 
speed limit through a properly marked 
school zone shall be 25 mph. 

2. School Zone. The areas for enforcement 
of the school zone speed limit is 
restricted to 100 yards on each side of a 
school adjacent to the highway. 
Restricted school zone speed limit signs 
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cannot be placed on highways which are 
not adjacent to the school. 

3. Moveable Signs. The use of moveable 
speed restricted signs should meet the 
following· conditions: 

a. they cannot be placed in the roadway 
more than 1 hour before assembly, 

b. they are to be removed from the 
roadway when school is in session, 

c. they are to be removed within 1 hour 
after school is dismissed, 

d. they are to be placed so that they do 
not impede normal traffic flow, and 

e. they are to be made of materials 
which are not hazardous to motorists 
or pedestrians when struck. 

4. Flashing Beacons. Instead of moveable 
signs, a school speed limit sign with a 
flashing beacon may be used to restrict 
speeds through the school zone if the 
following conditions are met: 

a. the difference between the normal 
posted speed and the school zone 
posted speed is 25 mph or more, or 
the volume of the highway exceeds 
500 vehicles per hour during both the 
school assembly and dismissal times; 

b. the school speed limit signs are 
permanently placed outside of the 
roadway; and 

c. the flashers are only on for the period 
one hour before school assembly and 
one hour after school is dismissed. 

Normal time periods that a flashing beacon 
may be in operation for a typical school day 
are as follows: 

1. 7:30 a.m. - 8:30 a.m., 
2. 11:30 a.m. - 1:30 p.m., and/or 
3. 2:30 p.m. - 4:30 p.m. 

143.2.12 Tourist Oriented Destination 
Signing 

In accordance with Title 74, Section 18-91 of 
the Oklahoma Statutes, the Oklahoma 
Tourism Signage Advisory Task Force was 
established to review and issue 
recommendations to ODOT relative to all 
applications concerning directional signs for 
tourist and traveler-related attraction and 
enterprises. The Task Force membership is 
composed of the following ten members: 

1. a person appointed by the Governor; 

2. the Chairman of the Senate Tourism and 
Recreation Committee or designee; 

3. the Chairman of the House of 
Representatives Tourism and Recreation 
Committee or designee; 

4. the Director of the State Arts Council or 
designee; 

5. a representative from each of the 
following organizations or State agencies 
to be selected by that organization or 
agency; 

a. Department of Transportation, 

b. Department of Tourism and 
Recreation, 

c. Oklahoma Historical Society, 

d. Oklahoma Museums Association, 

e. Oklahoma Lakes and Countries 
Association, and 
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f. Oklahoma Travel Industry Associa­
tion. 

In addition, Title 74, Section 18-92 of the 
Oklahoma Statutes allows ODOT, acting 
upon the recommendation of the Task Force, 
to design, construct, erect and select the 
location of the guide sign. Each person, firm, 
organization or entity approved for a guide 
sign shall be responsible for furnishing all 
materials for said signs in accordance with 
ODOT's "Attraction Signing Policy." ODOT 
will retain all jurisdiction over these signs. 
However, any maintenance and replacement, 
for whatever reason, shall be the sole 
responsibility of the entity sponsoring the 
sign. Additional information on the design 
and placement of these signs can be found in 
ODOT's "Attraction Signing Policy" or by 
contacting the Traffic Engineering Division. 

143.2.13 Roadside Safety 

In general, on State Highways, all sign posts 
within the clear zone should have either 
break-away supports or be protected. 
Chapter Eleven provides additional details on 
ODOT's roadside safety criteria. 

July 1992 
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14.4 PAVEMENT MARKINGS 

14.4.1 General 

The majority of the information required for 
the design · and placement of pavement 
markings along State-maintained highways 
can be found in the Manual on Uniform 
Traffic Control Devices (MUTCD) and the 
ODOT Standard Drawings. The intent of this 
section is not to reiterate the information 
presented in these sources, but instead to 
supplement these references where necessary 
and to provide the user with additional 
guidance. 

14.4.1.1 References 

For additional information on pavement 
markings, the designer is referred to the 
following publications: 

1. Manual on Uniform Traffic Control 
Devices, FHWA; 

2. Traffic Control Devices Handbook, 
FHWA; 

3. Traffic Engineering Handbook, ITE; and 

4. NCHRP Synthesis 138, Pavement 
Markings: Materials and Application for 
Extended Service Life. 

14.4.1.2 MUTCD Context 

Throughout the MUTCD the words "shall", 
"should" and "may" are used to describe the 
appropriate application for various traffic 
control devices. Section 14.2 presents 
ODOTs position on these clarifying words. 

14.4.2 Line Markinp 

Table 14.4A provides a listing of the typical 
pavement stripes used by ODOT. 

14.43 Pavement Markinr: Materials 

ODOT is presently using four types of 
pavement markings. Recommended locations 
for each pavement marking type are 
presented in Table 14.4B. All pavement 
marking materials must meet the criteria set 
forth in the Oklahoma Standard Specifications 
for Highway Construction. Each pavement 
marking type used by ODOT is described 
below: 

1. Paint. Quick-drying paints are typically 
applied as a 4-inch or wider white or 
yellow stripe. Glass beads are dropped 
onto the wet paint which then bond to the 
paint surface when it dries. The use of 
glass beads greatly enhances the 
reflectivity of the paint stripe. Per unit 
cost, paint-applied markings are 
significantly cheaper than any other 
method. However, one of the major 
disadvantages of paint is that it can be 
quickly worn away on high-volume 
roadways and often needs to be reapplied 
more than once a year. 

2. Thermoplastic. Thermoplastic markings 
are typically made from hydrocarbon or 
alkyd resins, pigment and filler. The 
materials are heated to high temperatures 
and are applied in thicknesses of 60 to 
120 mils. After the material is applied to 
the surface, and while it is still hot, glass 
beads are dropped onto the mixture. 
When the material cools, the glass beads 
are then bonded to the surface. 
Thermoplastic markings must be applied 
to clean, dry pavements and on concrete 
pavements a primer is often required. 
Thermoplastic markers are significantly 
more expensive than paint, but often can 
last 5 or more years when applied 
properly. Thermoplastic is the preferred 
marking for high-volume roadways due to 
its long life. 

3. Preformed Plastic. Preformed plastic 
markings are typically premade in a 
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DF..SCRIPTION 

Single Broken 

Single Solid 

Double Yellow 

Solid plus Broken 

Double Broken 

Single Dotted 

Transverse 

Diagonal 

COLOR 

White 

Yellow 

White 

Yellow 

White 

Yellow 

Yellow 

Yellow 

Either 

White 

White 

White 

WIDTH 

4" 

4" 

4" 

6" 

8" 

4" 

4-4-4"* 

4-4-4"* 

4-4-4"* 

4-4-4"* 

4" 

8" 

6" (min) 

24" 

12" 

Table 14.4A 

TYPES OF PAVEMENT STRIPES 

APPLICATION 

Separation of lanes on which travel is in the same direction, with crossing from one to the other permitted; 
i.e., lane lines on multilane roadways. The broken or dash line is formed by a pattern of segments and gaps. 
The typical pattern is a 12-foot segment followed by a 33-foot gap. 

Separation of lanes on which travel is in opposite directions, and where overtaking with care is permitted; 
i.e., centerline on 2-lane, 2-way roadways. The broken or dash line is formed by a pattern of segments and 
gaps. The typical pattern is a 12-foot segment followed by a 33-foot gap. 

Separation of lanes, or of a lane and shoulder, where lane changing is discouraged; i.e., lane lines at 
intersection approaches, right edge stripes. 

Lane Lines separating a motor vehicle lane from a bike lane. 

Delineation of locations where crossing is strongly discouraged; i.e., separation of special turn lanes from 
through lanes, gore areas at ramp terminals, paved turnouts. 

Delineation of left edge lines on divided highways, one-way roads and ramps. 

Separation of lanes on which travel is in same direction, with crossing from one side to the other prohibited; 
e.g., channelization in advance of obstructions which may be passed on either side. 

Separation of lanes on which travel is in opposite directions, where overtaking is prohibited in both 
directions. Left-tum maneuvers across this marking are permitted. Also used in advance of obstructions 
which may be passed only on the right side. 

Separation of lanes on which travel is in opposite directions, where overtaking is permitted with care for 
traffic adjacent to the broken line, but prohibited for traffic adjacent to solid line. Used on 2-way roadways 
with 2 or 3 lanes. Also used to delineate edges of a two-way left-tum lane - solid lines on the outside, 
broken lines on the inside. 

Delineates the edges of reversible lanes. 

Extension of lane lines through intersections. Color same as that of line being extended. Also used to 
extend right edge line of freeway shoulder lanes through off-ramp diverging areas in problem locations. 

Separation of through lane and auxiliary lane or dropped lane. 

Crosswalk edge lines (minimum 6 ft apart) when not in the vicinity of school grounds. 

Limit lines or STOP bars. 

Crosshatch markings, placed at an angle of 45°, at varying distances apart, on shoulders or channelization 
islands to add emphasis to these roadway features . 

I::> * 4-4-4" indicates typical width of stripes and gap between them. 
'-' 

Source (2) 
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Table 14.4B 

GUIDELINES FOR PAVEMENT MARKING PLACEMENT 

PAVEMENT MARKINGS 

RAISED 
REFLECTIVE 

ROADWAY PREFORMED MARKER 
CLASSIFICATIONS PAINT THERMOPLASTIC PLASTIC (ALL WEATHER) 

Freeways (2), (4) (5) (6), (7) 

Urban Expressways (2), (4) (6), (7) 

Rural Expressways (2), (4) (6), (7) 

Urban Arterials (1) (3), (4) (5) (8) 

Rural Arterials (1) (3), (4) 

Collectors (1) (3), (4) 
(State Routes) 

(1) Paint is typically used where traffic volumes are less than 5000 ADT. 

(2) Typically used for these roadway types. 

(3) Thermoplastic markings are typically used where traffic volumes are 5000 ADT or greater. 

( 4) If thermoplastic markings are used, all markings are to be thermoplastic (e.g., center lines, 
lane lines, edge lines, ramps. 

(5) The Traffic Engineering Division is presently testing these markings at these locations. 

(6) Raised reflective markings are used at all exit and entrance gores, see ODOT Standard 
Drawings. 

(7) Raise reflective markings are used at the center and edge lines where traffic volumes are 
15,000 ADT or greater. 

(8) Raised reflective markings may be used at the centerline and lane lines on multilane and 
undivided highways. 
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factory from vinyl, pigment and fillers and 
can come in strips, words or symbols. 
Glass beads are commonly embedded into 
the surface of the markings at the factory. 
Application of the marking typically 
involves · removing a protective strip, 
laying the marking in place and applying 
pressure with a roller or tire. Temporary 
tapes are commonly used in construction 
zones because the tapes can be easily 
removed. However, a common problem 
with some temporary preformed plastics 
is that they tend to break up easily and 
must be routinely checked for adequacy. 

4. Raised Reflective Markers. Raised 
reflective markings are typically cube­
comered acrylic lenses, tempered-glass 
lenses, or glass-bead lenses, mounted in 
either a plastic or iron base. They are 
commonly placed with an adhesive to 
either the pavement surface or into a 
precut groove. Raised reflective markings 
are made to reflect the striping colors 
(e.g., white, yellow, red) and are often 
used in place of or as a supplement to 
other markings. To enhance the service 
life, recessed markers are designed to 
allow a snow plow to pass over the 
marker. The ODOT Standard Drawings 
provide additional details on the 
placement and color locations for raised 
reflective markers. 

5. Experimental Markin~s. With the 
continued advancement of technology in 
pavement markings, there will always be 
new materials or methods in the 
placement of pavement markings. The 
designer is encouraged to pursue the use 
of these new materials or procedures. 
However, the use of any experimental 
pavement markings must be first 
approved by the Traffic Engineering 
Division. 

14.4.4 Applications 

14.4.4.1 Center Lines 

It is ODOT's policy to place center lines on 
all State-maintained highways that ·have a 
surface width of 16 ft or more. For narrower 
widths, the decision on whether to use a 
center line will be determined on a case-by­
case basis. 

14.4.4.2 Edge Lines 

It is ODOT's policy to place edge lines on all 
Interstates, multilane highways and paved 
roadways that have a surface width of 22 ft or 
more. For narrower roadway widths, the 
decision on whether to place edge lines will 
be determined on a case-by-case basis. The 
ODOT Standard Drawings also provide 
additional details on the placement of edge 
lines. 

14.4.4.3 Parking Lot Markings 

Section 17 .1 provides information on the 
design and layout of parking stalls for both on 
and off street parking. White paint stripes of 
4 inches are typically used for marking 
parking stalls. 

14.4.4.4 Handicapped Markings 

Section 17.4 provides information on the 
layout for handicapped parking stalls. The 
pavement markings will typically be white. 
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145 TRAFFIC SIGNALS 

145.1 General 

The design of traffic signals is one of the most 
dynamic fields of traffic engineering. 
Although this section will address several 
traffic signal design issues, it would be 
impractical for this section to constitute a 
traffic signal design guide. For detailed 
design information, the reader is encouraged 
to review the latest editions of the references 
listed in Section 14.5.1.1. The intent of this 
section is to provide the user with a brief 
overview of the traffic signal design issues and 
to present ODOT's positions, policies and 
procedures on these issues. 

145.1.1 References 

For additional information on traffic signal 
designs, the designer is ref erred to the 
following publications: 

1. Manual on Uniform Traffic Control Devices 
(MUTCD), FHWA; 

2. Highway Capacity Manual, TRB; 

3. Traffic Control Devices Handbook, FHWA; 

4. Manual of Traffic Signal Design, ITE; 

5. Traffic Engineering Handbook, ITE; 

6. Traffic Control Systems, NEMA; 

7. National, State and Local Electrical 
Codes; 

8. Traffic Detector Handbook, FHWA; 

9. Tm/fie Signal Installation and Maintenance 
Manual, ITE; 

10. Traffic Signal Lamps, ITE; and 

11. Manufacturers' literature. 

145.1.2 MUTCD Context 

Throughout the MUTCD, the words "shall," 
"should" and "may" are used to describe the 
appropriate application for various traffic 
control devices. Section 14.2 presents 
ODOT's position on these clarifying words. 

145.13 Definitions 

The following is a brief list of the more 
common terms used in traffic signal designs: 

1. Controller. (1) (Traffic) A device that 
controls the sequence and duration of 
indications displayed by traffic signals; (2) 
(computer) under computer supervision, 
a device that switches the signal circuits 
according to the computer's instructions. 

2. Coordination. The establishment of a 
definite timing relationship between 
adjacent traffic signals. 

3. Gycle Length. The time required for one 
complete sequence of signal indications. 

4. Delay. (1) A measure of the time that 
elapsed between the stimulus and the 
response; (2) traffic delay - the time lost 
by vehicle( s) due to traffic friction or 
control devices. 

5. Demand. The need for service; for 
example, the number of vehicles desiring 
to use a given segment of roadway during 
a specified unit of time. 

6. Detection. The process used to identify 
the presence or passage of a vehicle at a 
specific point or to identify the presence 
of one or more vehicles in a specific area. 
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7. Detector. A device for indicating the 
presence or passage of vehicles or 
pedestrians (e.g., loop detector, rnicroloop 
detector, calling detector, pushbutton, 
etc.). 

8. Interval. A discrete portion of the signal 
cycle during which the signal indications 
remain unchanged. 

9. Interval Seguence. Specifies the order in 
which the various intervals are displayed. 

10. Interval Timin~. The passage of time that 
occurs during an interval. 

11. Loop Detector. A device capable of 
sensing a change in inductance of a loop 
sensor imbedded in the roadway caused 
by the passage or presence of a vehicle 
over the loop. 

12. Offset. The time difference or interval in 
seconds between the start of the green 
indication at one intersection as related to 
the start of the green interval at another 
intersection or from a system time base. 

13. Pattern. A unique set of traffic 
parameters (cycle, split and offset) 
associated with each signalized 
intersection within a predefined group of 
intersections. 

14. Phase. A part of the traffic signal time 
cycle allocated to any combination of 
traffic movements receiving right-of-way 
simultaneously during one or more 
intervals. 

15. Phase Overlap. Refers to a phase that 
operates concurrently with one or more 
other phases. 

16. Phase Seguence. The order in which a 
controller cycles through all phases. 

17. Point Detection. The detection of a 
vehicle as it passes a point or spot on a 
street or highway. 

18. Preemption. The term used when the 
normal signal sequence at an intersection 
is interrupted and/or altered in deference 
to a special situation such as the passage 
of a train, bridge opening or the granting 
of the right-of-way to an emergency 
vehicle. 

19. Presence Detection. The ability of a 
vehicle detector to sense that a vehicle, 
whether moving or stopped, has appeared 
in its field. 

20. Recall. An operational mode for an 
actuated intersection controller whereby a 
phase, either vehicle or pedestrian, is 
displayed each cycle whether demand 
exists or not. Usually a temporary or 
emergency situation. 

21. Split. A percentage of the cycle length 
allocated to each of the various phases in 
a signal sequence. 

22. Yield. The action of allowing a semi­
actuated controller, or an actuated 
controller operating in the semi-actuated 
mode, to terminate the main street phase 
so as to begin satisfying existing cross­
street demand. 

145.2 Preliminai:y Design Activities 

In general, the Traffic Engineering Division is 
responsible for making the determination on 
the need for a new or existing traffic signal. 
This determination is based on several factors 
including traffic volumes, accident history, 
schools, pedestrians, local needs, driver needs, 
construction costs and maintenance costs. 
The following sections provide information on 
some of the guidelines, policies, procedures 
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and factors that are used by ODOT in making 
these determinations. 

1452.1 Signal Study Requests 

Requests for new signals can come from many 
sources - FHWA, Rural or Urban Design 
Divisions, Field Division, local officials, 
developers and/or local citizen groups. All 
requests for new traffic signal installations 
should be first forwarded to the appropriate 
Field Division Office. If the Field Division 
Office determines the request merits further 
investigation, it will then begin accumulating 
the necessary traffic data. 

For in-house requests, the Field Division, in 
conjunction with the Planning Division, will 
conduct the appropriate traffic studies to 
obtain accurate and up-to-date traffic data 
and projections. For other requests, the latest 
traffic data and projections should be 
forwarded with the request. The data 
collector will need to refer to Part IV, Section 
C, of the MUTCD, which lists the 11 warrants 
for traffic signals, to determine the 
appropriate information required. For 
additional information on the collection of 
traffic data, the designer should review the 
ITE publication, Manual of Traffic Engineering 
Studies, or contact the ODOT Planning 
Division. 

Once a legitimate request has been reviewed 
and the appropriate traffic data has been 
collected, the Field Division will then send the 
request and traffic data to the Traffic 
Engineering Division's Traffic Design Branch. 
The Traffic Engineering Division personnel 
(or consultant) will prepare a detailed analysis 
of the site using the warrants and 
considerations listed in the following sections. 

1452.2 Signal Warrants 

At a minimum, all new traffic signals should 
meet the warrant criteria set forth in Part IV, 
Section C of the MUTCD. The 11 MUTCD 
traffic signal warrants are as follows: 

Warrant 1 
Warrant 2 

Warrant 3 
Warrant 4 
Warrant 5 
Warrant 6 
Warrant 7 
Warrant 8 

Minimum vehicular volume 
Interruption of continuous 
traffic 
Minimum pedestrian volume 
School crossings 
Progressive movement 
Accident experience 
Systems 
Combination of warrants 

Warrant 9 Four-hour volumes 
Warrant 10 - Peak-hour delay 
Warrant 11 - Peak-hour volume 

14523 Warrant Analysis 

Even though traffic volumes may be 
sufficiently high, the installation of a traffic 
signal may not always be the most prudent 
choice. In addition to the MUTCD warrants, 
the designer should also consider the 
following: 

1. Minimums. The MUTCD warrants are 
considered to be guidelines for 
determining the need for a traffic signal. 
The intent of MUTCD thresholds is to 
establish a minimum boundary below 
which a traffic signal should not be 
installed. Meeting or exceeding these 
thresholds does not automatically warrant 
a traffic signal. 

2. Volume Warrants. MUTCD warrants 1 
and 2 require the volume warrants to be 
satisfied for each of any 8 hours on an 
average day. 

3. Benefits. The benefits of the traffic signal 
must outweigh its disadvantages. Traffic 
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signals will cause delays for at least one 
leg of the intersection when seiving the 
needs of another. A traffic signal should 
be installed only if the operations of the 
whole intersection are improved and are 
more efficient. 

4. Accidents. Traffic signals are often 
installed to reduce certain types of 
accidents (e.g., right-angle collisions, 
pedestrian crossings). However, the 
installation of a traffic signal may actually 
increase the number of rear-end collisions 
and may fail to reduce turning conflicts 
between vehicles and pedestrians. The 
designer needs to determine if a change 
in accident types and their severity will be 
an actual improvement for the 
intersection. 

5. Geometrics. The geometric design of the 
intersection can affect the efficiency of 
the traffic signal. Installations of traffic 
signals at poorly aligned intersections 
may, in some cases, increase driver 
confusion and thereby reduce the overall 
efficiency of the intersection. If practical, 
the intersection should be properly 
aligned and have sufficient room to 
adequately lay out turning lanes, through 
lanes, etc. Chapter Nine provides 
additional information for at-grade 
intersection designs. Under some 
circumstances, the use of an interchange 
may be more economical than installing 
or upgrading traffic signals. Chapter Ten 
provides additional information on the 
design considerations for an overpass. 

6. Costs. The installation and maintenance 
of traffic signals can be very expensive. A 
cost-effectiveness analysis may be 
required to determine if the benefits from 
the reduction in accidents and delays will 
actually exceed the costs for the signal. 

7. Presentation Forms. Figure 14.SA 
illustrates an example of ODOT's 
preferred format for the presentation of 
the analysis results. 

14.52.4 Local Responsibilities 

It is ODOT's policy to assist in funding of the 
design and installation of a traffic signal only 
when the intersection is on a State or Federal 
highway or where a freeway exit or entrance 
ramp intersects with a local facility. 

In accordance with the Oklahoma Statutes, all 
traffic signals, even on State highways, are to 
be maintained by the municipality or county. 
Only under rare circumstances, will the State 
take responsibility for the maintenance of a 
traffic signal (e.g., flashing beacons). For all 
traffic signals, an agreement is required 
between ODOT and the municipality or 
county to have the municipality or county take 
responsibility for the operation and 
maintenance of the signal equipment. The 
Traffic Engineering Division will be 
responsible for reviewing, preparing and/ or 
coordinating these agreements. 

14.5.3 Traffic Signal Equipment 

All traffic signal equipment is to meet the 
criteria set forth in the MUTCD, NEMA 
Traffic Control System, ODOT Standard 
Drawings and ODOT Standard Specifications. 
The following sections provide additional 
information on the traffic signal equipment 
used in Oklahoma. 

14.53.1 Traffic Controllers 

There are two basic types of traffic controllers 
- pretimed and actuated. A pretimed 
controller operates according to pre­
determined schedules. An actuated controller 
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TRAFFIC SIGNAL WARRANT SUMMARY FORM 

INTERSECTION LOCATION 

SITE 1 SITE 2 SITE 3 SITE 4 SITE 5 SITE6 

TRAFFIC SIGNAL WARRA.NTS 
Maple First Grand 

Avenue Avenue &Main 
&Main &Main Street 
Street Street 

• 1. Minimum Vehicular Volume Yes Yes No 

2. Interruption of Continuous Yes Yes No 
Traffic 

• 3. Minimum Pedestrian Volume No Yes No 

• 4. School Crossing No No No 

5. Progressive Movement No No No 

• 6. Accident Experience Yes No No 

7. Systems No No No 

8. Combination of Warrants No No No 

9. Four-Hour Volumes Yes Yes Yes 

10. Peak-Hour Delay Yes Yes Yes 

11. Peak-Hour Volume Yes Yes Yes 

Yes Yes Yes 
Signals Warranted 

No No 

• Include backup data with submission. 

SAMPLE OF A TRAFFIC SIGNAL WARRANT SUMMARY FORM 

Figure 14.5A 
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operates with variable vehicular and 
pedestrian timing and phasing intervals which 
are dependent upon traffic demands. If there 
is no demand for a phase, the actuated 
controller will omit that phase in the cycle 
(e.g., if there is not a demand for left turns, 
the left-tum phase will not be activated). The 
following sections provide general information 
on the various controllers used by ODOT. 

14.5.3.1.1 Preti.med Controller 

Pretimed controllers use a fixed, consistent 
predetermined cycle length, usually 40 to 120 
seconds. They can be programmed to provide 
several different timing programs based on 
the time of day and/or day of week. Their 
use is best suited where traffic volumes and 
patterns are consistent from day to day (e.g., 
downtown areas). The controller can be 
either electromechanical or solid state. For 
new installation, the electromechanical 
controller is rarely used because the solid­
state design has better expansion capabilities 
and replacement parts are simpler and easier 
to install. The following lists some of the 
advantages and disadvantages of the pretimed 
controller: 

Advantages 

1. They can be easily incorporated into a 
progression system. 

2. They are not dependent on a detection 
device. 

3. They are typically easier to operate and 
maintain than actuated controllers. 

4. They have been commonly used in the 
past. 

5. They require little additional training of 
local maintainers for proper operation 
and maintenance. 

6. They can be readily upgraded to an 
actuated system. 

Disadvantages 

1. There is not an industry-wide 
interchangeability standard for 
replacement parts between different 
controller manufacturers. 

2. They cannot compensate for short-term 
fluctuations in the traffic flows which can 
cause excessive vehicle delays. 

3. They tend to be inefficient at isolated 
intersections. 

Since the cost difference between a pretimed 
and actuated controller is minimal and 
actuated controllers can be set up to simulate 
pretimed controllers, ODOT has limited the 
use of pretimed controllers on State highways. 
Any proposed use of a new pretimed 
controller on a State highway must be first 
approved by the Traffic Engineering Division. 

14.5.3.1.2 Semi-Actuated Controller 

Semi-actuated controllers are based on vehicle 
detection from one or more approaches, but 
not on all approaches. Typically, vehicle 
detectors (e.g., loop detectors) are placed only 
on the minor approaches. The major 
approaches are kept in the green phase until 
a vehicle on the minor approach is detected. 
If there is a demand on the minor approach 
and the minimum green time for the major 
approach has elapsed, the right-of-way will 
then be given to the minor approach. To 
handle various fluctuations on the minor 
approach, the minor approach is given enough 
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time to clear one vehicle with additional time 
added for each new detection up to the 
maximum green time. Once the minor 
approach demand has been satisfied or when 
its maximum green time has been reached the 
right-of-way ·is then returned to the major 
approach and the cycle begins again. If there 
is no minor approach demand the major 
approach will remain in the green phase 
indefinitely. The following lists some of the 
advantages and disadvantages of the semi­
actuated controller: 

Advantages 

1. The major approach receives a green 
phase indefinitely until a vehicle 1s 
detected on the minor approach. 

2. They can be easily incorporated into a 
coordinated system. 

3. They can be effectively used at isolated 
intersections. 

Disadvantages 

1. Short continuous demands on the minor 
street (e.g., factory shift changes) can 
cause excessive delays to the mainline. 

2. A detection device is required, typically 
loop detectors on the minor street. 

3. They are typically more complex to 
operate than pretimed controllers. 

14.5.3.1.3 Full-Actuated Controller 

A full-actuated controller has detection 
devices on all approaches to the signalized 
intersection. The green phase on an 
approach will remain until a conflict call is 
received from the side or stopped approach. 

Continuous traffic on one street is not 
interrupted by an actuation demand from the 
side street until a gap appears or when the 
maximum green time has elapsed. Once the 
side street demand has been satisfied, right­
of-way is then returned to the other street if 
a conflict detection has been registered. 
When there is a continuous demand for all 
approaches, the system tends to operate as a 
pretimed system. A full-actuated controller is 
an appropriate design choice when all 
approaches have equal traffic volumes and 
equal levels of hierarchy. The following lists 
some of the advantages and disadvantages of 
a full-actuated controller: 

Advantages 

1. They can handle high traffic volumes 
efficiently. 

2. They are very efficient at isolated 
intersections. 

3. They can handle varying traffic demands 
efficiently. 

4. They can be programmed to operate as a 
pretimed signal or semi-actuated system. 

5. They can be programmed to allow 
different phases to operate concurrently, 
if they are not conflicting phases. 

Disadvantages 

1. A detection device is required on all 
approaches, typically loop detectors. 

2. They are more complex to operate and 
maintain. 

3. With heavy traffic demands, they often 
provide only the minimum green time to 
each phase. 
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14.5.3.1.4 Volume-Density Controller 

A volume-density controller is a more 
complex, full-actuated controller design. This 
type of controller is typically used at high­
speed intersections. Additional detectors are 
placed well in advance of the intersection to 
determine vehicle gaps. The mainline vehicle 
gaps are adjusted to give priority to vehicle 
platoons versus conflict calls from the side 
streets. Once the gaps on the mainline are 
too long or the maximum green time has 
passed, the right-of-way is then given to the 
side streets to allow the waiting vehicles a 
chance to enter or cross the high-speed 
highway. The following lists some of the 
advantages and disadvantages of a volume­
density controller: 

Advantages 

1. They are very efficient at high-speed 
intersections. 

2. They can effectively handle large traffic 
volumes. 

3. They can effectively clear stored traffic 
(e.g., stored vehicles in a left-turn bay). 

4. They can be programmed to give higher 
priority to the mainline. 

5. They can be programmed to allow 
different phases to operate concurrently, 
if they are not conflicting phases. 

6. They can be programmed to handle local 
site conditions. 

Disadvanta~es 

1. Additional detection devices are required 
upstream of the traffic signal and on all 
approaches. 

2. They are more complex to operate and 
maintain. 

3. Maxinrnm green times are routinely 
provided for each phase. 

4. Typically, they have higher initial and 
maintenance costs. 

14.5.3.1.5 Pedestrian Controller 

A pedestrian controller commonly works in 
conjunction with one of the other controller 
types. These controllers allow for the timing 
of the "WALK" and "DON'T WALK" cycles. 
They are actuated by pedestrian push buttons 
or pedestrian sensors. The following lists 
some of the advantages and disadvantages of 
a pedestrian controller: 

Advantages 

1. They provide additional protection for 
crossing pedestrians. 

2. When there is little pedestrian demand, 
disruption to the vehicular phases can be 
kept to a minimum. 

Disadvantages 

1. Pedestrian call buttons are required and 
must be located in a convenient location 
for both the able and handicapped. 

2. Pedestrian cycles concurrent with green 
time may marginally delay right-turning 
vehicles. 

3. Will significantly increase the required 
minimum green time on the minor street 
if the major street is significantly wider 
than the minor street. 
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14.5.3.1.6 Specialty Controllers 

There are several other controllers that are 
used in traffic engineering designs (e.g., 
:flashing beacons, emergency vehicle actuators, 
railroad grade-crossing signals). The use of 
these types of controllers is site specific and is 
to be designed on a case-by-case basis. 

14532 Detectors 

The purpose for a detector is to determine 
the presence of a vehicle or pedestrian, or the 
passage of a moving vehicle. This presence or 
passage detection is sent back to the 
controller which adjusts the signal accordingly. 

There are many types of detectors available 
which can detect the presence or passage of a 
vehicle. Typically, ODOT only uses the 
inductive loop and microloop detectors in its 
signal design. The inductive loop detector is 
preferred because it can be used for passage 
or presence detection, vehicular counts, speed 
determinations and is generally accurate and 
easy to maintain. Although the inductive loop 
detector is usually the system of choice, this 
does not prevent the designer from 
recommending the use of new devices in the 
future. If, in the designer's opinion, a new 
detector should be considered, its use must be 
first coordinated with the Traffic Engineering 
Division. 

14.5.3.2.1 Inductive Loop Detector 

An inductive loop detector (loop detector) 
design consists of two or more loops of wire 
embedded in the pavement surface. Figure 
14.SB provides a schematic of a inductive loop 
detector. As a vehicle passes over the loop, it 
disrupts the current running through the wire. 
This disruption is recorded by an amplifier 
and transmitted to the controller as a vehicle 
detection. 

The advantages of the loop detector are that 
they can: 

1. detect vehicles m both presence and 
passage modes, 

2. be used for vehicular counts and speed 
determinations, and 

3. Be easily designed to meet the various 
site conditions. 

A major disadvantage of the loop detector is 
that it is very vulnerable to pavement surface 
problems (e.g., potholes) which can cause 
breaks in the loops. To alleviate this 
problem, a series of loops is often used. 

There are basically two types of loop detector 
designs - the long loop design (6'x30') and 
the short loop design (6'x6'). Figure 14.SC 
and the ODOT Standard Drawings illustrate 
typical loop detector design layouts and 
installation details. The designer needs to be 
aware that the typical layouts shown in Figure 
14.5C and the Standard Drawings are for 
illustrative purposes only. Each intersection 
needs to be designed individually to meet 
local site conditions. 

A series of loops (usually a 6'x 30') is used at 
the intersection itself for presence detection 
of vehicles stopped at the traffic signal. A 
series of short loops ( 6'x 6') is used to 
determine the passage of vehicles prior to the 
intersection. The spacing of these loops is 
determined from the design speed of the 
highway. Table 14.SA presents the typical 
loop detector spacings when they are used for 
passage detection. 

14.5.3.2.2 Microloop Detectors 

A microloop detector consists of a magnetic 
metal core with wrapped windings, similar to 
a transformer. This core is sealed in a 
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Notes: 1. All connections and splices shall be made in the pull box. 

2. See ODOT Standa.rd Drawings for additional details. 
Source (11) 

SCHEMATIC OF INDUCTIVE LOOP DETECTOR 

Figure 14.SB 

cylinder about 1-inch in diameter and 4-inches 
long. Figure 14.50 illustrates a typical 
microloop installation. 

The microloop detector also can work with 
the standard inductive loop detector 
electronic units. The microloop is typically 
installed by drilling a 3-inch diameter hole 20 
inches deep into the pavement structure or by 
securing it to the underside of a bridge deck 
(i.e., no drilling). A major disadvantage of 
the microloop detector is that it requires 
some motion to activate the triggering 
circuitry of the detector and does not detect 
stopped vehicles. 

14.5.3.2.3 Pedestrian Detectors 

The most common pedestrian detector is the 
pedestrian push or call button. These 
pedestrian call buttons should be placed so 
they are convenient to use, reachable by the 
handicapped and not placed in the direct path 
for the blind. Inconveniently placed 
pedestrian detectors is one of the reasons 
many pedestrians choose to cross the 
intersection illegally and unsafely. 

14.533 Signal Poles 

Under most circumstances, traffic signals are 
typically installed on mast arms which are 
placed on the far side of the intersection. This 
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Table 145A 

LOOP DETECI'OR SPACINGS FOR PASSAGE DETECTION1 

. Design Speed First Detector2 Second Detector3 
(mph) (ft) (ft) 

30-35 -1 180 

40-45 -1 273 

50-55 -1 386 

Notes: 1. Measured from front of STOP bar to front of loop detection. 

2. Use 6 'x 30' long loop design. 

3. Use 6 'x 6 'short loop design. 

allows the signal heads to be placed directly 
over the turning and through lanes. In 
addition, the rigid mounting also allows for 
better control of the signal heads under wind­
loading conditions. With the variety of 
materials available, mast arm designs can be 
designed to be aesthetically pleasing and 
made to match the neighborhood decor. 

Pedestal- or post-mounted signals are often 
used if there is a left-tum signal in a median 
or on the near side of the intersection if the 
intersection is significantly wide. As with the 
mast arm, the post-mounted signal is a rigid 
design and can be designed to be aesthetically 
pleasing. 

Under some temporary situations (e.g., 
temporary traffic signals in construction 
zones) signal heads may be placed on span 
wires. Some of the problems with the use of 
span wire designs include: 

1. they do not provide enough rigidity under 
wind loading conditions, 

2. the signal faces are harder to see on 
narrow streets, 

3. pedestrians have a more difficult time 
seeing the signal faces, and 

4. installations are often considered to be 
aesthetically unpleasing. 

Consequently, it is ODOT's policy not to use 
span wire designs for permanent installations. 
The ODOT Standard Drawings provide typical 
layouts and design information on the 
temporary use of span wires for traffic signals 
installations. 

It is also ODOT's policy to provide overhead 
highway lighting wherever traffic signals are 
used on State highways. Typically, the traffic 
signal post or mast arm pole is also used for 
the overhead highway lighting. The ODOT 
Standard Drawings present the design details 
for this signal pole. Section 14.6 provides 
information on the lighting design. 
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14.53.4 Signal Display 

The traffic signal display consists of many 
parts including the signal head, signal face, 
optical unit, visors, etc. The criteria set forth 
in Part IV, Section B of the MUTCD is to be 
followed in determining appropriate signal 
display arrangement and equipment. In 
addition, the following guidelines are provided 
for the selection of signal display equipment: 

1. Siimal Head Housin~s. Signal head 
housings can be made from either 
aluminum or plastic. Plastic is usually 
lighter and retains it color throughout its 
service life. However, plastic is not as 
strong as aluminum and tends to break 
when used in top- or bottom-mounted 
rigid installations. 

2. Siimal Faces. The Standard Drawings 
present ODOT's preferred signal face 
arrangements for use on State highways. 
It is ODOT's policy to place the signal 
lenses in a vertical line versus 
horizontally. Where protected left-turns 
are followed by permissive left-turns, the 
five-section cluster design is the 
recommended arrangement choice. Part 
IV, Section B of the MUTCD provides 
additional information on the 
arrangement of signal faces. 

3. Lens Sizes. Although an 8-inch lens size 
is allowed by the MUTCD, ODOT's 
policy is to use only 12-inch lenses on 
State highways. When upgrading traffic 
signals, all signal faces with 8-inch lenses 
should be replaced with signal faces that 
have 12-inch lenses. In addition, it is 
ODOT's policy to only use glass lenses in 
its signal displays. 

4. Backplates. It is ODOT's policy that 
backplates be installed on all signal heads. 
The Standard Drawings provide additional 

details on the backplates used m 
Oklahoma. 

5. Signal Lamps. The designer is referred to 
ITE's Traffic Signal Lamps for ODOT's 
criteria on signal lamps. The ITE 
publication covers lamp illumination, light 
center length, rated "initial" lumens, lamp 
life and operating voltages. 

6. Visors. ODOT's standard practice is to 
use a tunnel visor on all signais. In 
special cases, a cutaway visor may be 
used. These visors are typically used for 
two purposes - to direct the signal 
indication to the appropriate approaching 
traffic and to reduce "sun phantom." 
These visors are typically made of the 
same material as the housing. The 
decision on whether to use either the 
tunnel or cutaway visor is determined on 
a site-by-site basis. 

7. Louvers. Louvers are sometimes used to 
direct the signal indicator to a specific 
lane (e.g., left-turn signal for a left-tum 
bay). Louvers are used where several 
signal heads may cause confusion for the 
approaching driver. One example of this 
problem is where a left-tum signal 
indicator is red, but the through lanes 
indicators are green. The decision on 
whether to use louvers depends on site 
conditions and will be determined on a 
case-by-case basis. 

8. Optically Programmed Siimals. Like 
louvers, optically programmed signals are 
designed to direct the signal indicator to 
specific approach lanes. A major 
advantage is that they can be narrowly 
aligned so that the adjacent lanes cannot 
see the indicator. Typical applications 
include closely spaced intersections, left­
turn signals at skew intersections and left­
turn signals on high-speed approaches. 
Optically programmed signals require 
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rigid mountings to keep the indicator 
properly directed. Although the initial 
cost may be higher than louvers, the 
advantage of being less confusing often 
makes them cost effective. The decision 
on whether to use a optically programmed 
signal depends on site conditions and will 
be determined on a case-by-case basis. 

14535 Conduit System 

Electrical connections between the power 
supply, controller, detectors and signal heads 
are typically carried in a closed conduit 
system. The conduit system consists of 
electrical cables or wires, connectors, conduit 
and pull boxes. The designer should consider 
the following when developing the traffic 
signal wiring plan: 

1. Service Connections. Service connections 
from the local utility lines should go 
directly to the controller and should be as 
short as practical. Preferably, these 
installations will be underground. Easy 
access to a shut off device in the 
controller is required to turn the power 
supply off when performing system 
maintenance. 

2. Electric Cables. All electric cables and 
connections must meet national, state and 
local electrical codes in addition to the 
NEMA criteria. In generaL the number 
of conductor cables should be kept to a 
mm1mum, usually only 3 or 4 
combinations, to reduce inventory 
requirements. 

3. Cable Runs. All electric cable runs shall 
be continuous between the controller, 
signal heads and pull boxes. 

4. Pull Boxes. Pull boxes are to be located 
adjacent to the controller cabinet, each 
signal pole and each detector location. 

The ODOT Standard Drawings provide 
additional details on the design of pull 
boxes. 

5. Underground Conduit. Underground 
conduit is used to connect the controller, 
traffic signals and loop detectors together. 
For conduit runs underneath the 
pavement and between the Size I and Size 
II pull boxes, 3-inch conduit should be 
used. Two 3-inch conduits are typically 
used between the controller cabinet and 
the Size II pull box. For runs between the 
traffic signal pull box to signal pole, 2-inch 
conduit should be. utilized. For conduit 
runs between the detector pull boxes and 
traffic signal pull boxes, 1112-inch conduit is 
typically used. For runs with additional 
cables, the conduit size may need to be 
increased. The manufacturer's literature 
should be checked to determine the 
appropriate conduit size. Section 14.5.4 
and the ODOT Standard Drawings provide 
additional details on the design and 
placement of underground conduit. 

145.4 Traffic Signal Design 

145.4.l Design Criteria 

In general, ODOT has adopted the MUTCD 
criteria for the placement and design of traffic 
and pedestrian signals. This includes, but is 
not limited to, signal indications, color 
requirements, number of lenses per signal 
face, number and location of signal faces, 
height of signal faces, location of signal 
supports, etc. In addition to the MUTCD, 
the ODOT Standard Drawings and references 
listed in Section 14.5.1.1 provide further 
details and information on the design of 
traffic signals. 
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145.4.2 Placement of Signal Equipment 

For the most part, the designer has limited 
options available in determining acceptable 
locations for the placement of signal 
pedestals, mast arm signal poles, pedestrian 
detectors and controllers. From the roadside 
safety aspect, these elements should be placed 
as far back from the roadway as possible. 
However, due to visibility requirements, 
limited mast arm lengths, limited right-of-way, 
restrictive geometrics or pedestrian 
requirements, traffic signal equipment often 
must be placed relatively close to the 
travelway. The designer should consider the 
following when determining the placement of 
traffic signal equipment: 

1. Clear Zones. If practical, the placement 
of traffic signal equipment should meet 
the clear zone criteria presented in 
Chapter Eleven. 

2. Controller. In determining the location of 
the controller cabinet, the designer needs 
to consider the following: 

a. The controller cabinet should be 
placed outside the clear zone or in a 
position so that it cannot be struck by 
errant vehicles. 

b. The controller cabinet shall be located 
where the ease of access for 
maintenance is practical. 

c. Desirably, the controller cabinet 
should be located so that a technician 
working in the cabinet can see the 
signal heads in at least one direction. 

d. The controller cabinet shall be located 
where it is flood-proof or be raised 
above the flood stage for a 0 100 
storm. 

e. The power source should be 
reasonably close to the controller 
cabinet. 

3. Siiroal Poles. If practical, all signal poles 
should be placed outside the clear zone. 
At a minimum, the following will apply: 

a. On urban curbed facilities and where 
the design speed is 45 mph or less, the 
center line of the signal pole should 
be at least 5 feet from the curb face. 
On non-curbed facilities, the signal 
pole should be 10 feet from the 
travelway. 

b. On rural, suburban or urban non­
curbed facilities and where the design 
speed is 50 mph or greater, the signal 
pole should be at placed at least 2 feet 
outside of the shoulder and at least 10 
feet from the travelway. Under these 
conditions, the signal pole may require 
some type of positive protection (e.g., 
guardrail, impact attenuators), see 
Chapter Eleven. 

4. Pedestrians. If signal pole must be 
located in the sidewalk, it should not be 
placed in the direct path of pedestrians. 
In addition, the signal pole shall not be 
placed in a manner that will restrict the 
handicapped's access to curb ramps. 
Pedestrian call buttons must be located 
conveniently for both the able and the 
handicapped. 

5. Layout. Figure 14.5E illustrates a typical 
traffic signal pole installation. Figure 
14.5F shows a plan drawing schematic for 
traffic signal installations at an 
intersection. Figure 14.5G illustrates the 
typical placement for pull boxes and 
underground conduit. 
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LUMINAIRE 

STREET NAME SIGN 

TRAFFIC SIGNAL 
WiTH BACKPLATES 

TRAFFIC ENGINEERING 

TWO-WAY CLAMP MOUNTED 
WALK & DON'T WALK SIGN 

July 1992 

Note: Where pedestrian traffic is proposed to walk between curb and signal pole, 
pushbutton and sign should be installed as shown. If proposed signal poles 
are located where pedestrian traffic will approach the pole from a different 
side, pushbutton and sign should be installed on pole facing pedestrian traffic 
or as shown on plans. 

TYPICAL TRAFFIC SIGNAL POLE INSTALIATION 

Figure 145E 
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Notes: 

A. Left-tum signal head shall extend 2 to 3 ft in 
the left-turn bay. 

B. Spacing between signal heads #1 and #2 shall 
be a minimum of 8' -0# (MUTCD). 

I I I 
12'·0" 12'-o· 12·-o· 
TYP. TYP. TYP. 

I I I 
I I 

rSTREET NAME SIGN 

f f TRAF'f'IC SIGN/i. 
MAST MM 

· #fl POl.E 

C. Spacing for all through signal heads shall be a 
maximum of 15' -0" and a minimum of 8' -0" 
(MUTCD). 

D. The minimum distance from the center of the 
traffic signal pole and the face of curb should 
be 5'-0", see Section 14.5.4. 

SCHEMATIC FOR TRAFFIC SIGNAL INSTALLATION 

Figure 14.5F 
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SIZE m PULL BOX 

t '/2" P.V.C. ELECTRICAi.. CONDUIT 

SIZE II PULL BOX 

TYPICAi.. CONTROLLER CABINET 
AND FOUNDATION 

TW0-3" 
P.V.C. ELECTRICAi.. CONDUITS 

TRAFFIC SIGNAi.. FOOT .... G 

TRAFFIC SIGNAi.. FOOTING 

.- SIZE I PULL BOX 

SIZE m PULL BOX 

1 Y2°' CONDUIT 

2" P.V.C. ELECTRICAi.. CONOUIT 

------+--3" P.V.C. ELECTRICAi.. CONDUITS 

L, '12" P.V.C. 
ELECTRICAi.. CONDUIT 

SIZE m PULL BOX 

SIZE I PULL BOX 

2" P.V.C. ELECTRICAi.. CONDUIT 

Notes: 

1. A Size I Pull Box shall be used at each 
quadrant of an intersection with the 
exception of quadrant where the controller 
unit will be located. In this quadrant, a 
Size II Pull Box shall be installed. 

TRAFFIC SIGNAi.. FOOT .... G 

2" P.V.C. ELECTRICAi.. CONDUIT 

SIZE I PULL BOX 

1 '/2" P.V.C. ELECTRICAi.. COt-l>UIT 

SIZE m PULL BOX 

2. A Size III Pull Box shall be used for loop 
detector splicing. 

3. See Section 14.5.4 for controller cabinet 
location requirements. 

TYPICAL PULL BOXES AND CONDUIT PIACEMENT 

Figure 145G 
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14.5.43 Audible Pedestrian Signals 

Locations where sight handicapped 
pedestrians are anticipated to be may warrant 
the use of audible pedestrian "Walle/Don't 
Walle" signals. The use of audible signals will 
be determined on a site-by-site basis. 

14.5.4.4 Local Considerations 

After a signal is installed, it is the 
responsibility of the local municipality or 
county to operate and maintain the signal. 
The designer should review the local 
jurisdiction's existing traffic signal hardware 
and maintenance capabilities. Wherever 
practical, the designer should try to match the 
local jurisdiction's existing hardware, if it 
meets current ODOT criteria. This will 
reduce the municipality's need for additional 
resources and personnel training. However, 
this should not limit the designer's options, as 
there are several consultants who can help 
local governments operate and maintain any 
traffic signal. 

14.5.5 Si&nal System Desi&n 

As traffic volumes continue to grow, the need 
for coordinated signal system designs becomes 
critical. By coordinating two or more traffic 
signals together, the capacity of the highway 
can be significantly increased. Although not 
a perfect solution, the use of a coordinated 
traffic signal system could satisfy the traffic 
needs of the highway for several years. It is 
also a relatively inexpensive method of 
improving capacity with minimal disruption to 
the highway as compared to constructing 
additional lanes. There are several different 
methodologies available to coordinate traffic 
signals. Most of these take advantage of 
recent advancements made in computer 
technology. 

ODOT uses the "Distributed-Master" (Closed 
Loop) System. Figure 14.SH illustrates the 
schematics of this system. The closed loop 
system uses a master controller in the field to 
regulate the other local controllers in the 
system which are typically wired directly to 
the master controller. These local controllers 
feed information from their detectors back to 
the master controller. The master controller 
then adjusts the cycle lengths, splits and 
offsets for all the traffic signals in the system 
to efficiently move traffic through system. 
The master controller is also tied into a 
Central Office microcomputer through 
telephone lines. This allows the local 
authority, directly from a central office, to 
monitor the system, generate system reports 
or download additional commands and 
routines to the master controller. The 
Central Office's computer can control several 
coordinated systems at once. 

As new signal controllers, computers and 
software are developed, the design of 
coordinated traffic signal systems will 
continue to improve. To maintain 
consistency, all traffic signal system designs 
are to be coordinated through the Traffic 
Engineering Division. 

14.5.6 Operational Requirements 

14.5.6.1 Phasing 

A signal phase is defined as the part of the 
traffic signal cycle allocated to any 
combination of traffic movements receiving 
the right-of-way simultaneously during one or 
more intervals. Each cycle can have 2 or 
more phases. For practicality, it is 
recommended that there be no more than 8 
phases per cycle and desirably fewer. Figure 
14.SI illustrates typical phasing schemes for 
single- and dual-ring operations. 
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TYPICAL EIGHT PHASE INTERSECTION Source ( 14, 15) 

TYPICAL PHASING SCHEMES 

Figure 14.51 
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The most commonly added phases are for 
protected left-turns, i.e., left-turning vehicles 
are protected from opposing traffic. Left-tum 
phases can be either a lead left, where the 
protected left turn precedes the opposing 
through movements or a lag left, where the 
left-turn phase follows the opposing through 
movements. The decision on when to use 
either a lead-left or a lag-left turn will be 
determined on a case-by-case basis. Table 
14.5B provides a comparison for each left­
turn phase alternative. 

Not all signalized intersections will require a 
separate left-tum phase. The decision on 
when to provide exclusive left-turn phases is 
dependent upon traffic volumes, delays and 
accident history, and is to be determined on 
a site-by-site basis. For intersections with 
exclusive left-tum lanes, the following are 
several guidelines that a designer may use to 
determine the need for a left-tum phase: 

1. Volumes. A left-tum phase should be 
considered when the product of the left­
tuming and opposing peak-hour traffic 
volumes exceed 100,000 vehicles on a 
four-lane street or 50,000 vehicles on a 
two-lane street and where there are more 
than two left-turning vehicles per cycle 
during the peak hour. 

2. Delay. A left-tum phase should be 
considered when there is a left-tum delay 
of 2.0 vehicle-hours or more on the 
critical approach during the peak hour, 
there are more than two left-turning 
vehicles per cycle during the peak hour 
and the average delay per left-turning 
vehicle is 35 seconds or more. 

3. Accident Histmy. Tne designer should 
review the accident history to determine 
the need for a separate left-turn phase. A 
left-turn phase may be warranted if there 
are several accidents that can be attribut-

ed to left-turning vehicles. This determi­
nation will be made on a site-by-site basis. 

On approaches without an exclusive left-turn 
lane, the decision on whether to include a 
left-tum phase is determined on a site-by-site 
basis. 

There are several computer programs 
available that can help the designer determine 
the appropriate phasing requirements, e.g., 
Signal Operations Analysis Package (SOAP). 
The Traffic Engineering Division can be 
contacted for more information on the latest 
software packages or versions used by ODOT. 

145.62 Signal Timing 

Developing an efficient signal timing plan is 
considered to be more an art that is 
developed over time than an exact science. 
For this reason, ODOT does not have a 
preferred signal timing methodology or 
program. In addition to transportation 
engineering text books, the sources listed in 
Section 14.5.4.1 provide information on 
several methodologies available to help a 
designer develop an appropriate signal timing 
plan. As a starting point in developing a 
signal plan, the following guidelines are 
offered: 

1. Gycle Lengths. Initial cycle lengths of 60 
seconds for rural intersections and 90 
seconds for urban intersections are 
commonly used for planning purposes. 

2. Phase-Change Intervals. Before yielding 
to the conflicting phase, sufficient time is 
required to adequately warn drivers of the 
pending change and to clear the 
intersection (i.e., yellow interval plus all 
red). Table 14.SC provides recommended 
clearance intervals for various design 
speeds and crossing street widths. 
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Table 14.5B 

COMPARISON OF LEFf-TURN AL1ERNATIVES 

LEAD-LEFr-TURN PHASE 

ADVANTAGES 

• Increases intersection capacity of one-or 
two-lane approaches without left-turn lanes 
when compared with two-phase traffic 
signal operation. 

• Minimizes conflicts between left-turn and 
opposing straight through vehicles by 
clearing the left-tum vehicles through the 
intersection first. 

• Drivers tend to react quicker than with lag­
left operations. 

DISADVANTAGES 

• Left turns may preempt the right-of-way 
from the opposing through movement when 
the green is exhibited to the stopped 
opposing movement. 

• Opposing movements may make a false 
start in an attempt to move with the leading 
green vehicle movement. 

LAG-LEFT-TURN PHASE 

• Both directions of straight through traffic • Left-turning vehicles can be trapped during 
start at the same time. the left-turn yellow change interval as 

through traffic is not stopping as expected. 
• Approximates the normal driving behavior 

of vehicle operators. 

• Provides for vehicle/pedestrian separation 
as pedestrian usually crosses at the 
beginning of straight through green. 

• Where pedestrian signals are used, 
pedestrians have cleared the intersection by 
the beginning of the lag green interval. 

• Cuts off only the platoon stragglers from 
adjacent interconnected intersections. 

• Creates conflicts for opposing left turns at 
start of lag interval as opposing left-tum 
drivers expected both movements to stop at 
the same time. 

• Where there is no left-tum lane, an 
obstruction to the through movement 
during the initial green interval is created. 

• These disadvantages inherent in lag-left 
operations are such that its use is generally 
restricted to interconnected or pretimed 
operations or to a few specific situations in 
actuated control, such as "T' intersections. 

Source (11) 
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APPROACH 
SPEED 
(mph) 

20 
25 
30 
35 
40 
45 
50 
55 

TRAFFIC ENGINEERING 

Table 145C 

RECOMMENDED CLEARANCE INIERVAIS 
(Yellow Plus All-Red Oearance) 

(Seconds) 

July 1992 

YELLOW TOTAL CLEARANCE IN1ERVAL* 

CHANGE FOR CROSSING-STREET WIDTHS (FEET) 

IN1ERVAL 
(seconds) 30 50 70 90 110 

3.0 4.2 4.9 5.5 6.2 6.9 
3.0 4.2 4.7 5.3 5.8 6.4 
3.2 4.3 4.8 5.2 5.7 6.2 
3.6 4.5 4.9 5.3 5.7 6.1 
3.9 4.8 5.1 5.5 5.8 6.1 
4.5 5.1 5.4 5.7 6.0 6.3 
4.7 5.3 5.6 5.9 6.2 6.4 
5.0 5.7 5.9 6.2 6.4 6.7 

Source (11) 

* Based on following equation: 

CP=T+ V + W+L 
2a V 

Where: CP = nondilemma change period (yellow plus all red), sec. 
t = perception - reaction time ( 1 sec.) 

v = approach speed, ft/s 
a = deceleration rate (10 ft/s2) 

w = width of intersection, ft 
L = length of vehicle (20 ft) 
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3. Minimum Green Interval. The minimum 
green interval is the time required to clear 
any stored vehicles between the stop bar 
and detector and is only applicable for 
actuated signais. Table 14.5D presents 
the recommended mmrmum green 
intervals for semi- and full-actuated 
signals. For volume-density actuated 
signals, the minimum green interval is 
usually set at 10 to 15 seconds. 

4. Maximum Green Interval. The maximum 
green interval is the maximum time a 
controller holds the green on the existing 
phase if there is an actuation detection on 
the conflicting phase. This time interval 
typically ranges from 30 to 60 seconds, but 
is determined on a site-by-site basis. 

5. Pedestrian Clearance Intervals. The 
designer needs to consider pedestrian 
clearance intervals when there is an 
exclusive pedestrian phase, or if the 
pedestrian phase runs concurrently with 
traffic at wide intersections with short 
minimum green intervals. Walking rates 
of approximately 4 ft/sec are typically 
used at most intersections. However, in 
locations where very young children, 
elderly and/or handicapped people are 
known to be present, walking rates of 3.5 
ft/sec are recommended. Table 14.SE 
presents recommended pedestrian 
clearance intervals for both 3.5 and 4 
ft/sec walking rates. 

When using separate pedestrian displays 
(i.e., WALK, DON'T WALK), the 
MUTCD recommends that 4 to 7 seconds 
be provided for the "WALK" cycle. For 
Oklahoma, the use of 4 seconds is 
recommended where there are less than 
10 pedestrians per cycle. The use of 7 
seconds is recommended at intersections 
with high-pedestrian crossings (e.g., 
central business districts). 

145.6.3 Computer Software 

There are numerous software programs 
available to help the designer prepare traffic 
signal designs and timing plans. New 
programs, as well as updates to existing 
programs, are continuously being developed. 
Before using these programs the designer 
should contact the Traffic Engineering 
Division to determine which software package 
or version ODOT is currently using. 

Most of these software programs can be 
purchased from either McTrans Center, 512 
Weil Hall, Gainesville, Florida 32611-2083; or 
from PC-TRANS, Kansas University 
Transportation Center, 2011 Learned Hall, 
Lawrence, Kansas 66045. Many of these 
software programs can be purchased for 
either the mainframe or PC-based computer. 
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Table 14.5D 

RECOMMENDED MINIMUM GREEN INTERVAL 

DISTANCE BETWEEN MINIMUM GREEN 
STOP BAR AND DETECTOR, INTERVALS, 

(Feet) (Seconds) 

0 to 40 8 
41 to 60 10 
61 to 80 12 
81 to 100 14 

101 to 120 16 

Source (11) 

Table 145E 

RECOMMENDED PEDESTRIAN CLEARANCE INTERVALS (Seconds) 

CROSSING MINIMUM CLEARANCE INTERVALS* 
STREET WIDTH, 

(Feet) @ 3.5 ft/sec @ 4.0 ft/sec 

40 10.0 8.8 
50 12.9 11.3 
60 15.7 13.8 
70 18.6 16.3 
80 21.4 18.8 

*Based on street width minus 5 feet for distance to center of furthest lane (assuming no parking). 

Source (11) 
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TRAFFIC SIGNAL WARRANT SUMMARY FORM 

Il\'TERSECTION LOCATION 

SITE 1 SITE 2 SITE3 SITE 4 SITE 5 SITE 6 

TRAFFIC SIGNAL WARRANTS 

• 1. Minimum Vehicular Volume 

2. Interruption of Continuous 
Traffic 

• 3 . Minimum Pedestrian Volume 

• 4. School Crossing 

5. Progressive Movement 

• 6 . Accident Experience 

7. Systems 

8. Combination of Warrants 

9. Four-Hour Volumes 

10. Peak-Hour Delay 

11. Peak-Hour Volume 

Yes 
Signals Warranted 

No 

• Include backup data with submission. 
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14.6 IIlGHWAY LIGHTING 

14.6.1 General 

The purpose of highway lighting is to provide 
a safe and. comfortable environment for the 
night time driver. Due to the voluminous 
nature of highway lighting system designs, it 
would be impractical for this section to 
constitute a highway lighting design guide. 
For detailed design information, the reader is 
encouraged to the review the latest editions of 
the references listed in Section 14.6.1.1. The 
intent of this section is to provide the user 
with a synopsis of the highway lighting design 
issues and to present ODOT's positions, 
policies and procedures on these issues. 

14.6.1.1 References 

For additional information on highway 
lighting designs, the designer is referred to 
the following publications: 

1. An Informational Guide for Roadway 
Lighting, AASHTO; 

2. Roadway Lighting Handbook, FHWA; 

3. Roadway Lighting Handbook, Addendum 
"Designing the Lighting System - Using 
Pavement Luminance," FHWA; 

4. Roadway Lighting, RP-8, Illuminating 
Engineering Society; 

5. NCHRP Report No. 152, Wamznts for 
Highway Lighting, TRB; 

6. NCHRP Report No. 256, Partial Lighting 
of Interchanges, TRB; 

7. Roadside Design Guide, AASHTO; 

8. Standard Specifications for Structural 
Supports for Highway Signs, Luminaires 
and Traffic Signals, AASHTO; 

9. Technical Bulletin No. 270 A Guide to 
Standardized Highway Lighting Pole 
Hardware, ARTBA; 

10. National Electrical Code; 

11. National Electric Safety Code; 

12. Guide for the Design of Roadway Lighting, 
Roads and Transportation Association of 
Canada; and 

13. Various manufacturers' publications. 

14.6.1.2 Definition of Terms 

The following is a list of the more commonly 
used terms in highway lighting: 

1. Average Initial Illuminance. The average 
level of horizontal illuminance on the 
pavement area of a traveled way at the 
time the lighting system is installed when 
lamps are new and luminaires are clean; 
expressed in average footcandles for the 
pavement area. 

2. Average Maintained Illuminance. The 
average level of horizontal illuminance on 
the roadway pavement when the output of 
the lamp and luminaire is diminished by 
the maintenance factors; expressed in 
average footcandles for the pavement 
area. 

3. Candela. The unit of luminous intensity. 
Formerly the term "candle" was used. 

4. Candlepower. A measure of luminous 
intensity in a specified direction; 
expressed in candelas. 
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5. Eguipment Factor (EF). A factor used in 
the illuminance or luminance calculations 
which compensates for light losses due to 
normal production tolerances of 
commercially available luminaires when 
compared with laboratory photometric 
test models. 

6. Footcandle. The illuminance on a surface 
one square foot in area on which there is 
uniformly distributed a light flux of one 
lumen. 

7. Footlambert. The unit of photometric 
brightness (luminance). It is equal to 1/1t 
candela per square foot, or the uniform 
luminance of a perfectly diffusing surface 
emitting or reflecting light at the rate of 
one lumen per square foot. 

8. Glare. The optical sensation produced by 
luminance within the visual field that is 
sufficiently greater than the luminance to 
which the eyes are adapted to cause 
annoyance, discomfort or loss in visual 
performance and visibility. 

9. Illuminance. The density of the luminous 
flux incident on a surface. It is the 
quotient of the luminous flux by the area 
of the surface when the latter is uniformly 
illuminated. 

10. Lamp Lumen Depreciation Factor (LLD). 
A depreciation factor that indicates the 
decrease in a lamp's initial lumen output 
over time. For design calculations, the 
initial lamp lumen value is reduced by a 
lamp lumen depreciation factor (LLD) to 
compensate for the anticipated lumen 
reduction. This factor is usually found in 
the manufacturer's test data. 

11. Lon&itudinal Roadway Line. A line along 
the roadway parallel to the curb or 
shoulder line. 

12. Lumen. A unit of measure of the 
quantity of light. One lumen is the 
amount of light which falls on an area of 
one square foot every point of which is 
one foot from the source of one candela 
(candle). A light source of one candela 
emits a total of 12.57 lumens. 

13. Luminaire. A complete lighting unit 
consisting of a lamp or lamps together 
with the parts designed to distribute the 
light, to position and protect the lamps 
and to connect the lamps to the power 
supply. 

14. Luminaire Dirt Depreciation Factor 
(LDD). A depreciation factor that 
indicates the expected reduction of a 
lamp's initial lumen output due to the 
accumulation of dirt on or within the 
luminaire over time. 

15. Luminance. The luminous intensity of 
any surface in a given direction per unit 
of projected area of the surface as viewed 
from that direction. 

16. Luminous Efficiency. The quotient of the 
luminous flux emitted by the total lamp 
power input. It is expressed in lumens 
per watt. 

17. Maintenance Factor (MF). A 
combination of factors used to denote the 
reduction of the illumination for a given 
area after a period of time compared to 
the initial illumination on the same area 
(MF = EF + LLD + LDD). 

18. Mounting Height. The vertical distance 
between the roadway surface and the 
center of the light source in the luminaire. 

19. Nadir. The vertical axis which passes 
through the center of the luminaire light 
source. 
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20. Spacin&. The distance in feet between 
successive lighting units. 

21. Transverse Roadway Lane. Any line 
across the roadway that is perpendicular 
to the curb or shoulder line. 

22. Uniformity of Illuminance. The ratio of 
average footcandles of illuminance on the 
pavement area to the footcandles at the 
point of minimum illuminance on the 
pavement. It is commonly called the 
uniformity ratio. A uniformity ratio of 3:1 
means that the average footcandle value 
on the pavement is three times the 
footcandle value at the point of least 
illuminance on the pavement. 

23. Uniformity of Luminance. The Average 
Level-to-Minimum Point method uses the 
average luminance of the roadway design 
area between two adjacent luminaires. 
The luminance uniformity (avg./min. and 
max./min.) considers traveled portion of 
the roadway, except for divided highways 
having different designs on each side. 

24. Visibility. The quality or state of being 
perceivable by the eye. In outdoor 
applications, visibility is defined in terms 
of the distance at which an object can be 
just perceived by the eye. 

25. Veilin& Luminance. A luminance 
superimposed on the retinal image which 
reduces its contrast. It is this veiling 
effect produced by bright sources or areas 
in the visual field that results in decreased 
visual performance and visibility. 

14.6.1.3 Project Initiation Procedures 

If a municipality, agency or other local group 
desires a new lighting installation along a 
State-maintained highway, the following 
procedure should be employed: 

1. The municipality, agency or other local 
group seeking the lighting system is 
required to submit a request to ODOT's 
Field Division Office petitioning ODOT 
to consider the installation of a new 
lighting system along the State highway. 

2. If the Field Division Office determines 
the request justifies further action, it will 
submit the request to the Traffic 
Engineering Division for further 
consideration. 

3. The Traffic Engineering Division will 
evaluate the site to determine if it meets 
the warranting criteria in Section 14.6.2. 

4. After the Traffic Engineering Division has 
made its evaluation and determination, it 
will submit its recommendation to the 
Field Division Office. 

5. Upon receipt of the Traffic Engineering 
Division's recommendation, the Field 
Division Office or the Traffic Engineering 
Division will take the following actions: 

a. If the recommendation is for approval, 
tell the requesting party that ODOT 
agrees that lighting is warranted. If 
the municipality agrees to pays its 
share of the installation and all of the 
operating and maintenance costs, the 
Field Division Office or the Traffic 
Engineering Division will begin the 
process of initiating a project to install 
lighting. 

b. If the recommendation is for 
disapproval, tell the requesting party 
that their petition has been denied. If 
the municipality or local group 
desires, they can still install the 
lighting under a Utility Permit if they 
agree to provide 100 percent of the 
cost for design, construction, operating 
and maintenance of the system. The 
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system, however, still must meet 
ODOT's requirements for lighting 
utility permits and the roadside safety 
considerations presented in Section 
14.6.4. 

14.6.2 Warrants 

Although beneficial, providing lighting along 
all highways is not practical or cost effective. 
ODOT's Traffic Engineering Division should 
determine that a lighting system is 
economically justifiable. However, any 
location meeting these warrants does not 
obligate ODOT to provide funding for the 
requested highway lighting projects. ODOT's 
objective is to identify those roadways which 
should be considered in the process of setting 
priorities for the allocation of available 
funding to roadway lighting projects. For a 
lighting system to be considered, it should 
meet the warrants provided in the following 
sections. 

14.6.2.1 General Warrants 

Any proposed lighting system should meet all 
of the following criteria: 

1. The highway section must be within the 
city limits or jurisdiction of the local 
government unit making the request. 

2. The local government unit must be willing 
to execute an agreement in which they 
agree to provide all operating and 
maintenance costs and to contribute their 
portion of the construction costs as 
specified by the Oklahoma Transportation 
Commission policies. 

3. The proposed project area must indicate 
a need for highway lighting after being 
analyzed m accordance with the 

warranting conditions listed m the 
following sections 

14.6.2.2 Freeways 

ODOT's highway lighting warrants for 
freeways and expressways should conform to 
the recommended warrants presented in the 
AASHTO publicationAn Informational Guide 
for Roadway Lighting. 

14.6.23 Interchanges 

ODOT's highway lighting warrants for 
interchanges should conform to the 
recommended warrants presented in the 
AASHTO publication An Informational Guide 
for Roadway Lighting. It is ODOT's preferred 
practice that once it has been determined that 
lighting is warranted, complete interchange 
lighting will be provided. For additional 
information on interchange lighting warrants, 
the designer is referred to NCHRP Report 
No. 256, Partial Lighting of Interchanges. The 
final determination for complete or partial 
interchange lighting will be determined on a 
site-by-site basis. 

14.6.2.4 Warrants for Streets and Highways, 
Other Than Freeways 

All intersections which warrant traffic signals 
should, when practical, also include highway 
lighting by using a combination traffic signal 
and lighting pole. 

Warrants for highway continuous lighting on 
highways and streets other than freeways 
should meet at least two of the following 
criteria: 

1. Traffic Volumes. The highway or street 
should meet one of the following 
conditions: 
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a. A two-lane highway section should 
have an ADT in excess of 6,000 
vehicles. 

b. A four-lane highway section should 
have· an ADT in excess of 12,000 
vehicles. 

c. An urban intersection should have a 
total ADT for all approaches in excess 
of 10,000 vehicles. 

d. The main line at a rural intersection 
should have an ADT in excess of 
4,000 vehicles. 

2. Accidents. Lighting may be considered 
when a highway section or intersection 
has a night-to-day accident ratio of 1.5: 1 
or greater. This ratio is to be verified by 
analyzing the accident studies for the 
highway section and comparison with 
similar locations statewide. 

Lighting may also be considered where 
highway sections have the potential for 
numerous accidents, such as numerous 
driveways, channelized islands, significant 
commercial or residential development, a 
high percentage of trucks, or geometric 
deficiencies. 

3. Surroundini Area. The area adjacent to 
the roadway section should be 
substantially developed and with 
considerable existing lighting visible from 
the roadway. 

4. Cost Effective. The project should 
provide a positive benefit-cost ratio. In 
addition to the equipment and 
construction costs, the designer also needs 
to consider the operating and 
maintenance costs. 

5. Social. In cases where the local 
government finds sufficient benefits in the 

form of convenience, safety, security, or 
other social or economic benefits, they 
may elect to pay an additional appreciable 
percentage of the installation costs 
required by Section 14.6.2.4.1 or they may 
elect to wholly finance the costs of 
construction and maintenance. If so, see 
Section 14.6.2.4.2. 

14.6.2.4.1 Funding 

GENERAL: Any location that meets the 
minimum warranting conditions does not 
obligate ODOT to provide funding for the 
requested highway lighting project. 

1. The Oklahoma Transportation 
Commission may participate in the 
construction cost of warranted highway 
lighting projects erected on the state 
highway system in cities, towns or 
communities based on the following 
ratios; 

a. 50% - 50%, when Federal funds are 
not available; 

b. when Federal funds are utilized, the 
local government shall participate in 
the cost based on the funding ratio 
designated by the Federal-aid program 
requirements. 

2. The local government's share of the 
estimated project costs shall be on deposit 
with ODOT's Comptroller prior to actual 
award of the contract or be in accordance 
with ARTICLE V-B, Section 5, of the 
ODOT's Commission Policies. 

3. Lighting projects involving the expenditure 
of State or Federal funds shall become 
the property of the Oklahoma 
Department of Transportation. In the 
event the section of highway on which the 
lighting project is constructed is 
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transferred to another jurisdiction outside 
the area of ODOTs responsibility, the 
ownership of the lighting system shall also 
be transferred to the jurisdiction assuming 
responsibility for the highway section. 

14.6.2.4.2 Design and Construction 

1. Highway lighting projects that are funded 
in accordance with Section 14.6.2.4.1, shall 
meet the minimum design, construction 
standards and specifications of ODOT, set 
forth in this chapter of the Design Manual. 

2. Highway lighting installations not 
requmng an expenditure of funds by 
ODOT shall be controlled by means of a 
permit system in accordance with 
ARTICLE V-B, Section 12, of ODOT's 
Utilities Manual. These "Utility" lighting 
systems shall follow the safety criteria 
established by Section 14.6.4 and should 
be designed in accordance with Section 
14.6.6. 

14.6.2.5 Highway Sign Lighting 

In general, all overhead signs are to be 
lighted, if an agreement can be reached with 
the local government for the sign lighting 
maintenance, and if a power source is 
reasonably close to the overhead sign. 

14.6.2.6 Special Areas 

Lighting should be considered at the following 
locations: 

1. rest areas, 
2. weigh stations, 
3. tunnels, 
4. underpasses in lighted areas, 
5. commuter park-and-ride lots, 
6. bikeways, 

7. walkways, and 
8. other pedestrian facilities. 

The need for lighting at these locations will be 
determined on a case-by-case basis. 

14.6.3 Lighting Equipment 

There are a variety of options available to the 
designer in selectingluminaire equipment that 
will meet the desired design criteria. In 
addition to the ODOT Standard Drawings, the 
following sections provide guidance on 
ODOT's preferred lighting equipment. 

The designer should ensure that the selected 
equipment meets standard hardware designs. 
Specialized equipment and designs can 
significantly increase the installation and 
maintenance costs, thereby reducing the cost 
effectiveness of the lighting system. ARTBA 
Technical Bulletin No. 270, A Guide to 
Standardized Highway Lighting Pole Hardware, 
provides suggested details and specifications 
for standard lighting hardware. The designer 
may also contact the manufacturers for details 
and specifications on their standard hardware 
stocks. 

14.6.3.1 Light Sources 

There are numerous light sources available 
that could possibly be used for highway 
lighting. However, there are only a few 
practical choices when considering availability, 
size, power requirements and cost 
effectiveness. The following provides 
information on the light sources that are 
acceptable for use along State highways: 

1. High Pressure Sodium (HPS). Due to its 
excellent luminous efficiency, power usage 
and long life, the HPS is the most 
commonly used light source with new 
installations. ODOT is almost exclusively 
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using HPS for all its installations of 
conventional and high mast lighting. The 
HPS lamp produces a soft, pinkish-yellow 
light by passing an electric current 
through a sodium and mercury vapor. 

2. Low Pressure Sodium (LPS). Low 
pressure sodium is considered to be one 
of the most efficient light sources on the 
market. Its disadvantage is that it 
requires very long tubes and has poor 
color quality. Generally, low pressure 
sodium installations are limited to tunnels 
and underpasses. The low pressure 
sodium lamp produces a yellow light by 
passing a electrical current through 
sodium vapor. 

3. Mercmy Vapor (MV). Prior to the 
introduction of HPS, the mercury vapor 
was the most commonly used light source. 
Its usage by ODOT is generally limited to 
overhead sign lighting. The mercury 
vapor lamp produces a bluish-white light. 

14.632 Light Poles 

A major factor in highway lighting design is 
the selection of the luminaire and the 
mounting height. Higher mounting heights 
usually reduce the number of poles required. 
The Standard Drawings provide ODOT's 
criteria for light poles. The following 
describes the light poles commonly used by 
ODOT: 

1. Conventional. This pole type is the most 
commonly used in lighting along highways. 
These poles have mounting heights 
ranging from 30 to 80 ft. ODOT's typical 
practice is to use a light pole with a 
mounting height between 40 to 50 ft. The 
recommended minimum mounting height 
is 40 ft. In selecting the mounting height, 
the designer should consider the local 

government's ability to maintain the 
lighting system. 

2. High Mast. High mast poles range from 
80 to 150 ft. This pole is an excellent 
choice where there is a large area that 
requires lighting (e.g., interchanges). The 
use of high mast lighting and higher watt 
lamps greatly reduces the number of 
poles, but yet still retains the quality of 
the lighting. The designer should consider 
using high mast lighting wherever 
practical. 

3. Materials. Light poles for permanent 
installations are typically made from 
galvanized steel or aluminum. The ODOT 
Standard Drawings provide information 
and design guidance on the typical 
galvanized steel poles utilized by ODOT. 
Wood poles are normally used for service 
poles or on temporary lighting projects 
(e.g., construction zones), or may be 
allowed on highway lighting Utility 
Permits. 

4. Breakaway Bases. Unless otherwise 
protected, all light poles within the clear 
zone along rural and high-speed urban 
highways should be provided with 
breakaway bases. However, where 
pedestrians are commonly present, 
breakaway designs should not be used. 
Typical breakaway supports include 
frangible bases (cast aluminum 
transformer base), slip bases and frangible 
couplings (couplers). ODOT's preferred 
practice is to use the cast aluminum 
transformer base. All breakaway bases 
shall meet the breakaway criteria set forth 
in the AASHTO Standard Specifications 
for Structural Supports for Highway Signs, 
Luminaires, and Traffic Signals. 
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14.633 Mast Arms 

Mast arms allow the light source to be placed 
near the edge of the driving lane. The use of 
the longer mast arms are recommended, 
although the initial costs may be higher. 
Longer mast arms allow the poles to be 
placed further from the travelway, thus 
providing a safer roadside environment. Mast 
arms are typically made from galvanized steel. 
The ODOT Standard Drawings provide 
information and design guidance on the 
typical mast arms used by ODOT. 

14.63.4 Luminaires 

A luminaire is defined as a complete lighting 
unit consisting of a lamp or lamps together 
with the parts designed to distribute light. 
The Standard Drawings provide ODOT's 
specifications on luminaire hardware. For 
additional information, the designer is also 
encouraged to contact the Traffic Engineering 
Division for the latest approved products list 
and by contacting the appropriate 
manufacturers. 

14.635 Other Equipment 

In developing a highway lighting system there 
are numerous components of the equipment 
design that can affect the design. These 
include ballasts, fuses, photoelectric controls, 
wiring, conduit, pull boxes, breakaway bases, 
etc. In addition to the ODOT Standard 
Drawings, the designer is encouraged to 
contact the Traffic Engineering Division for 
the latest information on the manufacturers' 
equipment specifications contained in an 
approved products list. 

14.6.4 Roadside Safety Considerations 

The placement of light poles should be 
installed in a manner that will not reduce the 
roadside safety. However, the physical 
roadside conditions often dictate the 
placement of light poles. It is important that 
the designer evaluate these limitations in the 
design process. Overpasses, sign structures, 
guardrail, roadway curvature, right-of-way 
limitations, gore clearances, the proximity of 
other existing roadside obstacles and the 
limitations of the lighting equipment are all 
factors which must be taken into 
consideration during the design. The designer 
needs to consider many other factors such as 
the roadway and area classification, design 
speed and/or posted speed limits, safety 
aesthetics, economics, environmental impacts, 
etc., while accounting for the physical 
limitations. 

There should be adequate right-of-way, 
driveway control and utility clearance to allow 
the placement of the proposed lighting system 
in accordance with these safety requirements. 
Otherwise, the local government may be 
requested to provide additional right-of-way, 
driveway control and/or utility relocations. 

The designer should consider the following 
when determining the location of light poles: 

1. Whenever practical, poles should be 
placed outside the roadside clear zone, 
see Section 11.2. 

2. Poles placed within the clear zone shall be 
provided with a breakaway device and/or 
maintain the minimum clearance distance 
specified in Table 14.6A. 

3. All breakaway devices shall comply with 
all applicable AASHTO requirements for 
structural supports and may be one of the 
several forms that have been approved for 
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Table 14.6A 

MINIMUM SUPPORT POLE CLEARANCES 

Minimum Clearance Distance 

Speed Limit or Roadways Without Roadways With Roadways With 
Posted Speed Non-Mountable Curb Non-Mountable Curb Non-Mountable Curb 

(mph) With Breakaway With Breakaway Without Breakaway 
(ft) (ft) (ft) 

55 or more 16 16 NR 
50 14 14 NR 
45 12 10 14 
40 10 8 12 

35 or less 8 4 8 

NR = Not Recommended 

Note: The above clearance distances are minimum and a greater distance is to be prefe"ed, but are 
dependent on the roadside features and right-of-way. Therefore, each lighting system must be 
evaluated individually. A breakaway design is not required when the pole is placed beyond the 
recQm_memled clear zones as_prese11ted_in Section 11.2 _ _ _ _ _ _ _ _ ______ _ 

use as a breakaway device, see Section 
14.6.3. 

4. All poles that require a breakaway device 
should be served by underground wiring. 

5. Poles should desirably be located to 
provide adequate safety clearance in the 
gore areas of the exit and entrance ramps. 
Figure 14.6A illustrates ODOT's criteria 
for placement of light poles within exit 
ramp gore areas. 

6. Poles should desirably be placed on the 
inside of sharp curves and loops. 
However, they shall have sufficient 
clearance to avoid being struck by trucks 
if the radius is superelevated. 

7. The hazards to be encountered while 
pedorming future maintenance on the 
lighting equipment should be considered 
in determining pole locations. 

8. Poles should be placed to minimize 
interference with the driver's view of the 
roadway or any highway signs. 

9. Poles should be placed sufficiently far 
enough away from overhead bridges or 
overhead sign structures so that the light 
from the luminaire will not cast distracting 
shadows on the roadway surface; detract 
from the sign's legibility, day or night; or 
produce unnecessary glare for the 
motorist. Figure 14.6B illustrates 
ODOT's criteria for light pole placement 
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next to overhead signs and Figure 14.6C 
illustrates light pole placement next to 
bridges. 

10. Existing overhead sign lights should be 
tied into any new lighting system circuits. 

11. Trees should be sufficiently pruned so 
that they do not cause shadows on the 
roadway surface or reduce the luminaire's 
efficiency. 

12. Poles should be placed behind flexible 
railings or rigid barriers, if they are 
present. 

13. Poles that are shielded by a guardrail 
should be offset a distance of at least 4' 
to allow the railing to deflect without 
hitting the pole. If this clearance distance 
is not available, such as in extreme side 
slope conditions or if the pole is located 
within 75' of the approach end of the 
flexible railing, a breakaway device should 
be added. 

14. Poles that are shielded by a rigid or non­
yielding barrier type will not require a 
breakaway device unless the pole is 
located within 75' of the approach end of 
the barrier. 

15. Poles may be located either on top of or 
behind retaining walls. Poles mounted on 
top of retaining walls will require that 
special consideration be given to the 
retaining wall design. 

16. Poles should not be installed with less 
than a 3-ft distance from the face of the 
barrier curb to the centerline of the pole. 

17. Poles located in an area where pedestrian 
traffic exists or is expected should not be 
mounted on a breakaway device. 

18. Poles may be placed in median locations 
where the width of the median is 

appropriate or if median barriers are to 
be used. Normally, the median width 
should be equal to or greater than the 
poie mounting height to be acceptable. 

19. Twin poles should have the same mast 
arm lengths. 

20. Poles with a breakaway device should 
have the top of the footing constructed as 
close to ground level as possible to assure 
the proper action of the breakaway device 
and to prevent damage to the foundation 
or underside of an impacting vehicle. In 
order for the breakaway device to 
perform properly, it must be installed in 
accordance with the latest AASHTO 
Breakaway Specifications and the 
manufacturer's recommendations, see 
Section 14.6.3. 

21. Poles, either with or without breakaway 
devices, should be located in such a 
manner that they will not interfere with 
the functional operation of any impact 
attenuator or other safety breakaway 
device. 

22. The construction of a special feature such 
as a curb, barrier or other obstacle 
primarily to protect a light pole will not 
be allowed, unless approved by ODOT 
prior to its construction. 

23. Where practical, consideration should be 
given to providing transitional lighting by 
using decreasing or lower wattage 
luminaires. 

24. Unprotected high mast towers should be 
at least 50' from the edge of the travel 
lanes or the clear zone distance, 
whichever is greater, see Figure 14.6D. 

25. Access for service vehicles shall be 
provided for high mast towers and service 
poles. 
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I HIGH MAST TOWER 
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Figure 14.60 

14.65 Li&fiting Methodolo~es 

There are three lighting design methodologies 
that are commonly used in the United States 

illuminance methodology, luminance 
methodology and small target visibility 
methodology. For the most part, the 
Illuminating Engineering Society of North 
America (IES) has been the leader in the 
development of these procedures. The 
following sections briefly describe each of 
these three methodologies. For additional 
information on these procedures, the designer 
is encouraged to review the references listed 
in Section 14.6.1.1. 

ODOT's policy is to use a combination of the 
luminance and illuminance methodologies in 
its design of highway lighting, hereby known 
as the "luminance-illuminance method." The 
initial layout design is developed using the 
conventional illuminance methodology and 
then analyzed against the luminance criteria. 
If the luminance criteria are not met, the 

designer changes the initial parameters (e.g., 
the light pole spacing, mounting heights) and 
rechecks to see if the design then meets the 
luminance criteria. This process is repeated 
until the design is optimized and the criteria 
are met. Lighting system designs often 
require several iterations to produce an 
acceptable design, see Section 14.6.6. 

14.6.5.1 Illuminance 

The illuminance methodology is the oldest 
and simplest to use of the three 
methodologies. The methodology is 
concerned with the measurement of the light's 
intensity striking a particular point on the 
pavement. The brightest spot will normally 
occur directly under the luminaire and 
diminishes the farther the driver is away from 
the source. The problem with this 
methodology is that basically one does not 
"see" incident light; but instead sees the light 
reflected from an object or surface. This 
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sensation is known as "brightness" with objects 
distinguished by the difference in brightness 
or "contrast." Brightness can be expressed 
mathematically as "luminance"; the luminous 
intensity per unit area directed towards the 
eye. 

The important factors in the illuminance 
design are the measurement of average 
maintained horizontal illumination (E8vg), the 
uniformity ratio of the average illuminance to 
the minimum illuminance and the ratio of the 
maximum to minimum illuminance. 

14.652 Luminance 

Compared to the illuminance methodology, 
the luminance design is considered to be a 
more accurate representation of the driver's 
visibility requirements. The luminance 
methodology is concerned with the 
measurement of light from the luminaire 
reflecting off the pavement surface to the 
motorist's eyes. This measurement is affected 

- by the pavement's refiecfiv1ty characteristics, 
see Section 14.6.6. To get the lighting 
measurements for the roadway, readings are 
taken from a set of observation points spread 
across the roadway in a grid pattern. 

The design factors in luminance design 
include average maintained luminance (Lavg), 
minimum luminance (Lmin}, maximum 
luminance (Lmax), maximum veiling luminance 
(4) and ratios of Lavg to Lmin• Lmax to Lmin• 
and 4 to L8 • For design purposes, the 
designer sho:J'd use the R-3 road surface 
classification to determine the appropriate 
luminance values. 

14.653 Small Target Visibility (S'IV) 

IES has proposed the STV methodology in an 
effort to better define actual visibility 
requirements of the driver. The STV 

methodology is similar to the luminance 
methodology in measurement of the light's 
reflectivity, but instead of measuring the 
pavement's reflectivity, it measures a small 
object's reflectivity against the pavement 
background. The STV methodology is 
significantly more complex than the other 
methodologies and is considered to be 
impossible to calculate manually, i.e., a 
computer is required. ODOT does not 
recommend the use of the STV methodology. 

14.6.6 Desi&n Procedures 

The following sections provide guidelines on 
the lighting design procedures used by 
ODOT. The designer should contact the 
Traffic Engineering Division for ODOT's 
latest design procedures and criteria. For 
additional information, the designer should 
also review the references listed in Section 
14.6.1.1. 

- - -14.6.6.r computer-Design 

To determine an acceptable lighting system 
requires numerous iterations using complex 
equations. The chance for error calculating 
these equations manually is very high. 
Therefore, the designer is encouraged to use 
one of the several commercial computer 
software packages that are available. 

Each software package generally requires the 
same input and performs the same 
calculations. However, the method of input 
varies significantly. With the proliferation of 
software programs, the user should check with 
the Traffic Engineering Division to determine 
which programs are currently acceptable to 
ODOT. The designer should provide the 
Traffic Engineering Division with the design 
data (inputs and reports) in both a hard copy 
format and on an electronic media. 
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14.6.6.2 Design Process 

The following is a listing of the procedural 
steps required in the design of a lighting 
system: 

1. Assemble Information. The designer first 
needs to assemble the necessary 
information. This includes: 

a. contacting the Traffic Engineering 
Division for the current design 
policies and procedures applicable to 
the project, the latest copies of sample 
plans, schedules, pay quantities, plan 
notes and example calculations; 

b. gathering roadway and bridge plans 
including plans, profiles and special 
details (e.g., overhead signs) sheets; 

c. determining existing and expected 
utility locations; 

d. discussing any special considerations 
with the highway or bridge designer; 

e. conducting field reviews; 

f. talking with local officials; 

g. reviewing local maintenance 
capabilities; and 

h. gathering luminaire equipment 
specifications from manufacturers. 

2. Determine Classifications. The designer 
needs to determine the roadway 
classification, area classification, existing 
and expected future pavement types, and 
environmental conditions. If not already 
included in the project report, this 
information can be obtained from the 
Planning Division. 

3. Select Design Criteria. Based on the 
above information, the designer needs to 
select the pertinent design criteria, see 
Sections 14.6.6.3 and 14.6.6.5. For most 
roadway lighting projects, ODOT's 
luminance-illuminance design method 
shall be used. 

4. Select Eguipment. In the preliminary 
design, the designer needs to make some 
initial assumptions on the equipment 
composition. This includes mounting 
heights, pole setback distances, light 
sources, mast arm lengths, lamp wattage, 
etc. See Sections 14.6.3 and 14.6.6 for 
additional details. After selecting the 
luminaire equipment, the designer also 
needs to obtain the photometric data 
sheet from the manufacturer for the 
luminaire( s) selected. 

5. Determine Layout Arrangements. Section 
14.6.6.3 provides information on the 
commonly used lighting arrangements. 
Selection of the appropriate layout design 
depends upon local site conditions and the 
engineer's judgment. 

6. Preliminaiy Calculations. The illuminance 
methodology should be used for the initial 
calculations. Experience has shown that if 
an arrangement does not meet the 
illuminance criteria, it will not meet the 
luminance criteria. These calculations 
should be compared to the criteria 
selected in Step 3. 

7. Luminance Calculation. If the design 
meets the illumination criteria, it then 
should be recalculated using the 
luminance methodology and checked 
against the luminance criteria selected in 
Step 3. 

8. Select Optimum Design. Since computer 
recalculations are relatively quick and 
easy, the designer should try several 
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alternatives even if one design meets the 
criteria. There are often several 
alternatives that will work. Typically, the 
most cost-effective design will be the one 
with the highest mounting heights and 
longest· pole spacings. Table 14.6B 
provides guidance on how changing the 
luminaire location affects the luminance 
design criteria. 

9. ODOT's Design Approval. The designer 
will provide and discuss the optimum 
alternatives with the Traffic Engineering 
Division in order to expedite the 
development of the project. Upon 
approval from ODOT, FHWA, city and 
the local utility company, the final 
development of the plans may proceed. 

10. Prepare Plans. Once the final design has 
been selected, the lighting designer will 
prepare and submit to the Traffic 
Engineering Division the plan sheets, 
quantities and notes, cost estimate, 
voltage drop calculations, circuit schematic 
layouts, and any special provisions that 
are required for review. 

11. Maintenance Agreement. For most 
projects, the Traffic Engineering Division 
will prepare a maintenance agreement 
with the local officials to have the local 
government maintain the system after it is 
installed. 

14.6.63 Design Considerations 

In laying out a lighting system, there are many 
elements or factors the designer needs to 
consider. To help the designer in this 
process, the IES has standardized many of 
these layout elements. However, not all of 
these elements are appropriate to Oklahoma. 
In addition to the following, Table 14.6C 
provides additional guidance on the design 
values used by ODOT for lighting designs: 

1. Classifications Determinations. In 
selecting the appropriate design criteria, 
the designer first needs to determine the 
highway's functional and area 
classifications. Definitions for these 
functional and area classifications are 
provided in the IES publication, Roadway 
Lighting, RP-8. 

2. System Configurations. Figure 14.6E 
illustrates the typical layout arrangements 
used by ODOT for its lighting system 
designs. Before using other layout 
arrangements, the designer will need to 
receive prior approval for their use from 
the Traffic Engineering Division. 

3. Light Distribution. In determining the 
lighting design layout, the designer needs 
to know the expected light distribution. 
Section 14.6.6.4 presents information on 
the various light distribution defined by 
IES. 

4. Mountin& Heights. Higher wattage bulbs 
allow the designer to use higher mounting 
heights, less luminaires, less support poles 
and still maintain the lighting quality. In 
general, higher mounting heights tend to 
produce the most efficient design. Table 
14.6D presents ODOT's typical practice 
for determining mounting height for 
various conditions. For practical and 
aesthetic reasons, the mounting height 
should be kept at a constant height 
throughout the system. 

5. Luminaire Geometry. Figure 14.6F 
illustrates the common terms used in 
defining and designing luminaires (e.g., 
mounting heights, overhang, rotation). 

6. Pavement Classifications. To calculate 
the luminance design values, the designer 
needs to know the pavement's reflectivity. 
Table 14.6E presents the roadway surface 
classifications developed by the 
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Table 14.6B 

EFFECT OF LUMINAIRE LOCATION CHANGE 

Lavg Lmin Lmax 

Decrease Spacing II II I 

Increase Overhang II II -
Decrease Mounting Height I DD II 

Increase Lamp Size I I I 

CO to SCO Classification D - -
SCO to NCO Classification D I -
Short to Medium Classification D II D 

Medium to Long Classification D I D 

Staggered to Opposite Arrangement - D -

I Increase in absolute value. 
D Decrease in absolute value. 

II or DD Faster increase or decrease than single letter. 
Little or no change with moderate variation. 

SCO Semi-Cutoff 
NCO Non-Cutoff 

CO Cutoff 

See Section 14.6.6 for classification definitions. 

July 1992 

Iv 

I 

-
I 

I 

I 

I 

I 

I 

D 

Source (19) 
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Table 14.6C 

ODOT LIGHTING DESIGN PARAMETERS 

DESIGN PARAMETERS 

Maintenance Factor .65 

Percent of Voltage Drop Allowed 5% 

Pavement Design Classification R3 

Power Lines Clearance 10 ft (min) 

Table 14.6D 

ODOT MOUNTING HEIGHT PRACTICES 

FREEWAYS 

Mainlines 40' - 50' Mounting Height 15' Mast Arms 

Ramps 40' Mounting Height 12' Mast Arms 

MOUNTING HEIGHT - LUMINAIRES 

40' Mounting Height 200w /250w HPS 

45' Mounting Height 310w HPS 

50' Mounting Height 400w HPS 

Underpass 15' Mounting Height 100w HPS 

Overhead Signs 175w M.V. 

HIGH MAST TOWERS 

Mounting Heights Luminaires lOOOw HPS1 

100' - 110' 3-4 

115' - 130' 4-5 

135' - 140' 5-6 

145' - 150' 6-8 

1 Typical maximum of 12. 
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TYPICAL MOUNTING CONFIGURATIONS 
<LUMINANCE PATTERNS REPEAT AT SPACING BOUNDARIES INDICATED> 

+ I· s ·I t 
ONE SIDE 

t I Z !. Z Z ZZ ZZ Zr ZZ Z: 2 Z Z J,, Z ZZ ZZ t 1' z z zz zz z },, z~ * 
STAGGERED - BOTH SIDES 

f 72 f Z 2 Z Z I ZZ : 2 Z Z Z Z Z Zl Zi Z I Z l l l 2 ZZ ZZ l ZZ l l 2£ 2 l f * 
OPPOSITE - BOTH SIDES * THESE MAY BE USED ON DIVIDED ROADWAYS WITH NARROW MEDIAN OR BARRIER SYSTEM 

s 

MEDIAN MOUNTED 

s 

OPPOSITE SIDE/MEDIAN 

I• 

s 

STAGGERED SIDE/MEDIAN Source (19) 

" THESE COl\FIGURATIONS ARE NORMALLY USED ON ROADWAYS WITH WIDER MEDIANS. 

LIGHTING SYS1EM CONFIGURATIONS 

Figure 14.6E 
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Figure 14.6F 

Source (19) 
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Table 14.6E 

ROAD SURFACE CLASSIFICATIONS 

Description Mode of Reflectance 

R-1 0.10 Portland cement concrete road surface. Asphalt 
road surface with a minimum of 15% of the 

Mostly Diffuse 
aggregates composed of artificial brightener (e.g., 
Syncopal) aggregates (e.g., labradorite, quartzite). 

R-2 0.07 Asphalt road surface with an aggregate composed 
of a minimum 60% gravel (size greater than 10 
millimeters). 

Mixed 
and 

Diffuse 

Asphalt road surface with 10 to 15% artificial 
and 
Specular 

brightener in the aggregate mix. (Not normally 
used in North America.) 

R-3 0.07 Asphalt road surface (regular and carpet seal) 
with dark aggregates (e.g., trap rock, blast furnace 

Slightly 
slag); rough texture after some months of use 
(typical highways). 

Specular 

R-4 0.08 Asphalt road surface with very smooth texture Mostly Specular 

Q 0 = representative mean luminance coefficient. 

Source (19,20) 
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Commission Internationale d'Eclairage 
(CIE). For design purposes, lighting 
systems on Oklahoma highways should be 
based on the R-3 pavement classification. 

7. Photometric Data. Designers may obtain 
photometric data from luminaire 
manufacturers. This information is 
required by ODOT to review the 
proposed lighting design, unless otherwise 
specified by the Traffic Engineering 
Division. 

8. Maintenance Factor (MF). As time 
passes, the efficiency of the luminaire is 
reduced. The designer needs to estimate 
this reduction to properly estimate the 
light available at the end of maintenance 
life of the lamp. The maintenance factor 
may range from 0.50 - 0.90, with the 
typical range between 0.65 - 0.75. Table 
14.6C presents the typical maintenance 
factor used by ODOT for designing 
lighting systems. The maintenance factor 
is a combination of the following factors: 

a. Equipment Factor (EF). To 
compensate for the normal production 
tolerances of commercially available 
luminaires, it is common practice to 
estimate the equipment loss at 5 to 10 
percent (i.e., EF = .95 - .90). This 
information should be provided by the 
manufacturer. 

b. Lamp Lumen Depreciation Factor 
(LLD). As the lamp progresses 
through its service life, the lumen 
output of the lamp decreases. This is 
an inherent characteristic of all lamps. 
The initial lamp lumen value is 
factored by a lumen depreciation 
factor to compensate for the 
anticipated lumen reduction. This 
assures that a minimum level of 
illumination will be available at the 
end of the assumed lamp life, even 

though lamp lumen depreciation has 
occurred. This information should be 
provided by the manufacturer. 

c. Luminaire Dirt Depreciation Factor 
(LDD). Dirt on the exterior and 
interior of the luminaire, and to some 
extent on the lamp, reduces the 
amount of light reaching the roadway. 
Various degrees of dirt accumulation 
may be anticipated depending upon 
the area in which the luminaire is 
located. Industry; exhaust of vehicles, 
especially large diesel trucks; dust; 
etc., all combine to produce the dirt 
accumulation on the luminaire. 
Higher mounting heights, however, 
tend to reduce the vehicle-related dirt 
accumulations. Information on the 
relationship between the area and the 
expected dirt accumulation is 
discussed in the JES publication, 
Roadway Lighting, RP-8. 

14.6.6.4 Light Distnbution Considerations 

Proper distribution of the light from the 
luminaire is a major factor in the design of 
efficient lighting. Table 14.6F presents three 
IES classifications for luminaire light 
distributions -- width, spacing and glare 
control. Table 14.6G provides additional 
guidance on the selection of luminaires based 
on these classifications. Figure 14.6G shows 
a plan view of a roadway which has been 
modified to show a series of Longitudinal 
Roadway Lines (LRL) and Transverse 
Roadway Lines (TRL) and how these 
distribution factors are interrelated to each 
other. The following briefly describes these 
classifications: 

1. Vertical Light Distributions. There are 
three groups of vertical light distributions 
-- short, medium and long. Selection of a 
vertical light distribution is dependent 
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Table 14.6F 

LUMINAIRE CI.ASSIFICATION SYSIBM 

Spacing 
Classification Definition Normally Used For Spacings 

s Short Up to 4 times Mounting Height 

M Medium Up to 5 times Mounting Height 

L Long Over 5 times Mounting Height 

Width Mounted at 
Classification Pavement Normally Used For Roadway Widths 

Type I Center Up to 2 times the MH in width. 

Type II Edge Up to 1 times the MH for one side mounting. 
Up to 2 times the MH for both side mounting. 

Type III Edge Up to 1.5 times the MH for one side mounting. 
Up to 3.0 times the MH for both side mounting. 

Type IV Edge Up to 2 times the MH for one side mounting. 
Up to 4 times the MH for both side mounting. 

TypeV Center Up to 4 times the MH in total width. 

Glare Control 
Classification Definition Normally Used For 

Notes: 

co Cutoff Strict control of light above 80 degrees vertical. 

sco Semi-cutoff Medium control of light above 80 degrees 
vertical. 

NCO Non-cutoff No control requirements above 80 degrees 
vertical. 

Source (18) 

1. The complete luminaire classification consists of the three terms in sequence. 
Example: M-III-SCO 

2. There is no assurance that the criteria values will be achieved by a luminaire which 
meets the classification requirements and is used as shown above. 

3. ODOT does not use all of the IES classifications listed above. The designer should 
review Section 14.6.3.4 or contact the Traffic Engineering Division to determine the 
luminaire classifications used by ODOT. 
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Table 14.6G 

GUIDE FOR LUMINAIRE IATERAL LIGHT TYPE 
AND PIACEMENT 

One Side Staggered 
or or 

Staggered Opposite 

Pavement Width Pavement Width 
up to 1.5 MH beyond 1.5 MH 

Types Types 
II,IIl,IV III and IV 

upon the mounting height and light 
source. Pavement brightness is generally 
increased when the vertical light angle is 
increased. The following defines these 
three vertical light distribution types: 

a. Short Distribution. The maximum 
candlepower strikes the roadway 
surface between 1 and 2.25 mounting 
heights from the luminaire. The 
theoretical maximum spacing, using 
the short distribution, is 4.5 mounting 
heights. 

b. Medium Distribution. For medium 
distribution, the maximum candle­
power is between 2.25 and 3.75 
mounting heights from the luminaire. 
The theoretical maximum spacing is 
7.5 mounting heights. 

c. Long Distribution. For long 
distributions, the maximum 
candlepower is between 3.75 and 6.0 
mounting heights from the luminaire. 
The theoretical maximum spacing is 
12 mounting heights. This vertical 

Twin Mast Arm At-Grade 
(Median Intersections 

Mounting) or High Mast 

Pavement Width Pavement Width 
up to 1.5 MH up to 2.0 MH 

(each pavement) 

Types Types 
II and III IV and V 

Source (18); Revised 

light distribution is typically not 
utilized by ODOT in its lighting 
designs. 

2. Lateral Li~ht Distributions. The IES has 
developed seven lateral light distributions 
which are presented in Figure 14.6F. In 
addition, the following provides additional 
information on the placement for these 
lateral light distributions: 

a. Type I. The luminaire is placed in the 
center of the street or area where 
lighting is required. It produces a 
long-narrow oval-shaped lighted area. 
Some types of high mast lighting are 
also considered to be a modified form 
of Type I. ODOT generally does not 
use this lateral light distribution in its 
lighting systems designs. 

b. Type I - 4-Way. The luminaire is 
placed in the center of the inter­
section and distributes the lighting 
down the four legs of the intersection. 
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RATIO OF TRANSVERSE OISTIANCE TO MOUNTING HEIGHT 
LUMINAIRE 

4.0 5.0 c -o- ) 
<A> TYPE I 

CC> TYPE J:- 4 - WAY 

!Bl TYPE :I- 4 - WAY 

c:S.a-2:> 
<E> TYPE :m: 

( -a::;:::::» ) 

<D> TYPE I 

<F> TYPE l!l: 

11.0 

LONGITUDINAL ROADWAY l~ES <LRU 
<G> TYPE :JZ: 

Source (20) 

PI.AN VIBW FOR LUMJNAIRE COVERAGES 

Figure 14.6G 
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ODOT generally does not use this 
lateral light distribution in its lighting 
system designs. 

c. Type II. The luminaire is placed on 
the side of the street or edge of the 
area to be lighted. It produces a long, 
narrow, oval-shaped lighted area 
which is usually applicable to narrower 
streets. 

d. Type II - 4-Way. The luminaire is 
placed at one corner of the 
intersection and distributes the 
lighting down the four legs of the 
intersection. This lateral light 
distribution is generally not used by 
ODOT in its lighting system designs. 

e. Type III. The luminaire is placed on 
the side of the street or edge of area 
to be lighted. It produces an oval­
shaped lighted area and is usually 
applicable to medium width streets. 

f. Type IV. The luminaire is placed on 
the side of the street or edge of area 
to be lighted. It produces a fatter 
oval-shaped lighted area and is usually 
applicable to wide streets. 

g. Type V. The luminaire is placed in 
the center of the street, intersection 
or area where lighting is required. It 
produces a circular lighted area. Type 
V often applies to high mast lighting. 

3. Control of Distribution. As vertical light 
angles increase, discomforting glare also 
increases. To distinguish the types of 
glare effects on the driver from the light 
source, IES has defined these glare effects 
as follows: 

a. Cutoff. The cutoff design is where the 
luminaire light distribution is less than 
25,000 lumens at an angle of 90° 

above nadir (vertical axis) and 100,000 
lumens at a vertical angle of 80° above 
nadir. 

b. Semi-cutoff. For the semi-cutoff 
design, the candlepower numbers 
become 50,000 lumens for 90° above 
nadir and 200,000 lumens at a vertical 
angle of 80° above nadir. 

c. Non-cutoff. This classification is when 
there is no limitation on the zone 
above the maximum candlepower. 

14.6.65 Design Criteria 

The lighting criteria varies according to the 
design methodology, highway classification, 
area classification and pavement type. 
Section 14.6.6.3 defines the variables used in 
the criteria tables. The following tables 
presents AASHTO's, IES' and ODOT's 
lighting design criteria: 

1. Table 14.6H presents the recommended 
AASHTO and IES luminance design 
criteria which is utilized by ODOT. 

2. Table 14.61 presents the recommended 
AASHTO and IES illuminance design 
criteria which is utilized by ODOT. 

3. Table 14.6J presents ODOT's illuminance 
design criteria for underpasses, ramps, 
intersections, parking areas, weigh 
stations, rest areas, frontage roads and 
interior roadways within rest areas and 
weigh stations. The criteria presented in 
Table l 4.6J exceeds the recommended 
AASHTO values. 

4. Table 14.6K presents the recommended 
AASHTO and IES illuminance design 
criteria for high mast lighting which is 
utilized by ODOT. 
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Table 14.6H 

LUMINANCE DESIGN CRITERIA 

Lavg Lmax Maximum 
Road Area La~ to to Ratio 

Classification Classification (Footlam erts) Lmin Lmin 4 to Lavg 

Freeway 0.17 3.5:1 6:1 0.3:1 

Expressway* Commercial 0.29 3:1 5:1 0.3:1 
Intermediate 0.23 3:1 5:1 
Residential 0.17 3.5:1 6:1 

Arterial Commercial 0.35 3:1 5:1 0.3:1 
Intermediate 0.26 3:1 5:1 
Residential 0.17 3.5:1 6:1 

Collector Commercial 0.23 3:1 5:1 0.4:1 
Intermediate 0.17 3.5:1 6:1 
Residential 0.12 4:1 8:1 

Local Commercial 0.17 6:1 10:1 0.4:1 
Intermediate 0.15 6:1 10:1 
Residential 0.09 6:1 10:1 

Alleys Commercial 0.12 6:1 10:1 0.4:1 
Intermediate 0.09 6:1 10:1 
Residential 0.06 6:1 10:1 

* Applied to both the main line and ramps. Expressways with full control of access are considered as freeways. 

Source ( 17, 20) Revised 

Note: For design of pedestrian walkways and bike paths, use the illuminance criteria shown in 
Table 14.6L. 
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• 

Table 14.61 

IILUMINANCE DESIGN CRITERIA 

Average Maintained Horizontal Illuminance* 

Roadway and 
Walkway Area Rl R2&R3 R4 Uniformity 

Classification Classification (Footcandles) (Footcandles) (Footcandles) avg/min 

Freeway 0.6 0.8 0.7 3:1 

Expressway** Commercial 0.9 1.3 1.2 
Intermediate 0.7 1.1 0.9 3:1 
Residential 0.6 0.8 0.7 

Arterials Commercial 1.1 1.6 1.4 
Intermediate 0.8 1.2 1.0 3:1 
Residential 0.6 0.8 0.7 

Collector Commercial 0.7 1.1 0.9 
Intermediate 0.6 0.8 0.7 4:1 
Residential 0.4 0.6 0.5 

Local Commercial 0.6 0.8 0.7 
Intermediate 0.5 0.7 0.6 6:1 
Residential 0.3 0.4 0.4 

Alleys Commercial 0.4 0.6 0.5 6:1 
Intermediate 0.3 0.4 0.4 
Residential 0.2 0.3 0.3 

Sidewalks Commercial 0.9 1.3 1.2 3:1 
Intermediate 0.6 0.8 0.7 4:1 
Residential 0.3 0.4 0.4 6:1 

Average illuminance on the travelled way or on the pavement area between curb lines of curbed roadways . 
See definition of average maintained illuminance in Section 14.6.1. 

** Only applies to the main line. For ramps and rest areas, see Table 14.6.J. Expressways with full control 
of access are considered to be freeways. 

Source (17, 20) Revised 
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1 

2 

3 

4 

Table 14.61 

ODOT'S MAINTAINED1 IILUMINANCE DESIGN CRfIERIA 

Uniformity Ratios 

Minimum Average Average/ Maximum/ 
Footcandles Footcandles Minimum Minimum 

Underpasses .4 .6 3:1 8:1 

Entrance Ramps .4 .6 3:1 8:1 

Exit Ramps .4 .6 3:1 8:1 

Intersections .4 .7 3:1 8:1 

Interior Roadways2 .4 .6 3:1 8:1 

Parking Areas .4 1.0 3:1 8:1 

Weigh Stations .4 1.0 3:1 8:1 

Externally illuminated 2.0 10.0 N/A 6:13 

Overhead Signs 

Rest Areas (Major )4 .4 1.0 3:1 8:1 

Rest Areas (Minor )4 .2 .5 6:1 10:1 

Maintained illuminance indicates the lamp lumen has depreciated to its lowest maintained 
values. 

For frontage roads and roadways within rest areas and weigh stations. 

6:1 maximum, 4:1 preferred. 

Major and minor areas as defined in AASHTO An Information Guide for Roadway Lighting. 
Rest areas may have both types of activity. 
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Table 14.6K 

RECOMMENDED MAINTAINED ILLUMINANCE DESIGN 
IEVEIS FOR IIlGH MAST LIGHTING 

Road 
Classification 

Freeways 

Expressways 

Major 

Collector 

(Horizontal lliuminance (Eavg) in Footcandles) 

Commercial 
Area 

0.8 

0.9 

1.1 

0.6 

Intermediate 
Area 

0.6 

0.7 

0.8 

0.6 

Residential 
Area 

0.6 

0.6 

0.6 

0.6 

Source (20) Revised 

Note: 1. Recommended uniformity of illumination is 3 to 1 or better; average-to-minimum for 
all road classifications at the illuminance levels recommended above. 

2. These design values apply only to the traveled portions of the roadway. Interchange 
roadways are treated individually for purposes of uniformity and illuminance level 
analysis. 
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5. Table 14.6L presents the recommended 
IES illuminance design criteria for 
pedestrian walkways and bikeway paths. 

14.6.6.6 Calculations 

The designer is ref erred to the references 
listed in Section 14.6.1.l for information on 
the equations and procedures used to develop 
the calculations for the illuminance and 
luminance methodologies. Computer software 
packages are commercially available that will 
perform these calculations. 

14.6.6.7 Metric Conversions 

IES exclusively utilizes the metric system in its 
lighting publications. For conversion 
purposes, Tables 14.6M and 14.6N are 
provided for the designer's convenience. 

Juiy 1992 
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Table 14.6L 

RECOMMENDED AVERAGE MAINTAINED ILLUMINANCE 
LEVELS FOR PEDESTRIAN WALKWAYS1 

Walkway and Bikeway 
Classification 

(Footcandles) 

Minimum Average 
Horizontal Levels 

(Eavg) 

Average Vertical 
Levels For Special 
Pedestrian Security 

(Eavg)2 

Sidewalks (roadside) and Type A bikeways: 

Commercial Areas 
Intermediate Areas 
Residential Areas 

0.9 
0.6 
0.2 

2.0 
1.0 
0.5 

Walkways distant from roadways and 
Type B bikeways: 

Note: 1. 

2. 

Walkways, bikeways, 
and stairways 

Pedestrian Tunnels 
0.5 
4.0 

0.5 
5.0 

Source (20) 

Crosswalks traversing roadways in the middle of long blocks and at street 
intersections should be provided with additional illumination. 

For pedestrian identification at a distance. Values are 6 feet above walkway. 
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Table 14.6M 

LUMINANCE CONVERSION FACTORS 

Multiply Number of ... Footlambert 
Candela/ Candela/ Candela/ 

To Obtain square square square 
Number of meter inch foot 

l By 

Footlambert 1 0.2919 452 3.142 

Candela/square meter 3.426 1 1.550 10.76 

Candela/square inch 0.00221 0.000645 1 0.00694 

Candela/square foot 0.3183 0.0929 144 1 

Candela/square 0.00034 0.0001 0.155 0.00108 
centimeter 

Table 14.6N 

ILLUMINANCE CONVERSION FACTORS 

Multiply Number of .... 

To Obtain 
Number of 

l 

Footcandles 
Lux 
Phot 
Milliphot 

1 lumen 
1 lumen-hour 
1 footcandle 
1 watt-second 
1 phot 
llux 

Footcandles 

By 

1/683 light-watt 
= 60 lumen-minutes 

1 lumen/square foot 
107 ergs 

1 
10.76 
0.00108 
1.076 

= 1 lumen/square centimeter 
1 lumen/square meter = 1 metercandle 

Lux 

0.0929 
1 
0.0001 
0.1 

July 1992 

Candela/ 
square 

centimeter 

2,919 

10 

6.45 

929 

1 

Phot 

929 
10,000 

1 
1,000 

Source (20) 
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14.7 MISCELLANEOUS PROGRAMS 
AND STUDIES 

The Traffic Engineering Division is 
responsible for conducting several traffic 
engineering programs and studies. The 
following sections provide a synopsis of what 
is involved in these programs and studies. 

14.7.1 Spot Speed Studies 

Spot speed studies are typically conducted by 
the Traffic Planning and Safety Branch to: 

1. determine speed zones, 

2. set posted speed limits, 

3. select an appropriate design speed, 

4. determine no passing zones, 

5. determine traffic sign locations, 

6. determine traffic signal locations and 
timing plans, 

7. analyze high-accident sites for possible 
corrective action, 

8. provide speed data at high-accident sites 
for the Hazard Elimination Program data 
base, 

9. investigate public complaints, 

10. gather traffic data for research, and 

11. calculate road-user costs for economic 
analyses. 

Numerous statistical analyses can be 
performed on the speed data collected from 
spot speed studies. ITE's Manual of Traffic 
Engi.neering Studies and other college 
engineering text books provide information on 

conducting a spot speed study and how to 
statistically analyze the data. The following 
describes common terms used in spot speed 
studies: 

1. Desiim 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. The selected design speed should 
equal or exceed the anticipated 
posted/regulatory speed limit of the 
facility after construction. 

2. 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. 

3. 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.) 

4. 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 for a highway section. Field 
measurements for the 85th-percentile 
speed are to be conducted during off-peak 
hours when drivers are free to select their 
desired speed. 
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5. Spot Speed. Spot speed is the 
instantaneous measure of speed at a 
specific location on a roadway. 

6. Modal Spot Speed. 
the speed value 
frequently in a 
measurements. 

Modal spot speed is 
that occurs most 
sample of speed 

7. Sample Size. Sample size is the minimum 
number of readings required to get a 
desired level of confidence. 

8. Freguency Distribution. Frequency 
distribution is a convenient way to 
condense and summarize data. It can 
quickly show at what speeds the majority 
of the drivers are traveling for a given 
location. It can also be used to quickly 
compare two or more sample sites. 

9. Arithmetic Mean. The arithmetic mean is 
the most common measure of central 
tendency. It is determined by summing all 
the data points and dividing it by the 
sample size. For spot speed studies, it 
represents the 50th-percentile driver. 

10. Variability. This value represents the 
spread of the data points. Common 
measures for variability include range and 
standard deviation. Spot speed studies 
with small ranges and standard deviations 
indicate that a majority of drivers are 
driving a particular section of highway at 
relatively the same speed. 

11. Reliability. The reliability of a study is 
determined by the degree of confidence 
that the sample study represents the 
population as a whole. Typical confidence 
levels are 90, 95 or 99 percent. 

12. Siimificance Testing. Significance testing 
determines if differences between two 
studies are statistically significant. 
Significance testing is commonly done in 

before-and-after studies. An example 
would be to determine if the increase in 
speeds after a reconstruction project was 
due to the reconstruction project or due 
to chance. 

14.7.2 Skid Testin& 

Skid testing is routinely conducted by the 
Traffic Planning and Safety Branch as part of 
ODOT's Pavement Management Program. 
This data is used to determine projects for 
inclusion into the pavement resurfacing 
program. Interstate routes are tested 
annually, arterials biennially and other routes 
as necessary. 

Skid testing is also done to evaluate wet 
weather accidents. Test locations are 
determined by conducting a computer analysis 
of the accident data bases to find locations 
with reoccurring wet weather accidents. 
Testing may also be conducted to check the 
pavement surface for a particular accident. 

Skid testing as performed by ODOT is a 
measure indexing a worst-case condition. The 
skid test trailer utilizes a treadless tire in a 
locked brake condition moving over a wetted 
pavement. 

A skid number of less than 35 is usually the 
threshold used to alert other Divisions or 
Sections of the relative pavement 
performance, either dry or wet weather 
performance. This data is forwarded, as 
appropriate, to the Field Division, the Design 
Divisions and to the Pavement Management 
Branch for further action. 

14.73 Videolo& 

The Traffic Planning and Safety Branch 
maintains ODOT's videolog of the State 
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highway system. Each direction of the State's 
13,000 route miles are covered resulting in 
26,000 highway miles on tape. Each route is 
relogged every 2 to 4 years or when major 
changes occur (e.g., new interchange). A 
videolog system can be found in the Central 
Office as well as in each Field Division Office. 

To effectively prepare a set of plans, field 
reviews are often conducted to evaluate the 
existing site conditions. The designer should 
review the videolog prior to the field review 
to become familiar with the site. This will 
allow the designer to determine, in advance, 
the important features to review eliminating 
wasted time in the field. As the design 
progresses and memories fade, the videolog 
system allows the designer to review the site 
again or determine locations for specific items 
that may have been missed in the initial 
review without having to conduct another 
field trip. The videolog system can be used to 
determine the condition and locations for: 

1. horizontal curves, 
2. vertical curves, 
3. intersections, 
4. bridges, 
5. railroad crossings, 
6. rivers, 
7. signs, 
8. signals, 
9. guardrail, 
10. impact attenuators, 
11. hazards or obstacles, and 
12. accident locations. 

14.7.4 Accident Surveillance System 

ODOT has developed and maintains a 
highway safety improvement program; see 
Section 14.8. This program exceeds the 
recommended program outlined by the 
FHW A. Major components of this program 
include collecting accident data records and 
maintaining a surveillance system. The 

Traffic Planning and Safety Branch has 
developed a comprehensive computerized 
data base covering the accident history for all 
highways and streets in Oklahoma. Accident 
data are fed into the computer from the 
"Official Police Traffic Collision Report." The 
designer may request a copy of this report 
from the Department of Public Safety. 

In determining a cost-effective design, the 
designer needs to know the accident history 
record of the highway. The designer should 
request an accident history report for any 
project on an existing highway. An example 
accident history request form is shown in 
Figure 14.7A. This accident history data base 
can provide the designer with valuable 
information including: 

1. identification of high-accident locations; 

2. documentation for before-and-after 
studies; 

3. information for determining traffic control 
devices (e.g., signs, signals); 

4. information for evaluating different 
geometric designs; 

5. identification of access control problems; 

6. establishing priorities for high-accident 
location improvements; 

7. justification for improvements; 

8. justification for design exceptions; 

9. identification of driver/pedestrian actions 
causing accidents; 

10. wet weather accident analysis; 

11. identification of need for roadway 
lighting; and 
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OKLAHOMA DEPARTMENT Of TRANSPORTATION 
DAT£ 

JO: TRAFFIC ENGllEEftlNG DIVISION 
TRAFFIC SAf[Tl AND ACCIDENT STUDIES S[CTIOll 

ID IYIS IOI, DEPUlllEIT, OR A5EICTI 

SUllJECT: REQUEST FOR ACCIDEllT INFORMATION 

COUllTl: _________ _ 
HIGl!IAl NUllBER OR Ol·STRE£l UllE -----------

ICCIH 19' STRe£T 
C ITT:------- HI£ 01 C. S. IO. --------

Ul IU STRECT HI£ 
01 llLE POllTISI 

LOCATION DESCRIPTION: __________________________ _ 

TYPE Of INFORMATION REOUIRED 
IORllAL REOU[STS: 

0 CHPUTU TUUUllOI • SROIS IO .... TTPe or 
acc1tnT. cause. 111c. cunu11u. sou1n. nc. 

0 COlllSIOl llASllllSI • llTCISECTIOIS Olll 

0 COIPUTCI Pl llTOUT OF UC• llt IYllUll ace llCIT 

0 lllH AULTSIS • LOClTIOI All ClSCIUll!IS Gill 

0 IUllCI ... SlVUITT or ACCUCIU Oll1 

0 cue HllUS or ICC lt[l!S Oil 1 

0 OTH[I • Tl[ll SIUtlES. r IXCI aaacu. nc. 

lEHS Of HISTORY NEEDED: I. 2. 3, OTHER __ 
I TMIU 1[11$ IS 11[ STlllllt IUll 

REQUESTS 1£QUIRllG SPECIAL AUTHORIZATION: 

0 COICUTIUIDl llSTllC. c1n-111e. 
COUITT·lll[, STATE ·111£. [TC. 

0 &CC ll[IT UTl AUL 1S IS 

0 COST I 8£1£F IT AUL TS IS • IUST PROV 11£ 
PIOHtl COS! All lTP[ or PIOJ(Cl II • 1caaus· 

0 IUOI[ lit AflCI nun • IVS1 PIOY II[ PIOJ[CT 
COIPLlTIOI UH All COST II 'l[IUU' 

0 Ull ·tUll SPOT llP/l IS II IC 

0 1n£Sl1UlllC OH 1cus· •ePOITS • HU COPl[S 
Of IOllU 

SPECIFl Tiii£ 0 llOST CURRENT AVAILABLE 
FUii[ DESIRED: OR _____ TO-----

PURPOSE IEEDED/REUUS ---------------------------

RECUESTED BY------------ DATE REQUIRED 

USIHCI lO: 

CLASS •/1£ 

cou1n = 
CITT = 
COllROl = 
llLCPOST = 
SPECIAL :11£ 

PHOIE 0 IA llll 0 
llTUSEC 

l[IAUS: 

1mmum OR PRIORITY: 0 ROUTINE 0 ASAP 0 RUSK 

till UC[ IVU ----UH COMPLETED----

cuss :fl( cuss =11£ CLASS = 
COUITl = couan = ClllCITT = ----
ctn = c Ill = ISROID =----
COllROl = CHllOl = [IROID = ----
lll[PCSI = MIL[POST = UU[l == ----
SPCC IAl ;:fl[ SPECIAL :/I[ 

R£0UES1 fOR ICC 11£11 l[POUS FROM IPS llD( R[C( IY[D 

Sl[ICH t SlUtll[I BESUDjUU 

SIUDl t: 

Tl ·l · ll l(Y. 01117 

ACCIDENT lllSTORY REQUFSI' FORM 

Figure 14.7A 

14.7 (4) 



Oklahoma TRAFFIC ENGINEERING 

12. justification for parking restriction. 

Based on the requested information, a 
computer generated reply will provide an 
accident history listing, a collision diagram 
and accident· information on: 

13. accident severity (e.g., fatal, injury, 
property damage); 

14. accident type (e.g., rear end, sideswipe); 

15. traffic control devices (e.g., malfunctioning 
signal, no signing); 

16. driver intentions (e.g., turning, crossing); 

17. traffic conditions (e.g., speed, volumes); 

18. environmental conditions (e.g., rain, ice, 
snow, dry, day, night); 

19. time (e.g., hour, day, week, month); and 

20. location (e.g., city, county, intersection, 
route, street). 

For more information on ODOT's accident 
surveillance system, the designer should 
contact the Traffic Planning and Safety 
Branch. For information on how to interpret 
the data, the designer is referred to: 

21. ODOT's Highway Safety Improvement 
Program, Section 14.8; 

22. ITE's Manual of Traffic Engineering 
Studies; 

23. ITE's Transportation and Traffic 
Engineering Handbook; and 

24. FHWA's Manual on Identification, 
Analysis and Co"ection of High-Accident 
Locations. 

July 1992 
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14.8 HIGHWAYSAFETY 
IMPROVEMENT PROGRAM 

The Highway Safety Improvement Program 
(HSIP) is a special Federal monetary category 
set aside t(} fund the elimination of localized 
hazards on existing highways. A copy of 
ODOT's HSIP can be obtained from the 
Traffic Engineering Division. The following 
sections provide brief synopses on the two 
subprograms under the HSIP. 

14.8.1 Hazard Elimination Program 

The purpose of the Hazard Elimination 
Program is to identify, prioritize and correct 
known or potential high-accident locations. 
ODOT's Accident Surveillance System, as 
discussed in Section 14.7, is used to identify 
these locations. ODOT's HSIP documenta­
tion presents ODOT's procedures for 
prioritizing these accident locations. This 
prioritization takes into account accident 
severities, accident reductions, funding 
categories, economic benefits, construction 
costs, etc. Once the priority list has been 
developed and, as funds become available, 
projects are initiated. ODOT's Roadside 
Safety Upgrade Program, Bridge Rail Retrofit 
Program and Delineation Program are all a 
part of the Hazard Elimination Program. 
Hazard elimination projects may include: 

1. upgrading guardrail, 
2. flattening slopes, 
3. upgrading horizontal or vertical alignment, 
4. installing pavement markings, 
5. improving signing, 
6. upgrading bridge rails, 
7. realigning intersections, 
8. installing turn lanes, 
9. upgrading or installing signals, 
10. installing delineation, and/or 
11. roadway lighting. 

14.8.2 Railroad/Grade Crossing Program 

The Railroad Safety Section in the Traffic 
Engineering Division is responsible for the 
implementation of ODOT's At-Grade 
Railroad Crossing Program. This program 
provides guidelines for evaluation of at-grade 
railroad crossings throughout the State to 
determine what, if any, corrective action 
needs to be done to improve the safety of the 
crossings. ODOT's procedures for prioritizing 
the various crossings in need of improvement 
are based on established formulas which use 
as input parameters exposure, existing 
warning systems, accident history, etc. 

After it has been determined that a crossing 
warrants further consideration, it is given to 
the designer to prepare the engineering 
studies and designs. The designer should 
consider the following: 

1. Identify Alternatives. First the designer 
should identify the available alternatives. 
Available alternatives could include do 
nothing, upgrade the crossing, close the 
crossing, or build a bridge over the 
crossing. The designer should always first 
try to reduce the number of crossings. 
Before choosing an alternative, the 
designer needs to work with the railroad 
company and local officials to determine 
a solution which is satisfactory to 
everyone involved. 

2. Traffic Control Devices. If the crossing is 
to remain as an at-grade crossing, the 
designer needs to determine the 
appropriate traffic control devices for the 
crossing. These include passive controls, 
flashing signal lights, gates, bells, etc. The 
MUTCD provides information on the 
selection, placement, installation and 
operation of these devices. 

3. Geometrics. The designer needs to 
review the adequacy of the existing 

14.8 (1) 



Oklahoma TRAFFIC ENGINEERING 

horizontal and vertical alignment at the 
crossing. Desirably, the highway will cross 
the railroad at a right angle on a nearly 
level roadway. Chapters Six and Seven 
present ODOT's horizontal and vertical 
alignment criteria. The designer is 
referred to the AASHTO Policy on 
Geometric Design of Highways and Streets 
for information on sight distance 
requirements at railroad grade crossings. 

4. Crossin& Surface. The selection, 
installation and maintenance of the 
railroad crossing surfaces is jointly the 
responsibility of ODOT and the railroad 
company in accordance with current 
ODOT practice. 

5. Railroad Coordination. All decisions 
involving railroads should be coordinated 
with the railroad companies, appropriate 
ODOT Divisions and Sections and other 
Federal or State agencies having 
regulatory or permit authority over this 
work. 

July 1992 
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14.9 MAINTENANCE AND PROJECTION 
OF TRAFFIC THROUGH 
CONSTRUCTION ZONES 

Traveling through a construction work zone 
can be difficult and confusing to unfamiliar 
drivers. A well-designed traffic control plan 
with strategically placed warning signs, 
pavement markings, channelization devices, 
etc. can alleviate many of these difficulties 
and confusions. 

14.9.1 Traffic Control Plans (fCP) 

14.9.1.1 General 

Highway construction will almost always 
disrupt normal traffic operations; therefore, 
ODOT requires every project to address, in 
some manner, traffic control through 
construction zones. With much of ODOT's 
highway program involved in upgrading 
existing highways, a well-conceived traffic 
control plan is essential. The TCP should 
minimize the operational and safety problems 
through the construction zone. 

The Traffic Operations Branch is responsible 
for preparing the TCP for all in-house 
projects. It is also responsible for reviewing 
and approving the TCP prepared by 
consultants. On most in-house projects, the 
roadway designer should request the Traffic 
Operations Branch to begin preparation of 
the TCP as early as possible during the plan 
preparation. The roadway designer should 
also include the proposed construction 
sequence with the request. For consultant­
designed projects, the Traffic Operations 
Branch should be provided with their first 
review opportunity when the construction 
plans are 50 to 75 percent complete. The 
consultant should also include the proposed 
construction sequence. On large projects the 
Traffic Operations Branch should be involved 

much earlier in the design process; i.e., at the 
planning stage. 

14.9.1.2 Evaluations 

The objective of the TCP is to provide a 
strategy that will efficiently and safely move 
traffic through or around the construction 
zone. To accomplish this strategy, the 
designer should evaluate the following when 
preparing a TCP: 

1. Engineering. Some of the engineering 
aspects to consider include: 

a. Highway Capacity. The TCP should 
provide adequate capacity to handle 
the expected traffic volumes through 
the work zone or detour. This may 
require converting shoulders to travel 
lanes, eliminating on-street parking, 
constructing temporary lanes, opening 
additional lanes during peak periods, 
constructing HOV lanes, or providing 
public transportation. 

b. Geometrics. The TCP should have 
suitable geometry so that a driver can 
safely maneuver through the work 
zone, day or night. Section 14.9.4 
presents the geometric design criteria 
for construction zones. 

c. Roadside Safety. The TCP needs to 
provide a reasonably safe environment 
both for the traveling public and 
construction workers. Section 14.9.3 
addresses roadside safety concerns 
through construction zones. 

d. Traffic Control Devices. Appropriate 
traffic control devices need to be 
included in the TCP to safely direct 
vehicles through the construction zone 
or detour. Section 14.9.2 provides 
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guidance on the selection of traffic 
control devices. 

e. Constructability. The roadway 
designer needs to evaluate the 
proposed construction sequence to 
determine if the project can be 
constructed with the proposed TCP. 

2. Economic. The designer needs to 
consider the additional economic costs a 
TCP can have on users and adjacent 
businesses including extra driving time; 
wasted fuel; wear and tear on vehicles; 
increased air pollution; restricted patron 
access to restaurants, gas stations, stores 
and other attractions; restricted access for 
employees and shipments to manufactur­
ing companies; etc. The designer should 
review the TCP to make sure that it does 
not restrict access to businesses during 
peak retail periods. For example, road 
closures should not be timed to occur 
during peak seasonal shopping periods 
(e.g., from Thanksgiving to Christmas). 

3. Community. The TCP needs to consider 
the impacts on neighborhoods, parks, 
schools, etc. Detours may significantly 
increase traffic through a community to a 
point that local traffic can no longer cross 
the detour route. The designer needs to 
consider how the TCP will affect fire, 
ambulance, police and school bus routes. 
Response times for emergency vehicles 
should not be noticeably reduced. 

4. Social/Political. The designer needs to 
consider the concerns of local 
governments, agencies, politicians, or 
organizations (e.g., homeowner groups). 
If reasonable, changes should be made to 
the TCP that will address their concerns. 
Working with local officials or 
organizations early in project development 
can significantly reduce the animosity or 
opposition to a project. 

14.9.13 Content 

The size and project type greatly affect the 
amount of information required in the TCP. 
For example, on signing projects the TCP may 
only be a listing of the appropriate Standard 
Drawings and on freeway reconstruction 
projects it could contain full-scale drawings, 
special details, special provisions, special task 
forces, etc. The TCP content will be 
determined on a project-by-project basis. The 
TCP may include: 

1. Construction Plan Sheets. Reconstruction 
projects will typically require very detailed 
plans for handling traffic at each 
construction stage. These plans may 
include geometric layout details, positive 
protection schemes and/ or placement for 
traffic control devices. Smaller projects 
such as resurfacing, signing, signal, or spot 
improvements projects will rarely require 
this type of detail. 

2. Pay Items (Quantities). A complete 
listing of the various traffic control 
devices required to direct traffic through 
the work zone should be included in the 
TCP. This may require estimating or 
calculating the number of barrels, 
barricades, cones, signs, warning lights, 
flashing arrow boards, or other devices 
that may be required to construct the 
project. 

3. Construction Seguence/Time. The 
roadway designer should develop a 
construction sequence and an initial 
estimate of the construction time in 
calendar days. 

4. Work Schedules. The TCP should clearly 
spell out any restricted work schedules a 
contractor is required to follow (e.g., no 
construction work during peak hours). 
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5. Phone Numbers. The TCP should inform 
the contractor that he/she is required to 
provide emergency phone numbers to the 
Field Engineer. These phone numbers 
are required in case there is an accident 
during non-construction time periods (e.g., 
replacement of sand barrels). 

6. Permits. The Department of Public 
Safety, Size and Weight Section, is 
responsible for providing oversize or 
overweight permits. 

7. Special Provisions. Special provisions are 
utilized to explain special procedures, 
materials, or equipment used in the TCP 
that are not covered in ODOT's Standard 
Specifications for Highway Construction. 
Prior to developing a new special 
provision, the designer should first make 
sure that it is not already covered in the 
Standard Specifications, Supplemental 
Specifications, or reoccurring special 
provisions. Chapter 18 provides 
information on the requirements for 
preparing special provisions. 

8. A~eements/Legal Releases. An agree­
ment and/or legal release may be 
required prior to starting construction for 
ODOT to use local facilities for highway 
detour purposes. 

9. Media. The designer or other ODOT 
officials should inform newspapers, 
television stations, radio stations, etc. 
when there will be major road closures or 
detours. This will allow users to make an 
informed decision on when to use 
alternative routes or transportation. 

10. Pedestrians. The TCP needs to address 
the safe accommodation of pedestrians 
through the construction zone. In 
addition, construction should be scheduled 
around non-peak pedestrian times (e.g., 
summer construction around schools). 

11. Local Businesses/Residents. At least one 
reasonable access should always be 
maintained to businesses and residential 
neighborhoods. The designer should also 
make sure these individuals are kept 
informed of any planned street or 
driveway closures. 

12. Inspections. ODOT and the contractor 
are responsible for routine inspections of 
the construction zone. This involves day 
and night inspections of the pavement 
markings, signs, lighting, traffic patterns, 
etc. 

13. Traffic Control Enforcement. Research 
has shown that the presence of law 
enforcement officials at a work zone site 
significantly reduces traffic speeds though 
the work zone. However, the automatic 
inclusion of law enforcement officials on 
a project is not always prudent or cost 
effective. On projects with law 
enforcement, the designer needs to 
determine the type of enforcement (e.g., 
state police, local police), number of 
officials, number of hours present, etc. 
These calculations should be included as 
part of the pay quantities, with 
enforcement times spelled out in the plan 
notes. 

14.9.2 Traffic Control Devices 

The proper use of traffic control devices 
through construction zones is critical to the 
safety of the traveling public and construction 
workers. The following provide ODOT's 
guidelines and policies relative to the 
placement of traffic control devices along 
construction zones and detours: 

1. MUTCD (Part VI). ODOT's policy is to 
comply with the criteria and guidelines 
presented in the MUTCD, except as 
noted in comment number 3. 
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2. Chan~eable Message Siws. ODOT has 
found the use of changeable message signs 
on freeways to be very effective and 
recommends their use prior to the 
construction zone. The use of changeable 
message signs on other highways will be 
determined on a project-by-project basis. 
The following guidelines should be 
considered when usmg changeable 
message signs: 

a. Display. The display should provide 
the maximum amount of information 
that can be read in a quick glance, i.e., 
no rolling messages. Studies have 
shown that three-line presentations 
with two message phases provide the 
best readability and comprehension. 
Figure 14.9A illustrates an example of 
a two-phase message. 

b. Location. The display should be 
located approximately :Y.- of a mile in 
advance of the construction zone or 
application (e.g., lane closure). 

c. Traffic Control Devices. The 
changeable message sign is considered 
to be a supplement and not a 
substitute to the proper use of traffic 
control devices. 

d. Arrow Boards. Changeable message 
signs are not to be used as an 
alternative to arrow boards. 

3. Flashing Arrow Boards. It is ODOT's 
practice to follow the criteria and 
guidelines set forth in the MUTCD on the 
use of flashing arrows boards, except on 
freeways. On freeways it is ODOT's 
policy that flashing arrow boards shall be 
used for all lane closures. 

4. Warning Signs. ODOT follows the 
criteria set forth in the MUTCD relative 
to the type and placement of warning 

signs. However, the designer should not 
always adhere to the criteria if a better 
alternative is available. When warning 
signs are provided, ODOT also 
recommends the use of advisory speed 
plates as defined in the MUTCD. 

5. Sight Distance. Desirably, decision sight 
distance should be provided to all 
locations requiring a driver to make a 
maneuver change (e.g., lane closures, 
crossovers, lane shifts). For example, 
moving the signing pattern to a sag or to 
the near side of a crest vertical curve can 
often provide the desirable sight distance. 

6. Speed Limits. In determining a posted 
speed limit through construction zones, 
the following should be considered: 

a. Desirable. The construction zone 
posted speed limit should desirably be 
the posted speed limit existing prior to 
construction. 

b. Freeways. The freeway posted speed 
limit may be reduced from the existing 
speed limit by 10 mph in areas of 
freeway congestion. 

c. Non-freeways. On non-freeways 
highways, the speed limit may be 
reduced by 10 mph to meet restrictive 
conditions. Under special 
circumstances, the Field Engineer may 
further lower the construction zone 
speed limit (e.g., accidents). 

d. Design Speed. The construction zone 
posted speed limit should not exceed 
the design speed of the construction 
zone, see Section 14.9.4. 

6. Channelization Devices. The need for 
channelization devices is determined on a 
case-by-case basis. The following provides 
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a list of the channelization devices 
typically used by ODOT: 

a. barrels and drums, 
b. barricades, 
c. cones, 
d. tube channelizers, 
e. longitudinal pavement markings, and 
f. portable concrete median barrier. 

The Standard Drawh1gs provide additional 
information on the selection and 
placement of these channelization devices. 

7. Pavement Markings. The pavement 
marking selection through construction 
zones depends upon the project's 
duration, length and traffic volumes. For 
traffic patterns lasting a year or more, the 
use of permanent pavement markings 
should be considered. Section 14.4 
provides information on permanent 
pavement markings. For temporary 
pavement markings the following should 
be considered: 

a. Temporary Paint. Due to their low 
cost, quick-drying paints are the 
preferred temporary pavement 
marking choice on most construction 
projects. To improve the paint 
stripe's reflectivity, glass beads are to 
be added to the temporary paint 
markings. ODOT does not normally 
allow the use of temporary paint 
markings on the final pavement 
surface. 

b. Raised Temporary Pavement 
Markings. In high-volume locations, 
or in other locations as deemed 
necessary, the use of raised temporary 
pavement markings may be used as a 
supplement to other markings or by 
themselves to improve delineation 
through the construction zone. 

c. Temporary Preformed Plastic Tapes. 
Temporary preformed plastic tapes 
are an excellent material choice when 
there are changes made to the traffic 
patterns during construction (e.g., 
crossover switches). These markings 
can be easily and quickly installed and 
if necessary, easily removed. A 
disadvantage is that they tend to move 
or breakup under heavy traffic 
volumes. Therefore, routine 
inspections are required to check their 
serviceability. 

d. Thermoplastic Markings. Thermo­
plastic markings are generally only 
used in construction zones if the 
traffic volumes are large and the 
traffic pattern will be in place for a 
long duration (e.g., over a year). 

8. Temporary Traffic Signals. The use of 
temporary traffic signals in construction 
zones will be determined on a site-by-site 
basis. Common locations for temporary 
traffic signals include intersections where 
an existing traffic signal is moved or 
relocated, at temporary access sites, or at 
one-lane bridges where there is 
alternating traffic. 

9. Temporary Lighting. The designer should 
consider the use of temporary lighting 
along highways that have high traffic 
volumes, high speeds, heavy congestion 
and/or require complicated maneuvers 
(e.g., freeway crossovers). In addition, if 
existing lighting is removed due to 
construction, temporary lighting should be 
provided until the permanent lighting is 
replaced. Section 14.6 provides additional 
information on highway lighting. 
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14.93 Roadside Safety 

As drivers traverse through a construction 
zone, they are often exposed to numerous 
hazards including restrictive geometrics, 
construction equipment and two-way traffic. 
Elimination of these hazards is often 
impossible or impractical. Regardless, 
consideration needs to be given to reducing 
their exposure. 

14.93.1 Positive Protection 

During the planning and design of a project, 
careful consideration should be given to 
traffic control plan alternatives which do not 
require the use of temporary barriers. This 
can often be accomplished by using detours, 
constructing temporary roadways, minimizing 
exposure time and maximizing the separation 
between traffic and workers. Even with 
proper project planning and design there will 
still be many instances where positive 
protection should be considered. 

Since each site should be designed 
individually, ODOT has not developed a list 
of specific warrants for providing positive 
protection in construction zones. The 
following provides a list of factors that should 
be considered: 

1. duration of construction activity, 

2. traffic volumes, 

3. nature of hazard, 

4. design speed, 

5. highway functional class, 

6. proximity between traffic and construction 
workers, 

7. proximity between traffic and construction 
equipment, 

8. adverse geometrics which may increase 
the likelihood of run-off-the-road vehicles, 

9. two-way traffic on one barrel of a divided 
highway, 

10. transition areas at crossovers, and/or 

11. lane closures or lane transitions. 

14.9.3.2 Two-Way Traffic on Divided 
Highways 

ODOT does not have a specific practice or 
policy for when to use two-way traffic on a 
single barrel of a divided highway. This 
decision should be made on a project-by­
project basis. In making this decision, the 
following factors should be considered: 

1. alternate detour routes, 

2. traffic characteristics, 

3. shoulder widths, 

4. room for temporary lanes in median, 

5. stage construction (e.g., one-lane at a 
time), 

6. project length, 

7. construction efficiency, and 

8. height and width restrictions. 

Studies have found that the optimum segment 
length of two-way traffic on divided highways 
is less than 3.5 miles. When segments exceed 
3.5 to 5 miles, operational efficiency is often 
reduced as traffic backs up behind slower 
vehicles. 
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Due to the complex maneuvers required by 
drivers at crossovers, it is ODOT's policy to 
use portable concrete median barriers 
(PCMB) through the crossover; see ODOT 
Standard Drawings. In addition, PCMB 
should also be used the entire length of the 
project if the project length is two miles or 
less and the average daily traffic (ADT) is 
10,000 vehicles or greater. When a project is 
longer than two miles, PCMB will normally 
only be used in the crossovers. 

It is also ODOT's policy to install portable 
modular glare screens on top of the PCMB 
through the crossover. The use of glare 
screens in other locations will be determined 
on a case-by-case basis. Section 14.9.3.3 
provides additional guidance on use of glare 
screens. 

The designer also needs to consider the effect 
that directing traffic onto the opposing 
roadway will have on the roadside 
appurtenances. For example, trailing ends of 
bridge parapets may require approach 
guardrail transitions or impact attenuators, or 
blunt guardrail terminals may need to be 
converted to an acceptable treatment. 

14.933 Appurtenances Types 

The designer's first objective is to design a 
traffic control plan that eliminates the need 
for temporary barriers. However, this is often 
not practical. In addition to Chapter Eleven 
and the ODOT Standard Drawings, the 
following provides general information on the 
roadside safety appurtenances used by ODOT 
through construction zones: 

1. Guardrail/Median Barrier. For most 
construction projects the installation of a 
new temporary guardrail/median barrier 
is usually not cost effective due to the 
short project life. Temporary 
guardrail/median barrier installations are 

to meet the permanent installation criteria 
set forth in Chapter Eleven and the 
ODOT Standard Drawings, expect where 
modified in Section 14.9.3.5. 

2. Portable Concrete Median Barrier. 
PCMB provides the greatest protection to 
the work zone and between two-way 
traffic, but it is also the least forgiving to 
the driver. To eliminate head-on 
accidents at crossovers, ODOT requires 
PCMB be used at all crossovers on two­
lane divided highways; see ODOT 
Standard Drawings. For other locations, 
the decision on when to use PCMB in 
construction zones will be determined on 
a site-by-site basis. 

3. Glare Screens. Portable modular glare 
screens should be installed on top of 
PCMB through crossovers on divided 
highways. In addition to crossovers, glare 
screens should be considered where: 

a. the travel lane is within 2 feet of the 
PCMB, 

b. a high amount of side ambient light 
exists, 

c. there is a high volume of truck traffic, 
and/or 

d. the vertical or horizontal alignment of 
the roadway creates an apparent 
headlight glare problem. 

If glare screens are used on curvilinear 
alignments, the designer should ensure 
that the glare screen installation will not 
produce subminimal stopping sight 
distances. 

4. End Treatments. Even when protected or 
otherwise mitigated, the ends are the 
most hazardous element of any barrier 
system. Therefore, the unprotected 
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terminal ends for guardrail and PCMB 
should be located as far as practical from 
the roadway or be protected with an 
appropriate end treatment. This includes 
breaks in the barrier for crossovers 
and/or contractor access openings. 
Chapter Eieven provides information on 
various end treatments used by ODOT. 
The safest end treatment should be 
provided consistent with cost effectiveness 
and geometric considerations. 

4. Sand Barrels. Sand barrels are commonly 
used to protect the driver from point 
obstacles (e.g., bridge priers, PCMB 
ends). Due to the size of the array, sand 
barrels should only be used outside of the 
travelway (e.g., shoulders, medians). 
Arrays vary according to the obstacle 
width and the design speed. The ODOT 
Standard Drawings illustrate typical sand 
barrel applications; however, the designer 
needs to confirm that the Standard 
Drawings are applicable to his/her site. 
Information on alternative array 
arrangements can be obtained from the 
Traffic Engineering Division or from the 
manufacturers' literature. The designer 
should also note that no single row arrays 
are allowed. 

5. GREATcz. The construction zone 
GREATcz is commonly used to protect 
the blunt end of the PCMB when the 
PCMB cannot be properly flared away 
from the oncoming traffic. It is also used 
where space does not allow the use of 
sand barrels at point obstacles (e.g., 
bridge piers). The ODOT Standard 
Drawings provide additional details on the 
GREATcz. 

6. Truck-Mounted Attenuators. Truck-
mounted attenuators are typically used on 
moving or short term construction 
projects. The following section provides 

information on the recommended usages 
for truck-mounted attenuators. 

14.9.3.4 Truck-Mounted Attenuators 

The hazardous nature of construction and 
maintenance work zones on streets and 
highways has been recognized for many years. 
The use of traffic control plans, improved 
signing, channelization and pavement 
markings, portable barriers, better training of 
flaggers, arrow panels, changeable message 
signs, and improved scheduling have all 
combined to produce safer work zones. 
However, the intrusion of a vehicle into the 
work area may present a significant hazard to 
workers and occupants of the intruding 
vehicle. To overcome this hazard, truck­
mounted attenuators (TMA) may be used. 
Figure 14.9B provides an illustration of a 
typical TMA. The following factors should be 
considered when determining the need for a 
TMA on a construction project: 

1. time of work - peak or off-peak periods, 

2. distance of work from edge of pavement, 

3. traffic volumes, 

4. moving operations (e.g., painting 
operations, sweeping), 

5. visibility limitations due to restrictive 
geometrics, 

6. when flag persons are anticipated not to 
be effective, 

7. when warning signs are anticipated not to 
be effective, 

8. when flashing arrow boards might create 
a sudden and unsafe reaction from 
motorists, 
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9. when cone tapers are anticipated to be 
inadequate, 

10. highway operating speeds, 

11. the number of workers to be protected, 

12. the need to shield expensive equipment, 

13. the functional class of the highway, 

14. public reaction (assumed to be positive) 
to this additional protective device, and 

15. improved worker morale. 

In addition to the above-listed factors, Table 
14.9A provides a listing of example TMA 
usages. Table 14.9B presents usage guidelines 
forTMA. 

14.93.5 Design/Layout 

In general, when designing and laying out 
temporary roadside safety appurtenances in 
construction zones, the criteria set forth in 
Chapter Eleven should be followed. 
However, due to the limited time exposure, it 
may not always be cost effective to meet the 
permanent installation criteria. The following 
provides several alternatives the designer may 
use in designing and laying out temporary 
roadside safety appurtenances: 

1. Clear Zones. Applying the new or 
reconstruction clear zone distances, as 
presented in Chapter Eleven, m 
construction work zones is often 
impractical. ODOT has developed 
revised distances for clear zones through 
construction zones, which are presented in 
Table 14.9C. Due to the hazardous 
conditions which typically exist in 
construction zones, the designer still must 
use considerable judgment in applying 
these clear zone distances. 

2. Length of Need. As with new 
installations, sufficient distance of a full­
strength barrier should be provided prior 
to the hazard to eliminate run-behind 
accidents. For temporary layouts, the 
length of need can be determined by using 
an angle of 15° from the back of the 
hazard or the clear zone distance off the 
travelway. 

3. Shy Distance. Shy distance 
recommendations presented in Chapter 
Eleven are not applicable to temporary 
barriers in construction zones. 

4. Shoulder Widening. When a temporary 
barrier is placed next to the shoulder, the 
designer should not provide the extra 2-ft 
widening. 

5. Flare Rates. Desirably, the PCMB 
terminus should be flared away from the 
travelway to a point outside of the clear 
zone. Table 14.90 presents the desirable 
flare rates for PCMB based on design 
speed. The designer should provide these 
flare rates unless under extenuating 
circumstances it is impossible to do so 
(e.g., stop conditions, driveways, 
intersections). 

6. End Terminals. Unless the blunt ends of 
PCMB and guardrail can be sufficiently 
flared away from oncoming traffic, they 
shall be protected with an appropriate 
crash-worthy end terminal or impact 
attenuator. Chapter Eleven provides 
additional information on end terminals. 

7. Sand Barrels. Sand barrel array designs 
for temporary installations are the same 
as for permanent installations, except for 
the shielding of the hazard. Permanent 
sand barrel installations require that there 
be at least 30 inches between the hazard 
and the outside edge of the sand barrel 
array. For temporary installation, this 
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Table 14.9A 

EXAMPLES FOR TYPICAL TMA USAGE 

CLOSURE/EXPOSURE EXAMPLES OF TYPICAL 
CONDITION CONSTRUCTION/MAINTENANCE ACTIVITIES 

NQ Form!!.l Lane Closure 

Shadow Vehicle for Operation Crack pouring, patching, utility work, striping, coning 
Involving Exposed Personnel 

Shadow Vehicle for Operation Sweeping, chemical spraying 
Not Involving Exposed Personnel 

No Formal Shoulder Closure 

Shadow Vehicle for Operation Pavement repair, pavement marking, delineator repair 
Involving Exposed Personnel 

Barrier Vehicle for Operation Not Open excavation, temporarily exposed bridge pier 
Involving Exposed Personnel 

FQrmal Lane Closure 

Barrier Vehicle for Operation Involving Pavement repair, pavement marking 
Exposed Personnel 

Barrier Vehicle for Condition Involving Open excavation 
Significant Hazard 

Formal ShQulder Closure 

Barrier Vehicle for Operation Involving Pavement repair, pavement marking, guardrail repair 
Exposed Personnel 

Barrier Vehicle for Condition Involving Open excavation 
Smnificant Hazard 

Definitions: 

A FORMAL CLOSURE condition (either lane or shoulder) includes a full complement of advance warning 
devices, a closure taper of channelizing devices, and channelizing devices to define the work area as required. 

A NO FORMAL CLOSURE condition (either lane or shoulder) includes limited (if any) advance warning signs 
and channelizing devices. 

A SHADOW VEHICLE is a moving vehicle traveling a short distance upstream from a moving operation giving 
physical protection from approaching traffic. 

A BARRIER VEHICLE is a vehicle parked a short distance upstream from a stationary operation giving 
protection from approaching traffic. 

Source (30) 
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Table 14.9B 

USAGE GUIDELINES FOR SHADOW /BARRIER VEHICLES (TMA) 

RANKING* 
CLOSURE/EXPOSURE 

NON-FREEWAY WITH SPEED LIMIT CONDIDON 
FREEWAY :i:50 MPH 40-45 MPH :!> 35 MPH 

No Formru Lsme Closure 
Shadow Vehicle for Operation 

A A A A 
Involving Exposed Personnel 
Shadow Vehicle for Operation 

E E E E Not Involving Exposed Personnel 

No Formal Shoulder Closure 
Shadow Vehicle for Operation 

B B c c Involving Exposed Personnel 
Shadow Vehicle for Operation 

E E E E Not Involving Exposed Personnel 

FQrmal Li!!!~ Clo:1ure 
Barrier Vehicle for Operation 

B B c D 
Involving Exposed Personnel 
Barrier Vehicle for Condition 

E E E E 
Involving Significant Hazard 

Formal Shoulder Closure 
Barrier Vehicle for Operation c c D D 
Involving Exposed Personnel 
Barrier Vehicle for Condition E E E E 
Involvin~ Simificant Hazard 

The ranking letter indicates the priority assigned to the use of a shadow /barrier vehicle. The use of 
shadow /barrier vehicles: 

A is very highly recommended. 
B is highly recommended. 
C is recommended. 
D is desirable. 
E may be justified on the basis of special conditions encountered on an individual project when an 

evaluation of the circumstances indicates that an impact with a shadow /barrier vehicle is likely to result 
in less serious damage and/or injury than would impact with a working vehicle or the hazard. 

Source (30) 
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Design 
Speed 

40mph 
or less 

45-50 
mph 

55 
mph 

60 
mph 

65-70 
mph 

TRAFFIC ENGINEERING 

Table 14.9C 

RECOMMENDED CLEAR ZONE DISTANCE (Ff) 
(Construction Work Zones) 

Design 
Fill Slopes Cut Slopes 

6:1 or 5:1 to ADT 3:1 3:1 4:1 to 5:1 flatter 4:1 

Under 750 4 4 4 4 
750-1500 5 6 5 5 

1500-6000 6 7 6 6 
Over 6000 7 8 7 7 

Under 750 5 6 
N 

4 4 ~ 
750-1500 7 8 ....... 5 6 ....... 

1500-6000 8 10 i:: 6 7 
Over 6000 10 12 0 7 9 ..... ..... 
Under 750 6 7 a3 4 5 ti) 

750-1500 8 10 .5 5 7 
1500-6000 10 12 Cl.) 7 8 
Over 6000 11 13 

.... 
8 10 ::s 

"'O 

Under 750 8 10 
Cl.) 

5 6 CJ 
0 

750-1500 10 13 .... 6 8 p... 
1500-6000 13 16* Cl.) 7 9 
Over 6000 15 18* Cl.) 

10 12 ti) 

Under 750 9 10 5 7 
750-1500 12 14 6 9 

1500-6000 14 17* 8 11 
Over 6000 15 19* 11 13 

July 1992 

6:1 or 
flatter 

4 
5 
6 
7 

5 
7 
8 
10 

5 
8 
10 
11 

7 
10 
12 
13 

7 
10 
13 
14 

* The clear zone may be limited to 15' for practicality and to provide a consistent roadway 
template. 

Note: 1. All distances are measured from the edge of the travel lane. 

2. See discussion in Section 11.2.2 (Comment #2) for application of clear zone criteria 
on non-recoverable fill slopes. 

3. See discussion in Section 11.2.3 for application of clear zone criteria across ditch 
sections. 

4. For clear zones, the "Design ADT" will be the total ADT on two-way roadways and 
directional ADT on one-way roadways (e.g., ramps and one roadway of a divided 
highway). 

Source (8) Revised 
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Table 14.9D 

FI.ARE RATES FOR PORTABLE CONCRETE MEDIAN BARRIER 

DESIGN SPEED 

40 mph or less 

50 mph 

60 mph or greater 

distance can be reduced to 15 inches, see 
Figure 14.9C. 

14.9.4 Geometric Design 

The design criteria presented in the following 
sections only apply to temporary crossovers 
on divided highways, the roadway through 
construction zones and detours specifically 
constructed for construction projects (e.g., 
shoo-fly). It does not apply to detours over 
existing routes. 

14.9.4.1 Design Speed 

Significant speed reductions through 
construction zones are undesirable and may 
lead to poor operating conditions. Regulatory 
or warning speed signs are generally 
ineffective with the exception, perhaps, of 
signs at horizontal curves. Desirably, the 
design speed through the work zone will be 
the same as that for the approaching highway 
and, at a minimum, should not be more than 

FLARE RATES 

9 to 1 

11 to 1 

13 to 1 

Source (8) 

10 mph below the posted speed limit before 
the construction zone. 

14.9.42 Lane/Shoulder Widths 

Desirably, there will be no reduction in the 
cross section width through the construction 
zone. However, this is rarely practical. For 
Interstates and other divided highways, an 11-
ft minimum lane width should be maintained 
through the construction zone and, preferably, 
with a 2-ft or wider right and left shoulder. 
Crossovers on divided highways are to 
provide a 12-ft minimum width. For other 
highways, the lane and shoulder width 
selection will be determined on a site-by-site 
basis. The designer should try to minimize 
any width reductions but, in some cases, it 
may even be necessary to provide a narrow 
lane with no shoulders. This is considered 
acceptable although not desirable. 
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14.9.43 Lane Oosures/Other Transitions 

The designer should ensure that the rate of 
taper conforms to the MUTCD criteria. 
These are: 

L = SW (S ~ 45 MPH) 
L = WS2/60 (S s. 40 MPH) 

Where: 

L = minimum length of transition, 
ft 

S = posted speed limit before 
construction, mph 

W = width of offset, ft 

Table 14.9E provides the minimum taper 
lengths for various taper situations that are 
presented in construction zones (e.g., lane 
closures, lane shifts). 

14.9.4.4 Horizontal Curvature 

The horizontal curvature will depend upon 
the type of facility under construction and the 
type of detour under design. Chapter Six 
discusses the theoretical basis for horizontal 
curvature. The following applies to horizontal 
curvature through construction zones: 

1. Temporacy Crossovers on Divided High­
ways. Desirably, the maximum degree of 
curvature will be Dmax = 2.5°. Under 
restricted conditions, Table 14.9F may be 
used to determine the appropriate Dmax 
for curves based on the design speed of 
the crossover and a cross slope of .02 (i.e., 
S = -0.02). A cross slope of .02 should be 
maintained throughout the crossover. 

2. Detours (All Rural Facilities and Urban 
Facilities Where V ::!: 50 mph). Table 
14.9F presents Dmax for curves on detours 

where the typical cross slope of .02 is 
maintained throughout the detour (i.e., 
S = -0.02). These criteria are based on 
side-friction factors for turning roadways 
and based on AASHTO Method 2 for the 
distribution of side friction and 
superelevation. 

3. Low-Speed Urban Facilities (V s45 mph). 
Horizontal curvature for detours for these 
facilities will be based on the criteria 
presented in Section 6.1. 

14.9.4.5. Sight Distance 

Changes in the geometric design of the 
existing highway are often necessary through 
construction zones (e.g., lane shifts, detours). 
Therefore, the available sight distance to the 
approaching motorist is especially important. 
Unfortunately, the location of many design 
features often are dictated by construction 
operations. However, some elements may 
have an optional location. For example, when 
lane closures and other transitions are 
specially designed in the TCP, desirably these 
should be located so that the approaching 
driver has decision sight distance available to 
the closure or transition and, at a minimum, 
stopping sight distance. Desirably, the TCP 
should be planned so that stopping sight 
distance is available throughout the 
construction zone. 
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Table 14.9E 

TAPER IENGTH CRITERIA FOR WORK ZONES 
~ 

TYPE OF TAPER TAPER LENGTH 

UPSTREAM TAPERS 
Merging Taper . L Minimum 
Shifting Taper Y2 L Minimum .-
Shoulder Taper & % L Minimum 
Two-way Traffic Taper 0 Ne, L.AtJ 'i) 100 feet Maximum 

DOWNSTREAM TAPERS 
(optional) 100 feet per lane 

Table 14.9F 

MAXIMUM DEGREE OF CURVATURE 
(D t /C ) e ours ;~s;;vers 

~up €1?..GL EU4 71 ON') 

July 1992 

Source (1) 

Design Speed* • Maximum Degree 
(mph) fmax of Curvature, 

v D** 

20 -0.02 .27 53° 30' 
25 -0.02 .23 28° 45' 
30 -0.02 .20 17° 00' 
35 -0.02 .18 11° 00' 
40 -0.02 .16 7°. 30' 
45 -0.02 .15 ·5° 30' 
50 -0.02 .14 4° 00' ~ ~\'\~( • 
55 -0.02 .13 

.4 
~b 

3° 00' ~~ \~~ • 

* 

** 

60 -0.02 

Design Speed through the Construction Zone. 

D _ 85.660 ( e + 0 
- y2 

.12 2° 30' k.1 d-~C\\ 
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Chapter Fifteen 

DRAINAGE 

15.1 INTRODUCTION 

Drainage considerations ranging from larger 
streamflow types to small side drain locations 
at a ramp require assessment by varying levels 
of personnel to achieve ODOT policy 
compliance. Drainage may be defined as the 
prudent consideration of all runoff related 
impacts upon the various components of the 
transportation system. 

This evaluation process is extremely 
important in the design of a transportation 
facility. A significant portion of both 
construction and maintenance funds are 
expended for drainage related items. The 
evaluation processes use technical and non­
technical input to accomplish ODOT 
objectives. 

ODOT is developing a Drainage Manual 
which will contain the majority of technical 
instruction and applied problem solving for 
hydrologic and hydraulic analyses. This 
Manual is based upon the American 
Association of State Highway and 
Transportation Officials (AASHTO) Model 
Drainage Manual (1), 1991. The ODOT 
Drainage Manual (2) (AASHTO, with 
modifications for use in Oklahoma) contains 
proper design techniques for: 

1. hydrology, 

2. open channels - natural and manmade, 

3. bridge waterways, 

4. culverts, 

5. storm drainage (surface collection and 
conduit system), 

6. bridge deck drainage, 

7. erosion control and sedimentation, and 

8. bank protection. 

Chapter Fifteen will not add to the technical 
presentation of the ODOT Drainage Manual 
but will present pertinent information which 
will complement the information contained 
therein. 

Page 15,1(1) 
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15.2 DRAINAGE 

The following design criteria establishes 
guidelines and procedures for commonly 
experienced drainage design conditions. Site­
specific conditions may require modification 
of the criteria. This criteria will not replace 
sound engineering judgement. A glossary of 
technical terms has been provided in Chapter 
Twenty. 

The drainage system includes all inlets, 
manholes, sewers, ditches, culverts, bridges or 
other hydraulic and erosion control 
appurtenances required to: 

1. properly dispose of storm runoff disrupted 
or generated by the roadway and its 
associated construction, 

2. protect the roadways and slopes from 
damage by erosion, and 

3. maintain clear traffic lanes during the 
design storm( s) runoff. 

July 1992 
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153 HYDROLOGY 

Hydrology is a science which characterizes the 
occurrence and distribution of surface and 
ground waters. Highway drainage design is 
concerned with the surface water hydrology of 
watersheds. In particular, the peak rate of 
runoff produced by flood events are of 
interest in analysis of highway drainage 
problems. These peak runoff rates are a 
prerequisite to hydraulic computations. 
Volume of discharge will also be needed for 
detention studies and routing analyses. 

In general, the design of highway drainage 
facilities may be described in three steps: 

1. Select the design frequency. 

2. Compute the peak rate of runoff resulting 
from the design flood (or the volume if 
needed). 

3. Design the drainage structure to pass this 
flood peak. 

Criteria for the determination of the design 
flood frequency and methods for computing 
peak rates of runoff are presented in this 
section. 

153.1 ODOT Design Flood or Storm 
Selection Guidelines 

The selection of the design flood (or storm) 
frequency for use in design will be in general 
accordance with AASHTO and FHWA design 
criteria. Consideration must be given to all 
significant impacts and risks involved. 

The ODOT Design Storm Selection 
Guidelines, as shown in Table 15.3A (for 
cross and side drain) and Table 15.3B (for 
storm sewers), are the minimum design 
criteria recommended based on all the above­
mentioned factors. The selection of the 

design flood (or storm) frequency is the 
responsibility of the designer and will be 
approved by the Project Engineer. 

153.2 ODOT Guidelines for Peak Discharge 
Design Methods 

Determination of the design peak discharge is 
one of the most difficult phases of drainage 
design. There are several different methods 
for determining peak discharge, and it is not 
unusual to obtain significantly different results 
from different methods. The designer must 
recognize that hydrology is not an exact 
science and that, in the determination of the 
peak discharge, sound judgment coupled with 
experience is a most useful tool. The 
designer must also be familiar with the 
various methods and their applications and 
limitations. 

The ODOT Guidelines on Peak Discharge 
Design Methods provide the designer with the 
method( s) recommended in computing the 
peak discharges depending on the size of the 
watershed. See Table 15.3C. 

When more than one method is offered, it is 
__ the responsibility of the designer to choose 

the one that yields the most reasonable results 
by using engineering judgment and data 
available (surveys, gaging stations, 
newspapers, etc.). 

To find the performance of the drainage 
structure and to predict the risks associated 
with floods of frequencies different than the 
design flood frequency, the designer should 
also compute discharges resulting from the 
review (check) floods. See Reference (2) for 
additional information. 

15.3(1) 



Oklahoma DRAINAGE July 1992 

Table 153A 

ODOT DESIGN STORM SELECTION GUIDELINES 
FOR CROSS/SIDE DRAIN STRUCfURES 

Roadway Exceedence 
Classification Probability 

Freeways (Rural & Urban) 2% 
Rural Principal Arterial System 2% 
Rural Minor Arterial System * 4%-2% 
Rural Collector System, Major 4% 
Rural Collector System, Minor 10% 
Rural Local Road System * 20% - 10% 
Suburban/Urban Principal Arterials 2% 
Suburban/Urban Other Arterials 4% 
Suburban/Urban Collectors 10% 

Suburban/Urban Local Streets * 20% - 10% 

* At the discretion of the designer, based on risk analysis and DHV. 

Notes: 

Return 
Period 

50-year 
50-year 
25 to ~0-year 

25-year 

10-year 
5 to 10-year 
50-year 
25-year 
10-year 
5 to 10-year 

~ "f'.'\Hol-. A-e..~eJAL. 

( ~v~A\::J ' 
1<; y~ ~ 1'HV ~3® 

50 v e... ~ t>th' -,.oLYD 

1. Federal regulations (executive order) require interstate highways to be provided with 
protection from the 2 % flood event and facilities such as underpasses, depressed roadways, 
etc., where no overflow relief is available (sump), should be designed for the 2% event. 
Reference FHPM 6-7-3-2. 

2. For bridge design criteria, the designer should contact the Bridge Division. 

15.3(2) 
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Table 153B 

ODOT DESIGN STORM SEIBCTION GUIDELINES 
FOR STORM SEWERS 

Roadway 
Classification Location 

Freeways & Arterials At grade 
(Rural, Suburban/Urban) 

Freeways & Arterials1 At sag point 
(Rural, Suburban/Urban) 

Collectors At grade 
(Rural, Suburban/Urban) 

Collectors At sag point 
(Rural, Suburban/Urban) 

Local Roads and Streets, AADT > 250 At grade 
(Rural, Suburban/Urban) 

Local Roads and Streets, AADT < 250 At grade 
(Rural, Suburban/Urban) 

Local Roads and Streets At sag point 
(Rural, Suburban/Urban) 

Notes: 

July 1992 

Return Period 

10-year 

50-year1 

10-year 

10-year 

10-year 

5-year 

10-year 

1. To lessen the possibility of a pressure flow storm sewer, the designer should design the inlet 
and outlet conduit system from the true sump (where all runoff must be handled by the 
storm sewer system) forward on the 2% return frequency (50-year storm). The tailwater 
elevation or depth of floor in the receiving stream or culvert should also be considered. 

2. For bridge design criteria, the designer should contact the Bridge Division. 

15.3(3) 
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Table 153C 

ODOT GUIDELINES ON PEAK 
DISCHARGE DESIGN METHODS 

Watershed Area Method Recommended 

From 0 to 200 acres Rational Method 

From 201 acres to 640 acres 
,.(J. Sit. MtU) 

Rational Method and SCS Method 

July 1992 

From 641 acres to 2000 acres SCS Method and USGS Regression Method 

From 2001 acres to 2500 square miles USGS Regression Method and Log Pearson 
III Method 

Greater than 2500 square miles USGS Method "Flood Characteristics of 
Oklahoma Streams" WRI 52-73 

Note: For bridge design criteria, the designer should contact the Bridge Division. 

15.3(4) 
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1532.1 Rational Method 

The rational formula is expressed in the 
following form: 

Q =CIA 

Where: 

Q = peak discharge, cfs 
C = runoff coefficient, dimensionless 
I = rainfall intensity, inches/hour 
A = drainage area, acres 

See Reference (2) for a full discussion on the 
Rational Method (Standard) and the 
Modified Rational Method as well as example 
problems and definitions. 

In addition, the following provides a brief 
overview of the Rational Method: 

1. Runoff Coefficient (C). The runoff 
coefficient characterizes prior 
precipitation, soil moisture, infiltration, 
detention, ground slope, ground cover, 
evaporation, shape of the drainage area 
and other variables. Average values for 
various surface types are as follows: 

Surface Type Runoff 
Coefficient, C 

Paved 0.7 - 0.9 
Gravel 0.4 - 0.6 
Cut or Fill Slopes 0.5 - 0.7 
Grassed Areas 0.1 - 0.7 
Residential 0.3 - 0.7 
Woods 0.1 - 0.3 
Cultivated 0.2 - 0.6 

For flat slopes and permeable soils, use 
the lower values. For steep slopes and 
impermeable soils, use the higher values. 
See Reference (2) for additional 
information on coefficients. 

Where drainage areas are composed of 
parts having different runoff 
characteristics, a weighted coefficient for 
the total drainage area is computed by 
dividing the summation of the products of 
the area of the parts and their coefficients 
by the total area, as follows: 

Cr-f1 + C:zA2 + ... + CnAn 
Cw= ----------

Amr 

2. Time of Concentration (Tel- The time of 
concentration is the time required for 
water to flow from the most remote point 
on the watershed boundary to the 
proposed structure. The most remote 
point is defined in terms of travel time, 
not distance. Tc is defined as the 
summation of the time for overland flow, 
T 0 , plus the time for channel or gutter 
fl.ow: 

T=T+T1 c 0 

The time of concentration for overland 
fl.ow, T0 , is the time required for the 
water to run from the most remote point 
on the watershed boundary to the 
beginning point of the channel. Once the 
overland flow characteristics (distance, 
slope, ground cover) have been defined, 
the time of concentration for the overland 
flow can be computed by the equation: 

Where: 

T0 = Time of concentration for 
overland flow, minutes 

L0 = Length of overland flow path, ft 

15.3(5) 
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S0 = Slope of the overland flow path, ft 

k = Dimensionless coefficient, a factor 
of the retardation of the convey­
ance of the water through the 
drainage area (overland) and is 
depending on the overland ground 
cover 

Values of k for various overland ground 
covers are: 

Surface Type k 

Concrete, Asphalt 0.372 
Commercial 0.445 
Residential 0.511 
Rocky, Bare Soil 0.604 
Cultivated 0.775 
Woodland, Thin Grass 0.942 
Average Pasture 1.040 
Tall Grass 1.130 

The time of concentration for channel 
flow, Tr, is the time required for water to 
flow in the channel from the beginning 
point of the channel to the proposed 
structure. Once the channel length and 
slope have been defined, the time of 
concentration Tr for channel flow can be 
computed by the equation: 

k' (L o.11) 
T - f 

f - s 0.3&5 

f 

Where: 

Tr = Time of concentration for channel 
flow, minutes 

Lr = Channel length, ft 

Sr = Channel slope, ft/ft 

k' = Dimensionless coefficient 

Values of k' for various channel 
conditions are: 

Straight, clean stream . . . . . . . 0.00592 
Average stream, few obstruction 0.00835 
Meandering stream with pools. 0.01020 
V-ditch .................. 0.01252 

The minimum time of concentration shall 
be 5 minutes for densely developed, 
steeply sloped, urban areas (±4%) and 10 
minutes for rural areas or well-developed, 
flat sloped, urban areas. 

3. Rainfall Intensity (I). The rainfall 
intensity is the average rainfall rate in 
inches per hour for the period of 
maximum rainfall of a given frequency 
having a duration equal to the time of 
concentration. As shown in Figure 15.3A, 
is divided into 5 geographical zones (Zone 
1 to Zone 5), based on rainfall 
precipitation characteristics. For a given 
time of concentration, Tc, and a given 
design storm frequency, the rainfall 
intensity, I, of each zone can be obtained. 

The rainfall intensity - duration -
frequency curves for the state of 
Oklahoma (Figures 15.3B to 15.3F) 
developed by ODOT are based on the 
Oklahoma rainfall data given by Technical 
Paper Number 40 (TP 40) and the 
National Oceanic and Atmospheric 
Administration Technical Memorandum 
NWS HYDR0-35. 

153.2.2 SCS Method TR SS 

The Soil Conservation Service (SCS) method 
is presented in detail in Section 4 of the U.S. 
Department of Agriculture Soil Conservation 
Service Engineering Handbook and Reference 
(1). The SCS computer program TR20 or the 
U.S. Army Corps of Engineers computer 
program HEC-1 are acceptable ways of 

15.3(6) 
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utilizing the SCS methodology. The SCS 
publication TR55 may be used for areas up to 
2,000 acres. 

See also Reference (2) for ODOT's 
acceptable usage of this method. 

1532.3 USGS Regression Equations 

The United States Geological Survey (USGS) 
regression equations for ungaged streams can 
be found in the USGS publication, 
"Techniq_ues for Estimating Flood Discharges 
for Oklahoma Streams," Water Resources 
Investigation 77-54, Thomas, Corley (3). 

153.2.4 Log Pearson ill Method 

See Reference (2), ODOT Drainage Manual. 

153.2.S USGS WRI 52-73 

For drainage areas greater than 2,500 square 
miles, the peak discharge of a typical creek or 
river can be found in the USGS Water 
Resources Investigation 52-73, Flood 
Characteristics of Oklahoma Streams (22). 

July 1992 
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15.4 HYDRAULICS 

15.4.1 General 

Hydraulics of various roadway drainage items 
are normally more predictive than hydrologic 
items. This is generally due to the more 
stable set of design criteria with which 
designers work. Knowing the discharge rate, 
or volume, and various physical characteristics 
of the drainage item, performance values may 
be calculated which define the suitability of a 
culvert and/or give the limitations of an 
existing drainage item. 

Research and prototype testing on roadway 
drainage items also contribute to the 
reliability of calculations which the designer 
will be required to develop during plan 
preparation. 

15.4.2 Culverts 

A highway embankment constitutes a barrier 
to the flow of water where the highway 
crosses water courses. A culvert is a closed 
conduit that provides a means of carrying the 
flow of water through the embankment. 

15.4.2.1 Culvert Design 

Culvert design will follow the methodology 
presented in References (1), (2) and (7). 

1. Materials. Culvert materials include but 
are not limited to: 

a. reinforced concrete boxes, 

b. reinforced concrete pipes, 

c. corrugated galvanized steel pipes, 

d. corrugated galvanized structural plate 
pipes, 

e. corrugated aluminum alloy pipes, 

f. bituminous coated or paved invert 
corrugated metal pipes, and 

g. selected plastic and/ or fiberglass 
product pipes. 

For additional information, the designer 
should refer to Section 726 of Reference 
(19). 

Pipes normally classified as corrugated 
steel are not generally used when: 

h. corrosion will be a problem, 
I. soils have a pH of less than 7.0, or 
J· there is standing water. 

2. Tailwater. The designer should fully 
investigate conditions which will impact 
culvert outlet control conditions. 
Tailwater in the receiving stream at the 
same peak time and frequency as the 
culvert may cause the culvert to operate 
in outlet control. 

3. Minimum Size. 

a. Pipe culverts 18" equivalent. 

b. Box culverts no less than 3 ft in height. · 

c. Pipe culverts and box culvert designs 
which are less than minimum size 
require a Level Two design exception. 

4. Minimum Cover. Desirable cover should 
be based upon 1-ft clearance between the 
top of the conduit and the lowest part of 
the subgrade or base course which might 
receive manipulation during the 
compaction operations or admixture 
insertion. 

15.4(1) 
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Refer to the "fill height tables" in the 
ODOT Standard Drawings and Reference 
(19) for additional specific clearances. 

ODOT also occasionally uses a box 
designed with a full load-carrying roof, or 
minimum cover box. In this case, the 
minimum cover criteria will not apply. 

5. Inlet Structures. Inlet structures are 
appurtenances used for the following 
purposes: 

a. to improve the hydraulic efficiency of 
the culvert, 

b. to provide erosion protection and 
prevent flotation, and 

c. to retain the fill adjacent to the 
culvert. 

These inlet structures include end 
sections, headwalls, beveled inlets, side 
tapered inlets and slope tapered inlets. 

15.4.2.2 Allowable Headwater 

The allowable headwater elevation should be 
the most critical of the following: 

1. One ft below of the finished elevation of 
the shoulder line at any adjacent low 
point. 

2. Elevation at which damage to upstream 
property will be minimized and which will 
prevent flooding around buildings. 

If enough storage is provided at the inlet end 
of a culvert and right-of-way is available, the 
designer may investigate peak reduction by 
storage routing. See ODOT Drainage Manual 
for the methodology. The Project Engineer 
must be consulted for concurrence. 

15.4.23 Culvert Outlet Velocities 

Because culverts are hydraulically efficient, 
the velocity of flow through a culvert is 
normally greater than the velocity of flow in a 
natural channel of the same slope. Therefore, 
the potential for scour at all culvert outlets 
should be investigated. The designer should 
follow guidelines in Section 15.11 "Erosion 
Control." 

Maximum outlet velocities at the design 
discharge should not exceed the following 
limits: 6 ~ }~ 

1. box~-~ (dirt bottom) = !1.ltL~~~. ;;. 1>· (I '71 II"'~ 
2. boxes (rock bottom) = 1~..,.~-lf'l~i) k· 

M..inm:rnm .outlet. velocityat design discharge 
of 3 ft/se<; should be maintained to minimize 
siltation under low-flow conditions. However, 
if supercritical stream flow occurs, high 
velocities at the outlet may be accepted, but 
the designer should consider control measures 
to prevent erosion. 

15.4.2.4 Culvert Locations 

The alignment of a. culvert in both plan and 
profile should ensure efficient hydraulic 
performance and keep the potential for 
erosion and sedimentation to a minimum. 
The AASHTO Guidelines, Volume 4, shows 
alternative culvert alignments for plan and 
profile that may be considered. Usually, the 
ideal location for the culvert is in the existing 
channei with a slope the same as the existing 
channel. 

15.4(2) 
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15.5 PAVEMENT DRAINAGE DESIGN 

For inlet design and pavement spread 
calculations, use the methodology presented 
in Drainage of Highway Pavements, Hydraulic 
Engineering Circular #12 (HEC #12) (3). 
The design flow will be estimated by the 
Rational Method. 

The minimum time of concentration will be 
five ( 5) minutes for densely developed, steeply 
sloped urban areas (:1:4%) and ten (10) 
minutes for rural areas or well-developed, 
flatter sloped urban areas. 

The Manning's roughness coefficient for 
street and expressway gutters are shown in 
the ODOT Drainage Manual. 

15.5.1 Pavement Spread Criteria 

The maximum allowable extent of flooding or 
water spread on the pavement depends on 
several factors such as: 

1. risk of traffic accidents, 

2. traffic delays, and 

3. nuisance and possible hazards to 
~ pedestrian traffic. 

_ \\~ ~°' The allowable water spread values for curbed r y pavement sections are as follows: ::;4. Freeway and principal arterials with 
shoulders - No spread permitted on 
driving lane. 

5. Ramps - Shoulder plus half width of a 
ramp (maintain 12-ft width open). 

6. Multi-lane street - One full lane in each 
direction (outside lane). 

7. Two-lane street - Half width of a traffic 
lane. 

8. Medians - Lowest edge of driving lanes. 

The concentration of sheet flow across 
pavement should be avoided. Pavement 
transitioning into a superelevation condition 
will require special treatment to minimize 
sheet flow across the pavement. 

15.52 Inlet Design 

1. Types. Inlets can be divided into four 
different types: 

a. curb inlet, 
b. grate inlet, 
c. combination inlet, and 
d. slotted inlet. 

Refer to the ODOT Standa.rd Drawings 
and Reference (2). The combination inlet 
will normally be the design used. 

Grate inlets are usually used in places 
where: 

e. the gutter longitudinal slope is steeper 
than 3%, 

f. the traffic does not travel near the 
curb, and 

g. the clogging of the inlets by debris is 
not a problem. 

2. Interception Capacity. Inlet grates on city 
streets, cross roads and frontage roads will 
be bicycle and pedestrian safe. 

The combination inlet consists of both a 
curb opening and a grate inlet. Because 
the capacity of a combination inlet is 
computed neglecting the curb opening, 
there is no need to decrease the 
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theoretical capacity to account for 
clogging. It is usually economically 
efficient to design combination inlets on 
grade to intercept 80% of the flow, 
bypassing 20% to the next inlet 
downstream. 

The slotted inlet consists of a pipe cut 
along the longitudinal axis with a grate of 
spacer bars to form a slot opening. The 
slotted inlet will have a 80% clogging 
efficiency on grade and 50% on sump 
condition. 

3. Location. In general, inlets should be 
placed at all low points in the gutter 
grade, at median breaks and crosswalks, 
and on side streets at intersections where 
drainage would flow onto the highway 
pavement (gutter). Inlets should be 
located well away from curb ramps 
(wheelchair ramps) except for slotted 
drains parallel with the curb face. 
Where pavement surfaces are warped or 
in transition between superelevated and 
normal sections, gutter flow should be 
picked up before the cross slope of the 
pavement begins to transition to lessen 
water flowing across the roadway. 

In a sump, the types and dimensions of 
inlets are determined by the maximum 
allowable ponding depth. 

Where significant ponding depth can 
occur (sump conditions), flanking inlets 
should be placed on both sides of the inlet 
at the low point of the sag. These 
flanking inlets should be located at an 
elevation of 0.3 ft higher than the low 
point but in no case at a distance greater 
than 88 ft on either side of the low point. 

1553 Bridge Deck Drainage 

To comply with the spread criteria, it may be 
necessary on long bridges to construct deck 
drains or scuppers. For a full discussion on 
this item, see the ODOT Drainage Manual 
and the Bridge Division. 

15.5(2) 
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15.6 CONDUIT SYSIBMS 

15.6.1 General 

The runoff water, after being collected, will be 
conveyed to a nearby body of water (stream, 
creek, river, etc.) or cross-drain structure 
through the storm sewer system (manholes, 
junction boxes, pipes, boxes). 

The flow in a conduit system is called partially 
full when the normal depth of flow is less 
than the inside diameter of the conduit 
(actually at 0.91D). When the normal depth 
of flow is equal to the inside diameter of the 
pipe or the hydraulic gradient is above the 
crown of the pipe, the storm sewer is 
considered surcharged or under pressure. 

15.6.2 Pipe Design 

1. Design. The design of the conduit system 
is as follows: 

a. Desirably, design for gravity flow 
(80% full) for the chosen design 
frequency. 

b. Under surcharged (pressure flow) 
condition for a chosen frequency 
storm, the calculated hydraulic gradi­
ent (including flow energy losses and 
all physical losses) should not be high­
er than the opening of the curb inlet 
or the grate top whichever is lowest. 

For the hydraulic analysis of the sewer 
system, see HEC # 12 (8) and the ODOT 
Drainage Manual. 

The following are good practices in the 
design of storm sewers and should be 
followed as practical: 

c. Use standard commercial pipe sizes as 
shown on the ODOT Standard 

Drawings. Do not substitute shapes 
with equivalent areas without Project 
Engineer concurrence. 

d. Do not discharge the contents of a 
larger pipe into a smaller one, even 
though the capacity of the smaller 
pipe may be greater due to steeper 
slopes. 

e. At changes in pipe size, match the top 
of inside openings (inside top of pipe 
soffit). 

2. Conduit Types. The permissible storm 
sewer types are: 

a. Reinforced concrete box. 
b. Reinforced concrete pipe. 

For pipe sizes in excess of 54" (or 
equivalent area), check the use of 
reinforced concrete box. 

c. Approved Thermoplastic products. 
d. Approved steel products. 

The use of steel pipe (ductile iron, 
corrugated metal, etc., with bituminous 
coating) may be approved in areas where 
soil corrosion is not a major problem 
(pH > 7). Use and location of steel and 
thermoplastic conditions must be 
approved by the Project Engineer. 

3. Manning's Friction Factor. The 
Manning's coefficients are: 

Concrete pipe ............. . . 0.012 
Reinforced concrete box . . . . . . . 0.015 
Corrugated metal pipe . . . . . . . . . 0.024 
(W' corrugations) 
*Smooth-flow flexible pipe . . . . . . 0.012. 

* Proprietary products of various material 
combinations which present a smooth 
hydraulically efficient inside surface. 

15.6(1) 
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4. Velocity. The minimum velocity in storm 
sewers should be 3 ft per second. 
Maximum velocity should desirably not be 
greater than 20 ft per second. 

5. Pipe Siies. For main line or long laterals, 
ODOT policy is to use 18" minimum pipe 
size. 

6. Minimum cover. One·ft clearance 
between the top of the pipe and the 
lowest part of the subgrade, or top of 
select grading. Use 15 inches where 
admixtures to top of subgrade are 
anticipated. 

7. Utilities Clearance. Clearance with other 11 
underground sewer lines and utilities: A 
minimum of 1 ft should be maintained 
where practical. Additional clearance for 
trenching or for code compliance may be 
required. See the ODOT Standard 
Drawings and the ODOT Utilities Manual 
for additional guidance. 

8. Pipe Location. Storm pipe line should be 
located outside of pavement to facilitate 
future repairs. If not possible due to 
conflicts, the next choice is under the 
curb. 

9. Manholes and Junction Boxes. Manholes 
are provided on all conduit systems to 
permit access for inspection and cleanout 
and also when: 

a. there is a change m direction of 
conduit, 

b. there is a change in slope of conduit, 

c. there is a change in size of conduit, or 

d. if there is a junction of two or more 
pipes. 

The recommended maximum distance 
between manholes should be: 

e. for pipes up to 36-inch diameter, use 
300 ft; 

f. for pipes larger than 36-inch up to 60-
inch diameter, use 600 ft; and 

g. for pipes larger than 60-inch diameter, 
use 1000 ft. 

Any size smaller will require a Level Two 
exception. 

Head losses due to bends, junctions and 
manholes will be included in the design. 

15.63 Pipe Strength Design Criteria 

The ODOT Standard Specifications (19) and 
Standard Drawings have the following 
acceptable classes of reinforced concrete pipe 
- Classes II, III, IV, IVY2, and V. ODOT 
generally uses Class III for RCP installations, 
except in certain situations such as: 

1. high fills, 

2. pipes under railroads, 

3. jacked conduits, and 

4. pipe exposed to extraordinary live loads 
during construction. 

Metal pipe gauge varies with pipe size, shape 
and loading. See the ODOT Standard 
Drawings, Fill Height Tables, the ODOT 
Standard Specifications for Highway Construc­
tion, and manufacturer recommendations for 
additional information on pipe strength, 
loading, bedding classes and installation 
requirements. 

15.6(2) 
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15.7 ROADSIDE DITCHES AND 
INTERCEPTOR DITCHES 

15.7.1 General 

Roadside ditches are channels adjacent to the 
roadway used to intercept runoff and ground 
water occurring within the right-of-way and to 
carry this flow to drainage structures or to 
natural waterways. They are also used to 
intercept flow from small drainage areas 
adjacent to the right-of-way. 

Road ditches should be grassed channels 
except where lining is warranted. A minimum 
desirable slope of 0.3% should be used for, 
grassed channels and 0.1 % for concrete paved 
channels. 

Interceptor ditches are located on the natural 
ground near the top edge of cut slopes or 
along the edge of the right-of-way to intercept 
runoff from a hillside before it reaches the 
back slope. 

An interceptor ditch, wherever feasible, 
should be constructed by forming a dike 
rather than by excavation, thereby leaving the 
natural cover. 

Intercepting ditches should be built well back 
from the top of the cut slope and, generally, 
on a flat grade until the water can be emptied 
into a natural water course or brought into 
the road ditch in a back slope flume or pipe. 
In potential slide areas, storm water should be 
removed as rapidly as practical and the ditch 
paved with concrete if the natural soil is 
permeable. 

15.7.2 Ditch Design 

Flow of water in a grassed channel may be 
analyzed by the Manning formula. However, 
the solution to the problem is complicated 
because a single n value cannot be used to 

describe the retardance in such channels. For 
different n values and the methods to arrive 
at grassed waterway n values, see References 
(1), (2), (5) and (6). 

Design of grassed (erodible) channels is based 
on the criterion of maximum permissible 
velocity. If the calculated velocity is greater 
than the maximum permissible velocity, then 
the channel section will erode and a larger 
channel, or a channel lining, will be required. 
Channel design should include a freeboard of 
a least 3 inches from the depth of flow to the 
top of lining and 6 inches to the top of the 
channel embankment. 

For paved trapezoidal ditches, the minimum 
bottom widths are as shown on ODOT 
Standard Drawings (DC-1). Vee ditches are 
discouraged except in areas of extremely 
confining right-of-way. 

Side slopes and bottom widths are determined 
in accordance with soil characteristics and 
highway design requirements. See Chapters 
Eight and Seventeen. 

15.7(1) 
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15.8 MEDIAN DRAINAGE OR 
ROADSIDE DRAINAGE 

15.8.1 General 

The basic purpose of a median is to separate 
opposing lanes of traffic. The width, grade 
and shape of a median is determined 
primarily by safety considerations. A wide, 
shallow, depressed median is usually selected 
as best fulfilling the median purpose. 

A provision to drain the median with inlets or 
culverts must be included in the median 
design. The following contains procedures 
and criteria for the design of median 
drainage. 

15.82 Median Drainage Design 

Median cross slopes should desirably be 6: 1 
or flatter to reduce the hazard to vehicles 
driving off the road. See Chapter Eleven. 
Drainage structures, including paved channels 
located in the median, should be safe for run­
off-the-road vehicles. 

Median inlets are generally drop structures 
covered by grates or pipes. The inlets and 
covers should be designed to withstand the 
impact of vehicles and of the maintenance 
equipment without causing damage to the 
vehicle striking them. See the ODOT 
Standard Drawings for guidance. 

The capacity of the median inlets can be 
increased by depressing them slightly, and 
dikes or ditch blocks across the median below 
the inlet will ensure complete interception. 
The dikes usually should have slopes of 10:1 
or flatter for safety. 

Conventional culverts may be used to drain 
wide, deep medians where the culvert end 
would not constitute a roadside hazard. 

The intercepting capacity of a grate will be 
equal to 50% of the computed theoretical 
capacity to account for the possibility of 
clogging. 

As a margin of safety, a freeboard of at least 
twelve inches should be provided from the 
design depth of the top of the ditch block or 
to the shoulder line of the roadway, whichever 
is lower. See Chapter Eight. 
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15.9 BRIDGE HYDRAULICS 

For the hydraulic design of stream crossings 
and bridge locations, see Reference (2) and 
the ODOT Bridge Division, Hydraulics 
Branch. 
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15.10 CHANNELS 

15.10.1 General 

This section will apply to flood channels which 
convey runoff from off-site areas to main 
water courses, rivers or appropriate outlets. 

15.10.2 Channel Design 

1. Channel Cross Sections. Channels will 
normally have side slopes no steeper than 
2: 1 (H: V) for concrete-lin:eo channels and 
4:1 (H:V) for aggregate-lined and unlined 
channels. The Project Engineer's 
concurrence is required for steeper 
channel side slopes. 

The bottom width of channels should be 
at least eight ft with a 2% cross slope to 
one side. The cross slope is required for 
concentration of low flows and 
transportation of sediment. Appropriate 
transitions will be designed at inlets and 
outlets of culverts and outfalls. 

2. Concrete Lining. Channel lining, where 
needed, may be a continuously reinforced 
concrete design or reinforced using wire 
mesh. The following will apply: 

a. Joints. Only construction joints will 
be used, except at channel lining/ 
concrete structure junctions where 
expansion joints are required. 

b. Weepholes. Weepholes will be 
provided when the channel exceeds 
100 ft in length. On less than 100-ft 
long channels, granular backfill will 
vent the pressure. 

c. Lining thickness. 
thicknesses will be: 

Bottom slab 

Velocity (fps) 

Less than 10 
10 to 15 
15 to 20 
More than 20 

July 1992 

Slab 
Thickness 
(inches) 

5 
6 
7 
8 

Minimum slab thickness of 6 inches is 
required if channel is intended to 
accommodate maintenance vehicles. 

Side slope lining thicknesses (for 
slopes 1.5:1 or flatter) will be: 

Velocity (fps) 

Less than 15 
15 to 20 
More than 20 

Thickness 
(inches) 

5 
5% 
6 

For side slopes steeper than 1.5:1, 
channel linings will be designed as 
retaining walls. 

e. Cutoff Walls. Cutoff walls are 
generally not required to prevent 
progressive failure in reinforced 
concrete channels. However, there is 
some concern for the stability of lining 
slope walls at transitions where the 
cross section shape changes or at 
locations where channel slopes 
change. To prevent local buckling at 
these locations, cutoff walls rigidly 
attached to the paving should be 
installed to stiffen the linings. 

Cutoffs will also be required at the 
start and end of channels where they 
change to other types of lining and at 
existing structures where the new 
linings cannot realistically be made 
continuous with existing lining. Cutoff 
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walls may be used to stabilize channel 
slopes. See the ODOT Standard 
Drawings. 

3. Minimum Slope. Channels will have 
minimum slopes of 0.1 % for concrete­
lined channels and 0.2% for aggregate­
lined or unlined channels. The Project 
Engineer's approval is required for 
channels with a flatter slope. 

4. Maximum Velocity. For grass-lined and 
unlined channels, criteria for the 
maximum allowable velocity will be based 
on FHWA HDS #3. Flow velocity in 
concrete-lined channels will be restricted 
by Froude Number limitations. 

Bank protection such as riprap or gabions 
will be appropriately designed at inlet and 
outlet transitions which connect unlined 
channels to concrete structures. 

5. Critical and Supercritical Flows. Water 
depths close to critical depth will create 
waves along the channel and should be 
avoided. Froude Numbers should not be 
within the range of 0.86 to 1.15. High­
velocity supercritical flow will cause 
hydraulic jumps in the channel and should 
be avoided. Froude Numbers should not 
exceed 2.0. 

6. Channel Depths and Freeboard. Where 
practical, the design water surface 
elevation will be kept below the level of 
natural ground. A 1-ft freeboard should 
be added to calculated flow depths to 
determine minimum channel depths. For 
flows near critical or supercritical with 
Froude Numbers equal to or greater than 
0.86, the following equation will be used 
for freeboard, if the value obtained from 
the equation is greater than 1 ft: 

F = 1/5 (y + v 2/2g) 

Where: 

F = freeboard, ft 
y = flow depth, ft 
v = velocity, ft/sec 
g = gravity, 32.2 ft/sec2 

For levied channels where the water 
surface elevation is higher than natural 
ground, an additional 1 ft to the above 
freeboard is recommended. 

7. Drainage Outlets to Major Watercourses. 
The drainage area of a flood channel may 
be much smaller than that of the main 
watercourse into which the flood channel 
discharges. Peak times of floods at the 
junction from two different sources 
normally would be quite different. Peak 
of the flood channel may arrive at the 
junction when the water level of the main 
watercourse is low. An energy dissipator 
may be required to eliminate energy from 
the flood channel at the outlet. The 
outlet will be designed to the 100-year 
peak flow of the channel concurrent with 
the 10-year peak flow in the main 
watercourse. It will also be designed to 
the 10-year peak flow of the channel 
concurrent with the 100-year peak flow in 
the main watercourse. For bank 
protection measures at the outlet and 
nearby channel, water levels of the 100-
year peak flow, in either the main 
watercourse or flood channel (not 
concurrent peaks), should be considered. 
The designer should consult with the 
Bridge Division, Hydraulics Branch, and 
the Roadway Drainage Engineer, Rural 
Design Division. 

8. Enerli!Y Dissipators. Drop structures, 
chute spillways, stilling basins and other 
energy dissipators will be designed in 
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accordance with FHWA HEC # 14 
Hydraulic Design of Energy Dissipators for 
Culverts and Channels and the ODOT 
Drainage Manual. 

9. Maintenance. On both sides of drainage 
channels, a 20-ft strip, sloping towards the 
channel, should desirably be provided. 
Right-of-way limitations which do not 
meet this criteria will be brought to the 
attention of the Project Engineer. At 
drainage structures, a 10-ft wide 
maintenance access ramp may be 
incorporated into the channel design 
where practical. 
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15.11 EROSION CONTROL 

15.11.1 General 

Providing for the temporary and permanent 
control of erosion is a necessary part of the 
complete design of any highway construction 
project. This subsection is concerned with 
methods and criteria for the control of both 
sheet and gully erosion in roadside ditches, 
culvert outlets, channels, bridges, both during 
construction (Temporary Erosion Control) 
and after construction (Permanent Erosion 
Control). See the ODOT Drainage Manual. 
Consultation with the Rural Design Division, 
Roadside Development Branch, personnel is 
recommended for technical input. See 
Section 17.14. 

15.112 Ditch Protection Design 

Control of ditch erosion is given careful 
consideration during design to reduce 
maintenance costs and to improve 
appearance. All ditches are analyzed to 
determine the necessary erosion control 
measures. Ditch erosion is controlled by 
widening ditches and flattening ditch grades, 
or by the application of proper ditch 
protection such as netting, sodding and 
concrete lining. 

1. Desiw of Permanent Protection. After 
the design flow rate has been computed 
and the channel slope has been 
established, the ditch section (usually a 
standard section) is analyzed as a grassed 
channel. This analysis is implemented by 
procedures outlined in Section 15.7 
"Roadside Ditches and Interceptor 
Ditches." If this analysis shows that the 
maximum velocity for a grassed channel is 
exceeded, then one of the following may 
be used: 

a. The ditch may be modified by 
widening the ditch section or 
flattening the ditch slope, if these 
actions are feasible; or 

b. The ditch may be lined. It should be 
noted that if the ditch is lined, 
consideration should be given to 
reducing the channel dimensions. The 
capacity of a paved ditch, for example, 
can be as much as ten times the 
capacity of a grassed waterway of the 
same dimensions. 

2. Design of Temporary Protection. 
Temporary erosion protection should be 
provided for grassed channels while the 
grass is being established. Jute mesh or 
excelsior mat are usual forms of 
temporary erosion protection. The 
designer can propose temporary 
protection measures in accordance with 
standard ODOT practices. 

15.113 Culvert Outlet Erosion Control 

Because culverts are hydraulically efficient, 
the velocity of flow through a culvert is 
generally greater than the velocity of flow in 
a natural channel of the same slope. When 
this high velocity flow exits the culvert, a 
scour problem may develop. Scour holes at 
culvert outlets develop because of the need to 
dissipate excess energy. These scour holes 
may undermine the culvert headwall and 
endanger the structure or damage the 
embankment. Therefore, the potential for 
scour at all culvert outlets should be 
investigated. 

Data in FHWA HBC #14 may be used as a 
guide to aid the designer in determining when 
scour protection is needed at culvert outlets. 
The stability of the channel at the culvert 
outlet is a function of the culvert outlet 
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velocity and the average stone size of the 
channel bed. 

Generally, culvert outlet protection is needed 
when the culvert outlet velocity is greater than 
8 fps. If it is determined that culvert outlet 
protection is needed and the calculated outlet 
velocity is between 8 and 20 fps, then a lining 
should be considered which both protects and 
slows the velocity. For outlet velocities 
greater than 20 fps, an impact type energy­
dissipating headwall should be used. 

15.11.4 Slope Erosion Control at Top 
of Slope Ditch 

Interception levees and ditches may be 
required at the top of earth back slopes at all 
locations where the natural ground slopes 
toward the back slope. See Chapter Eight. 

Interception ditches receive the same erosion 
control analysis and treatment as other 
ditches using the same controls, with 
particular attention for outlets. 

Control of sheet erosion on embankment and 
cut slopes is discussed in the ODOT Drainage 
Manual. Contact the Rural Design Division, 
Roadside Development Branch, for additional 
information. 

15.115 Channel Protection (Riprap) 

For riprap design, follow the guidelines in 
HEC # 15 "Design of Stable Channels with 
Flexible Linings," U.S. Department of 
Transportation, Federal Highway 
Administration, and the ODOT Drainage 
Manual. 

15.11.6 Bridge Embankment Protection 

The designer should contact the Bridge 
Division and refer to the ODOT Drainage 
Manual. 

15.11.7 Temporai:y Erosion Control and 
Abatement of Erosion and Water 
Pollution 

This section consists of the measures required 
to control erosion on the project and in areas 
outside of the right-of-way where the work is 
accomplished in conjunction with the project. 
The objective is to prevent pollution of water, 
the detrimental effects to public or private 
property adjacent to the project right-of-way 
and damage to work on the project. These 
measures will consist of temporary erosion 
control features which include bale barriers, 
sediment basins, sediment filters, siltation 
screens, diversion dikes and slope drains. 

Bale barriers are used as erosion checks to 
trap sediment and assist in maintaining low 
ditch velocities. Suggested spacings for 
erosion checks are as follows: 

Ditch Slope 
0.1% 
0.2% 
0.3% 
>0.6% 

Spacing (ft) 
±300 
±200 
±100 
±50 

Sediment basins are located at pipe outlets 
and are used for removal of large volumes of 
sediment and turbidity prior to runoff 
discharge into live streams. Sediment basins 
will have a capacity for storage of 1.0 acre/ 
inch sediment from its drainage area under 
construction less the estimated sediment 
removal of other erosion control features 
within the drainage area. No storage will be 
below the spillway elevation. 
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Sediment filters are used to retain material in 
front of inlets. Siltation screens are fences 
used to protect areas outside of the right-of­
way from erosion material from fill 
embankments. 

Diversion dikes are used to divert runoff from 
areas than can erode. 

Slope drains are used to concentrate runoff 
down a slope in a protected area preventing 
wide spread slope erosion. They are located 
at low points of the top of the slope, or as 
required for proper drainage. See the ODOT 
Drainage Manual and Rural Design Division, 
Roadside Development Branch. 
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15.12 DETENTION BASINS 

15.12.1 General 

Detention basins may be provided for 
attenuation· of peak discharges by storing 
runoff from on-site or off-site drainage. 
Outflow discharges from the basin will not 
cause peak discharges for the range of storm 
frequencies greater than peak discharges with 
no project. Design criteria will be as covered 
in the ODOT Drainage lvf anual. 

15.12.2 Basin Design 

1. Hydrographs. Use the SCS Method, Type 
II 24-hour rainfall as shown in the ODOT 
Drainage Manual or HBC # 1, and other 
methods as may be approved by the 
Project Engineer. 

2. Routing. Maximum detention storage will 
be determined through the basin routing 
by using the inflow hydrograph and 
outflow rating curve. This routing can be 
accomplished using the COE HBC #1 
computer program Modified Pulse 
Methodology. 

3. Outflow Structure. The outflow structure 
must be placed to ensure complete basin 
drainage. 

4. Emergency Spillways. Every detention 
facility should have an emergency spillway 
which is designed to allow overflow of 
runoff when the outlet is blocked. A 
broadcrested weir is normally used for 
overflow purposes because it is not easily 
blocked. 

5. Layout. Side slopes should not be steeper 
than 3:1 (H:V). The maximum design 
water level will not exceed the level of 
natural ground. Low flow channels or 

underdrains are required on the bottom 
of the basin leading from inlet to outlet. 

6. Freeboard. Use a minimum of 1-ft of 
freeboard between the design flow level 
and the top of the basin. 

7. Maintenance. Minimizing future 
maintenance and operational costs are 
important elements. Ease of removal of 
silt and debris should be considered in the 
design of the facility. 

8. Erosion Protection. Slopes will be 
adequately protected from erosion by 
adequate lining such as grass, riprap, etc. 

9. Fencing. To negate any possibility of 
attractive nuisance liability, any detention 
basin with permanent pools and/or with 
extremely slow drain-down should be 
analyzed for the design of a security fence 
system. The fence should include climb­
retardant devices and have lockable gates 
of adequate width to pass the largest 
maintenance vehicle needed or have drop­
down sections which can be easily 
removed and rebuilt. 
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15.13 PUMP STATIONS 

Pump stations are usually designed to drain 
those portions of a depressed roadway that 
cannot be connected directly to a gravity 
storm system. When a pump station may be 
required, contact the Rural Design Division, 
Roadway Drainage Engineer for assistance. 
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15.14 POLICY STATEMENTS 

Applied policy at federal, state and local 
government levels are contained in various 
publications available to the designer. Over 
time, the ·designer will gather quite an 
extensive publications library and should 
strive to keep relevant information current. 
The discussion in this section will be to guide 
the designer to sources of the various policy 
statements. 

15.14.1 Federal Policy 

Federal policy which affects, or is affected by, 
the work done by the ODOT drainage 
designers, or by the consulting engineer's 
drainage designer, is cited fully in the ODOT 
Drainage Manual (2), Chapter Three, Policy. 

Chapter Two of the ODOT Drainage Manual, 
Le~al Aspects, has a full discussion of legal 
aspects of drainage practice. Chapter Four, 
Documentation, of Reference (2) presents the 
concept support and actual guidance for 
documentation which is vital to the designer's 
record keeping process. 

15.14.2 State Policy 

Statement of the general types of State policy 
is contained in Chapter Three, Policy, of 
Reference (2). 

The application policy statement (State) is 
contained in the specific chapters of 
Reference (2) which also have the related 
design criteria fully explained. 

15.14.3 Local Policy or Ordinances 

The designer may adhere to local policy 
contained in the jurisdictional agency 
headquarters (County Courthouse, City Hall 

building, Water District Headquarters, etc.) 
under the following guidelines: 

1. drainage policy or ordinance has been 
developed under the professional auspices 
of an engineer trained in drainage-related 
subdiscipline; and 

2. strict adherence to the intent and letter of 
the policy or ordinance will result in no 
additional public fund expenditure (State 
and Federal funds) as a result of the 
compliance. 

In the case of consultant employees, the 
ODOT project engineer will decide on the 
level of compliance. 

If the requirements of #1 above are met, and 
#2 above would result in additional cost, a 
compromise may be in order. 
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15.15 SUMMARY 

The designer has a good deal of latitude in 
arriving at a solution to specific problems 
presented by transportation facility road 
design. The latitude of engineering judgment 
inherently invokes the necessity of using good 
state of practice approaches and being 
consistent in application of similar solutions. 

All members of the public must be treated 
objectively, and those individuals and/or 
groups affected by the designer's work should 
be fully heard. If the taxpayer can be 
accommodated with minimal cost, then their 
actual or perceived losses may be softened. 

The most beneficial tool of the designer may 
be documentation. Documentation will be a 
record of the process, answers and decisions 
reached in solving a particular problem. It 
should reflect the actual and assumed future 
watershed characteristics which the designer 
used in his solution. ODOT may need this 
data, especially in the future absence of the 
original designer, to explain, extend or defend 
the original solution. 
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Chapter Sixteen 

PAVEMENT DESIGN 

16.1 INTRODUCTION 

Pavements represent the largest expenditure 
of funds for the Oklahoma Department of 
Transportation in the construction and 
maintenance of highways and streets. The 
traveling public is more influenced by the 
quality of the pavement than by any other 
element on the system. Many other items are 
important to the road user such as signing 
and striping, safety features and properly 
engineered vertical and horizontal alignments. 
However, the most lasting impression the 
typical road user retains is the quality of the 
ride on the road. All other roadway elements 
may become insignificant to the driver if a 
pavement structure is severely faulted or 
deeply rutted. 

Pavement structures are systems of Lr!ter­
connected materials which, when properly 
designed, constructed and maintained, deliver 
a durable, high-quality ride for the traveling 
public. Good design and construction 
processes result in the lowest annual 
maintenance costs for any pavement system. 

Chapter Sixteen presents a narrative 
discussion on the two types of pavement 
structures - flexible pavements and rigid 
pavements. The three primary areas of 
pavement engineering include the: 

1. design methodology; 

2. construction materials, processes and 
control; and 

3. routine, preventive and rehabilitative 
maintenance. 

When these are properly implemented and 
meet current ODOT policies, either of the 
two types of pavement structure will function 
properly. 

Chapter Sixteen also presents a brief 
introduction into the role of the designer, 
ODOT Pavement Design Engineer, and his 
interface with the ODOT Pavement Design 
Committee. 
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16.2 PAVEMENT DESIGN PROCEDURE 

The current procedure for developing a 
"pavement design" is for the ODOT Pavement 
Design Engineer to design the pavement or to 
furnish guidance to the designer to design the 
pavement. The ODOT Pavement Design 
Engineer or the designer is furnished 
pertinent data, including: 

1. the proposed project scope relative to the 
pavement criteria, including the scoping 
report if available; 

2. design traffic data; 

3. preliminary plans with grades and, for 
some special designs, cross sections; and 

4. soils report. 

After completion of the design by the ODOT 
Pavement Design Engineer or the designer, 
the ODOT Pavement Design Engineer 
prepares a pavement recommendation for 
submission to the Pavement Design 
Committee, that includes: 

5. projected letting date; 

6. project description; 

7. rigid and flexible pavement design 
alternatives with estimated cost 
comparisons; 

8. information on pavement type, availability 
of materials, traffic data, soils and 
environment; 

9. recommended pavement design 
alternative; and 

10. design parameters. 

The package is presented to the ODOT 
Pavement Design Committee for their review. 

Based upon their expertise, the design options 
may be approved as presented or the 
Committee may request another design 
alternative. The ODOT Pavement Design 
Committee consists of the: 

1. Chief Engineer, 
2. Assistant Director - Design, 
3. Assistant Director - Operation, 
4. Construction Engineer, 
5. Materials Engineer, 
6. Rural Design Engineer, 
7. Urban Design Engineer, 
8. Research and Development Engineer, and 
9. Pavement Design Engineer. 

In addition to the Pavement Design 
Committee, the Field Division Engineer also 
reviews and concurs in the proposal. Upon 
approval, FHWA is furnished the completed 
design recommendation. 
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163 PAVEMENT TYPES 

There are two types of new pavement 
structure systems - flexible and rigid. 

Figure 16.3A presents a definition of 
pavement structure terms used in Chapter 
Sixteen. For further definition of the terms, 
see Reference (2). 
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STRUCTURAL DESIGN TERMS 

1 - FILL SLOPE 
2 - ORIGINAL GROUND 
3 - SELECTED MATERIAL OR PREPARED ROADBED 
4 - SHOULDER SURFACING 
5 -SUBBASE 
6 - BASE COURSE 
7 - SURFACE COURSE 
8 - PAVEMENT SLAB 
9 - FORE SLOPE 
10 - BACK SLOPE 

11 - SHOULDER BASE 
12 - CROWN SLOPE 
13 - SUBGRADE 
14 - ROADBED SOIL 
15 - PAVEMENT STRUCTURE 
16 - SHOULDER SLOPE 
17- TRAVEL LANES 
18 - SHOULDER 
19 - ROADWAY 
20 - ROADBED 

RIGID PAVEMENT 
SECTION 

RIGID OR FI.EXIBIB PAVEMENT STRUCIURE 

Figure 163A 

Source (2) Revised 

Note: It is always desirable to 
have the ditch bottom lower 
than the top of subgrade or the 
bottom of the modified layer. 
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16.4 PA VEMENr DESIGN lvfETIIODS 

16.4.1 General 

This Section presents an overview of the two 
methods currently used for pavement design. 
These are the methodology presented in the 
American Association of State Highway and 
Transportation Officials (AASHTO) Guide for 
Design of Pavement Structures (2), hereinafter 
referred to as the AASHTO Pavement Design 
Guide; and the ODOT Oklahoma Subgrade 
Index (OSI) method (1), developed in-house. 

16.42 The AASHTO Guide for the 
Desiim of Pavement Structures 

The AASHTO Pavement Design Guide (2) 
represents the evolution of much nationwide 
research from the original AASHO pavement 
tests completed in the mid-1950's. Although 
the data input is much more extensive and 
calculations more complicated, available 
computer software makes calculations 
relatively simple and fast. 

ODOT has a resilient modulus testing 
machine and furnishes that data as part of the 
Materials Division soils report for selected 
projects. Some data, however, are not the 
result of tests from ODOT labs, but rather 
values estimated from a range of values 
suggested by the Pavement Design Guide (2). 
There are seven data requirements common 
to designing either flexible or rigid pavements 
by the AASHTO method. 

For detailed design procedures, the designer 
is referred to the AASHTO Pavement Design 
Guide (2). 

16.4.3 The Oklahoma Subgrade Index (OSD 
Method 

The Oklahoma Subgrade Index (OSI) Method 
(1), developed by the Department in the early 
1960's, is an empirical method for flexible 
pavement design. The OSI number of an 
individual soil is calculated from a formula 
that requires the liquid limit, plasticity index, 
and the percent of fines passing the #200 
sieve. An OSI number is chosen that is 
representative of the soils that are found in 
the top 2 ft of the final subgrade within a 
logical extent of the project. 

The OSI rigid pavement design policy is as 
follows: 

1. Minor collectors should have 9 inches of 
dowel-jointed Portland Cement Concrete 
(PCC). 

2. Major collectors should have 9 inches of 
continuously reinforced concrete 
pavement (CRCP) or 10 inches of dowel­
jointed PCC. 

3. High-type facilities (e.g., freeways, 
principal arterials) always have 10 inches 
ofCRCP. 

4. Every rigid design is placed on a 4-inch, 
non-erodible base. Shoulders should be 
plain PCC pavement tied to the travel 
lane. Plastic soils with the potential to 
swell and shrink (PI> 25) should be 
stabilized or undercut and replaced. 

16.4.3.1 Selection of Wheel Load Criteria for 
Design 

Wheel loads for various functional 
classifications are shown in Table 16.4A. 

16.4(1) 
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Table 16.4A 

FUNCTIONAL DESIGN MINIMUM DESIGN 
AREA· CLASSIFICATION ADTRANGE WHEEL LOAD 

(vpd) (lbs.) (1) 

Freeways ALL 15,000 

over 5000 15,000 
Principal Arterials 

0 to 5000 12,000 

over 2500 12,000 

RURAL 
Other Arterials 

0 to 2500 9,000 

over 1200 9,000 
Collectors (2) 

0 to 1200 7,000 

Local Roads (2) ALL 7,000 

Freeways ALL 15,000 

Principal Arterials ALL 12,000 

SUBURBAN 
or Other Arterials ALL 9,000 

URBAN 

Collectors (2) ALL 9,000 

Local Streets (2) ALL 7,000 

Notes: 

1. For facilities with heavy truck traffic (T3 ~ 25% ), use a design wheel load of 15,000 pounds. 

2. For pavement design for county road projects administered by the Local Government 
Division, see Reference (6). 
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16.43.2 Determination of Equivalent Base 
Thickness 

The equivalent base thickness (EBT) is the 
necessary paving thickness of a stabilized 
aggregate base course material to support a 
given wheel load. The unadjusted equivalent 
base thickness is determined from the 
Oklahoma Subgrade Index Number (OSI) of 
the soil (see Figure 16.4A) and the wheel 
load. OSI and wheel loads are combined in 
Figure 16.4B. Adjustments for shoulders 
(Table 16.4B), traffic, and climate (Figure 
16.4C) are made. When this adjustment has 
a positive value, it is added to the unadjusted 
EBT, and the result is the required equivalent 
base thickness. 

The adjustments are made by using the 
nomograph in Figure 16.4D and the 
accompanying Table 16.4C. 

The Planning Division supplies the Design 
Division with traffic data which is used to 
compute the traffic factor. The traffic factor 
is the product of: 

1. The design average daily traffic (Design 
ADT). It is determined by averaging the 
present ADT and the design year ADT. 

2. The percent of heavy commercial truck 
traffic. 

3. The number of overloaded axles per one 
hundred heavy commercial trucks. 

4. The lane factor. This is an adjustment 
used to estimate the proportion of traffic 
in the design lane. For two-lane roads, 
the lane factor is 1.0, four-lane is 0.8 and 
for six or more lanes 0.6. 

The equation is as follows: 

Design ADT x % Heavy Commercial 
Truck Traffic x Overloaded Axles/100 x 

lane factor (1.0, 0.8 or 0.6) = The traffic 
factor. 

In addition to the factors considered above, 
the potential vertical rise (PVR) of the soil 
must be considered. Soils with high PVR 
values should, where possible, be eliminated 
from the upper portion of the subgrade. This 
may be accomplished by subgrade 
modification or, in some cases, by select 
grading. If they cannot be eliminated from 
the upper portion of the subgrade, sufficient 
material must be placed on top of them (to 
act as a restraining force) to prevent excessive 
movement of the soil (see Figure 16.4E). 
Typically, lime is estimated at 5% (by weight) 
and fly ash at 18% (by weight) of the 
modified subgrade. Subgrade soil should be 
estimated at 120 lbs per cubic foot. The 
actual quantity of lime/fly ash shall be 
determined in the construction phase. 

See Table 16.4D for equivalent base thickness 
values for selected pavement materials. 

16.433 Pavement Thickness Design Steps 

1. Locate project to find functional 
classification of highway. 

2. Use Design Year ADT to find design 
wheel load in Table 16.4A. 

3. Use soil report and Table 16.4A to 
determine OSI with design' wheel load. 
Use EBT nomograph (Figure 16.4B) to 
determine unadjusted EBT. 

4. Locate the shoulder design in shoulder 
factor table (Table 16.4B) to establish the 
shoulder factor. 

5. Use State map (Figure 16.4C) to locate 
climate factor for project location. 
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6. Calculate traffic factor (design ADT x 
T3% x overload % x lane factor). 

7. Use nomograph (Figure 16.4D) 
connecting shoulder factor to traffic 
factor; holding turning point, connect to 
climate factor. Read STC value on 
column "E"; it never exceeds 3.00. STC is 
the resultant factor from the nomograph 
on Figure 16.40. It is the resultant of the 
shoulder, traffic and climate factors. 

8. Use STC Table of EBT adjustment factors 
(Table 16.4C) by identifying shoulder 
factor column and finding nearest STC 
factor. Move horizontally along the row 
to the left-most column to find EBT 
adjustment. 

9. Add EBT adjustment to unadjusted EBT 
for the design EBT. 

10. The thickness of pavement layers are 
proposed to meet the required design 
EBT and meet overburden requirements 
(Figure 16.4E). 

11. Local availability, cost of materials, and 
construction constraints dictate the type 
and thickness of pavement layers. 

12. Compare to minimum design thicknesses. 
(Table 16.4E). 

July 1992 
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1. Determine the percent of the soil passing the #200 sieve, and the L.L. and P.I. of the soil. 

2. On the L.L. chart, find the % passing #200 along the bottom of the chart and move vertically up to the 
L.L. (sloping) line. 

3. From the intersection of these lines, move horizontally to the left to determine the index number. 

4. Follow a similar procedure (reading down and right) and determine the index number from the P.I. 
chart. 

5. The sum of the index numbers determined in Step #'s 3 & 4 is the Oklahoma Subgrade Index (O.S.I.) 
Number. 

CHART FOR DETERMINING OSI NUMBER 

Figure 16.4A 
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Notes: 

PAVEMENT DESIGN 

A-1-o SOLS AND A·3 SOILS HAVE AN o.s.1. NO. OF 0. 
A-1-b SOILS HAVE AN o.s.1. NO. OF 0 OR 1. 

1. Determine the O.S.I. number of the soil from the O.S.I. number chart (Figure 16.4A). 

July 1992 

2. Find the O.S.I. number along the bottom of this chart and follow the vertical line up to the appropriate 
wheel load line. 

3. From the intersection of these lines, move horizontally to the left to determine the required equivalent 
base thickness. 

NOMOGRAPH FOR DE1ERMINING EQUIVALE:t\"'T BASE THICKNESS (EBT) 
(Unadjusted) 

Figure 16.4B 
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Table 16.4B 

TABLE FOR DE'IERMINING SHOULDER FACTOR 

SHOULDER DATA 
SHOULDER 

BASE MATERIAL SURFACING TYPE WIDTH (ft) FACTOR 

Suitable soil None 1-2 0 

Suitable soil 4" gravel 1-2 1 

Soil Asphalt None or single bit. 1-2 2 

Stabilized aggregate None 1-2 2 

Stabilized aggregate Single bit. 1-2 3 

Suitable soil None 3-5 5 

Suitable soil 4" gravel 3-5 7 

Suitable soil None 6+ 10 

Stabilized aggregate None 3-5 13 

Suitable soil 4" gravel 6+ 14 

Soil asphalt None or single bit. I 3-5 14 

Stabilized aggregate Single bit. 3-5 15 

Stabilized aggregate None 6+ 18 

Soil asphalt None or single bit. 6+ 19 

Stabilized aggregate Single bit. 6+ 20 

PCC curb and gutter 20 
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Table 16.4C 

STC TABLE FOR DEIBRMlNING EBT ADJUSTMENT FACTOR 

EBT SHOULDER FACTOR (from Table 16.4B) 
ADJUSTMENT 

FACTOR {1) 2 3 4 5 6 7 8 9 10 

+1 2.948 2.950 2.952 2.954 2.956 2.958 2.961 2.962 2.964 
+2 2.898 2.902 2.906 2.909 2.913 2.917 2.921 2.925 2.929 
+3 2.844 2.850 2.856 2.862 2.868 2.874 2.880 2.886 2.892 
+4 2.788 2.796 2.803 2.811 2.819 2.827 2.835 2.843 2.850 
+5 2.727 2.737 2.747 2.757 2.766 2.776 2.786 2.796 2.806 STC 
+6 2.662 2.674 2.686 2.697 2.709 2.721 2.733 2.744 2.756 Factor 
+7 2.592 2.606 2.619 2.633 2.647 2.660 2.674 2.688 2.702 (from 
+8 2.516 2.531 2.547 2.563 2.578 2.594 2.610 2.626 2.641 Fig. 16.4D) 
+9 2.433 2.450 2.468 2.486 2.503 2.521 2.539 2.556 2.574 
+10 2.341 2.361 2.380 2.400 2.420 2.439 2.459 2.478 2.498 
+11 2.240 2.261 2.283 2.305 2.366 2.348 2.369 2.391 2.412 
+12 2.126 2.150 2.173 2.197 2.220 2.244 2.267 2.291 2.314 
+13 1.996 2.022 2.047 2.073 2.098 2.124 2.149 2.175 2.200 
+14 1.928 1.956 1.983 2.011 2.038 2.066 

EBT SHOULDER FACTOR (from Table 16.4B) 
ADJUSTMENT 

FACTOR {1) 11 12 13 14 15 16 17 18 19 20 

+1 2.966 2.967 2.969 2.971 2.973 2.975 2.977 2.979 2.981 2.983 
+2 2.933 2.937 2.941 2.945 2.949 2.953 2.957 2.960 2.964 2.968 

+3 2.897 2.903 2.909 2.915 2.921 2.927 2.933 2.939 2.944 2.950 
+4 2.858 2.866 2.874 2.882 2.890 2.898 2.905 2.913 2.921 2.929 
+5 2.815 2.825 2.835 2.845 2.855 2.864 2.874 2.884 2.894 2.904 STC 
+6 2.768 2.780 2.791 2.803 2.815 2.827 2.838 2.850 2.862 2.874 Factor 
+7 2.715 2.729 2.743 2.757 2.770 2.784 2.798 2.811 2.825 2.839 (from 
+8 2.657 2.673 2.688 2.704 2.720 2.735 2.751 2.767 2.782 2.798 Fig. 
+9 2.591 2.609 2.627 2.644 2.662 2.680 2.697 2.715 2.733 2.750 16.4D) 
+10 2.518 2.537 2.557 2.576 2.596 2.616 2.635 2.655 2.674 2.694 
+11 2.434 2.455 2.477 2.499 2.520 2.542 2.563 2.585 2.606 2.628 
+12 2.338 2.361 2.385 2.408 2.432 2.455 2.479 2.502 2.526 2.549 
+13 2.226 2.251 2.277 2.302 2.328 2.353 2.379 2.404 2.430 2.455 
+14 2.093 2.121 2.148 2.175 2.203 2.230 2.258 2.285 2.313 2.340 

+15 1.932 1.962 1.991 2.021 2.050 2.079 2.109 2.138 2.168 2.197 
+16 1.888 1.919 1.950 1.982 2.013 

(1) To be added to the unadjusted EBT as derived in Section 16.4.3.2 for Design EBT. 

16.4(9) 



Oklahoma 

Notes: 

15 

10 

5 

PAVEMENT DESIGN 

c 
9000 LB. 

WHEEL LOAD 
20 YEARS LIFE 

DESIGN 
EQUATION 

<PARTIAL SOLUTION-USE 
WITH TABLE 16.4C> 

a:: 
0 
I-

~ 
i... 

a:: ....., 
0 
..J 

5 
~ 

A C B E 0 

LL.I 
z 
:J 
1-
z 
0 a.. 
c.,, 
z z a:: 
:::> 
I-

8 

01 
I 

s-=J 

10 

20 

30 

40 

50 

60 

70 

80 
90 

100 

150 

200 

250 

300 

350 

~ 

A c 8 

1. See Table 16.4C. 

E 

j 

t3.0 
2.9 

E 

2.8 n 
• 

2. 7 ....., 

~ 
2.6 1-

LLJ ....., 
~ 2.5 
a:: 
0 
t-

2.4 ~ 
i... 

u 
2.3 1-

tll 

2.2 

2.1 
2.06 

15 D 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 
40 

D 

2. STC Factor is the product of the shoulder, traffic and climate factors. 

NOMOGRAPH FOR DETERMINATION OF STC FACIDR 

Figure 16.4D 

July 1992 
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PLASTICITY liDEX OF SUBGRAOE 

1. From PI of subgrade, determine total overburden required. Subtract total paving thickness 
from total overburden to determine thickness of additional material required to prevent 
damage. 

2. CUR VE "A" - Depth of low volume change material needed without subgrade modification. 

3. CURVE "B" - Depth of low volume change material if the top 6 inches of the subgrade is 
modified. 

OVERBURDEN CHART 

Figure 16.4E 
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Table 16.4D 

EQUIVALENT EBT VALUES 

Thickness & Material EBT Value 

1" Select Borrow 
1" Fly Ash .Modified/Lime Treated Subgrade 
1" Aggregate Base 
1" Open-Graded Bituminous Base 
Reinforcing Fabric 
1" Hot-Mix, Hot-Laid Asphaltic Concrete (AC) 

Table 16.4E 

MINIMUM DESIGN THICKNESS 
(Flexiole Pavements) 

Y2 inch 
o/4 inch 
1 inch 
1 inch 
1 inch 

lY2 inch 

TYPE OF FACILITY MINIMUM DESIGNS 

Interstate/High-Volume Primary Surface: 4Y2" of AC. 
Equivalent Base Course: s· 

Other Primary Equivalent Base Course: s· 
Secondary /Local Equivalent Base Course: 6" 

July 1992 
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16.4.3.4 Widening and Resurfacing 

Where an existing pavement is to be widened 
and resurfaced, the thickness design for 
flexible pavement is based on the same factors 
as the OSI method contained herein. 

In trenched sections, a minimum of six inches 
of the subgrade should be modified with lime 
or fly ash for soils with a plasticity index of 25 
or more. 

16.4.4 Other Design Considerations 

Special soil conditions or soil-moisture 
conditions, either known to exist or found 
during the soil surveys or during construction, 
are generally minimized by one or more of 
the following methods: 

1. use of drainable base, 

2. subgrade modification, 

3. increased thickness of base and/or 
subbase courses, 

4. undercutting and backfilling of unstable 
areas, and/ or 

5. use of pipe underdrains. 

When special situations arise, the engineers 
involved in design and construction of the 
project should meet and discuss the problems 
to determine a feasible solution. 

July 1992 
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16.5 EXISTING PA VEME.r-..'TS 

The designer is presented with a different set 
of problems in seeking solutions for 
pavements already in service. He must 
inspect and evaluate the pavement to quantify 
the following: 

1. condition assessment (serviceability 
rating), 

2. rate of general deterioration, 

3. rate of specific deterioration, 

4. suitability of the pavement structure to 
continue to serve as designed, 

5. suitability of the pavement structure to 
serve as a base course, and/ or 

6. unsuitability as a pavement structure 
(must be removed and rebuilt). 

Answers to these questions will not be a 
direct output from the initial assessment. 
However, a rating scheme (preferably a part 
of a pavement management system) will over 
time yield data which can then be used to 
determine specific action plans for a site or a 
project rehabilitation. 

165.1 Testing Methods 

The pavement condition analysis will normally 
use visual observation and physical testing to 
gather data. An assessment form, augmented 
with photographs, which allow team members 
to give closely correlated opinions is 
recommended. 

Physical testing falls into one of two 
categories: 

1. destructive testing, or 
2. non-destructive testing. 

More discussion on the various tests is 
presented in the sections on asphaltic 
concrete (AC} surface distresses and Portland 
Cement Concrete (PCC) surface distresses. 
The correct classification of pavement type is 
important. The analysis must determine any 
previous maintenance and/or rehabilitation 
on the existing pavement to correctly classify 
the pavement structure. For example, a PCC 
pavement may have been routinely overlaid 
with a new AC wearing surface. Even if some 
or all the PCC pavement has been repaired, 
the designer may encounter the existing 
pavement at a point where the serviceability 
index is approaching terminal. 

Both the PCC underlying pavement and AC 
overlay may be distressed. Classification of 
this combination pavement will be critical to 
the proper decision-making process being 
used for rehabilitation. 

Existing pavements may be: 

3. Portland Cement Concrete (PCC) 
pavement, 

4. asphaltic concrete (AC} pavement, or 

5. a combination. 

Field testing methods include: 

6. Benkleman Beam deflections; 
7. falling weight deflectometer (FWD); 
8. rut depth measurement; 
9. coring pavement; 
10. measurement of slab faulting; 
11. slab section removal, including: 

a. logical slab section (between joints), or 
b. slab slice (in or over distress); 

12. soil sample for subgrade analysis; 
13. patch destruction for analysis; 
14. removal of large extent of slab overlay to: 

16.5(1) 
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a. check for underslab cracks, 
b. check for joint repairs, and/or 
c. check for overlay bond and quality of 

AC overlay; and 

15. shoulder inaterial (and subgrade) analysis. 

With methods requiring removal of cores, 
slabs or overlays, the quality of repairs to the 
pavement are usually made, dependent upon 
the timing and estimated type of 
rehabilitation anticipated for the pavement 
under assessment. 

Requests for field and/or laboratory analyses 
are usually made as a result of the scoping 
process, where the scoping team has had an 
opportunity to make pertinent input. A 
strategy for gathering samples and for the 
analysis process is also developed at this time. 

The surface condition survey should have 
been completed or should be performed in 
the same time frame. The Materials Division 
crew should be guided to suspected hidden 
conditions or likely locations which may 
reveal either the extent or definite distress 
types or causes. 

165.2 Distress Jllles 

When making a surface condition survey, the 
designer may encounter recurrent distress 
conditions. Guidance on the classification of 
distress types may be found in Reference ( 4 ). 

165.2.1 Asphaltic Concrete Surfaces 

Distress types include: 

1. crack types: 

a. alligator (fatigue) cracks, 
b. block cracks, 
c. edge cracking, 

d. longitudinal cracking, 
e. reflection cracks at joints, and 
f. transverse cracking; 

2. patching and potholes: 

a. patch with patch deterioration, and 
b. potholes; 

3. surface deformation: 

a. rutting, 
b. shoving, and 
c. corrugations; 

4. surface distress or defects: 

a. bleeding, 

b. polished aggregates, 

c. raveling and weathering, 

d. delamination (separation of layers); 

5. miscellaneous distresses: 

a. lane-to-shoulder drop-off, 
b. lane-to-shoulder separation, and 
c. water bleeding and pumping. 

16.5.2.2 Portland Cement Concrete Surfaces 

Distress types include: 

1. jointed PCC surfaces: 

a. cracking: 
1) corner breaks, 
2) durability "D" cracking, 
3) longitudinal cracking, and 
4) transverse cracking; 

b. joint distress or deficiencies: 
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1) seal damage, 
2) spalling at joints, 
3) load-transfer device failures; 

c. surface defects: 
1) map cracking and scaling, 
2) polished aggregates, and 
3) popouts; 

d. miscellaneous distresses: 

1) blow-ups, 

2) faulting at transverse joints (or 
cracks), 

3) lane-to-shoulder dropoff, 

4) lane-to-shoulder separation, 

5) patch and patch deterioration, 

6) water (and fines) pumping; and 

2. continuously reinforced PCC surfaces: 

a. cracking: 
1) durability "D" cracking, 
2) longitudinal cracking, and 
3) abnormal transverse cracking; 

b. surface defects: 
1) map cracking and scaling, 
2) polished aggregate, and 
3) popouts; 

c. miscellaneous distresses: 

1) blowups, 
2) construction joint deterioration, 
3) lane-to-shoulder dropoff, 
4) lane-to-shoulder separation, 
5) terminal end joint distress, 
6) patch deterioration, 
7) punch outs, 
8) spalling, 

9) pumping, and 
10) bridge end distress. 

When the distress types have been cataloged 
and tied to a lane location map, the actual 
sampling may be finished. With observation, 
photo logging, test results and engineering 
experience, a strategy for rehabilitation can be 
developed. 

1653 Rehabilitation Methods 

The term rehabilitation requires clarification 
by listing some methods and types which will 
be eligible for all types of pavement. 

1653.1 Rehabilitation Methods for 
Asphaltic Concrete Pavements 

Rehabilitation methods include: 

1. crack sealing, 

2. full-depth patching or repair, 

3. partial-depth patching or repair, 

4. subdrainage, 

5. cold milling, 

6. stress-absorbing membranes, 

7. asphaltic concrete overlay, 

8. open-graded surface friction course, 

9. fog sealing (shoulders), 

10. slurry sealing/microsurfacing (shoulders 
and pavement), and 

11. chip and seal. 
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16.53.2 Rehabilitation Methods for PCC 

Rehabilitation methods include: 

1. crack rehabilitation: 

a. reservoir preparation, and 
b. cleaning and sealing; 

2. joint sealing; 

3. full-depth patching or repair; 

4. partial-depth patching/repair; 

5. undersealing; 

6. pressure-relief joints; 

7. subdrainage (edge drains - horizontal 
drains); 

8. grinding and/or milling; 

9. concrete grooving; 

10. overlays - PCC - bonded; 

11. overlays - PCC - unbonded; 

12. asphaltic concrete (AC) overlay; 

13. cracking and seating plain PCC; 

14. breaking and seating (reinforced PCC); 

15. rubblizing; and 

16. in-lay (reconstruct lanes inside existing 
shoulders). 

July 1992 
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16.6 OVERI.AYS 

Overlays to restore desirable wet weather 
friction characteristics, to re-establish a 
quality ride, and/ or to increase the structural 
adequacy of a pavement are often a prudent 
solution. Repair and rehabilitation of the 
distress items prior to the overlay process is 
recommended when cost effective. 

The evaluation process to establish the cost­
effective ranking of a specific rehabilitation 
method is a prime ingredient in the success of 
an overlay. A slurry seal to rejuvenate the 
surface and reseal fatigue cracks in an 
asphaltic pavement may be less cost-effective 
(based upon a life-cycle cost analysis) than a 
stress membrane plus overlay. 

Overlays generally should not increase the 
total thickness of AC wearing course layers to 
more than three inches. Two inches of AC 
wearing course is generally the maximum on 
routes with higher truck traffic counts, such as 
the Interstate system or high-volume express­
ways. Excessively thick AC wearing courses 
may tend to shove and rut. 

July 1992 
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16.7 PAVEMENT MANAGEME!'i"'T 
SYS1EMS (PMS) 

The total record keeping, visual assessment, 
diagnosis engineering and prioritizing process 
are part of a Pavement Management System 
(PMS). Even with a wealth of data, the 
process must depend upon sound engineering 
judgment developed over years of experience. 
Over time, many rehabilitative methods will 
prove quite cost effective, and others will 
prove to be quite costly with little longevity. 
These experiences should be factored into any 
decision tree which ODOT uses to keep its 
roads repaired and maintained to a high level 
of reliability. 

It is outside the scope of this chapter to 
delineate components of a PMS, but the need 
to document design, routine and rehabilitative 
maintenance and reconstruction projects for 
all roads is strongly recommended. 

July 1992 
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16.8 LIFE-CYCLE COSTING (LCC) 

16.8.1 General 

Life-Cycle Costing (LCC) is simply a method 
to determine, with economic assessment 
strategies, the true cost of a particular item, 
system, facility or parts of them over a chosen 
design life. The concept is not a new one, but 
the expertise needed and the decisions upon 
which to base an LCC system, require 
objective analysis and a dedication to 
continual review of the results. 

Basically, the LCC system will allow an owner 
(ODOT) to choose a desirable "life" of a 
project, assign dollar values to various 
components of the project, expand those 
current dollars values to include inflation and 
other subjective impacts and arrive at an 
annual cost of a pavement system in today's 
dollars. 

In this way, the two pavement systems, rigid 
and flexible, may be objectively evaluated, 
even though the initial capital cost and 
various maintenance requirements are known 
to be vastly different when taken over a finite 
span of years. 

16.82 Input Parameters 

Various data items may be included in the 
cost assessment. Some are vital and self­
explanatory where others might be difficult to 
identify. The input parameters might include, 
but not be limited to: 

1. life-cycle (total life or time to specific 
action); 

2. initial capital cost; 

3. known required preventive maintenance; 

4. known required remedial maintenance; 

5. anticipated (future development) impacts; 

6. discount rate (interest rate minus inflation 
rate); 

7. other inputs - iriitial construction and 
maintenance: 

a. detour requirements, 

b. increased road user costs, 

c. impacts on adjoining property, 

d. public input, 

e. property damage and injury accidents, 
and 

f. loss of life. 

Life-cycle costing is fundamentally intended to 
determine the true expenses associated with 
design alternatives over their design life. The 
LCC system developed over time and refined 
could be used to determine cost-benefit values 
for items within the original study. 
Documentation, objectivity and sensitivity 
assessment are key components of LCC 
systems. See Reference ( 5) for additional 
discussion. 
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Chapter Seventeen 

SPECIAL DESIGN ELEMENTS 

17.1 PARKING 

17.1.1 On-Street Parkin1: 

The designer should evaluate the following 
when providing on-street parking along an 
urban street: 

1. Warrants. Adjacent land use may create 
the need to provide on-street parking 
along an urban street. This provides 
convenient access for motorists to 
businesses and residences. However, on­
street parking reduces capacity, impedes 
traffic flow and may produce undesirable 
traffic operations or increase the accident 
potential. 

2. Confieuration. The two basic types of on­
street parking are parallel and angle 
parking. These are illustrated in Figure 
17.lA. Parallel parking is the preferred 
arrangement when street space is limited 
and traffic capacity is a major factor. 
Angle parking provides more spaces per 
linear foot than parallel parking, but a 
greater cross street width is necessary for 
its design. The total entrance and exit 
time for parallel parking exceeds that 
required for angle parking. Parallel 
parking also requires a vehicle to stop in 
the travel lane and await an opportunity 
to back into the parking space. However, 
the designer should also consider that 
angle parking requires the vehicle to back 
into the lane of travel when sight distance 
may be restricted by adjacent parked 
vehicles and when this maneuver may 
surprise an approaching motorist. 

When selecting the parking configuration, 
the designer should evaluate the 
operational consequences of the selection. 
In particular, the designer should consider 
the backing maneuver required by angle 
parking. As indicated in Figure 17.lA, 
the parked car will require a certain 
distance "B" to back out of its stall. 
Whether or not this is a reasonably safe 
maneuver will depend upon the number 
of lanes in each direction, lane widths, 
operating speeds, traffic volumes during 
peak hours, parking demand and turnover 
rate of parked vehicles. 

3. Stall Dimensions. Figure 17.lA provides 
the width and length criteria for parking 
stalls for various configurations. The 
figure also indicates the number of stalls 
which can be provided for each type for a 
given curb length. 

The Tables in Chapter Twelve and 
Thirteen provide parking lane widths for 
parallel parking. For angle parking, 
desirably, the parking lane width will be a 
combination of "A" and "B" as shown in 
Figure 17. lA exclusive of the through 
travel lane. However, in restricted areas 
a portion of the "B" dimension may be 
required for the through travel lane, 
thereby reducing the actual parking lane 
widths. 

Section 17.4 provides information on the 
parking stall dimensions for handicapped 
parking spaces. -
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assuming that bumper of parked car does not extend 
beyond curb face. In restricted locations, it can be 
assumed that the car will move forward until Its tire 
contacts the curb. In these cases, the "A" distances in the 
figure may be reduced as follows: 

Angle of 
Parking 

Reduction 
in "A" 

30° 1.2' 
45° 1.8' 
60° 2.2' 

B minimum clear distance needed for a parked vehicle to 
back out of stall while just clearing adjacent parked 
vehicles. 

See Tables in Chapters Twelve and Thirteen for parking lane widths. 

CURB PARKING CONFIGURATIONS 
(Continued) 

Figure 17.lA 
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4. Cross Slope. The cross slope of the 
parking lane will typically be the same as 
that of the adjacent travel lane. 

5. Location. Parking spaces should be 
located as follows: 

a. Parking should be prohibited within 
20 ft of any crosswalk:. 

b. Parking desirably should not be 
allowed within 20-30 ft of the 
beginning of the curb radius at 
intersections. 

c. Parking should be prohibited within 
10-15 ft of the beginning of the curb 
radius at mid-block driveway 
entrances. 

d. Parking should be prohibited within 
50 ft of the nearest rail of a railroad/ 
highway crossing. 

e. Parking should be prohibited from 
areas designated by local traffic and 
enforcement regulations (e.g., near 
fire hydrants, loading zones, bus 
stops). See local ordinances for 
additional information on parking 
restrictions. 

f. Parking should be prohibited near bus 
stops (see Section 17.2). 

17.1.2 Off-Street Parkin& 

A proposed highway project may incorporate 
some form of off-street parking. Typical 
applications may include: 

1. providing off-street parking to replace on­
street parking which will be removed as 
part of a proposed project; 

2. the construction of a park-and-ride lot for 
commuters; or 

3. the construction of a new rest area or 
improvement to an existing rest area. 

The following presents criteria specifically for 
off-street parking lots. Section 17.5 discusses 
rest areas. 

17.1.2.1 Location (Park-and-Ride Lots) 

During the planning stages for transportation 
facilities, the Planning Division may 
determine the general location for a park­
and-ride lots. However, in general, the 
designer will be responsible for determining 
the location of these facilities. The Field 
Division Offices may provide location 
recommendations based on actual field 
conditions, or current usage where commuters 
are already parking. 

Park-and-ride lots should be located at 
strategic points where transfers can 
conveniently be made from auto to carpooling 
or transit modes. Considerations that will 
affect the location of the parking facility are: 

1. Accessibility. The lot should be 
convenient to residential areas, bus and 
rail transit routes, and the major highways 
used by commuters. 

2. Con~estion. The location should precede 
any points of congestion on the major 
commuting highway to maximize its 
benefits. 

3. Connections. There should be sufficient 
capacity on connections between the lot 
and the major commuting highway. 

4. Design. The -site location must be 
compatible with the design and 
construction of the lot. The designer 
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must consider property costs, terrain, 
drainage, subgrade soil conditions, and 
available space in relation to the required 
iot size, visibility and access. 

5. Land Use. The location of the lot should 
be consistent with the present and future 
adjacent land use. Visual and other 
impacts on surrounding areas should be 
considered. Where necessary, site sizing 
and design should allow for buff er 
landscaping to minimize the visual impact. 

17.1.2.2 Design Elements 

The following elements should be considered 
during the design of a parking facility: 

1. Entrances and Exits. Entrances and exits 
should be located to have the least 
disruption to existing traffic (e.g., away 
from intersections) and still provide the 
maximum storage space. Combined 
entrances and exits should preferably be 
as close to mid-block as practical. Where 
entrances and exits are separated, the 
entrance should be on the "upstream" side 
of the traffic flow nearest the lot and the 
exit on the "downstream" side. 

All entrances and exits should be designed 
as commercial driveways in accordance to 
the design criteria presented in Chapter 
Nine. The typical design vehicle will be a 
BUS or SU vehicle. 

2. Accessibility for Handicapped Individuals. 
Section 17.4 discusses the accessibility 
criteria, which also apply to off-street 
parking lots. 

3. Parkini: Stall Dimensions. Parking 
dimensions vary with the angle at which 
the stall is arranged relative to the aisle. 
Figure 17.lB provides the design 
dimensions for 9-ft x 18.5-ft parking stalls 

based on one-way circulation and angle 
parking. Typical stall widths (measured 
perpendicular to the vehicle when parked) 
range from 8.5 to 9.5 ft. In attendant 
parking facilities, attendants can park 
standard-size cars in spaces as narrow as 
8.0 ft. However, the minimum stall size 
recommendation is 8.5 ft for self-parking 
of long-term duration. For higher­
turnover self-parking, a stall width of 9.0 
ft is recommended. Stall widths at 
supermarkets and other similar parking 
facilities, where large packages are 
prevalent, should desirably be 9.5 or even 
10 ft in width. 

4. Sidewalk Dimensions. All sidewalks 
should be at least 4-ft wide. In loading 
areas, the width should be at least 12 ft. 
The accessibility criteria for the 
handicapped must be met (see Section 
17.4). 

5. Gradients. To provide proper drainage, 
the minimum gradient on the parking lot 
should be 0.5%. As a maximum, the 
gradient should not exceed 7%. 

Desirably, the lot should be designed 
directing the runoff into existing drainage 
systems. If water impoundment cannot be 
avoided along pedestrian routes, bicycle 
routes and standing areas, drop inlets and 
underground drainage should be provided. 
In parking areas, drainage should be 
designed to avoid standing water. 
Chapter Fifteen provides additional 
information for the proper hydraulic 
design of drainage elements. 

6. Lighting. Desirably, the lot should be 
lighted for pedestrian safety and lot 
security. Chapter Fourteen provides 
information on the design of lighting. 

7. Shelters. Pedestrian shelters are desirable 
where loading areas for buses and trains 
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Parking Layout Dimension (in ft) for 9 ft x 18.5 ft Stalls at Various Lengths 

Angle 
On 

Dimension Diagram 45° 600 75° 900 

Stall width, parallel to aisle A 12.7 10.4 9.3 9.0 
Stall length of line B 27.5 23.7 20.9 18.5 
Stall depth to wall c 19.5 20.5 20.0 18.5 
Aisle width between stall lines D 12.0 16.0 23.0 26.0 
Stall depth, interior E 16.5 18.5 19.0 18.5 
Module, wall to interior F 48.0 55.0 62.0 63.0 
Module, interior G 45.0 53.0 61.0 63.0 
Module, interior to curb face H 46.0 52.5 59.5 60.5 
Bumper overhang (typical) I 2.0 2.3 2.5 2.5 
Offset J 6.4 2.6 0.6 0.0 
Setback K 13.1 9.3 4.8 0.0 
Cross aisle, one-way L 14.0 14.0 14.0 14.0 
Cross aisle, two-way - 24.0 24.0 24.0 24.0 

1. See Section 17.4 for criteria on the number and dimensions of parking spaces for 
handicapped individuals. 

2. If a special section is designated for subcompact vehicles, these stalls can be 8' x 15' 
for a 90° angle. 

3. Stalls should be wider for commercial parking. 

4. The designer should consider bumper overhang when placing lighting, railing,etc. 
Therefore, these appurtenances should be placed beyond dimension "I" in the figure. 

Source (2) 

PARKING STALL DIMENSIONS 

Figure 17. lB 
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are provided. Their inclusion will be 
determined on a case-by-case basis. The 
shelter should provide 3 to 5 sq ft of 
covered area per person. As a minimum, 
the shelter should provide lighting, 
benches and trash receptacles. Other 
amenities that should be considered are 
routing information signs and a telephone. 

8. Fencina. The need for fencing around a 
parking lot will be determined on a case­
by-case basis. 

9. Landscapin&. In some locations, 
landscaping may be provided to minimize 
the visual impact of the parking lot by 
providing a buff er zone around the 
perimeter of the lot or to improve the 
aesthetics of the lot itself. Desirably, 
space will be provided for a 10- to 20-ft 
buffer zone around the lot to 
accommodate vegetation screens. Also, 
traffic islands and parking lot separators 
provide suitable locations for shrubs and 
trees. Landscaping should include low 
maintenance vegetation which does not 
cause visibility or security problems. For 
information on appropriate vegetation 
selections, the designer should contact the 
Roadside Development Branch. 

July 1992 
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172 BUS STOPS AND BUS TURNOUTS 

172.1 Location 

172.1.1 Bus Stops 

If local bus routes are located on an urban or 
suburban highway, the designer should 
consider the impact on normal traffic 
operations. The stop-and-go pattern of local 
buses will disrupt traffic flow, but certain 
measures can minimize this disruption. The 
location of bus stops is particularly important. 
These are determined not only by 
convenience to patrons but also by the design 
and operational characteristics of the highway 
and the roadside environment. If the bus must 
make a left-turn, for example, a bus stop 
should not be located in the block preceding 
the left turn. Common bus stop locations are 
shown in Figure 17.2A. 

Some considerations in selecting an 
appropriate bus-stop location are listed below: 

1. Far-Side Stops. The far side of at-grade 
intersections is generally superior to near­
side or mid-block bus stops. Far-side stops 
produce less impediment to through and 
right-turning traffic; they do not interfere 
as much with corner sight distance; and 
they lend themselves better to bus 
turnouts. 

2. Mid-Block Stops. Mid-block bus stops may 
be advantageous where the distance 
between intersections is large or where 
there is a fairly heavy and continuous 
transit demand throughout the block. 
They may be desirable if there is a high 
bus stop demand located mid-block. Mid­
block bus stops may also be considered 
when right turns at an intersection are 
high (250 in peak hour) and far-side stops 
are not practical. 

3. Near-Side Stops. Near-side stops allow 
easier vehicle re-entry into the traffic 
stream where curb parking is allowed, and 
they can increase street capacity. At 
intersections where there is a high volume 
of right-turning vehicles, near-side stops 
can result in traffic conflicts and should be 
avoided. However, near-side stops must 
be used where the bus will make a right 
turn at the intersection. 

17.2.12 Bus Turnouts 

Interference between buses and other traffic 
can be reduced significantly by providing bus 
turnouts. Turnouts help remove stopped buses 
from the through lanes and provide a well­
defined user area for bus stops. Turnouts 
should be considered under the following 
conditions: 

1. The street provides arterial service with 
high traffic speeds and volumes and high­
volume bus patronage. 

2. Right-of-way width is sufficient to prevent 
adverse impact on sidewalk pedestrian 
movements. 

3. Where curb parking is permitted, but is 
prohibited during peak hours. 

4. During peak-hour traffic, there are at 
least 500 vehicles per hour in the curb 
lane. 

5. Bus volumes do not justify an exclusive 
bus lane, but there are at least 100 buses 
per day and at least 10 to 15 buses during 
the peak hour. 

6. At locations where specially equipped 
buses are used to load and unload 
handicapped individuals. 
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1722 Desip 

17 22.1 Bus Stops 

Figure 17.2A provides the recommended 
distances for the prohibition of on-street 
parking near bus stops. An additional 45 ft of 
length should be provided for each additional 
bus expected to stop simultaneously at any 
given bus stop area. This allows for the 
length of the extra bus ( 40 ft) plus 5 ft 
between buses. 

17.2.2.2 Bus Turnouts 

The following design criteria will apply: 

1. The desirable width is 12 ft; the minimum 
width is 10 ft. 

2. The full-width area of the turnout should 
be at least 50-ft long. For a two-bus 
turnout, add 45 ft. 

3. Figure 17.2B illustrates the design details 
for bus turnouts. In the transition areas, 
an entering taper no steeper than 5:1 and 
a re-entry taper no steeper than 3:1 
should be provided. As an alternative, 
short horizontal curves (100-ft radius) 
may be used on the entry end and 50- to 
100-ft curves on the re-entry end. When 
a turnout is located at a far-side or near­
side location, the cross street area can be 
assumed to fulfill the need for the exit or 
entry area, whichever applies. 

July 1992 
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173 BIKEWAYS 

The majority of bicycling takes place on public 
roads with no dedicated space for bicyclists. 
Bicyclists can be expected to ride on almost 
all roadways. Sometimes they use sidewalks 
as joint bicycle and pedestrian facilities, unless 
such usage is prohibited by local ordinance. 
This section primarily provides information 
on the development of new facilities to 
enhance and encourage safe bicycle travel. 

173.1 Bikeway Oassifications 

The following bikeway definitions will apply: 

1. Bikeway. Any road, path or way which in 
some manner is specifically designated as 
being open to bicycle travel, regardless of 
whether such facilities are designated for 
the exclusive use of bicycles or are to be 
shared with other transportation modes. 

2. Shared Roadway. Any roadway upon 
which a bicycle lane is not designated and 
which may be legally used by bicycles 
regardless of whether such facility 1s 
specifically designated as a bikeway. 

3. Bicycle Path. A bikeway physically 
separated from motorized vehicular traffic 
by an open space or barrier and either 
within the highway right-of-way or within 
an independent right-of-way. Bicycle paths 
may assume different forms, as conditions 
warrant. They may be two-direction, 
multilane facilities or, where the path 
would parallel a roadway with limited 
right-of-way, a single lane on both sides of 
the road. 

4. Bicycle Lane. A portion of a roadway 
which has been designated by striping, 
signing and pavement markings for the 
preferential or exclusive use of bicyclists. 
It is distinguished from the travel portion 

of the roadway by a physical or symbolic 
barrier. Bicycle lanes may also assume 
varying forms but are typically included in 
one of the following categories: 

a. bicycle lane between parking lane and 
travel lane, or 

b. bicycle lane between roadway edge 
and travel lane, where parking is pro­
hibited. 

17.32 Warrants 

Each type of facility has its own merits and 
disadvantages. Care must be exercised in 
choosing the appropriate type of facility for a 
given site. The following discussion and 
warrants are offered as a guide in making 
decisions regarding bikeway type. The use of 
definite, numerical limits for warrants should 
be avoided, and placing excess emphasis on 
any single warrant should be avoided. Each 
route is unique and must be evaluated 
individually. 

17 3.2.1 Bicycle Paths 

Bicycle paths are normally constructed 
explicitly for use by bicycles. The cyclist is 
provided with a clear-cut route and is pro­
tected from many hazardous conflicts. 
However, bicycle paths are extremely 
expensive to construct due to right-of-way and 
construction costs. 

The following warrants may be used to justify 
a bicycle path: 

1. high vehicular speed on adjacent roadway; 

2. high vehicular traffic volume on adjacent 
roadway; 

17.3 (1) 



Oklahoma SPECIAL DESIGN ELEMENTS July 1992 

3. high percentage of trucks on the adjacent 
roadway; 

4. high bicycle traffic volume; 

5. substantial anticipated increase in 
vehicular and/or bicycle traffic volume; 

6. absence of suitable alternative routes; 

7. demonstration that the facility would 
serve a definite purpose; and 

8. reasonable indication that the bicycle path 
would be the safest and most economical 
method of providing a bicycle facility. 

17 3.2.2 Bicycle Lanes 

The occupation of a portion of a roadway by 
a bicycle lane implies a reasonable degree of 
safety for the cyclist. Conditions must be 
generally less severe than those which warrant 
a bicycle path. The use of a bicycle lane is 
normally restricted to bicycles, but exceptions 
may be made. Some sort of physical or 
symbolic barrier must be employed to 
delineate the bicycle portion of the roadway. 
Commonly, this is a painted stripe on the 
roadway surface. 

The cost of installing a bicycle lane is 
normally a fraction of the expense associated 
with bicycle paths. Another advantage of 
bicycle lanes is the relatively minor land 
requirements. They can be installed in many 
areas where the construction of paths would 
be next to impossible. In practice, bicycle 
lanes, although not ideal, may be the most 
practical means of developing bikeways. 

The following warrants may be used to justify 
a bicycle lane: 

1. moderate to low vehicular speed on 
adjacent roadway; 

2. moderate to low vehicular traffic volume 
on adjacent roadway; 

3. moderate bicycle traffic volume; 

4. anticipated increase in bicycle traffic 
volume; 

5. insufficient land to construct bicycle paths 
without maJor disruptions on the 
surroundings; 

6. demonstration that the facility would 
serve a definite purpose; and 

7. indication that the bicycle lane would be 
the safest and only feasible method of 
providing a bicycle facility. 

17 3.23 Shared Roadway 

Mixing bicycles and motor vehicles should 
generally be avoided. There are instances, 
however, where this is a practical method of 
establishing a bikeway. Because a shared 
roadway is designated only by bikeway signs, 
it is implied that the roadway provides safe 
conditions for cyclist and motorist. Where 
some type of bikeway is warranted, shared 
roadways should be allowed only where the 
existing conditions either do not justify the 
greater expense of a higher type facility or 
prevent their installation. 

The following warrants may be used to justify 
a shared roadway: 

1. low vehicular speed on roadway; 

2. low vehicular traffic on roadway; 

3. low percentage of trucks on roadway; 

4. moderate bicycle traffic volume; 
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5. anticipated increase m bicycle traffic 
volume; 

6. demonstration that the facility would 
serve a definite purpose; 

7. indication that the shared roadway would 
be the safest and only feasible method of 
providing a bicycle facility; and 

8. a higher grade facility not warranted. 

17 .33 Bikeway Design Elements 

17.3.3.1 Widths and Oearances 

The widths and clearances required for the 
proper and safe operation of a bikeway are 
important. The following lists the various 
width requirements based on the type of 
bikeway facility: 

1. Shared Roadways. There usually is no 
additional width provided with a shared 
roadway facility. Desirably, a smooth 
paved shoulder will be present. 

2. Bicycle Path. A desirable paved width of 
10 ft should be provided on two­
directional bicycle paths. An 8-ft bicycle 
path may be used if the bicycle volume is 
expected to be low and where the 
pedestrian use of the facility is expected 
to be minimal. Where there is expected 
to be a significant number of pedestrians 
(e.g., joggers) or where bicyclist will be 
likely to ride two abreast, it is desirable to 
increase the width to 12 ft. 

If it is determined that the bicycle path 
will be one directional, then the minimum 
paved width may be 5 ft. 

To provide lateral clearance from trees, 
poles, walls, fences, guardrails or other 
hazards, a minimum 2-ft graded area 

should be maintained adjacent to both 
sides of the pavement area. 

3. Bicycle Lane. The width of a bicycle lane 
depends on whether curbing is used 
and/ or parking is allowed. 

If a parking lane is present, a 5-ft width 
should be provided between the parking 
lane and vehicular travel lane. Where 
parking is permitted but a parking lane is 
not provided, the combination lane, 
intended for both motor vehicle parking 
and bicycle use, should be a minimum of 
12-ft wide. 

If parking is not allowed, the minimum 
bicycle lane width is 4 ft. If curbing is 
present, a minimum width of 5 ft should 
be provided between the curb face and 
the travel lane. 

17 .3.32 Design Speed 

The speed of a bicyclist is dependent upon 
the type of bicycle and equipment, slope, 
surface conditions, air resistance, wind 
velocity and the physical condition of the 
cyclist. Bicycles have the capability of 
traveling at very high speeds, but this is not 
the normal case. A cyclist's average speed is 
in the vicinity of 10 to 11 mph, with a normal 
traveling range between 7 and 15 mph. 

For design purposes, an overall minimum 
design speed of 20 mph is established for 
paved surfaces. On unpaved surfaces the 
minimum design speed is 15 mph. Greater 
design speeds should be used where 
conditions, primarily governed by slope, 
indicate a need. A design speed of 20 mph 
should be used for grades between +3% and-
3%. For grades steeper than 3%, the design 
speed should be 30 mph or higher if the slope 
is very long. For climbing grades greater than 
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3%, a minimum of 15 or 20 mph should be 
sufficient. 

17.3.3.3 Grade 

Grades on bicycle paths should be kept to a 
minimum, especially on long inclines. Grades 
greater than 5% are undesirable because the 
ascents are difficult for many bicyclists to 
climb and the descents cause some bicyclists 
to exceed the speeds at which they are 
competent. Where terrain dictates, grades 
over 5% and less than 500-ft long are 
acceptable when a higher design speed is used 
and additional bicycle path width is provided. 
Grades steeper than 3% may not be practical 
for bicycle paths with crushed stone surfaces. 

This discussion is generally applicable only to 
bicycle paths. The slopes for other types of 
facilities are determined by the roadway of 
which they are part. 

17.3.3.4 Sight Distance 

The safe operation of any bicycle facility 
requires that the design of the facility provide 
for adequate stopping sight distance. The 
sight distance required is determined by the 
design speed and gradient. Sight distance 
design values may be calculated much the 
same as for motor vehicles. 

Stopping sight distance should be applied to 
horizontal and vertical curves. Figure 17.3A 
may be used to determine the appropriate 
value. This graph was computed for paved 
bikeways. A smaller coefficient of friction is 
used for unpaved bikeways, resulting in longer 
sight distance requirements. The height of 
eye is 4.5 ft and the height of object is 
assumed to be 0 ft. This is to recognize that 
hazards to bicycle travel are at pavement 
level. 

In general, sight distance considerations are 
necessary only in the case of bicycle paths. 
Because shared roadways and bicycle lanes 
occupy a portion of a facility designed for 
motor vehicles, sight distances are normally 
more than adequate. There are exceptions, 
however, and any questionable situations 
should be inspected when locating such a 
facility. 

17.3.35 Horizontal Curves and Super­
elevation 

Simple, circular curves are adequate for 
bicycle facilities. The comfort and safety of a 
horizontal change of direction is determined, 
to a large extent, by the size of the radius of 
curvature. A very sharp curve may result in an 
upset or loss of control. A wide curve presents 
no riding difficulties. 

Radius of curvature should be directly 
proportional to the anticipated operating 
speed. It is therefore chosen as a function of 
the design speed of a facility. 

Superelevation is inversely proportional to the 
minimum radius of curvature and should be 
employed in the construction of bicycle paths. 
The minimum value should be 0.02 ft per ft to 
ensure adequate drainage. This value will be 
adequate for most conditions and will simplify 
construction. Superelevation should not 
exceed 0.05 ft per ft. 

The point-mass equation for horizontal curves 
on highways also applies to bikeways: 

R = yz 
l5(e+f) 

where: R = minimum radius, ft 

V = design speed, mph 

e = superelevation rate 

f = coefficient of friction 
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Table 173A 
MINIMUM CURVE RADII FOR BIKEWAYS 

Design Speed 
(mph) e 

15 .02 
20 .02 
25 .02 
30 .02 

Table 17.3A provides criteria for minimum 
radii for various design speeds. The table 
assumes a superelevation rate of 0.02; if a 
higher rate is used, the designer should use 
the equation directly. The friction values 
have been extrapolated from those used in 
highway design. 

This discussion of horizontal curves is not 
applicable to bicycle lanes or shared 
roadways. Their geometry is determined by 
the roadway which is designed for motor 
vehicles. Highway curves will be more than 
adequate for bicycle use. 

17 33.6 Vertical Curves 

Like sight distance, vertical curve lengths on 
bikeways are computed much the same as for 
motor vehicles. It is determined largely by 
bicycle speed and grade difference. On a two­
way facility, the design speed for the 
descending grade is used. 

f 
R 

(ft) 

.30 50 

.27 95 

.25 155 

.22 250 

The appropriate vertical curve length may be 
selected by using either of the formulas or the 
graph in Figure 17.3B. Design speed for 
motor vehicles is much higher than for 
bicycles. Therefore, the figure is not 
applicable to bicycle lanes and shared 
roadways. 

17 33. 7 Surface and Structural Section 

The surface of a bikeway of any type must be 
smooth, hard and durable. A smooth surface 
is required for the safety and comfort of the 
cyclist. Rough surfaces can result in a lack of 
control and, due to the poor ride quality of 
modern bicycles, result in a very bumpy, 
uncomfortable ride. Durability of a bikeway 
surface is important because it will prolong 
the life of the facilitv and reduce maintenance ., 
costs and effort. 

The primary criteria governing a bikeway 
structural section are its own stability and the 
ability to support anticipated wheel loads. 
This is determined primarily by the 
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maintenance equipment and other motorized 
vehicles that must use or cross the facility, 
rather than by the bicycles themselves. 

Bicycle lanes and shared roadways use 
existing pavements intended for motor vehicle 
use, which normally will satisfy the surface 
and structural criteria. Should widening 
and/or resurfacing be required, acceptable 
material would automatically be used. It is 
highly recommended that the surface of 
bicycle lanes be of equal or better quality than 
the adjacent travel lanes to encourage the 
cyclist to use the bicycle lanes. Wherever a 
shoulder is widened, the entire shoulder 
should be resurfaced to avoid seams or 
irregular surfaces. 

17 33.8 Drainage 

Adequate drainage should be provided for all 
types of bicycle facilities. 

To ensure proper runoff, all bicycle paths 
must be cross-sloped. The slope may be to 
one side or crowned, as conditions dictate, 
and should not exceed 0.02 ft per ft on 
straight sections. To avoid problems with icing 
and flow of excess water, bicycle paths should 
be crowned wherever practical. Paths placed 
on a hillside, where a significant amount of 
runoff is expected, must be provided with a 
drainage ditch on the up-slope side. Other 
related drainage structures, such as catch 
basins and underdrains, should be installed 
where appropriate. Ditches should also be 
provided in other areas where the soil has 
poor drainage qualities. In extreme cases, 
subdrainage may be warranted. 

Bicycle paths crossing waterways should be 
designed with culverts or combinations of 
culverts and sags in the profile which will 
provide for the passage of storm flow without 
hazard to private property or highways. The 

design frequency should be based on the 
particular conditions at the site. 

Existing roadway drainage systems will 
normally be adequate to satisfy the drainage 
requirements of bicycle lanes and shared 
roadways. Any questionable situations, 
however, must be investigated and, if 
necessary, corrected. 

The primary problem with roadway drainage 
systems is the hazard presented by metal 
catch basin grates. Any of these within the 
bikeway should be equipped with grates or 
with some other configuration which will not 
entrap a narrow bicycle tire. All grates must 
be placed and maintained at grade in order to 
ensure a smooth ride. See ODOT Drainage 
Manual for a discussion on bicycle-safe grates. 

1733.9 Signing and Marking 

Adequate signing and marking are essential 
on bicycle paths, especially to alert bicyclists 
to potential hazards and to convey regulatory 
messages to both bicyclists and motorists at 
highway intersections. In addition, guide 
signing, such as to indicate directions, 
destinations, distances, route numbers and 
names of crossing streets, should be used in 
the same manner as they are used on 
highways. In general, uniform application of 
traffic control devices, as described in the 
MUTCD, will tend to encourage proper 
bicyclist behavior. 

173.3.10 Intersection and Crossing 
Treatment 

A well-designed intersection is essential to 
safety at all points where a bikeway crosses a 
roadway or other transportation facility. This 
is especially true if one or both facilities carry 
a large volume of traffic. 

17.3 (8) 



Oklahoma SPECIAL DESIGN ELEMENTS July 1992 

A grade-separated crossing is far safer than 
an at-grade crossing. These may take one of 
two forms -- the overpass or underpass. The 
latter has the advantage of the downgrade 
being first, allowing the cyclist to gain 
momentum which facilitates upgrade pedaling. 
There is also less vertical distance to be trav­
eled. The overpass has the advantages of 
being less expensive and less of a security 
problem in high crime areas. Either type of 
grade-separated crossing is prohibitively 
expensive and is justified only in the most 
severe conditions. 

At-grade crossings and intersections should be 
provided with some sort of channelization, 
especially if there is a large amount of turning 
traffic. This will tend to restrict the 
movement of both cyclists and motorists to 
areas which are designated for them. Each 
crossing and intersection is a unique situation 
and should be treated as such. 

Figure 17.3C provides possible treatments for 
a bicycle lane approaching an intersection. 

17 33.11 Capacity 

Bicycle capacity has several aspects, including: 

1. the impacts of bicycles on the capacity of 
a highway which also serves as a shared 
roadway or bicycle lane; 

2. the impacts of bicycles on intersection 
capacity; and 

3. the capacity of bike paths. 

The Highway Capacity Manual provides 
criteria for each of the above. 

1733.12 Railroad Crossings 

Railroad-bikeway grade crossings should 
ideally be at right angles to the rails. The 
greater the crossing deviates from this ideal 
crossing angle, the greater the potential for a 
bicyclist's front wheel to be trapped in the 
flangeway causing loss of steering control. It 
is also important that the roadway approach 
be at the same elevation as the rails. 

Consideration should be given to the 
materials of the crossing surface and to the 
flangeway depth and width. If the crossing 
angle is less than approximately 45 degrees, 
consideration should be given to widening the 
outside lane, shoulder or bicycle lane to allow 
bicyclists adequate room to cross the tracks at 
a right angle. Where this is not practical, 
commercially available compressible flange­
way fillers can enhance bicyclist safety. In 
some cases, abandoned tracks can be 
removed. Warning signs and pavement 
markings should be installed in accordance 
with the MUTCD. 

17.3 (9) 
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17.4 ACCF.SSIBII..ITY FOR 
HANDICAPPED INDIVIDUALS 

Many highway elements can affect the 
accessibility and mobility of handicapped 
individuals. These include sidewalks, parking 
lots, buildings at transportation facilities, over­
passes and underpasses. The Department's 
accessibility criteria is based on information 
presented in the Uniform Federal Accessibility 
Standards (UF AS). Designers are required to 
meet the criteria presented in the following 
sections. When other agencies or local codes 
require standards which exceed the UF AS, 
then the stricter criteria may be required. 
This will be determined on a case-by-case 
basis. 

17.4.1 Parkin& 

The following criteria apply for handicapped 
parking spaces: 

1. Minimum Number. Table 17.4A provides 
the criteria for the minimum number of 
accessible spaces. A typical handicapped 
stall layout is shown in Figure 17.4A. 

2. Location. Parking spaces for disabled 
individuals and accessible passenger 
loading zones that serve a particular 
building shall be the spaces or zones 
closest to the nearest accessible entrance 
on an accessible route. In separate 
parking structures or lots that do not 
serve a particular building, parking spaces 
for disabled individuals shall be located on 
the shortest possible circulation route to 
an accessible pedestrian entrance of the 
parking facility. 

3. Signing. Parking spaces for the 
handicapped shall be designated by above­
grade signs with white lettering against a 
blue background and shall bear the 
international symbol of access (see 

Section 2D-46 of the MUTCD). The sign 
shall not be obscured by a vehicle parked 
in the space. 

4. Striping. ODOT has not adopted specific 
criteria relative to the placement of 
handicapped markings. The designer 
should use the applicable pavement 
marking criteria presented in Chapter 
Fourteen. 

5. Dimensions. The parking spaces 
designated for the handicapped shall be at 
a minimum 8-ft wide and desirably 9-ft 
wide with an additional 5-ft minimum 
access aisle, or the space should be 
parallel to a sidewalk on a public highway 
(See Figure 17.4A). Parking access aisles 
shall be part of an accessible route to the 
building or facility entrance. Parked 
vehicular overhangs shall not reduce the 
clear width of an accessible circulation 
route. Parking spaces and access aisles 
shall be level with surface slopes not 
exceeding 50:1 (2%) in all directions. Any 
parking garage or terminal should have a 
9' -6" vertical clearance at its entrance 
and along the route to at least two 
parking spaces which have a 9' -6" vertical 
clearance. 

6. Passenger Loading Zones. Passenger 
loading zones shall provide an access aisle 
at least 60-inches wide and 20-ft long 
adjacent and parallel to the vehicular pull­
up space. If there are curbs between the 
access aisle and the vehicular pull-up 
space, then a curb ramp complying with 
Section 17.4.6 shall be provided. 
Vehicular standing spaces and access 
aisles shall be essentially level. Surface 
slopes shall not exceed 50:1 (2%) in all 
directions. 

17.4 (1) 



Oklahoma SPECIAL DESIGN ELEMENTS July 1992 

CURB OR STRIP ING 

r SIGN WITH HANDICAPPED SYMBOL, 

/ MOUNT AT LEAST 4'-0" HIGH - ... 

9' DESIRABLE 9' 

/ 8' MINIMUM 

co .... 

Source (2) 

HANDICAPPED PARKING STALL DIMENSIONS 

Figure 17.4A 

17.4 (2) 



Oklahoma SPECIAL DESIGN ELEMENTS July 1992 

Table 17.4A 
MINIMUM NUMBER OF ACCESSIBLE SPACES 

FOR HANDICAPPED USERS 

Total No. of Minimum Number of 
Parking Spaces Accessible Spaces 

1to25 1 
26 to 50 2 
51 to 75 3 

76 to 100 4 
101 to 150 5 
151 to 200 6 
201 to 300 7 
301 to 400 8 
401 to 500 9 

501to1000 2% of total 
1001 and over 20 plus 1 for each 100 over 1000 

Source (8) 

Notes: a. If one or more passenger loading zones are provided, then at least one passenger loading 
zone shall comply with Section 17.4.1, Comment No. 6. 

b. Parking spaces for side-lift vans are accessible parking spaces and may be used to meet 
the requirements of this Section. 

c. The total number of accessible parking spaces may be distributed among closely spaced 
parking lots, if greater accessibility is achieved. 

17.42 Accessible Route 

An accessible route is a continuous, 
unobstructed path connecting all accessible 
elements and spaces in a building, facility or 
site. A "site" is defined as a parcel of land 
bounded by a property line or a designated 
portion of a public right-of-way. A "facility" is 
defined as all or any portion of a building, 
structure or area, including the site on which 
such building, structure or area is located, 
wherein specific services are provided or 
activities performed. Interior accessible routes 

include corridors, floors, ramps, elevators, lifts 
and clear floor space at fixtures. Exterior 
accessible routes include parking access aisles, 
curb ramps, walks, ramps and lifts. 

Accessible routes must be provided as follows: 

1. At least one accessible route within the 
boundary of the site shall be provided 
from public transportation stops, 
accessible parking, and accessible 
passenger loading zones, and public 
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streets or sidewalks to the accessible 
building entrance they serve. 

2. At least one accessible route shall connect 
accessible buildings, facilities, elements, 
and spaces that are on the same site. 

3. At least one accessible route shall connect 
accessible buildings or facility entrances 
with all accessible spaces and elements 
and with all accessible dwelling units 
within the building or facility. 

For highway projects, the application of the 
accessible route criteria applies to definitive 
sites which are related to highway purposes. 
These include rest areas, weigh stations, park­
and-ride lots, etc. The accessible route 
criteria do not apply to, for example, 
sidewalks adjacent to an urban street. 

17.43 Sidewalks 

Section 8.1 presents the Department's 
warrants and design criteria for sidewalks. In 
addition, all sidewalks on an accessible route 
must comply with the UF AS criteria. These 
include: 

1. Width. The minimum clear width shall be 
36 inches, except at doors (minimum 32 
inches). 

2. Passing Space. If the sidewalk has less 
than 60 inches clear width, then passing 
spaces at least 60 inches by 60 inches shall 
be located at reasonable intervals not to 
exceed 200 ft. A T-intersection of two 
walks is an acceptable passing place. 

3. Surface. All sidewalk surfaces shall be slip 
resistant. The longitudinal gradient shall 
be flush and free of abrupt changes. 

Gratings should not be placed within the 
walking surface. If, however, gratings are 

located in walking surfaces, then they shall 
have spaces no greater than 1/211 wide in 
one direction. If gratings have elongated 
openings, then they shall be placed so that 
the long dimension is perpendicular to the 
dominant direction of travel. 

4. Slope. The sidewalk: cross slope shall not 
exceed 50:1 (2% ). If the longitudinal 
gradient exceeds 20:1 (5%), the sidewalk 
must meet the accessibility criteria for 
ramps. (See Section 17.4.5). 

17.4.4 Stairs 

Stairs shall not be part of an accessible route 
because they cannot be safely negotiated by 
individuals in wheelchairs. Where stairs are 
used, however, they should be designed to be 
accessible by other handicapped individuals. 
Therefore, the design of stairs must comply 
with the UF AS criteria (Reference 8, Section 
4.9). This includes, for example, the provision 
of handrails. The designer may also reference 
FHWA-IP-84-6 Guidelines for Maki.ng 
Pedestrian Crossing Structures Accessible for 
additional design information on stairs. 

17.4.5 Ramps 

Any part of an accessible route with a slope 
greater than 20: 1 ( 5 % ) shall be considered a 
ramp and shall conform to the UF AS criteria. 
This includes the provision of handrails. The 
designer may also reference FHWA-IP-84-6 
Guidelines for Making Pedestrian Crossing 
Structures Accessible for additional design 
information on ramps. 

The following criteria must be met for ramps 
on accessible routes: 

1. Slope and Rise. The least possible slope 
should be used for any ramp. The 
maximum slope of a ramp in new 
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construction shall be 12: 1 (8% ). The 
maximum rise for any run shall be 30 
inches. Curb ramps and ramps to be 
constructed on existing sites or in existing 
buildings or facilities may have slopes and 
rises as shown in Table 17.4B if space 
limitations prohibit the use of a 12: 1 slope 
or less. 

Table 17.4B 

ALLOWABLE RAMP DIMENSIONS 
FOR CONSTRUCTION 

(Existing Sites, Buildings and Facilities) 

Slope Maximum Rise Maximum Run 

Steeper than 10:1 
but no steeper 3" 2' 
than 8:1 

Steeper than 12:1 
but no steeper 6" 5' 
than 10:1 

Note: A slope steeper than 8:1 (12.5%) is not 
allowed. 

Source (8) 

2. Width. The minimum clear width of a 
ramp shall be 36 inches. 

3. Landinis. Ramps shall have level 
landings at the bottom and top of each 
run. Landings shall have the following 
features: 

a. The landing shall be at least as wide 
as the ramp run leading to it. 

b. The landing length shall be a 
minimum of 60 inches clear. 

c. If ramps change direction at landings, 
the minimum landing size shall be 60 
inches by 60 inches. 

4. Handrails. If a ramp run has a rise 
greater than 6 inches or a horizontal 
projection greater than 72 inches, then it 
shall have handrails on both sides. 
Handrails are not required on wheelchair 
ramps. Handrails shall have the following 
features: 

a. Handrails shall be provided along both 
sides of ramp segments. The inside 
handrail on switchback or dogleg 
ramps shall always be continuous. 

b. If handrails are not continuous, they 
shall extend at least 12 inches beyond 
the top and bottom of the ramp 
segment and shall be parallel with the 
floor or ground surface. 

c. The clear space between the handrail 
and the wall shall be 1 Y211 • 

d. Gripping surfaces shall be continuous. 

e. Top of handrail gripping surfaces shall 
be mounted between 30 inches and 34 
inches above ramp surfaces. 

f. Ends of handrails shall be either 
rounded or returned smoothly to 
floor, wall or post. 

g. Handrails shall not rotate within their 
fittings. 

h. See Section 4.26 of the UF AS for 
additional criteria on handrails. 

5. Cross Slope and Surfaces. The cross 
slope of ramp surfaces shall be no greater 
than 50: 1 (2% ). Ramp surfaces shall 
comply with the criteria for "Surface" for 
sidewalks (Section 17.4.3). 
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6. Ed~e Protection. Ramps and landings 
with dropoffs shall have curbs, walls, 
railings or projecting surfaces that prevent 
people from slipping off the ramp. Curbs 
shall be a minimum of 2 inches high. 

7. Outdoor Conditions. Outdoor ramps and 
their approaches shall be designed so that 
water will not accumulate on walking 
surfaces. 

17.4.6 Curb Ramps (Wheelchair Ramps) 

Curb ramps and other provisions for the 
handicapped are required on all Federal-aid 
projects involving the provision of curbs or 
sidewalks at all pedestrian crosswalks. For 
the purpose of this section, a pedestrian 
crosswalk is defined as the portion of a street 
distinctly indicated as a crossing for 
pedestrians by lines or other markings on the 
surface. All curb ramps on an accessible 
route, see Section 17.4.2, shall meet the 
UFAS criteria. For all other locations, curb 
ramps may be constructed in accordance with 
the applicable criteria. 

17.4.6.1 Location 

In determining the need for a curb ramp, the 
designer should consider the following: 

1. If at least one curb will be disturbed by 
construction at an existing intersection, 
then curb ramps will be constructed at all 
crosswalks which extend from a paved 
sidewalk in that intersection. 

2. Throughout a new or reconstruction 
project at each intersection with 
pedestrian crosswalks, curb ramps will be 
provided on all corners. At T­
intersections, the designer must ensure 
that curb ramps are located on the side 
opposite the minor intersecting road. 

3. There should be full continuity of use 
throughout; i.e., opposing ramps must 
always be provided even if outside project 
limits. 

4. Curb ramps shall be positioned so as not 
to cause a safety hazard for blind 
pedestrians. 

5. Curb ramps shall be located or protected 
to prevent their obstruction by parked 
vehicles. 

6. A curb ramp on an accessible route shall 
be wholly contained within the painted 
markings, excluding any flared sides. For 
diagonal ramps only, there shall be at 
least 48 inches between the gutter line 
and the corner of the two intersecting 
crosswalks and at least 2 ft of full-height 
curb within the crosswalk. See Figure 
17.4B for an illustration of these criteria. 

7. Curb ramps shall be provided along all 
accessible routes. 

8. The function of the curb ramp must not 
be compromised by other highway 
features (e.g., guardrail, catch basins, 
utility poles, signs). 

9. If a pedestrian crosswalk and curb ramp 
are present, a pedestrian-actuated traffic 
signal will be provided. In addition, the 
pedestrian pushbutton should be located 
so it can be reached by wheelchair-bound 
individuals. If necessary, a sidewalk 
should be provided between the curb 
ramp and the pedestrian pushbutton. 

10. In general, curb ramps are required at all 
curbed intersections. However, a Level 
Two exception may be granted for the 
following locations: 

a. Locations outside the urban boundary 
of a city with a population of greater 

17.4 (6) 



--....} ~ 
.-. 
--.l , ...... 

SIDEWALK 

CROSSWALK 
BOUNDARIES -

~ 
SIDEWALK 

.. · .. ·. · ... 
. : ; . 

48" MIN. 48" MIN. 

E 24" MIN. =r= 
.. t • • : 

... 
... ·· .. · 

i~":<:.-:.· .. 
-... ·.·. 

SIDEWALK 

·.·.?:_ .. _ ·:·:·-.::::--:.-:\ ... :.:--::·:·/\:'.::('.::·;_..'_··_· .. ·_:.:: . · .. :·.. .·, 

~ - GRASS 
BUFFER 

: :·:.:·:··:._:-_:.::-:·~~f.f 72~~,if :7'_ .. /~~--~~.:~.~rT~/·{ 
SIDEWALK 

* REFERS TO FULL 
HEIGHT CURB 

NOTE: SEE ODOT STANDARD DRAWINGS FOR DESIGN DETAILS ON CURB RAMPS 

Source (8) 

CURB RAMPS AT MARKED CROSSINGS 

Figure 17.4B 

0 g 
0 

~ 

~ 
~ 
t:t 
ra 
0 z 

~ 

~ 

'-4 

~ 
i-­
\0 
IO 
N 



Oklahoma SPECIAL DESIGN ELEMENTS July 1992 

than 5000 and in rural areas unless 
there is clearly a pedestrian demand. 

b. Locations where there are valid 
reasons to restrict or prohibit 
pedestrian access. 

c. Locations where there are no 
pedestrian and there is little likelihood 
of pedestrians in the future. 

The decision to eliminate curb ramps at 
an intersection will be determined by a 
mutual agreement between ODOT and 
the FHWA at the plan-in-hand review 
meeting. 

17.4.6.2 Types 

Details for the construction of curb ramps are 
illustrated in Figure 17.4C and in the ODOT 
Standard Drawings. The designer needs to 
ensure that the curb ramp type is appropriate 
for the site and location. The following 
provides information for each type of curb 
ramp used by ODOT: 

1. Tme A. The flare type curb ramp is 
commonly used at intersections with large 
turning radii or at mid-block locations. 
This ramp type can be used with or 
without a grass border strip. When used 
at corners, the bottom of the ramp shall 
have a 4-ft minimum clear space within 
the marked crossing as shown in Figure 
17.4B. In addition, the ramp should also 
have a 2-ft segment of straight curb 
located on each side within the markings. 

2. Tme B. This curb ramp can only be used 
when there are obstructions that would 
restrict the use of Type A or D with the 
full slopes (e.g., utility poles, fire hydrants, 
signal poles) or at the end of a sidewalk. 
If the curb ramp is not at the end of a 
sidewalk, there must be a 4-ft landing 

space at the top of the ramp to allow 
handicapped individuals a maneuvering 
area. If used in a sidewalk which is next 
to the curb, special care must be given to 
alert the crossing pedestrian, especially 
the blind, of the dropoff. 

3. Type C. This curb ramp is used in 
narrow raised medians that are 12 ft or 
less. This ramp is a 4-ft wide level strip 
through the raised median which is at the 
same grade as the roadway. Special 
consideration must be given to drainage 
to ensure that water is not allowed to 
stand or collect in this area. For medians 
greater than 12 ft, a Type B curb ramp is 
normally used at each curb. 

4. Type D. This curb ramp is normally used 
at intersections with small turning radii 
and where drainage structures do not 
interfere with the use of the ramp. The 
bottom of diagonal curb ramps shall have 
a 4-ft minimum clear space within the 
marked crossing as shown in Figure 17.4B. 
The curb ramp shall also have a 2-ft 
segment of straight curb located on each 
side within the markings. 

All curb ramps shall be constructed in 
accordance with the ODOT Standard 
Specifications and the ODOT Standard 
Drawings. 
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175 REST AREAS 

Rest areas, information centers and scenic 
overlooks are functional and desirable 
elements of the complete highway 
development and are provided for the safety 
and convenience of the highway user. Many 
have been constructed along freeways and 
other major arterials in Oklahoma. The 
location and design of rest areas are 
considered on an individual highway facility 
and site basis. 

175.1 Location 

Rest areas may be located on freeways or 
other major arterials. The following elements 
should be considered in determining the need 
and location of rest areas. 

175.1.1 Spacing 

The recommended average spacing of rest 
areas on rural Interstates is approximately 
one hour's driving time or 50 to 60 miles. In 
some situations it may desirable to provide 
closer spacings for special conditions (e.g., 
scenic views, information centers). Local 
conditions may warrant spacings which are 
greater than 50 to 60 miles (e.g., through 
major metropolitan areas). In addition, they 
should not be located within 50 to 60 miles of 
major metropolitan areas. In national studies 
it has been found that rest areas close to 
these areas tend to have higher rates of 
vandalism and undesirable activities. 

175.1.2 Site Selections 

Once it has been determined that a rest area 
is required and the general area selected, the 
actual location of the rest area needs to be 
finalized based upon the following 
considerations: 

1. Appeal. Rest areas are show places for 
out-of-state visitors to Oklahoma. If 
practical, they should be placed to take 
advantage of natural features (e.g., lakes, 
scenic views, points of special or historic 
interest). 

2. Water /Sewer. The area should have an 
adequate water supply. If commercial 
sanitary treatment plants are unavailable, 
the site needs to be large enough to 
provide for adequate sewage treatment 
facilities. 

3. Other Utilities. Utilities, such as 
telephone and electricity desirably should 
be provided. 

4. Geometrics. The site should be located 
away from any other interference, such as 
interchanges. Desirably, the rest area 
entrance should be at least 2 miles from 
the nearest interchange. In addition, 
there should be adequate sight distance 
available to the exits and entrances. 

5. Topo~aphy. Rest areas should be 
located where the natural topography is 
favorable to their development. 

6. Size. The rest area needs to be large 
enough to provide for sufficient parking 
capacity, facilities needs, picnic and 
stretch areas and to retain existing 
landscaping features. 

7. Right-of-way. Right-of-way costs should 
be factored into the final location 
decision. 

8. Development. Rest areas should not be 
placed adjacent or near areas zoned 
residential. 

9. Information Centers. It is desirable to 
locate rest areas close to the State line. 
Tnese locations provide the opportunity 
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for providing information on the State of 
Oklahoma and local attractions. 

10. Emer~ency. The location choice should 
consider the proximity to emergency 
service~. 

17.5.2 Desi&n 

Figure 17.SA illustrates a typical layout for a 
rest area. The following sections present 
criteria which should be considered in the 
design of the rest area. 

17.5.2.1 Exits and Entrances 

The access to and from the rest area should 
be designed according to the criteria in 
Section 10.3 "Freeway /Ramp Junctions." 
Research has shown that a large portion of 
the vehicles at rest areas are trucks. 
Consequently, if practical, the acceleration 
distances for large trucks should be used in 
designing freeway/ entrance junctions. 

Adequate signing and pavement markings 
need to be provided prior to and at the rest 
area. These traffic control devices should be 
placed in accordance with the MUTCD and 
the ODOT Standard Drawings. 

17.5.2.2 Rest Area Usage 

The following formulas have been developed 
as a general guide to determine the portion of 
passing vehicles on the mainline which may 
use the rest area. 

P (interstate) = 0.0024 x DSL 
P (rural arterial, recreational) = 0.0016 x 

DSL 
P (rural arterial, other) = 0.0011 x DSL 

where: 

P = proportion of the mainline 
traffic entering the rest area 

DSL = distance between rest areas 
(miles) 

Example 

Given: 

Rural Interstate 
Spacing between rest areas = 60 miles 
One-Way Mainline ADT = 15,000 

Problem: 

Determine the expected rest area ADT. 

Solution: 

The following steps apply: 

1. Determine the percentage of the mainline 
traffic that will be expected to use the rest 
area. Using the first equation and 
knowing DSL = 60 miles, the equation 
becomes: 

P(interstate) = 0.0024 x 60 = 0.144 

2. Determine the expected rest area ADT. 

ADT = 0.144 x 15,000 = 2,160 vehicles 

3. This value than can be used to determine 
the "design hour" for the rest area. 

The above formulas provide only general 
guidelines. There are several other factors 
the designer needs to consider in determining 
the rest area's usage: 
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1. Traffic Characteristics. Research has 
found that between 14% to 36% of the 
vehicles entering rest areas are trucks or 
recreational vehicles (RV's ). As a rule of 
thumb, the designer can assume that 25% 
of the entering traffic is trucks or RV's. 

2. Hi&hway Characteristics. Rest areas on 
highways that pass though recreational or 
historic areas tend to have fewer trucks 
and a higher percentage of passenger cars 
and RV's with trailers. Where the general 
purpose of the highway is to move 
commercial traffic between cities, rest 
areas tend to have a higher truck usage. 

3. Trip Len&th. On highways where the trip 
lengths tend to be less than 100 miles 
(e.g., between two major cities), there is a 
significant reduction in the proportion of 
the passing traffic using the facility. 

4. Temporal Factors. In recreational areas, 
rest area usage commonly is the highest 
during summer weekends. During the 
day, passenger cars tend to make up a 
higher percentage of the rest area usage. 
At night, trucks and RV's tend to make 
up the higher percentage of the rest area 
usage. 

5. Len~h of Stay. During the day, the 
average length of stay for cars has been 
found to be 11 minutes, 12.1 minutes for 
trucks, and 19.5 minutes for RV's. At rest 
areas with information centers, the time 
for cars and RV's increased by 
approximately 2 minutes. At noon, all 
vehicles tend to stay more than 15 
minutes. At night, the mean time for 
trucks and RV's is between 65 and 75 
minutes. 

175.23 Parking 

Rest area parking capacity depends upon the 
type of usage expected for the rest area. 
Section 17.5.2.2 provides the formula and 
other factors to consider for determining the 
appropriate design hour volume for both 
passenger cars and trucks. 

If practical, passenger car parking and truck 
parking should be separated. This can be 
accomplished by providing separate parking 
areas as shown in Figure 17.SA or by 
pavement markings. Figure 17.lA illustrates 
typical parking designs for passenger cars. 
Angular parking is preferred versus parallel 
parking because it requires less time to enter 
and exit. 

Figure 17.5B illustrates a typical angle parking 
design for trucks and recreational vehicles 
with trailers. It should be noted that the 
design vehicle for angular truck parking is the 
WB-67 vehicle. In addition to the angular 
truck parking spaces, one or more parallel 
slots should be provided for the WB-114 
vehicle (see Figure 17.SA). 

1752.4 Buffer Separation 

The separation between the rest area facilities 
and the highway mainline should be wide 
enough to discourage individuals from 
stopping on the mainline and crossing over to 
the facilities. At a minimum, a 30-ft buffer 
area should be provided between the mainline 
pavement and the parking areas. A buffer 
separation of 150 ft or more is preferable. 

17.525 Facilities 

Rest areas typically provide a building with 
rest rooms and public information services, 
picnic tables and shelters, benches, sidewalks, 
drinking fountains, vending machines and 
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trash collectors. The designer should ensure 
that sufficient facilities are available to 
accommodate the expected usage of the rest 
area. 

175.2.6 Utilities 

Where permanent sanitary facilities are 
provided, an adequate water supply, sewage 
disposal system and power supply will be 
required. Telephones are commonly also 
included. Proper lighting provides the patron 
an added sense of security and safety. 
Chapter Fourteen provides additional 
information on the design of lighting. 

175.2.7 Landscaping 

The rest area should be landscaped to take 
advantage of existing natural features and 
vegetation. Paths, sidewalks and architectural 
style should fit naturally into the existing 
surroundings. The designer should coordinate 
the landscaping plan with ODOT's Roadside 
Development Branch. 

175.2.8 Accessibility for the Handicapped 

All rest areas must be designed to properly 
accommodate physically handicapped 
individuals, including grounds and buildings. 
Section 17.4 provides the accessibility criteria 
for features within rest areas. 

July 1992 
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17.6 WEIGH STATIONS 

Truck weigh station installations are used to 
weigh trucks, to provide for vehicular safety 
inspection, and/or to provide a source of data 
for planning and research. The determination 
of the need for truck weigh stations is a 
combined effort of ODOT, Department of 
Public Safety, Oklahoma Corporation 
Commission and Oklahoma Tax Commission. 

17.6.1 Location 

The primary criteria for location of a truck 
weigh station is dependent upon the type and 
amount of truck traffic on a route. The 
selection of a truck weigh station site is also 
controlled by right-of-way and by geometric 
and topographic features. It is desirable to 
select this site in a location where there is 
adequate right-of-way and where geometric, 
topographic and environmental features lend 
themselves to the most economical 
development without undue site preparation 
and expense. The possibility of truck traffic 
circumventing the facility should also be 
considered in locating the site of the weigh 
station. 

17.6.2 Design 

Figure 17.6A illustrates a typical truck weigh 
station design for a divided highway. In 
addition, the following should be considered. 

1. Exit/Entrance Junctions. Desirably, the 
exits and entrances should be designed for 
the WB-67 truck. Section 10.3 provides 
design criteria for these elements. 

2. Buffer Separation. There should be a 
minimum of 30 ft between the weigh 
station facility and the mainline pavement. 
Wider separations are desirable. 

3. Storage for Scales. There should be 
sufficient space to queue trucks waiting 
for the scales without backing up onto the 
mainline. This distance will based on the 
number of trucks on the mainline, length 
of trucks, expected hours of operation and 
time required for actual weighing. For 
design considerations, the design vehicle 
can be assumed to be the WB-67 truck. 
With the rapid advance in research on 
scales (e.g., weighing-in-motion), the 
designer should check with the various 
ODOTDivisions and/or other agencies to 
determine the most appropriate time 
factor. 

4. Safety Inspection. Weigh stations are 
often used by the Department of Public 
Safety (i.e., Oklahoma Highway Patrol) as 
safety inspection stations. Consequently, 
there should be sufficient space available 
to allow trucks to be pulled aside or 
turned about and inspected. These areas 
should be designed to accommodate the 
WB-67 design vehicle. In addition, they 
should also be able to accommodate the 
occasional WB-114 vehicle. 

5. Violation Storage. A space needs to be 
provided to store trucks that are either 
overweight or which have failed the safety 
inspection. These areas should be 
designed to accommodate the WB-67 
design vehicle. They should also be able 
to accommodate the occasional WB-114 
vehicle. Figure 17.SB provides the design 
criteria for a WB-67 angular truck storage 
area. In addition, one or more parallel 
stalls should be provided for storage of a 
WB-114 vehicle. 

6. Signing and Striping. Adequate signing 
and pavement markings need to be 
provided prior to and at the truck weigh 
station. These traffic control devices 
should be placed in accordance with the 
MUTCD and the ODOT Standard Drawings. 
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7. Li&hting. Chapter Fourteen provides 
information on the design of lighting at 
truck weigh stations. 

8. At-&rade Intersection. Weigh stations on 
undivided facilities should be designed to 
allow trucks to enter and leave from 
either direction. The turning design 
vehicle for these facilities will normally be 
the WB-67. Chapter Nine presents 
additional information on the design of 
at-grade intersections. 

9. Utilities. A source of electricity, either 
from a local power source or remote 
generator, needs to be provided to the 
weight station. Desirably, portable water, 
sanitary facilities and telephones or radios 
should also be provided. 

10. Landscapin~. In aesthetically sens1t1ve 
areas, the weigh station should be 
landscaped to blend naturally into the 
surrounding environment. However, care 
must be given so that the landscape 
design does not impede the flow of trucks 
through the facility (e.g., steep grades). 
The designer should also coordinate the 
landscaping design with ODOT's 
Roadside Development Branch. 
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17.7 MAILBOXES 

Mailboxes and newspaper tubes served by 
carriers in vehicles may constitute a safety 
hazard either directly or indirectly, depending 
upon the · placement of the mailbox. 
Therefore, on Federal-aid projects, the 
designer should make every reasonable effort 
to replace all non-conforming mailboxes with 
designs that meet the criteria in the ODOT 
Standa.rd Drawings and with the AASHTO A 
Guide for Erecting Mailboxes on Highways. 
Removal and replacement of mailboxes can 
be a sensitive issue and should be evaluated 
prior to their removal or replacement. 

17.7.1 Location 

Mailboxes should be placed for maximum 
convenience to the patron, consistent with 
safety considerations for highway traffic, the 
carrier and the patron. Consideration should 
be given to the minimum walking distance in 
advance of the mailbox site and possible 
restrictions to corner sight distance at 
intersections and driveway entrances. New 
installations should, where feasible, be located 
on the far right side of an intersection with a 
public road or private driveway entrance. 

Boxes should be placed only on the right-hand 
side of the highway in the direction of travel 
of the carrier, except on one-way streets 
where they may be placed on the left-hand 
side. It is undesirable to require pedestrian 
travel along the shoulder. However, this may 
be the preferred solution for distances up to 
200 feet when compared to the alternatives, 
such as constructing a turnout in a deep cut, 
placing a mailbox just beyond a sharp crest 
vertical curve (poor sight distance), or 
constructing two or more closely spaced 
turnouts. 

The placing of mailboxes along high-speed, 
high-volume highways should be avoided if 
other practical locations are available. 
Mailboxes should not be located where access 
is from the lanes of an expressway or where 
access, stopping or parking is otherwise 
prohibited by law or regulation. No mailbox 
should be at a location that would require a 
patron to cross the lanes of an expressway to 
deposit or retrieve mail. 

Placing a mail stop near an intersection will 
have an effect on the operation of the 
intersection. The nature and magnitude of 
this effect depend on traffic speeds and 
volumes on each of the intersecting roadways, 
the number of mailboxes at the stop, extent of 
traffic control, how the stop is located relative 
to the traffic control, and the distance the 
stop is from the intersection. ODOT Standard 
Drawings show possible locations of mail stops 
at a typical rural intersection. 

Mailboxes should be located so that a vehicle 
stopped at a mailbox is clear of the adjacent 
traveled way. An exception to this objective 
may be reasonable on low-volume, low-speed 
streets and roads. In general, however, a 
vehicle stopped at a mailbox should be clear 
of the travelway and, the higher the traffic 
volume or speed, the greater the clearance 
should be. 

It is also highly desirable to provide a turnout 
if an 8-ft or wider useable shoulder is 
unavailable. The ODOT Standard Drawings 
provide additional details in the design of 
turnouts for mail stops. 

17.7.2 Desi&n 

The ODOT Standard Drawings provide the 
design criteria for the proper placement and 
attachment of mailboxes. The designer 
should also consider the following: 
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1. Heiwts. Mailbox heights are usually 
located so that the bottom of the box is 42 
to 48 inches above the mail stop surface. 

2. Post. Nominal 4-inch x 4-inch or 4%-inch 
diameter wood posts or 1 %-inch to 2-inch 
diameter steel or aluminum pipe post, 
embedded 24 inches into the ground, are 
the maximum strength supports that 
should be considered. The use of 
concrete anchors is not recommended. 

3. Multiple Mailboxes. To reduce the 
possibility of ramping, multiple mailboxes 
should be separated by a distance at least 
equal to three-fourths of their heights 
above ground. 

4. Neighborhood Deliveiy and Collection 
Box Units (NDCBU). NDCBU is a 
cluster of 8 to 16 locked boxes mounted 
on a pedestal or within a framework. 
These clusters can weigh between 100 to 
200 pounds and are considered to be a 
roadside hazard. Consequently, they 
should be located outside the clear zone 
or only on low-speed curbed facilities. 
Normally, NDCBU are located in trailer 
parks, apartment complexes and new 
residential subdivisions. 
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17.8 RECREATIONAL ROADS 

Recreational road criteria are applicable to 
roads in state parks, recreational areas, 
national forests and on scenic drives. The 
objective for this type of facility is to provide 
a safe highway and still retain the aesthetic, 
ecological, environmental and cultural 
amenities of the area. 

In the design of recreational roads, the 
designer should consider the following: 

1. Functional Classification. The functional 
classification determination is based on 
the characteristics of the highway. For 
design purposes, the designer often needs 
to determine this classification (see 
Chapter Five). If the road falls under the 
local road classification, then the local 
road criteria in Chapters Twelve and 
Thirteen should be used to determine the 
design criteria. If the road falls under the 
collector classification, then the collector 
criteria in Chapters Twelve and Thirteen 
should be used. 

2. Design Criteria. Strict adherence to 
highway criteria for these types of roads is 
usually inappropriate and unwarranted. 
Design speeds are usually low and driver 
expectancy is such that the reduction of 
criteria does not produce serious safety 
concerns. Therefore, the designer needs 
to use engineering judgment to ensure 
that the criteria fits the terrain and 
expected usage of the highway. 

3. Desi&n Vehicle. Depending on the nature 
of the recreational areas, the most 
common design vehicle will be a motor 
home with a boat trailer. Where garbage 
pickup or other maintenance vehicles are 
required, an SU may be the appropriate 
design vehicle. In some situations, only a 
passenger car may be appropriate. The 
designer needs to use engineering 

judgment to determine the appropriate 
design vehicle. 

The selected design vehicle should be 
used to determine lane widths, vertical 
clearances, intersection designs, etc. 
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17.9 HAZARDOUS MAIBRIAI.s 

The treatment of hazardous materials within 
the highway right-of-way is fast becoming a 
major design concern in the design and 
construction of highways. Because cleanup of 
these sites can be very expensive, early 
acknowledgement of the hazardous site may 
significantly reduce problems later during 
construction. 

17.9.1 Coordination 

Because cleanup of hazardous materials 
requires extensive use of manpower, time and 
funds, early coordination between all units 
involved is critical. Therefore, it is ODOT 
policy that, once hazardous materials are 
discovered on a project, all pertinent 
individuals on the project will be notified. 
For additional information, see ODOT's 
Policy on Environmental Mitigation. 

17.9.2 Location 

Hazardous materials can show up almost 
anywhere. However, common possible 
locations include near abandoned storage 
tanks, abandoned oil lines, illegal dumping 
sites, abandoned chemical plants, old railroad 
yards, auto junkyards, landfills, or near 
bridges with lead base paints. One early 
indicator of contamination is when hazardous 
elements are found in the ground water from 
nearby wells. If there is a reasonable chance 
a site may contain hazardous materials, the 
Planning Division should be contacted to 
determine if detailed testing on the type, size 
and contaminant level is required. 

17.93 Oeanup 

Once the hazardous material location is 
known, its location must be shown on the 
plans. In addition, if known, the type of 
contamination must also be provided. The 
specifications or special provisions should 
include detailed instructions on the 
procedures for removing the material and 
properly disposing of the wastes. For 
example, on bridges with lead-based paints, all 
waste materials from sand blasting will not be 
allowed into the air or onto the ground, but 
instead must be collected and be properly 
disposed. 

Certain special cleanup sites and materials 
may require a specialist contractor to 
determine the location and size of the 
contaminated site, and to provide for the 
proper removal and disposal of the 
contaminated materials. For additional 
information, see ODOT's Policy on 
Environmental Mitigation. 
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17.10 NOISE BARRIERS/W~ 

Noise barriers are designed and erected to 
reduce the noise level of traffic adjacent to 
existing buildings to an acceptable level as 
determined by Federal guidelines. The 
Planning Division is responsible for 
determining the location of the wall. The 
designer is responsible for the selection and 
design of the noise barrier, and the designer 
evaluates the impacts of the noise barrier on 
the highway design. 

17.10.1 ~ 

Several types of noise barriers are effective in 
reducing the environmental impact of noise 
from the highway. The following lists several 
types that may be used: 

1. Earth Berms. Earth berms are graded 
mounds of soil to redirect the highway 
sound from nearby areas. 

2. Masonry Walls. These walls are 
constructed from concrete blocks or 
bricks. Very pleasing architectural designs 
can be accomplished with this type of wall. 

3. Concrete Walls. These walls can be 
poured in place or precast. The 
advantage of concrete walls is that 
decorative designs can be added to the 
face of the wall. 

4. Wood Walls. Wood walls may be 
significantly cheaper than masonry and 
concrete walls. However, their life 
expectancy is considered to be less than 
masonry or concrete walls. In addition, 
maintenance costs may be more expensive 
than concrete or masonry walls. ODOT 
generally does not use this wall type. 

5. Combination Walls. These walls use a 
combination of an earth berm and a 

masonry or concrete wall. These type 
walls are often used to reduce the height 
of the masonry or concrete wall and for 
aesthetic purposes. 

17.10.2 Desiw 

The following sections list several factors that 
need to be considered in the design of a noise 
wall. 

17.10.2.1 Roadside Safety 

Section 11.2 provides ODOT's design criteria 
for clear zones. If practical, noise barrier 
walls should be placed outside of the clear 
zone value. If the wall is within the clear 
zone, an integral CMB shape or separate 
CMB should be considered to protect the wall 
from run-off-road vehicles. Generally, noise 
walls are terminated outside the clear zone. 
However, if the end of the wall is within the 
clear zone, the designer should consider 
protecting the end with an appropriate impact 
attenuator. Chapter Eleven discusses the 
design of impact attenuators. 

If the noise barrier is an earth berm, the toe 
of the barrier should be traversable by a run­
off-the-road vehicle (see Section 11.2). 

17.10.2.2 Sight Distances 

At at-grade intersections, noise barriers 
should not be located in the triangle required 
for corner sight distance. Chapter Nine 
provides the criteria to determine the 
required sight distance triangle. 

Noise barriers can also restrict sight distances 
along horizontal curves. Chapter Six provides 
the detailed criteria to determine the middle 
ordinate value which will yield the necessary 
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sight distance. The location of the noise 
barrier should be outside this distance. 

17.10.2.3 Structural Desim 

All noise walls should either meet the criteria 
set forth in the AASHTO Standard 
Specifications for Highway Bridges and the 
AASHTO Guide Specifications for Structural 
Design of Sound Barriers or the Local Building 
Code, whichever yields the least costly 
approach. 

The noise wall should be designed to 
withstand an 80-mph steady wind pressure 
with a 30-percent gust factor (i.e., 104 mph). 
The ODOT Bridge Division will be 
responsible for checking and ensuring that the 
wall meets the wind loading criteria. In 
addition to the wind loading criteria, the 
designer also needs to utilize the soil tests to 
determine the appropriate wall design. 

17.102.4 Interference with Roadside 
.A,vpurtenances 

A noise barrier's proposed location could 
interfere with proposed or existing roadside 
features, including signs, sign supports, 
utilities and luminaire facilities. The designer 
must determine if these features are in 
conflict with the noise barrier and must 
coordinate with applicable ODOT Divisions 
to resolve any conflicts. 

17.102.5 Maintenance Considerations 

The location and design of a noise barrier 
should consider the following maintenance 
factors: 

1. The noise barrier must be located so 
maintenance crews can easily access the 
wall for routine repairs. 

2. The noise barrier should be constructed of 
materials that discourage vandalism (e.g., 
graffiti) and allow for easy cleaning. 

3. The noise barrier should be designed so 
that any damage can be easily repaired. 

4. The noise barrier should be located 
adjacent to the right-of-way line so that 
other maintenance operations can be 
reasonably performed (e.g., mowing, light 
bulb replacement, sign cleaning, spraying). 
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17.11 ENVIRONMENTAL PERMITS/ 
APPROVMS 

Depending upon the specific project impacts, 
ODOT may need to obtain one or more 
environmental permits or approvals during 
project development. This section discusses 
those permits and approvals which may apply 
to a road design project. These include: 

1. Section 404 Permit (Individual) Discharge 
of Dredged or Fill Material, 

2. Floodplains Development Permit, (ow It~ 

3. EIS, FONSI, Categorical Exclusions and 
Section 4( f) Approvals, and 

4. National Pollutant Discharge Elimination 
System. 

17.11.1 Definitions 

1. Environmental Impact Statement (EIS). 
A document which is prepared when it 
has been determined that a project will 
have a significant impact on the 
environment. 

2. Categorical Exclusion (CE). A classifi­
cation for projects that will not induce 
significant environmental impacts or 
foreseeable alterations in land use, 
planned growth, development patterns, 
traffic volumes, travel patterns, or natural 
or cultural resources. 

3. Environmental Assessment (EA). A study 
to determine if the environmental impacts 
of a project are significant, thus requiring 
the preparation of an EIS. 

4. Finding of No Significant Impact 
(FONSI). A result of an EA that shows a 
project will not cause a significant impact 
to the environment. 

17.112 Responsibilities 

The Planning Division is responsible for 
assessing the environmental impacts of 
federally assisted highway construction 
projects and developing, reviewing and 
approving any special environmental 
mitigation measures deemed necessary for 
highway construction projects. 

The Bridge Division is responsible for the 
preparation and submission of a Section 404 
permit at or adjacent to bridges. 

Where a permit or approval is required for a 
road design project, the road designer will, in 
most cases, be responsible for providing the 
necessary information to the appropriate 
Division to obtain the permit or approval. 

17.113 Permit/Approval Information 

For each permit or approval, the following 
basic information is provided in the following 
pages: 

1. Title/Name, 
2. Responsible Agency, 
3. ODOT Responsible Unit, 
4. Purpose, 
5. Applicability, and 
6. Information Needs. 
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NAME: Section 404 Permit (Individual) Discharge of Dredged or Fill Material 

RESPONSIBLE AGENCY: United States Army Corps of Engineers 

ODOT RESPONSIBLE UNIT: Bridge Division - Application 
Planning Division - Mitigation 

PURPOSE: To protect and preserve water quality and other environmental factors (e.g., impacts 
on fish and wildlife). 

APPLICABILITY: Permit required for the placement of dredged or fill material into the nation's 
waters, including wetlands. 

INFORMATION NEEDS: Permit application for Section 404 requires: 

1. project description; 

2. permit justification (i.e., in public interest); 

3. engineering details (e.g., limit of fill activity, amount of fill, acreage taken, linear feet of 
disturbance, erosion control plan, disposal of waste material); 

4. copy of EIS, EA/FONSI or CE, if prepared; 

5. environmental impacts (e.g., soils, water quality, fish and wildlife, groundwater); 

6. site photographs, including aerial if necessary (optional); 

7. project schedule (design and construction); 

8. mitigation plan; 

9. other agencies for which a permit is needed and the permit status; 

10. names and addresses of adjacent property owners; and 

11. one set of drawings with: 

a. title sheet, and 
b. plan and elevation view. 

NOTE: The Corps of Engineers, USDOD, makes the decision on the type of permit 
required and establishes guidelines for the use of the individual or nationwide 
permit. 
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NAME: Floodplains Development Permit 

RESPONSIBLE AGENCY: Water Resources Board 

ODOT REVIEW UNIT: Bridge Division for bridge structures/ 
Design Support Unit for waterways, channels, etc. 

PURPOSE: To evaluate and regulate all potential encroachments onto the 100-year floodplain 
and/or regulatory floodway. 

APPLICABILITY: Approval is required when a proposed road design project results in an 
encroachment onto the floodplain. The local government entity "City or County" requests an 
amendment to the floodway map, and the "City or County" government submits a letter of intent 
to FEMA and files for permit to FEMA in compliance with FEMA regulations. For ODOT 
projects prepared in-house, the designer will provide the information and coordinate the processing 
with the Bridge Division or Design Support Unit and the city or county responsible for FEMA 
compliance. For ODOT projects prepared by consultant contract, the consultant will provide all 
information, and the designer or project engineer will assist in the processing and coordination. 

INFORMATION NEEDS: Floodplains Development Permit requires: 

1. project description; 

2. detailed hydraulic calculations to define the water surface profile of the 100-year flood assuming 
implementation of the proposed project design (i.e., any fill into the existing flood fringe area 
must be incorporated into the revised 100-year floodway model), the flood insurance study, FIS 
and FIRM maps; 

3. engineering details (e.g., limits of fill activity, roadway cross section and profile); 

4. copy of EIS, EA/FONSI, CE, the flood insurance study, FIS or FIRM maps, if prepared; 

5. if applicable, name of project consultant; 

6. project schedule; 

7. mitigation plan, if required; and 

8. one set of drawings with: 

a. title sheet, and 
b. plan and elevation view. 
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NAME: Environmental Impact Statement, FONSI, Categorical Exclusion and Section 4(f) 
Approvals* 

RESPONSIBLE AGENCY: Federal Highway Administration (with coordination as needed with 
the State Historic Preservation Officer, Advisory Council on Historic 
Preservation and/or Department of Interior) 

ODOT RESPONSIBLE UNIT: Planning Division 

PURPOSE: To evaluate project environmental impacts, mitigation measures and to protect 
publicly owned parks, recreational areas, wildlife refuges and historic sites from use for 
transportation purposes without due consideration of other alternatives. 

APPLICABILITY: These approvals are required on all Federal-aid and selected State projects. 
Those federal-aid projects that include the taking of any land from publicly owned parks, 
recreational areas, wildlife refuges and historic sites, which are determined to have national, state 
or local significance, also require the preparation of a Section 4(f) statement which may be prepared 
as part of an EIS or FONSI or may be a separate document. 

INFORMATION NEEDS: These approvals require: 

1. project description; 

2. engineering and environmental impacts (Table 17.llA provides a listing of the information 
required in these reports and the responsible Division for providing this information.); 

3. project schedule; 

4. mitigation plan; 

5. other permits required; 

6. names and addresses of affected property owners; and 

7. a set of drawings with: 

a. title sheet, and 
b. plan and elevation view. 

* If Section 6(f) funds from the Federal Land and Water Conservation Act were used to improve 
any part of the site, and/ or facilities, then replacement land and/ or facilities of equal value must 
be provided for any land and/or facilities taken. The application of Section 6(f) will be 
addressed as part of the Section 4(f) statement. 
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Table 17.11A 
EIS, FONSI, CE and 4(t) INFORMATION NEEDS 

REQUIRED INFORMATION RESPONSIBLE DIVISION 

Logical Termini Planning/Design 

Description of Alternate Alignments Planning/Design/Suivey 

Right-of-Way Needs for Each Alternate Design 

Adjacent Land Use Description Planning/Suivey 

Cost Estimate for Each Alternate 

Construction Design 

Right-of-Way Right-of-Way 

Relocations Right-of-Way 

Utilities Right-of-Way 

Wetland Involvement Planning 

Hazardous Waste Planning 

Underground Storage Tanks Locations Planning/Right-of-Way 

Floodplain Impacts Planning/Design 

Water Quality Impacts Planning 

Air Quality Impacts Planning 

Wild and Scenic River Involvement Planning 

Wildlife Issues Planning 

Archaeological Suivey Planning 

Visual Impacts Planning 

Historic Sites Planning 

Farmland Impacts Planning 

Economic Impacts Planning 

Aerial Photograph Survey 

Railroad Involvement Design/Suivey 

17.11 (5) 



Oklahoma SPECIAL DESIGN ELEMENTS 

NAME: National Pollutant Discharge Elimination System 

(To be prepared at a later date.) 

RESPONSIBLE AGENCY: 

ODOT RESPONSIBLE UNIT: 

PURPOSE: 

APPLICABILITY: 

INFORMATION NEEDS: 

July 1992 
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17.12 EPA STORMWAIBR DISCHARGE 

At the time of publication, ODOT is still 
developing procedures which will meet 
current requirements for stormwater 
discharge into streams, rivers, lakes, etc. 
Once these procedures have been developed, 
they will be incorporated into this section. 
For additional information, the designer 
should contact the Planning Division. 

July 1992 
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i7.13 WETLANDS 

Highway, bridge or other projects which 
traverse wetlands require significant planning 
and design to mitigate any impacts the project 
will have on the wetlands. At the time of 
publication, ODOT is still developing 
appropriate wetland mitigation procedures 
that will meet current requirements. Once 
these procedures have been developed, they 
will be incorporated into this section. For 
additional information, the designer should 
contact the Planning Division. 

July 1992 
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17.14 EROSION CONTROL 

17.14.1 General 

Permanent erosion control measures are 
important factors in highway design. They 
involve a consideration of many elements, 
including: 

1. natural drainage patterns; 
2. hydrology and hydraulics; 
3. local vegetative characteristics; 
4. native soil properties (e.g., slope stability); 
5. terrain characteristics; 
6. agronomy; 
7. impacts of sediment pollution (e.g., water 

quality); 
8. landscape architecture; 
9. construction costs; and 
10. maintainability. 

The designer should coordinate the road 
design project with the appropriate units 
within the Department for the needed 
expertise in permanent erosion control 
measures. The primary input will be from the 
Roadside Development Branch. This Section 
presents basic information and criteria which 
will apply to erosion control considerations in 
project design. 

17.142 Road Design 

Proper design of the roadway elements can 
significantly minimize erosion problems with 
the completed facility. The following should 
be considered. 

17.14.2.1 Alignment 

On new construction and reconstruction 
projects, the horizontal and vertical alignment 
should be properly blended and fitted to the 
natural landscape to minimize cut and fill 
sections. The highway alignment should be 

selected such that both ground and surface 
water can pass through the highway right-of­
way or can be intercepted with a minimum 
disturbance to streams. 

17.142.2 Cross Section 

Side slopes of the roadway cross section 
should be as flat as practical and be consistent 
with local soil stability, climatic exposure, 
geology, the proposed landscape treatment 
and maintenance. With some types of soils 
(e.g., clay, gumbo), 3: 1 or flatter slopes are 
mandatory to avoid erosion. The cross 
section shape should be varied, if necessary, 
to minimize erosion and to facilitate safety 
and drainage. 

Severe erosion of earth slopes is usually 
caused by a concentration of storm water 
flowing from the area at the top of cut or fill 
slopes. A dike, preferably of borrow material 
to avoid disturbance of the natural ground, in 
conjunction with a grassed channel or paved 
ditch, should be considered at the top of the 
cut or fill to prevent water from running down 
the slope. Water can be spread over the 
natural slope or transported to lower 
elevations in chutes or, preferably, closed 
pipes. Outlets for high velocity chutes must 
be protected from scour. 

In some cases, it may be advantageous to 
provide serrated cut slopes to aid in the 
establishment of vegetative cover. Serrations 
may be constructed in any material that can 
be ripped or that will hold a vertical face for 
a few weeks until vegetation becomes 
established. Where vegetation cannot be 
established or water flow down the fill slope 
is objectionable, provision should be made for 
collecting the runoff at the shoulder edge and 
directing it to an adequate inlet or chute. 

In Oklahoma, side slopes steeper than 2: 1 are 
too steep for grassing; therefore, concrete 
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slope walls, vines or other ground cover will 
control erosion if properly adapted. Slopes 
between 2: 1 and 6: 1 accept grass if soil and 
climate are favorable; however, on slopes 2: 1 
to 3: 1, the turf should be of the type which 
requires infrequent mowing. On 3:1 or flatter 
slopes, sprig sodding can be performed 
provided that soil and climate are satisfactory. 
Mulches may be required on all slopes. 
Interception ditches and dikes are 
recommended where the ground slopes 
toward the cut slopes. If these interceptions 
are not provided, the runoff may wash the 
topsoil which will likely eliminate any form of 
erosion control. Shoulder curbs are advisable 
on steep, long, superelevated fill slopes to 
eliminate the fill erosion problems. 

11.1423 Drainage 

The design of the roadway drainage system is 
critical to minimizing erosion. Roadway 
drainage appurtenances include roadside 
ditches, channels, chutes and culverts. ODOT 
Drainage Manual provides information on the 
proper hydraulic design of roadway drainage 
elements. 

17.142.4 Soils 

Soil texture influences erosion control 
methods in several ways: 

1. sandy or silty soils are susceptible to both 
wind and water erosion and may erode so 
rapidly that erosion control measures 
should begin as soon as practical; 
however, fine-textured soils such as clays 
do not erode as rapidly; 

2. sandy or silty slopes will often require 
protection during the time between 
construction of the slope and its sodding 
or seeding (e.g., vegetative mulch over the 
topsoil); 

3. sandy or silty slopes may require special 
protection during the time interval 
between planting and establishment; 
options include concrete ditch liner or sod 
alone on 2: 1 channel slopes or vegetative 
mulch over bermuda sprigs on 6:1 or 4:1 
slopes; and 

4. a sod ditch liner may be theoretically 
feasible in a roadway ditch but unsuitable 
in actual practice because of washing out 
of the sod before it grows deep roots and 
becomes well established; in this case, a 
concrete liner may be necessary rather 
than sod. 

Low fertility soils should be fertilized at the 
time bermuda sod and sprigs are established 
and at regular intervals thereafter. Naturally 
fertile soil should be turfed economically by 
seeding or sprigging in lieu of expensive 
mulch sodding. 

Slowly permeable soils usually require special 
treatment. There are some partial solutions 
such as chemical soil conditions (e.g., 
gypsum), flattening of slopes, or mechanical 
manipulation which will increase the rate of 
water infiltration. These operations should be 
performed before turfing operations. 

17.14.25 Vegetation 

Every effort should be made to use vegetation 
that will survive in a particular area with 
minimum maintenance. The use of grasses 
or other plants for landscaping and erosion 
control which are not ecologically adapted to 
a particular area usually results in poor 
erosion control and increased maintenance. 
Proven soil conservation practices, including 
the use of mulches and temporary protective 
measures, are all important in developing 
permanent vegetative covers. Irrigation is 
often required to establish ground cover or 
maintain a satisfactory stand in semi-arid 
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areas. Dust palliatives may be effective in 
erosion control, particularly in arid areas 
where wind erosion is a problem. Section 
17.14.3 discusses specific types of plantings 
which are adaptable to the geographic regions 
in Oklahoma~ 

In addition to the selection of compatible 
plantings, the designer should limit the area 
of unprotected soil exposure and should limit 
the duration of exposure. 

17.14.3 Landscapin& 

17.14.3.1 ODOT Procedures 

The Roadside Development Branch has the 
primary responsibility for determining the 
landscaping treatment for road design 
projects. During the plan-in-hand field 
inspection on major projects, an Agronomist 
or Landscape Architect will typically attend 
the inspection to determine the landscaping 
treatment for the project. The Roadside 
Development Branch will submit 
recommendations and landscaping details to 
the road designer for incorporation into the 
project design. 

17.14.3.2 General 

Roadside landscaping can greatly enhance the 
aesthetic value of a highway. Landscaping 
treatments should be considered early in 
project development so that they can be easily 
and inexpensively incorporated into the 
project design. Landscaping treatments will 
be considered on a project-by-project 
assessment. The designer should also 
reference the AASHTO A Guide for Highway 
Landscape and Environmental Design for more 
information on landscaping. 

17.14.33 Benefits 

Roadside landscaping can be designed 
advantageously to yield several benefits. The 
most important objective is to fit the highway 
naturally into the existing terrain. The 
existing landscape should be retained to the 
extent practical. The following is a brief 
discussion of the benefits of proper 
landscaping: 

1. Aesthetics. Gentle slopes, mountains, 
parks, bodies of water and vegetation 
have an obvious aesthetic appeal to the 
highway user. Landscaping techniques 
can be used effectively to enhance the 
view from the highway. In rural areas, the 
landscaping should be natural and should 
eliminate construction scars. The planting 
shape and spacing should be irregular to 
avoid a cosmetic appearance. 

In urban areas, the smaller details of the 
landscape predominate and plantings 
become more formal. The interaction 
between the occupants of slow-moving 
vehicles and pedestrians with the 
landscape determines the scale of the 
aesthetic details. In some cases, the 
designer may be able to provide walking 
areas, small parks, etc. Landscaping 
should be pleasant, neat and sometimes 
ornamental, and it should require low 
maintenance. 

2. Erosion. As discussed in Section 17.14.2, 
landscaping and erosion control are 
interrelated. Flat and rounded slopes and 
vegetation serve to both prevent erosion 
and provide aesthetic value. 

3. Maintenance. Landscaping decisions will 
greatly affect roadside maintenance. 
Maintenance activities for mowing, 
fertilizing and using herbicides should be 
considered when designing the roadside 
landscape. 
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4. Other Benefits. When properly 
coordinated with the highway design, 
landscaping may provide additional 
benefits. See Section 17.14.3.8 for more 
information. 

17.143.4 Geographic Application (Grasses) 

Oklahoma can be divided into five belts from 
west to east, based on effective precipitation, 
and into three zones from north to south, 
based on effective temperature. This creates 
a total of 11 geographical regions. Figure 
17.14A presents the regions, and it can be 
used as a general guide to the use of plants 
for erosion control. The following discusses 
those types of grasses which are 
recommended for use in each region. 

1. Re~ions 1 and 2. "Guymon" bermuda­
grass seeding with asphalt mulching 
overtop has been very effective in Regions 
1, 2 and 3A. Other regions are still being 
evaluated. The key to success is heavy 
watering directly prior to application of 
the asphalt mulch. Since rhizome spread 
is relatively slow, two seasons may be 
required to completely cover an area. For 
sandy soil, little bluestem, sand bluestem, 
sideoats grama and sand lovegrass are 
adapted; for fine-textured soil, bluegrama, 
sideoats grama and buffalograss are 
adapted. Caucasian bluestem is adapted 
to most soils. Western wheatgrass is 
suitable for areas with better than average 
moisture relationships. Seeded areas 
must be protected with a non-competitive 
mulch. 

2. Re~ions 3A. 3B and 3C. Both bermuda 
and non-bermuda grasses can be used. 
All seeded areas must be protected with a 
non-competitive vegetative mulch. 

In Region 3A and the northern two-thirds 
of Region 3B, bermuda grass is 

recommended for soils with better than 
average moisture relationships. This 
includes relatively flat areas, ditch 
bottoms and areas along the shoulder that 
receive additional water from roadway 
runoff. In all of Belt 3, bermuda can be 
established by mulch sodding during 
spring and early summer, but sprigging is 
more reliable when performed during 
March-April-May. In Region 3C and the 
southern third of Region 3B, bermuda is 
adapted to most soils with average or 
better moisture relationships. Bermuda 
can be established in Region 3C by 
seeding during April and May. Bermuda 
seeding in Region 3B is not recommended 
because the grass will likely freeze out. 

The following species can be established 
by seeding: Little bluestem, sand 
bluestem, sand lovegrass and switchgrass 
are adapted to sandy soils; bluegrama, 
sideoats grama and buffalo are adapted to 
fine-textured soils; weeping lovegrass is 
adapted to a wide variety of soils; King 
Ranch bluestem and Caucasian bluestem 
are both adapted to a wide variety of 
soils, but Caucasian bluestem should be 
used north of Interstate 40 and King 
Ranch bluestem used south. 

3. Re&ions 4A. 4B and 4C. Both bermuda 
and non-bermuda grass species can be 
used. All seeded areas should be 
protected with a non-competitive 
vegetative mulch. 

Bermuda can be used on most soils if at 
least moderately fertile or fertilized, 
provided soil permeability conditions are 
not unfavorable. It may be established 
either by sodding or sprigging. Mulch 
sodding may be carried out during the 
spring and early summer, but sprigging 
operations should be carried out during 
the spring. Bermuda can be seeded 
during April and May in Region 4C, but 
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seedlings will likely be winter killed m 
Regions 4A and 4B unless confined to 
south-facing slopes. 

Weeping lovegrass is well adapted 
throughout the belt and will grow on most 
soils if properly fertilized. King Ranch 
bluestem will grow on poor soil and is 
adapted south of Interstate 40. Adapted 
native grasses that may be established by 
seeding are little bluestem, switchgrass 
and sideoats grama for sandy soils, and 
buffalograss and sideoats grama for fine­
textured soils. 

4. Regions SA. SB and SC. Bermuda grass, 
native and tame grasses and ground 
covers can be used effectively in this belt. 
If grasses are seeded under optimum 
conditions, protective mulches may not be 
necessary. 

Bermuda is adapted to all moderately 
fertile or fertilized soil if at least 
moderately well drained. It can be 
established by mulch sodding during the 
spring and up to about mid-summer and 
by sprigging during the spring. Bermuda 
can be seeded during April and May in 
Region SC. 

Tall fescue can be fall seeded throughout 
the belt if kept on deep, moist and at 
least moderately fertile soil; big bluestem, 
little bluestem, indiangrass and switch grass 
can be seeded throughout the belt and 
will grow on a wide range of soil types; 
Korean lespedeza, a reseeding annual 
legume, is well adapted to the rocky 
slopes of Region SA. Striata lespedeza, a 
reseeding annual legume, is adapted in 
Regions SB and SC; and sericea lespedeza 
is adapted to the poor acid soils of 
Regions SB and 5C. Weeping lovegrass 
will grow on many of the soils throughout 
the belt. Short leaf pine is very effective 

in controlling erosion on steep, rock 
slopes in Region SB. 

5. Availability of Good Turfing Material. In 
western Oklahoma, sprig sod is 
satisfactory, but slab and mulch sod are 
excessively sandy. In northern Oklahoma, 
bermuda of any form is scarce; in other 
parts of the State, bermuda is available 
but contaminated with Johnson grass or 
other noxious weeds. Seeds such as 
weeping lovegrass and some forms of 
native grass seeds are periodically scarce, 
and a redesign might be required based 
on availability. 

17.14.3.5 Plant Establishment Policy 

Projects which include planting may have a 
special provlSlon which requires the 
contractor to be responsible for a plant 
establishment period of at least one year. 
Longer establishment periods may be 
required where survival is considered 
essential to the function of the plantings (e.g., 
junkyard screening, urban landscaping). 

17.143.6 Protection of Existing Vegetation 

The Department's general policy is that, 
wherever practical, existing trees and other 
landscaping features will not be removed on 
highway projects. This objective, however, 
must be compatible with other considerations 
such as roadside safety, geometric design, 
utilities, terrain, public acceptance and costs. 
The plans should clearly designate all existing 
landscape features which will be saved. 

In the event that the existing plant material 
conflicts with these considerations, where 
applicable, the plant material should be 
evaluated by an ODOT Agronomist or 
Landscape Architect for possible relocation to 
a more suitable portion of the right-of-way. 
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17.143.7 Disturbed Areas 

In areas disturbed by construction work, the 
designer should specify that the turf be 
reestablished. Turf establishment refers to 
the revegetation of disturbed areas. The 
designer should use the guidance in the 
following comments to determine the 
appropriate turf establishment, depending 
upon individual site conditions: 

1. Topsoil. Topsoil is typically placed in 
disturbed areas to a depth of 5 inches. 

2. Plantin~ of Grass. All areas disturbed by 
construction, except exposed rock surfaces 
and areas to be sodded, will be limed, 
seeded, fertilized and mulched, regardless 
of the presence or absence of topsoil. See 
ODOT Standard Specifications for 
additional details. 

3. Soddin~. Where developed properties 
and/or areas of intensive mowing abut the 
highway project, all adjacent areas 
disturbed by construction may be slab 
sodded and watered sufficiently to 
establish growth. 

17.143.8 Coordination with Design Elements 

All landscaping activities should be properly 
coordinated with other project design 
elements. The objectives are two-fold: 
1) other design elements should not be 
compromised by landscaping, and 
2) secondary benefits may be gained by the 
proper application of the landscaping features. 
Examples of coordination between 
landscaping and project design are briefly 
discussed: 

1. Geometric Design. On new construction 
and reconstruction projects, the geometric 
design of the highway should be blended 
to fit the natural topography and 

landscaping features of the area. As 
practical, existing landscaping elements 
should be preserved and enhanced. As 
discussed in Section 17.14.2, the roadway 
cross section design should be compatible 
with the landscaping objectives. Other 
examples of potential impacts on 
geometric design are intersection and 
horizontal sight distance. Landscaping 
features should not interfere with either 
element. 

2. Roadside Safety. The introduction of 
landscaping features into the project 
should not compromise the objectives of 
roadside safety. Chapter Eleven presents 
the Department's criteria for roadside 
safety design. The most significant 
roadside safety element is clear zones 
relative to the use of landscaping features. 
No roadside hazards should be located 
within the designated clear zones. Trees 
are considered a roadside hazard if its 
diameter at maturity will be 4 inches or 
greater. 

3. Screening for Headlight Glare. 
Depending upon roadway alignment and 
the selected type of vegetation, 
landscaping features may be used to 
effectively screen headlight glare in, for 
example, freeway medians. 

4. Screening for Noise Abatement. 
Although the effect may be more 
psychological than real, landscaping 
features may have some benefit in 
masking undesirable noise. 

5. Screening of Undesirable Views. 
Screening of junkyards and/or other 
undesirable views may be practical 
through the use of landscaping features. 

6. Snow and Sand Drift. Landscaping 
features may assist in preventing snow 
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and sand from drifting and accumulating 
on the roadway. 
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Chapter Eighteen 

NON-STANDARD 
CONSTRUCTION FEATURES 
(New, Revised or Experimental) 

18.1 GENERAL 

The highway industry in general and ODOT 
specifically utilizes a myriad of products, 
processes and methodologies to accomplish its 
goal of building highways and streets. 

Most of the products, processes and methods 
have evolved over time from practical 
applications of well proven materials and 
construction techniques. In general, these 
products, processes and methods have 
produced very satisfactory results. However, 
due to heightened concern over cost, highway 
and motor carrier safety, traffic congestion 
and pavement and structural deterioration, it 
is imperative that ODOT and contractors 
utilize the best technology available. The 
highway industry is continually developing 
new materials and new technology which may 
have a beneficial impact on the management 
and performance of the highway system. 

The following lists several methods on how 
new or existing products may be developed or 
refined: 

1. products and/or processes may be 
developed specifically for highway 
construction; 

2. products and/or processes may be 
deveioped or evolved from an existing 
acceptable product; 

3. products and/ or processes may be 
adapted from other industries (e.g., 
building construction); and 

4. products and/ or processes may be 
developed, improvised or adapted by 
agency personnel to solve specific 
problems (e.g., maintenance personnel). 

The designer continuously needs to expand 
his knowledge of these products or 
procedures to ensure that the best technology 
is used in design. There are several methods 
of obtaining this knowledge, including: 

5. contacting the appropriate Division (e.g., 
Research and Development Division, 
Materials Division, Construction Division, 
Maintenance Division and/or appropriate 
personnel in the Field Division) for their 
expertise; 

6. reviewing research reports published by 
AASHTO, TRB, FHWA, ITE and other 
groups; 

7. reviewing field test results from 
demonstration projects; 

8. attending workshops/courses offered by 
ODOT, FHWA, universities, suppliers, 
etc.; and/or 

9. contacting the supplier directly for 
samples, specifications and publications. 
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The following sections provide information on 
ODOT's Experimental Features Program, 
ODOT's Divisional Testing and Evaluation, 
and the role of Special Provisions in these 
projects. 

July 1992 

18.1 (2) 



Oklahoma NON-STANDARD CONSTRUCTION FEATURES July 1992 

18.2 ODOT'S EXPERIMENTAL 
FEATURES PROGRAM 

18.2.1 General 

18.2.1.1 Overview 

The experimental features program is an 
FHWA sponsored program that allows ODOT 
to innovatively use new materials, processes, 
methods, etc., on Federal-aid highway 
construction projects. This section briefly 
describes the experimental program used by 
ODOT. 

18.2.1.2 Definition 

An experimental feature is defined as a 
material, process, method, equipment item, 
traffic operation device or other feature that: 

1. has not been sufficiently tested under 
actual service conditions to merit 
acceptance, without reservation, for 
normal transportation construction; or 

2. has already been accepted but includes 
alternate acceptable features which need 
testing to determine their relative merits 
under comparable conditions. 

Experimental features are incorporated into 
Federal-aid highway construction projects to 
determine the suitability of the features as 
standard construction items. 

18.2.2 Implementation Procedures 

18.2.2.1 Initialization 

At the time of the decision to construct, 
install or otherwise incorporate an 
experimental feature into an existing 
construction contract, the initiating Division 
notifies the Research & Development 

Division, in writing, of its proposal to develop 
such a project. The proposal for an 
experimental feature shall include: 

1. name of the project engineer; 

2. project information such as location, 
project number, expected submission date, 
etc.; 

3. description of the feature to be 
incorporated into the construction project; 

4. reasons for the selection of the particular 
type or brand and/or a description of the 
methods that will be used that differ from 
normal construction practices; 

5. aspects to be evaluated; 

6. criteria for acceptance of the feature; and 

7. description of the control sections or 
other alternative procedure that are 
needed to provide satisfactory 
performance comparisons. 

18.2.2.2 Responsibilities 

18.2.2.2.1 Research and Development 
Division 

ODOT's participation in the FHWA 
experimental features program is 
administered through the Research and 
Development Division. The Division's 
responsibilities include: 

1. incorporating experimental projects into 
the Annual Research Program; 

2. developing and submitting a Work Plan to 
FHWA for any experimental feature in­
corporated in a construction project; and 

3. implementing the Work Plan. 
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18.2.2.2.2 Design Divisions 

Relative to the use of experimental features, 
the project engineer within the applicable 
Design Division is responsible for: 

1. ensuring that all proposals for 
experimental features in construction 
projects are initiated with sufficient lead 
time to properly develop all necessary 
materials and procedures; 

2. working with the Research and 
Development Division, as needed, in the 
development and implementation of the 
Work Plan; 

3. developing with the Research and 
Development Division's cooperation, any 
necessary special provisions, plan notes, 
design details, etc., to incorporate into the 
final PS&E assembly; and 

4. notifying the Research and Development 
Division of any changes in the project 
status, or any modifications to the plans 
and/or specifications. 

July 1992 
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183 ODOT'S DIVISIONAL JESTING 
AND EVALUATION 

Most product or process testing, evaluation or 
applications are the direct responsibility of 
the Research and Development Division or 
the Materials Division. However, the 
Division Engineer in conjunction with the 
project engineer may decide to test or 
"include" a particular product or procedure on 
a sample project. This inclusion may be a 
possible solution to a specific problem or to 
test a product used elsewhere. Often, these 
inclusions fall outside of the Research and 
Materials Divisions' responsibilities and must 
be evaluated by the Division requesting the 
product or procedure. 

Although the Research and Materials 
Divisions' concurrence is not required, the 
designer is encouraged to contact these 
Divisions for additional information and 
guidance. These Divisions may have valuable 
information that may lead to a successful test 
program. For example, they may have 
additional research reports, know of local 
suppliers or have test results from other 
States. In addition, they can also help the 
designer set up an appropriate evaluation 
program and determine the applicable sample 
size that will produce statistically significant 
results. 

If practical, the Research and Materials 
Divisions should be included in evaluation 
and data collection of a product or procedure. 
Their involvement will help produce 
acceptable test results and will encourage 
information sharing among the various 
Divisions. If these Divisions are not included 
in the evaluation of the product or process, 
they should be provided with a copy of the 
final evaluation report. 

Before including a product or procedure on a 
project, the designer should consider the 
effect it may have on construction and 

maintenance. Unique construction 
procedures may prohibitively increase the cost 
of the product. Specialty items may require 
extensive inventories which may require 
substantial storage space or may not be 
available for timely maintenance if stored 
elsewhere. 

The designer should also be aware that, with 
most new products, the manufacturer and/or 
local supplier may offer it to ODOT for 
testing purposes at no or at a substantially 
reduced cost. The designer should contact 
the local supplier or manufacturer for 
additional information. 

The various Field Divisions and Maintenance 
Units should be contacted early in the 
selection process for their input. Their 
involvement in the evaluation process is 
critical to the success of this testing and 
evaluation procedure. 
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18.4 SPECIAL PROVISIONS (Specifying 
Guidance) 

18.4.1 General 

A special provision is required for all new, 
revised or modified products and procedures 
that are not covered in the ODOT Standard 
Specifications for Highway Construction 
(Standard Specifications) with Supplemental 
Specifications. These special provisions, and 
the plan notes and special detail drawings, 
provide guidance to the contractor on how to 
properly use, construct and bid the new, 
revised or modified product or procedure. 

To resolve any possible discrepancies among 
the contract documents, Sections 104.02 and 
105.04 of the Standard Specifications define 
the order of authority among the contract 
documents as follows: 

1. Special Provisions, 
2. Plans (Notes and Details), 
3. Supplemental Specifications, and 
4. Standard Specifications. 

The designer should note that the most recent 
contract items (Plans and Special Provisions) 
take precedent over the earlier published 
Standard Specifications and Supplemental 
Specifications. 

As Special Provisions change, evolve and are 
commonly used, they may become adopted by 
the Specifications Committee for inclusion 
into the Supplemental Specifications and 
ultimately into the latest version of the 
Standard Specifications. 

18.4.2 Special Provision Preparation 

The designer is referred to ODOT Policy 
Directive D-402-2 for guidance on writing, 
reviewing and obtaining approval for 
specifications, special provisions and plan 

notes. This directive provides guidance on 
the standard format, preferred wording and 
content for these contract documents. In 
addition, it also provides the procedure for 
obtaining the Specification Engineer's 
approval for these items. 

In addition to Directive D-402-1, the designer 
should consider the following when developing 
new special provisions: 

1. Generic. The designer should strive to 
write the special provision and/or plan 
notes in a manner considered to be 
generic so that they may apply to several 
items versus a singular proprietary item. 
This stimulates competitive bidding versus 
having the contractor paying user fees for 
the proprietary item. On the other hand, 
for a very few products or processes, it 
may be cost effective to stipulate in the 
special provision the use of a proprietary 
item. However, the designer must ensure 
that there are no other comparable 
products or processes available. 

2. Exclusions. In an effort to stimulate 
development, distribution and usage of 
innovative products or processes, the 
special provision may inadvertently create 
a lockout situation for other suppliers. 
The designer must ensure that the special 
provision includes the opportunity for 
other suppliers or distributors to provide 
an "equal" product. 

3. Availability. In stipulating a product, the 
designer needs to consider the availability 
of the product. Few and distant 
manufacturing plants, limited technical 
experts and few local or regional 
distributors may result in higher initial or 
long-term costs. 

4. Existing Special Provisions. Often existing 
special provisions may be applicable with 
little or no revisions. Before developing a 
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new special provision, the designer should 
contact the Specification Engineer to 
determi.r1e if an existing specification may 
be acceptable. 

5. ManufactUrer Specifications. The 
designer may often use the manufacturer's 
product specifications to compose the 
special provision with the appropriate 
technical and manufacturing data. 
However, the designer must be careful in 
writing the special provision so that it 
does not to exclude other reasonable 
alternatives (see Comment No. 2). 

6. Plan Notes. Material specifications and 
other highly technical data should not be 
included in the plan notes but, instead, 
incorporated into the special provisions. 
Changes to the process or product rarely 
are reflected in the plan notes but often 
are reflected in the latest version of the 
special provisions. 

July 1992 
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Chapter Nineteen 

MANUAL UPDATES 

19.1 GENERAL 

ODOT has developed the ODOT Roadway 
Design Manual to reflect its design policies 
and procedures as of the date of its initial 
publication. To meet ODOT's changing 
needs and to remain current, the Design 
Manual must be continuously updated. A 
static Design Manual quickly becomes of little 
value to the users because it will soon be 
superseded by changes in the Department's 
actual operations. Consequently, ODOT has 
determined that a concerted effort is 
necessary to maintain this document. 

Revisions to the Design Manual will be issued 
periodically by the Assistant Director -
Design or his designee. The designee will be 
responsible for evaluating changes in the 
highway design literature (e.g., the issuance of 
new research publications) and for 
determining the need for revisions in the 
ODOT Design Manual. In addition, it is vital 
that the users of the Manual inform the 
designee of any inconsistencies, errors, need 
for clarification or new ideas so that the 
Design Manual may reflect the best and most 
up-to-date information practical. 

19.2 1EMPORARY UPDAlES 

As new policies, procedures, directives and/ or 
criteria are developed, it is often desirable to 
provide this information quickly to the 
designer. Because the Design Manual will 
typically only be updated on an annual basis, 

this information often needs to be published 
before it can formally be incorporated into 
the Design Manual. To expedite these 
changes, this information will typically be 
issued to the designer on ODOT 
memorandum. The user should insert these 
temporary memoranda near the appropriate 
Manual sections until the Manual can be 
updated. 

To keep this Manual current, the user should 
use the registration card provided in the front 
of the Manual for registration with ODOT's 
Assistant Director - Design. In addition, the 
user should also inform ODOT of any 
changes in ownership or address. 

193 MANUAL UPDATES 

19.3.l Manual Fonnat 

The Design Manual's format was developed to 
facilitate changes quickly and easily. Some of 
these format features are as follows: 

1. Loose-Leaf Binder. The loose-leaf binder 
was selected so that pages can be easily 
added, removed or replaced at a later 
date. This allows any changes to be 
directly incorporated into the Manual. 

2. Page Numbering. The page numbering 
system is re-initiated for each major 
section of the -Manual (e.g., 13.1( 1 ), 
13.1(2), 13.2(1), 13.2(2) ... ). This was 
developed so that, if there are pages 
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added to or deleted from a section, only 
that section needs to be reissued and not 
the entire chapter. 

3. Revision Date. In the upper right-hand 
corner of every page is the latest revision 
date for that page. For the original 
submission of the Design Manual, this 
date is July 1992. As the Manual is 
updated and new pages are issued, the 
revision date will reflect the latest 
issuance date for that page (e.g., June 
1993). 

193.2 Updatin& Procedures 

To revise the ODOT Design Manual, the 
following procedure will be used: 

1. Users should submit, in writing, all 
requests for possible rev1s10ns, 
corrections, additions, errata, omissions, 
etc., of this Design Manual to the 
Assistant Director - Design or his 
designee. 

2. The designee of the Assistant Director -
Design will determine if there is a need to 
update the Manual. This will usually be 
done on an annual basis or as a specific 
need arises. The designee will review all 
material and prepare any changes or 
additions to match the Design Manual's 
format. The designee will then submit the 
proposed changes or corrections to the 
Assistant Director - Design for his 
approval, and, if appropriate, to the 
FHWA for their review and/or 
concurrence. 

3. The Assistant Director - Design will 
approve all changes to the Design Manual. 

4. After the changes have been approved, 
the designee will issue the changes to all 
holders of the Design Manual on the 

Design Manual Transmittal 
Memorandum. Figure 19.3A provides the 
format of the Design Manual Transmittal 
Memorandum. 

5. It is the user's responsibility to maintain 
his Design Manual in an up-to-date 
condition. Once the user receives the 
Design Manual Transmittal 
Memorandum, the user should 
immediately make the changes and/or 
corrections to his Design Manual. The 
Design Manual Transmittal Memorandum 
then should be inserted at the end of 
Chapter Nineteen. See Section 19.4. 

19.4 DF.sIGN MANUAL TRANSMIITAL 
MEMORANDA 

For a complete history of the changes made 
to the Design Manual, the Design Manual 
Transmittal Memoranda should be retained in 
the back of Chapter Nineteen. 
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Oklahoma Department of Transportation 

Design ~fanual Transmittal Memorandum Date 

To: All Design Manual Holders 

From: Assistant Director - Design 

Subject: Design Manual Update 

Please make the following changes in your Design Manual : 

Pa~e(s) Revision Date 

Place this instruction sheet in Section 19.4. 

Distributed by: 

Rural Design Division 
Design Support Branch 

Remarks (substitution of material) 

Signature (Assistant Director - Design) 

DESIGN MANUAL TRANS.MITfAL MEMORANDUM 
Figure 193A 

July 1992 
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Chapter Twenty 

GLOSSARY /INDEX 

20.1 GLOSSARY 

20.1.1 General 

1. Accessible Route. An accessible route is 
a continuous, unobstructed path 
connecting all accessible elements and 
spaces in a building, facility or site. A 
"site" is defined as a parcel of land 
bounded by a property line or a 
designated portion of a public right-of­
way. A "facility" is defined as all or any 
portion of a building, structure or area, 
including the site on which such building, 
structure or area is located, wherein 
specific services are provided or activities 
performed. 

2. Arterials. Highways which are 
characterized by a capacity to quickly 
move relatively large volumes of traffic 
but are often restricted capacity to serve 
abutting properties. The arterial system 
typically provides for high travel speeds 
and the longest trip movements. 

3. Authority. The Oklahoma Turnpike 
Authority. 

4. Average Running Speed. The average 
running speed is the distance summation 
for all vehicles over a specified section of 
highway divided by the running time 
summation for all vehicles. 

5. Average Travel Speed. Average travel 
speed is the distance summation for all 
vehicles divided by the total time 
summation for all vehicles. 

6. Bicycle Lane. A portion of a roadway 
which has been designated by striping, 
signing and pavement markings for the 
preferential or exclusive use of bicyclists. 

7. Bicycle Path. A bikeway physically 
separated from motorized vehicular traffic 
by an open space or barrier and either 
within the highway right-of-way or within 
an independent right-of-way. 

8. Bikeway. Any road, path or way which in 
some manner is specifically designated as 
being open to bicycle travel, regardless of 
whether such facilities are designated for 
the exclusive use of bicycles or are to be 
shared with other transportation modes. 

9. Board. The board of county 
commissioners of a county. 

10. Bridge. A structure, including supports, 
erected over a depression or obstruction, 
such as water, a highway, or a railway, and 
having a track or passageway for carrying 
traffic or other moving loads, and having 
an opening measured along the center of 
the roadway of more than 20 ft between 
undercopings of abutments or spring lines 
or arches or extreme ends of openings for 
multiple boxes; may include multiple pipes 
where the clear distance between 
openings is less than half of the smaller 
contiguous opening. 

11. Bridge Length. The length of a bridge 
structures is the, overall length measured 
along the line of survey stationing back to 
the back of backwalls of abutments, if 
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present, otherwise end to end of the 
bridge floor; but in no case less than the 
total clear opening of the structure. 

12. Bridge Roadway Width. The clear width 
of the structure measured at right angles 
to the center of the roadway between the 
bottom of curbs or, if curbs are not used, 
between the inner faces of parapet or 
railing. 

13. Bridge to Remain in Place. An "existing 
bridge to remain in place" refers to any 
bridge work which does not require the 
total replacement of both the substructure 
and superstructure. 

14. Collectors. Highways which are charac­
terized by a roughly even distribution of 
their access and mobility functions. 

15. Commission. The Oklahoma Trans-
portation Commission. 

16. County Road System. All rural roads 
which are not on the State highway 
system. 

17. Crosswalk. A marked lane for passage of 
pedestrians, bicycles, etc., traffic across a 
road. 

18. Department. The Oklahoma Department 
of Transportation. 

19. 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. 

20. Direct Connection. A ramp that does not 
deviate greatly from the intended 
direction of travel. 

21. Directional Interchanges. An interchange 
where one or more left-tum movements 
are provided by direct connection, even if 
the minor left-turn movements are 
accommodated by loops. 

22. Directional Islands. Islands which control 
and direct traffic movements and guide 
the driver into the proper channel. 

23. Director. The chief executive officer of 
the Oklahoma Department of Transporta­
tion. 

24. Divided Highway. A highway with 
separated roadways for traffic moving in 
opposite directions. 

25. Divisional Islands. Islands which separate 
opposing traffic flows, alert the driver to 
the crossroad ahead and regulate traffic 
through the intersection. 

26. Driveway. A private road giving access 
from a public way to a building or 
abutting grounds. 

27. 85th-Percentile Speed. The speed below 
which 85 percent of vehicles travel on a 
given highway. 

28. Experimental Feature. A material, 
process, method, equipment item, traffic 
operation device or other feature that has 
not been sufficiently tested under actual 
service conditions to merit acceptance, 
without reservation, for normal 
transportation construction; or has already 
been accepted but includes alternate 
acceptable features which need testing to 
determine their relative merits under 
comparable conditions. 

29. Expressway. A divided arterial highway 
for through traffic with full or partial 
control of access and generally with grade 
separations at major intersections. 
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30. Freeways. The highest level of arteriai. 
These facilities are characterized by full 
control of access, high design speeds, and 
a high level of driver comfort and safety. 

31. Frontage Road. A road constructed 
adjacent and parallel to but separated 
from the highway and connected thereto 
at least at each end, for service to 
abutting property and for control of 
access. 

32. Fully Directional Interchange. An 
interchange where all left-turn movements 
are provided by direct connections. 

33. Governing Bodv. The legislative authority 
of any city or town for all streets and 
highways within the corporate limits of 
such city or town; and the board of county 
commissioners of each county as to all 
county highways; and the Oklahoma 
Transportation Commission as to all State 
highways. 

34. Grade Separation. A crossing of two 
highways, or a highway and a railroad, at 
different levels. 

35. Highway. Street or Road. A general term 
denoting a public way for purposes of 
vehicular travel, including the entire area 
within the right of way. (Recommended 
usage: in urban areas - highway or street, 
in rural areas - highway or road). 

36. Interchange. A system of interconnecting 
roadways in conjunction with one or more 
grade separations, providing for the 
movement of traffic between two or more 
roadways on different levels. 

37. Intersection. The general area where two 
or more highways join or cross, within 
which are included the roadway and 
roadside facilities for traffic movements in 
that area. 

38. Local Road (Oklahoma Statutes). A road 
constructed to provide access to property 
abutting on or adjacent to the highway 
and which has but one connection to the 
highway. 

39. Local Roads and Streets (AASHTO). All 
public roads and streets not classified as 
arterials or collectors. 

40. Loop Ramp. A one-way roadway that 
curves about 270 degrees to the right to 
accommodate a left-turning movement. 

41. Municipal Corporation or Municipality. 
All cities and towns organized under the 
laws of Oklahoma, but shall not include 
any other political subdivisions. 

42. Municipal Street System. The street 
system which consists of all local city 
streets within the corporate limits not on 
the State highway system. 

43. National Highwav System (NHS). A 
system of highways determined to have 
the greatest national importance to 
transportation, commerce and defense in 
the United States. 

44. Off-System. Roads and streets which are 
any public facilities not on any Federal­
aid system and not a Federal-aid road. 

45. Operating Speed. A term commonly used 
to characterize prevailing vehicular speeds 
on a highway segment, either through 
field measurements of speed or through 
informal field observations. 

46. Overpass. A grade separation where the 
subject highway passes over an 
intersecting highway or railroad. 

47. Parkway. An arterial highway for non­
commercial traffic, with full or partial 
control of access, and usually located 
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within a park or a ribbon of park-like 
development. 

48. Posted Speed Limit. The recommended 
speed limit for a highway as determined 
by engineering and traffic investigations. 

49. Public Road (Oklahoma Statutes). A 
road constructed to connect other public 
roads or streets, but not connected to the 
highway. 

50. Ramp. A short roadway connecting two 
or more legs of an intersection or 
connecting a frontage road and main lane 
of a highway. 

51. Refui:e Islands. Islands at or near 
crosswalks which aid or protect 
pedestrians crossing a wide roadway. 

52. Roadway. (General) The portion of a 
highway including shoulders, for vehicular 
use. A divided highway has two or more 
roadways. (Construction) The portion of 
a highway within limits of construction. 

53. Runnin~ Speed. 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). 

54. Rural Areas. Those places outside the 
boundaries of urban areas. 

55. Semi-Direct Connection. A ramp that is 
indirect in alignment, yet more direct than 
a loop ramp. 

56. Semi-Directional Interchange. An 
interchange where one or more left-turn 
movements are provided by semi-direct 
connections, even if the minor left-turn 
movements are accommodated by loops. 

57. Shared Roadway. Any roadway upon 
which a bicycle lane is not designated and 
which may be legally used by bicycles 
regardless of whether such facility is 
specifically designated as a bikeway. 

58. State Highwav System. The highway 
system under the jurisdiction of the 
Oklahoma Department of Transportation 
consisting of those intercounty and 
interstate highways, including their 
extensions through incorporated areas, as 
designated by the Oklahoma Trans­
portation Commission. 

59. Substructure. All that part of a bridge 
structure below the bearings of simple and 
continuous spans, skewbacks or arches 
and top of footings of rigid frames; 
including backwalls, wingwalls and wing 
protection railings. 

60. Superstructure. All that part of a bridge 
structure above the bearings of simple and 
continuous spans, skewbacks of arches 
and top of footings of rigid frames; 
excluding backwalls, wingwalls and wing 
protection railings. 

61. Surface Transportation Pro&ram (STP). 
Federal funds set aside for Federal-aid 
roads which are not on the NHS and are 
not functionally classified as a minor rural 
collector or a local road or street. 

62. Turning Roadways. Channelized areas 
(separated by an island) at at-grade 
intersections which allow a moderate­
speed, free-flowing right turn. 

63. Underpass. A grade separation where the 
subject highway passes under an 
intersecting highway or railroad. 

64. Urban Areas. , Those places within 
boundaries set by the responsible State 
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and local officials having a population of 
5000 or more. 

20.12 Qualifying Words 

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

2. Criteria. A term typically used to apply to 
design values, usually with no suggestion 
on the criticality of the design value. 

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

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

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

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

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

8. Minimum, maximum, !!PP.§:, lower 
(limits). Representative of generally 
accepted limits within the design 
community, but not necessarily suggesting 

that these limits are inviolable. However, 
where the criteria presented in this 
context will not be met, the designer will 
in many cases need approval. 

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

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

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

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

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

14. Standard. Indicating a design value which 
cannot be violated without severe 
consequences. This suggestion is 
generally inconsistent with geometric 
design criteria. Therefore, "standard" will 
not be used in this Manual to apply to 
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geometric design criteria. (Note: Not to 
be confused with "Standard Drawings.") 

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

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

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

20.13 Abbreviations 

1. AASHTO. American Association of State 
Highway and Transportation Officials. 

2. ANSI. American National Standards 
Institute. 

3. APWA. American Public Works Associa­
tion. 

4. AREA. American Railway Engineering 
Association. 

5. ASCE. American Society of Civil 
Engineers. 

6. ASTM. American Society of Testing and 
Materials. 

7. COE. Corps of Engineers, USDOD. 

8. FAA. Federal Aviation Administration. 

9. FEMA. Federal Emergency Management 
Agency. 

10. FHW A. Federal Highway Administra­
tion. 

11. HCM. Highway Capacity Manual. 

12. HEC. Highway Engineering Circulars 
and Hydraulic Engineering Center, 
USDOD, COE, Davis California. 

13. HUD. Housing and Urban Development. 

14. IES. lliuminating Engineering Society. 

15. ITE. Institute of Transportation 
Engineers. 

16. ISTEA. Intermodal Surface 
Transportation Efficiency Act of 1991. 

17. MUTCD. Manual of Unifonn Traffic 
Control Devices. 

18. NEMA. National Electrical Manufac­
turers Association. 

19. NCHRP. National Cooperative Highway 
Research Program. 

20. OAC. Oklahoma Aeronautics Commis­
sion. 

21. OCC. Oklahoma Corporation Commis­
sion. 

23. ODOT. Oklahoma Department of 
Transportation. 

24. OSHA. Occupational Safety and Health 
Administration. 
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25. OTA. Oklahoma Turnpike Authority. 

26. OTC. Oklahoma Transportation Commis­
sion. 

27. OWD. Oklahoma Wildlife Department. 

28. TRB. Transportation Research Board. 

29. UFAS. Uniform Federal Accessibility 
Standards. 

30. USDOD. United States Department of 
Defense. 

31. USDOT. United States Department of 
Transportation. 

20.1.4 Project/Plan Development 

1. ARTEMIS•. A proprietary computerized 
project management system used by 
ODOT to track project schedules, 
resources and finances. 

2. Award. The acceptance by the Commis­
sion of a bid. 

3. Consultant. A firm or person, hired by 
ODOT to conduct special studies or 
design projects. 

4. Contractor. A company or firm hired by 
ODOT to construct the project in the 
field according to the plans and 
specifications. 

5. DesiiPer. The person who performs the 
majority of the project design work. 
Depending upon the project type, the 
designer may be from the Bridge Division, 
Rural or Urban Design Divisions, Traffic 
Engineering Division or the Consultant. 

6. EnKineer's Estimate. The ODOT cost 
estimate for construction of a project. 

7. Force Account Work. Prescribed work 
paid for on the basis of actual costs and 
appropriate additives. 

8. Letting (Bid Opening). The time 
appointed for the opening of the 
proposals submitted by bidders. 

9. Notice to Proceed. Written notice given 
to the contractor to begin the contract 
work. 

10. Plan-in-Hand Field Inspection. 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 closure 
and checks the compatibility of plans. 

11. Plans. The contract drawings which show 
the location, character and dimensions of 
the prescribed work, including layouts, 
profiles, cross sections and other details. 

12. Project. An undertaking by the Oklahoma 
Transportation Commission, governing 
body or other governmental 
instrumentality for highway construction, 
including preliminary engineering, 
acquisition of right-of-way and actual 
construction, or for highway planning and 
research, or for any other work or activity 
to carry out the provisions of the law for 
the administration of highways. 

13. Project Engineer. The person in charge 
or responsible for the design of a project. 

14. Proposal. The written offer of the bidder 
to perform the~ work described in the 
Plans and Specifications, and to furnish 
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the labor and materials at the prices 
quoted by the bidder. 

15. Project Scoping Team. A group of 
individuals assembled from various 
Divisions to review and identify the basic 
project design parameters, major design 
exceptions and environmental 
requirements. 

16. Public Hearing/Meeting. A meeting 
conducted by ODOT to inform the 
general public on the Department's 
proposed plan of action or design 
proposal. 

17. Scoping Report. A report prepared by 
the Project Scoping Team defining the 
project scope of work, project costs, 
proposed procedures, major design 
exceptions, etc. 

18. Special Provisions. Additions and 
rev1s10ns to the Standard and 
Supplemental Specifications applicable to 
an individual project. 

19. Specifications. The compilation of 
provisions and requirements for the 
performance of prescribed work. 

20. Standard Drawings. Drawings approved 
for repetitive use, showing details to be 
used where appropriate. 

21. Standard Specifications. ODOT Standard 
Specifications for Highway Construction. A 
book of specifications approved for 
general application and repetitive use. 

22. Supplemental Specifications. Approved 
conditions and revisions to the Standard 
Specifications. 

20.1.5 Planning 

1. Average Annual Daily Traffic (AADT). 
The total yearly volume in both directions 
of travel divided by the number of days in 
a year. 

2. Average Daily Traffic (ADT). The 
calculation of average traffic volumes in 
both directions of travel in a time period 
greater than one day and less than one 
year and divided by the number of days in 
that time period. 

3. 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. 

4. Categorical Exclusion (CE). A 
classification for projects that will not 
induce significant environmental impacts 
or foreseeable alterations in land use, 
planned growth, development patterns, 
traffic volumes, travel patterns, or natural 
or cultural resources. 

5. 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. 

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

7. Design Hourly Volume (DHV). The 1-
hour volume in both directions of travel in 
the design year selected for determining 
the highway design. 
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8. (Desi&n) Service Flow Rate. The 
maximum hourly vehicular volume which 
can pass through a highway element at the 
selected level of service. 

9. Directional Design Hourlv Volume 
(DDHV). The 1-hour volume in one 
direction of travel during the DHV. 

10. Directional Distribution (D). The 
division, by percent, of the traffic in each 
direction of travel during the DHV, ADT 
orAADT. 

11. Environmental Assessment (EA). A study 
to determine if the environmental impacts 
of a project are significant, thus requiring 
the preparation of an EIS. 

12. Environmental Impact Statement (EIS). 
A document which is prepared when it 
has been determined that a project will 
have a significant impact on the 
environment. 

13. Finding of No Significant Impact 
(FONSI). A result of an EA that shows a 
project will not cause a significant impact 
to the environment. 

14. 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. 

15. Level of Service (LOS). A qualitative 
concept which has been developed to 
characterize acceptable degrees of 
congestion as perceived by motorists. 

16. New Construction. Horizontal and 
vertical alignment construction on new 
location. 

17. 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). 

18. Project Scope of Work. The basic intent 
of the highway project which determines 
the overall level of highway improvement. 

19. 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). 

20. 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. 

21. 3R Projects (Freeways). Resurfacing, 
restoration, and/or rehabilitation projects 
on existing freeways. These projects are 
primarily intended to extend the service 
life of the existing facility and to enhance 
highway safety. 

22. 3R Projects (Non-Freeways). Rehabilita­
tion, restoration and/ or resurfacing 
projects on non-freeways facilities. These 
projects are primarily intended to extend 
the service life of the existing facility and 
to enhance highway safety. 

23. Spot Improvements. Improvements which 
are intended to correct an identified 
deficiency at an isolated location. 

24. 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. , 

20.1(9) 



Oklahoma GLOSSARY /INDEX July 1992 

20.1.6 Geometric 

1. Auxiliaty Lane. The portion of the 
roadway adjoining the through traveled 
way for parking, speed change, turning, 
storage for turning, weaving, truck 
climbing or for other purposes 
supplementary to through traffic 
movement. 

2. 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. 

3. Barrier Curb. A longitudinal element, 
typically concrete, placed at the roadway 
edge for delineation, to control drainage, 
to control access, etc. Barrier curbs may 
range in height between 6 inches and 12 
inches with a face steeper than 1 
horizontal to 3 vertical. 

4. Comfort Criteria. Criteria which is based 
on the comfort effect of change in vertical 
direction in a sag vertical curve because of 
the combined gravitational and centrifugal 
forces. 

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

6. Cross Slope Rollover. The algebraic 
difference between the slope of the 
through lane and the slope of the adjacent 
pavement within the traveled way or gore. 

7. 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. Cuts. Sections of highway located below 
natural ground elevation thereby requiring 
excavation of earthen material. 

9. Decision Sight Distance (DSD). The 
length of highway required to safely stop 
a vehicle traveling at design speed where 
information is difficult to perceive or 
where unexpected maneuvers are 
required. 

10. Depressed Median. A median that is 
lower in elevation than the traveled way 
and so designed to carry a certain portion 
of the surface water. 

11. Design Vehicle. The vehicle used to 
determine turning radii, off-tracking 
characteristics, pavement designs, etc. 

12. Fill Slopes. Slopes extending outward and 
downward from the edge of the shoulder 
to intersect the natural ground line. 

13. Flush Median. A median where its 
vertical elevation above the surface of the 
adjacent roadway pavement is 1 inch or 
less. 

14. Gore Area. The paved triangular area 
between the through lane and the exit 
ramp, plus the graded area which may 
extend a few hundred feet downstream 
beyond the gore nose. 

15. Grade Slopes. 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(-). 

16. Graded Shoulder Width. The width of 
the shoulder measured from the edge of 
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travelway to the intersection of the 
shoulder slope and fill slope planes. 

17. Intersection Sight Distance (ISD). The 
sight distance along the major highway 
required · for a vehicle on the minor 
highway to safely turn onto or cross the 
major highway. 

18. K-Values. The horizontal distance 
needed to produce a 1 % change in 
gradient. 

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

20. Low-Speed Urban Streets. Streets within 
an urban or urbanized area where the 
design speed (V) s45 mph and low truck 
volumes. 

21. Maximum Superelevation (emaxJ· The 
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. 

22. Median. The portion of a divided 
highway separating the traveled ways for 
traffic in opposite directions. 

23. Mountable Curb. A longitudinal element, 
typically concrete, placed at the roadway 
edge for delineation, to control drainage, 
to control access, etc. Mountable curbs 
have a height of 6 inches or less with a 
face no steeper than 1 horizontal to 3 
vertical. 

24. Mountainous Terrain. Longitudinal and 
transverse changes in elevation are 
abrupt, and benching and side hill 
excavation are frequently required to 
provide the desirable highway alignment. 

25. Normal Crown (NC). The typical cross 
section on a tangent section (i.e., no 
superelevation). 

26. Open-Roadway/High-Speed Highways. 
All rural facilities and any urban facilities 
where the design speed (V) > 45 mph. 

27. Outer Separation. The portion of an 
arterial highway between the traveled 
ways of a roadway for through traffic and 
a frontage street or road. 

28. Parking Lane. An auxiliary lane primarily 
for the parking of vehicles. 

29. PC. Point of curvature (beginning of 
curve). 

30. PCC. Point of compound curvature. 

31. Pl. Point of intersection of tangents. 

32. POST. Point on sub-tangent. 

33. PRC. Point of reverse curvature. 

34. Profile Grade Line. 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. 

35. PT. Point of tangency (end of curve). 

36. Raised Median. A median which contains 
a raised portion (greater than 1 inch) 
within its limits. 

37. 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. 

38. Roadside. A general term denoting the 
area adjoining the outer edge of the 
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roadway. Extensive areas between the 
roadways of a divided highway may also 
be considered roadside. 

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

40. Shoulder. The portion of the roadway 
contiguous with the traveled way for 
accommodation of stopped vehicles, for 
emergency use, and for lateral support of 
base and surface courses. 

41. Sidewalk. That portion of the roadway 
primarily constructed for the use of 
pedestrians. 

42. Stopping Sight Distance (SSD). The 
length of highway required to safely stop 
a vehicle traveling at design speed. 

43. Superelevation (S). 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. 

44. Superelevation Breakover. The algebraic 
difference (A) between the superelevated 
travel lane slope and shoulder slope on 
the outside of a horizontal curve. 

45. Superelevation Runoff (L). 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). 

46. Superelevation Transition Length. 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. 

47. Tangent Runout (TR). The change from 
a normal crown section to a point where 
the adverse cross slope of the outside lane 
or lanes is removed. 

48. Travel/Traffic Lane. The portion of the 
traveled way for the movement of a single 
line of vehicles. 

49. Traveled Way. The portion of the 
roadway for the movement of vehicles, 
exclusive of shoulders and auxiliary lanes. 

50. Turning Template. A graphic 
representation of a design vehicle's 
turning path for various angles of turns. 

51. Usable Shoulder Width. The width of the 
shoulder than can be used by a driver for 
emergency parking or stopping. 

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

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

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

20.1.7 Roadside Safety 

1. Back Slope. The side slope created by the 
connection of the ditch bottom, upward 
and generally outward, to the natural 
ground. 

2. Barrier Curb. A longitudinal element, 
typically concrete, placed at the roadway 
edge for delineation, to control drainage, 
to control access, etc. Barrier curbs may 
range in height between 6 inches and 12 
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inches with a face steeper than 1 
horizontal to 3 vertical. 

3. Barrier Warrant. A criterion that 
identifies an area of concern which should 
be shielded by a traffic barrier, if judged 
to be practical. 

4. Concrete Median Barrier (CMB). See 
Median Barrier. 

5. Critical Parallel Slope. Slopes which 
cannot be safely traversed by a run-off­
the-road vehicle. For most embankment 
heights, fill slopes steeper than 3:1 are 
considered critical. 

6. Cut Slope. The side slope created by 
going directly upward and outward from 
the shoulder edge to the natural ground. 

7. Experimental System. A roadside barrier, 
end terminal or crash cushion which has 
performed satisfactorily in full-scale crash 
tests, but has not yet been installed in 
sufficient quantity and/or has not been 
exposed to traffic long enough to evaluate 
its in-service performance adequately. 

8. Fill Slope. The side slope created by 
connecting the graded shoulder at hinge 
point to the ditch bottom or natural 
ground line, downward and outward. 

9. Fore Slope. The side slope created by 
connecting the graded shoulder at the 
hinge point to the ditch bottom, 
downward and outward. 

10. Impact An~e. (Longitudinal Barriers) 
The angle between a tangent to the face 
of the barrier and a tangent to the 
vehicle's path at impact. (Crash 
Cushions) The angle between the axis of 
symmetry of the crash cushion and a 
tangent to the vehicle's path at impact. 

11. Impact Attenuator (Crash Cushion). A 
traffic barrier used to safely shield fixed 
objects or other hazards from 
approximately head-on impacts by errant 
vehicles. 

12. Len~h of Need. Total length of a 
longitudinal barrier, measured with 
respect to the centerline of roadway, 
needed to shield an area of concern. The 
length of need is measured to the last 
point of full-strength rail. 

13. Median Barrier. A longitudinal barrier 
used to prevent an errant vehicle from 
crossing the portion of a divided highway 
separating the traveled ways for traffic in 
opposite directions. 

14. Mountable Curb. A longitudinal element, 
typically concrete, placed at the roadway 
edge for delineation, to control drainage, 
to control access, etc. Mountable curbs 
have a height of 6 inches or less with a 
face no steeper than 1 horizontal to 3 
vertical. 

15. Non-Recoverable Parallel Slope. Slopes 
which can be safely traversed but upon 
which an errant motorist is unlikely to 
recover. For most embankment heights, 
if a fill slope is between 3: 1 (inclusive) 
and 4:1 (exclusive), it is considered a non­
recoverable parallel slope. 

16. Operational System. A roadside barrier, 
end terminal or crash cushion which has 
performed satisfactorily in full-scale crash 
tests and has demonstrated satisfactory in­
service performance. 

17. Parallel Slopes. Cut and fill slopes for 
which the toe runs approximately parallel 
to the flow of traffic. 
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18. Portable Concrete Median Barrier 
(PCMB). See Median Barrier. Normally 
used in construction zones. 

19. Recoverable Parallel Slope. Slopes which 
can be safely traversed and upon which an 
errant motorist has a reasonable 
opportunity to stop and return to the 
roadway. Fill slopes 4:1 and flatter are 
considered recoverable. 

20. Roadside. A general term denoting the 
area adjoining the outer edge of the 
roadway. Exterior areas between 
roadways of a divided highway may also 
be considered roadside. 

21. Roadside Barrier. A longitudinal barrier 
used to shield hazards located within an 
established clear zone. Roadside barriers 
include guardrail, concrete barriers, etc. 

22. Roadside Clear Zone (CZ). The distance 
beyond the edge of travel lane that should 
be clear of any non-traversable hazards or 
fixed objects. 

23. Roadside Hazard. A general term to 
describe a roadside feature which cannot 
be safely impacted by a run-off-the-road 
vehicle. Roadside hazard types include 
both fixed objects and non-traversable 
roadside features. 

24. Run/Rise Ratio or Slope Value. The 
relative steepness on a slope normal to 
the edge of the traveled way expressed as 
a ratio of run to rise. 

25. Shy Distance. Distance from the edge of 
the traveled way beyond which a roadside 
object will not be perceived as an 
immediate hazard by the typical driver, to 
the extent that he will change vehicular 
placement or speed. 

26. Toe of (Fill) Slope. The intersection of 
the fill slope or fore slope with the natural 
ground or ditch bottom, before the 
recommended rounding is applied. 

27. Top of (Cut) Slope. The intersection of 
the back slope with the natural ground, 
before the recommended rounding is 
applied. 

28. Transverse Slopes. Cut and fill slopes for 
which the toe runs approximately 
perpendicular to the flow of traffic. 
Transverse slopes are typically formed by 
intersections between the mainline and 
driveways, median crossovers or side 
roads. 

20.1.8 Traffic Signals 

1. Controller. ( 1) (Traffic) A device that 
controls the sequence and duration of 
indications displayed by traffic signals; (2) 
(computer) under computer supervision, 
a device that switches the signal circuits 
according to the computer's instructions. 

2. Coordination. The establishment of a 
definite timing relationship between 
adjacent traffic signals. 

3. Cycle Length. The time required for one 
complete sequence of signal indications. 

4. Delay. (1) A measure of the time that 
elapsed between the stimulus and the 
response; (2) traffic delay -- the time lost 
by vehicles due to traffic friction or 
control devices. 

5. Demand. The need for service; for 
example, the number of vehicles desiring 
to use a given segment of roadway during 
a specified unit of time. 
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6. Detection. The process used to identify 
the presence or passage of a vehicle at a 
specific point or to identify the presence 
of one or more vehicles in a specific area. 

7. Detector. A device for indicating the 
presence or passage of vehicles or 
pedestrians (e.g., loop detector, microloop 
detector, calling detector, pushbutton, 
etc.). 

8. Interval. A discrete portion of the signal 
cycle during which the signal indications 
remain unchanged. 

9. Interval Seguence. Specifies the order in 
which the various intervals are displayed. 

10. Interval Timing. The passage of time that 
occurs during an interval. 

11. Loop Detector. A device capable of 
sensing a change in inductance of a loop 
sensor imbedded in the roadway caused 
by the passage or presence of a vehicle 
over the loop. 

12. Offset. The time difference or interval in 
seconds between the start of the green 
indication at one intersection as related to 
the start of the green interval at another 
intersection or from a system time base. 

13. Pattern. A unique set of traffic 
parameters (cycle, split and offset) 
associated with each signalized 
intersection within a predefined group of 
intersections. 

14. Phase. A part of the traffic signal time 
cycle allocated to any combination of 
traffic movements receiving right-of-way 
simultaneously during one or more 
intervals. 

15. Phase Overlap. Refers to a phase that 
operates concurrently with one or more 
other phases. 

16. Phase Seguence. The order in which a 
controller cycles through all phases. 

17. Point Detection. The detection of a 
vehicle as it passes a point or spot on a 
street or highway. 

18. Preemption. The term used when the 
normal signal sequence at an intersection 
is interrupted and/ or altered in deference 
to a special situation such as the passage 
of a train, bridge opening or the granting 
of the right-of-way to an emergency 
vehicle. 

19. Presence Detection. The ability of a 
vehicle detector to sense that a vehicle, 
whether moving or stopped, has appeared 
in its field. 

20. Recall. An operational mode for an 
actuated intersection controller whereby a 
phase, either vehicle or pedestrian, is 
displayed each cycle whether demand 
exists or not. Usually a temporary or 
emergency situation. 

21. Split. A percentage of the cycle length 
allocated to each of the various phases in 
a signal sequence. 

22. Yield. The action of allowing a semi­
actuated controller, or an actuated 
controller operating in the semi-actuated 
mode, to terminate the main street phase 
so as to begin satisfying existing cross­
street demand. 

20.1.9 Highway Lighting 

1. Average Initial Illuminance. The average 
level of horizontal illuminance on the 
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pavement area of a traveled way at the 
time the lighting system is installed when 
lamps are new and luminaires are clean; 
expressed in average footcandles for the 
pavement area. 

2. Averai:e Maintained Illuminance. The 
average level of horizontal illuminance on 
the roadway pavement when the output of 
the lamp and luminaire is diminished by 
the maintenance factors; expressed in 
average footcandles for the pavement 
area. 

3. Candela. The unit of luminous intensity. 
Formerly the term "candle" was used. 

4. Candlepower. A measure of luminous 
intensity in a specified direction; 
expressed in candelas. 

5. Equipment Factor (EF). A factor used in 
the illuminance or luminance calculations 
which compensates for light losses due to 
normal production tolerances of 
commercially available luminaires when 
compared with laboratory photometric 
test models. 

6. Footcandle. The illuminance on a surface 
one square foot in area on which there is 
uniformly distributed a light flux of one 
lumen. 

7. Footlambert. The unit of photometric 
brightness (luminance). It is equal to 1/ 7t 

candela per square foot, or the uniform 
luminance of a perfectly diffusing surface 
emitting or reflecting light at the rate of 
one lumen per square foot. 

8. Glare. The optical sensation produced by 
luminance within the visual field that is 
sufficiently greater than the luminance to 
which the eyes are adapted to cause 
annoyance, discomfort or loss in visual 
performance and visibility. 

9. Illuminance. The density of the luminous 
flux incident on a surface. It is the 
quotient of the luminous flux by the area 
of the surface when the latter is uniformly 
illuminated. 

10. Lamp Lumen Depreciation Factor (LLD). 
A depreciation factor that indicates the 
decrease in a lamp's initial lumen output 
over time. For design calculations, the 
initial lamp lumen value is reduced by a 
lamp lumen depreciation factor (LLD) to 
compensate for the anticipated lumen 
reduction. This factor is usually found in 
the manufacturer's test data. 

11. Longitudinal Roadway Line. A line along 
the roadway parallel to the curb or 
shoulder line. 

12. Lumen. A unit of measure of the 
quantity of light. One lumen is the 
amount of light which falls on an area of 
one square foot every point of which is 
one foot from the source of one candela 
(candle). A light source of one candela 
emits a total of 12.57 lumens. 

13. Luminaire. A complete lighting unit 
consisting of a lamp or lamps together 
with the parts designed to distribute the 
light, to position and protect the lamps 
and to connect the lamps to the power 
supply. 

14. Luminaire Dirt Depreciation Factor 
(LDD). A depreciation factor that 
indicates the expected reduction of a 
lamp's initial lumen output due to the 
accumulation of dirt on or within the 
luminaire over time. 

15. Luminance. The luminous intensity of 
any surface in a given direction per unit 
of projected area of the surface as viewed 
from that direction. 
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16. Luminous Efficiency. The quotient of the 
luminous flux emitted by the total lamp 
power input. It is expressed in lumens 
per watt. 

17. Maintenance Factor (MF). A combina­
tion of factors used to denote the 
reduction of the illumination for a given 
area after a period of time compared to 
the initial illumination on the same area 
(MF = EF + LLD + LDD). 

18. Mounting Height. The vertical distance 
between the roadway surface and the 
center of the light source in the luminaire. 

19. Nadir. The vertical axis which passes 
through the center of the luminaire light 
source. 

20. Spacing. The distance in feet between 
successive lighting units. 

21. Transverse Roadway Lane. Any line 
across the roadway that is perpendicular 
to the curb or shoulder line. 

22. Uniformity of Illuminance. The ratio of 
average footcandles of illuminance on the 
pavement area to the footcandles at the 
point of minimum illuminance on the 
pavement. It is commonly called the 
uniformity ratio. A uniformity ratio of 3:1 
means that the average footcandle value 
on the pavement is three times the 
footcandle value at the point of least 
illuminance on the pavement. 

23. Uniformity of Luminance. The Average 
Level-to-Minimum Point method uses the 
average luminance of the roadway design 
area between two adjacent luminaires. 
The luminance uniformity (avg./min. and 
max./min.) considers traveled portion of 
the roadway, except for divided highways 
having different designs on each side. 

24. Visibility. The quality or state of being 
perceivable by the eye. In outdoor 
applications, visibility is defined in terms 
of the distance at which an object can be 
just perceived by the eye. 

25. Veiling Luminance. A luminance 
superimposed on the retinal image which 
reduces its contrast. It is this veiling 
effect produced by bright sources or areas 
in the visual field that results in decreased 
visual performance and visibility. 

20.1.10 Right-of-Way 

1. Abandonment. The relinquishment of the 
public interest in right-of-way or activity 
thereon with no intention to reclaim or 
use again for highway purposes. 

2. Access Control. The condition where the 
public authority fully or partially controls 
the right of abutting owners to have 
access to and from the public highway. 

3. Acguisition or Taking. The process of 
obtaining right-of-way. 

4. Channel Right-of-Way. Right-of-Way 
acquired specifically for channel 
construction and maintenance, which 
provides the State with a permanent right 
of ingress and egress. The property 
owner relinquishes the right to modify the 
channel dimensions (e.g., slopes). 

5. Control by Regulation. A practice 
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. 

6. Full Control. The authorit'f to control 
access is exercised to give preference to 
through traffic by providing access 
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connections with selected frontage roads 
or local roads only and by prohibiting 
crossings at grade or direct driveway 
connections. 

7. Improvement. Any dwelling, out-building, 
other structure or fence, or part thereof, 
but not including public utilities, which lie 
within an area to be acquired for highway 
purposes. 

8. Limited Access Facility. Includes limited 
access highways, expressways, arterial 
highways, frontage roads, public roads, 
and the auxiliary service highway. 

9. Limited Access Highway. A street or 
highway especially designed for through 
traffic, and over, from, or to which neither 
owners nor occupants of abutting lands 
nor other persons have any right or 
easement of access, light, air or view. 

10. Partial Control. 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 crossing at grade and some 
private driveway connections. 

11. Permanent Right-of-Way. Right-of-Way 
acquired for permanent ownership by the 
State for activities which are the 
responsibility of the State for an indefinite 
period of time. The State obtains the title 
to the property. 

12. Right of Access. The right of ingress to a 
highway from abutting land and egress 
from a highway to abutting land. 

13. Ri&ht of Survey Entry. The right to enter 
property temporarily to make surveys and 
investigations for proposed highway 
improvements. 

14. Right-of-Wav. A general term denoting 
land, property, or interest therein, usually 
a strip acquired for or devoted to a 
highway use. 

15. Right-of-Way Appraisal. A determination 
of the market value of property including 
damages, if any, as of a specified date, 
resulting from an analysis of facts. 

16. Right-of-Way Easements. Right-of-Way 
acquired with the perpetual right to 
construct and maintain a public highway 
and incidental facilities. 

17. Right-of-Way Estimate. An approxima­
tion of the market value of property 
including damages, if any, in advance of 
an appraisal. 

18. Severance Damages. Loss in value of the 
remainder of a parcel resulting from an 
acquisition. 

19. Temporary Right-of-Way. Right-of-Way 
acquired for the legal right of usage by 
the State to serve a specific purpose for a 
limited period of time (e.g., maintenance 
and protection of traffic during 
construction). Once the activity is 
completed, the State yields its legal right 
of usage and returns the land to its 
original condition as close as practical. 

20.1.11 Drainage 

1. Allowable Headwater. The depth or 
elevation of the impoundment of cross­
drainage flow above which damage or 
some other unfavorable result could 
occur. 

2. Annual Flood. The highest peak dis­
charge in a wate-r year. 
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3. Backwater. Tne increase in water-surface 
profile, relative to the elevation occurring 
under natural channel and floodplain 
conditions, induced upstream from a 
structure, bridge or culvert, that obstructs 
or constricts a channel. It also applies to 
the water surface profile in a channel or 
conduit. 

4. Base Flood. The 100-Year flood. 

5. Bridge. A structure including supports 
erected over a depression or an 
obstruction, such as water, highway or 
railway, and having a tract or passageway 
for carrying traffic or moving loads, and 
having an opening measured along the 
center of the roadway of more than 20 
feet between undercopings of abutments 
or spring lines of arches, or extreme ends 
of openings for multiple boxes. 

6. Catch Basin. A structure with a sump for 
inletting drainage from a gutter or median 
and discharging the water through a 
conduit. In common usage it is a grated 
inlet with or without a sump. 

7. Channel. The bed and banks that confine 
the surface flow of a natural or artificial 
stream. Braided streams have multiple 
subordinate channels, which are within the 
main stream channel. 

8. Cover. The extent of soil above the 
crown of a pipe or culvert. 

9. Cross Drainage. The runoff from 
contributing drainage areas both inside 
and outside the highway right-of-way and 
the transmission thereof from the 
upstream side of the highway facility to 
the downstream side. 

10. Culvert. A structure which is usually 
designed hydraulically to take advantage 
of submergence to increase hydraulic 

capacity. A structure used to convey 
surface runoff through embankments. A 
structure, as distinguished from bridges, 
which is usually covered with embankment 
and is composed of structural material 
around the entire perimeter, although 
some are supported on spread footings 
with the streambed serving as the bottom 
of the culvert. Also, a structure which is 
20 feet or less in centerline length 
between extreme ends of openings for 
multiple boxes. 

11. Design Discharge or Flow. The rate of 
flow for which a facility is designed. 

12. Design Flood Frequency. The recurrence 
interval that is expected to be 
accommodated without contravention of 
the adopted design constraints. The 
return interval (recurrence interval or 
reciprocal of probability) used as a basis 
for the design discharge. 

13. Discharge. The rate of the volume of 
flow of a stream per unit of time, usually 
expressed in cubic feet per second. 

14. Flanking Inlets. Inlets placed upstream 
and on either side of an inlet at the low 
point in a sag vertical curve. The 
purposes of these inlets are to intercept 
debris as the slope decreases and to act as 
relief of the inlet at the low point. 

15. Floodplain. The alluvial land bordering a 
stream, formed by stream processes, that 
is subject to inundation by floods. 

16. Freeboard. The vertical distance between 
the level of the water surface, usually 
corresponding to design flow and a point 
of interest such as a low chord of a bridge 
beam or specific location on the roadway 
grade. 
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17. Headwater (l:L). That depth of water 
impounded upstream of a culvert due to 
the influence of the culvert construction, 
friction and configuration. 

18. Hydraulics. The characteristics of fluid 
mechanics involved with the flow of water 
in or through drainage facilities. 

19. Hydrololit}'. The study of the occurrence, 
circulation, distribution and properties of 
the waters of the earth and its 
atmosphere. 

20. Inlet. A structure for capturing 
concentrated surface flow. May be 
located along the roadway, in a gutter, in 
the highway median or in a field. 

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

22. Outfall. The point location or structure 
where drainage discharges from a channel, 
conduit or drain. 

23. Peak Dischaq~e. (1) The highest value of 
discharge attained by a flood. (2) Maxi­
mum discharge rate on a runoff hydro­
graph for a given flood event. 

24. Spread. The accumulated flow in and 
next to the roadway gutter. 

25. Tailwater (TW). The depth of flow in the 
stream directly downstream of a drainage 
facility. Often calculated for the discharge 
flowing in the natural stream without the 
highway constriction. Term is usually 
used in culvert design and is the depth 
measured from the downstream flow line 
of the culvert to the water surface. 

26. Time of Concentration (Tc)· The time it 
takes water from the most distant point 
(hydraulically) to reach a watershed 

outlet. Tc varies, but often used as 
constant. 

20.1.12 Pavement Design 

1. Analysis Period. The period of time for 
which the economic analysis is to be 
made; ordinarily will include at least one 
rehabilitation activity. 

2. Base Course. The layer or layers of 
specified or selected material of designed 
thickness placed on a subbase or a 
subgrade to support a surface course. 

3. Composite Pavement. A pavement 
structure composed of an asphalt concrete 
wearing surface and Portland Cement 
Concrete slab; an asphalt concrete overlay 
on a PCC slab is also referred to as a 
composite pavement. 

4. Construction Joint. A joint made 
necessary by a prolonged interruption in 
the placing of concrete. 

5. Contraction Joint. A joint normally 
placed at recurrent intervals in a rigid slab 
to control transverse cracking. 

6. Deformed Bar. A reinforcing bar for 
rigid slabs conforming to "Requirements 
for Deformations," in AASHTO 
Designations M31, M42 or M53. 

7. Dowel. A load transfer device in a rigid 
slab, usually consisting of a plain round 
steel bar. 

8. Drainage Coefficients. Factors used to 
modify layer coefficients in flexible 
pavements or stresses in rigid pavements 
as a function of how well the pavement 
structure can handle the adverse effect of 
water infiltration. 
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9. Emansion Joint. A joint located to 
provide for expansion of a rigid slab, 
without damage to itself, adjacent slabs, or 
structures. 

10. Flexible Pavement. A pavement structure 
which maintains intimate contact with and 
distributes loads to the subgrade and 
depends on aggregate interlock, particle 
friction, and cohesion for stability. 

11. Load Transfer Device. A mechanical 
means designed to carry loads across a 
joint in a rigid slab. 

12. Longitudinal Joint. A joint normally 
placed between traffic lanes in rigid 
pavements to control longitudinal 
cracking. 

13. Maintenance. The preservation of the 
entire roadway, including surface, 
shoulders, roadsides, structures, and such 
traffic control devices as are necessary for 
its safe and efficient utilization. 

14. Panel Len&rh. The distance between 
adjacent transverse joints. 

15. Pavement Rehabilitation. Work 
undertaken to extend the service life of an 
existing facility. This includes placement 
of additional surfacing material and/ or 
other work necessary to return an existing 
roadway, including shoulders, to a 
condition of structural or functional 
adequacy. This could include the 
complete removal and replacement of the 
pavement structure. 

16. Pavement Structure. A combination of 
subbase, base course, and surface course 
placed on a subgrade to support the 
traffic load and distribute it to the 
roadbed. 

17. Performance Period. The period of time 
that an initially constructed or 
rehabilitated pavement structure will last 
(perform) before reaching its terminal 
serviceability; this is also referred to as 
the design period. 

18. Prepared Roadbed. In-place roadbed 
soils compacted or stabilized according to 
provisions of applicable specifications. 

19. Pumping. The ejection of foundation 
material, either wet or dry, through joints 
or cracks, or along edges of rigid slabs 
resulting from vertical movements of the 
slab under traffic. 

20. Reinforcement. Steel embedded in a rigid 
slab to resist tensile stresses and 
detrimental opening of cracks. 

21. Resilient Modulus. A measure of the 
modulus of elasticity of roadbed soil or 
other pavement material. 

22. Rigid Pavement. A pavement structure 
which distributes loads to the subgrade, 
having as one course a Portland Cement 
Concrete slab of relatively high-bending 
resistance. 

23. Roadbed. The graded portion of a 
highway between top and side slopes, 
prepared as a foundation for the 
pavement structure and shoulder. 

24. Roadbed Material. The material below 
the subgrade in cuts and embankments 
and in embankment foundations, 
extending to such depth as affects the 
support of the pavement structure. 

25. Select Borrow. Material meeting the 
requirements provided for in the Standard 
Specifications, with specific soil groups, 
group characteristics, or sandrock 
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formation requirements as specified in the 
construction plans. 

26. Serviceability. The ability at time of 
observation of a pavement to serve traffic 
(autos and trucks) which use the facility. 

27. Subbase. The layer or layers of specified 
or selected material of designed thickness 
placed on a subgrade to support a base 
course (or in the case of rigid pavements, 
the Portland Cement Concrete slab). 

28. Subiuade. The top surface of a roadbed 
upon which the pavement structure and 
shoulders are constructed. 

29. Surface Course. One or more layers of a 
pavement structure designed to 
accommodate the traffic load, the top 
layer of which resists skidding, traffic 
abrasion, and the disintegrating effects of 
climate. The top layer of flexible 
pavements is sometimes called "wearing 
course." 

30. Tandem Axle Load. The total load 
transmitted to the road by two 
consecutive axles whose centers may be 
included between parallel vertical planes 
spaced more than 40 inches and not more 
than 96 inches apart, extending across the 
full width of the vehicle. 

31. Tie Bar. A deformed steel bar or 
connector embedded across a joint in a 
rigid slab to prevent separation of 
abutting slabs. 

32. Triple Axle Load or Tridem Axle Load. 
The total load transmitted to the road by 
three consecutive axles whose centers may 
be included between parallel vertical plans 
spaced more than 40 inches and not more 
than 96 inches apart, extending across the 
full width of the vehicle. 
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20.2 INDEX 

-A-

ACCELERATION LANES 

Entrance Ramps ............................... . 
Intersections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

ACCESS CONTROL ................................. . 

ACCESSIBILITY, HANDICAPPED ..................... . 

ACCIDENT ANALYSIS ............................... . 

ALIGNMENT 

Horizontal -- see Horizontal Alignment 
Interchange Ramps ............................. . 
Intersections . . . . . . . . . . . . . . . . . . . . . ............. . 
Turning Roadways .............................. . 
Vertical -- see Vertical Alignment 

ARTERIALS 

Definition . . . . . . . . . . . . . . . . . . . . . . . . ............ . 
New Construction/Reconstruction .................. . 
3R Non-Freeway ............................... . 

AT-GRADE INTERSECITONS 

Acceleration Lanes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Alignment .................................... . 
Deceleration Lanes ............................. . 
Interchange Ramps ............................. . 
Intersection Sight Distance . . . . . . . . . . . . . . . . ....... . 
Profile ....................................... . 
Turning Radii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Turning Roadway .............................. . 

AUXILIARY LANES 

Clear Zones . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
Cross Slopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

Dual Turn Lanes ............................... . 

July 1992 

Section 10.3, Section 10.4 
Section 9.3 

Section 5.4, Section 9.9, 
Section 10.5, Section 10.6 

Section 17.4 

Section 13.2, Section 14.7 

Section 10.4 
Section 9.1, Section 9.6 
Section 9.6 

Section 5.1 
Chapter 12 
Section 13.2 

Section 9.3 
Section 9.1, Section 13.2 
Section 9.3 
Section 10.5, Section 10.8 
Section 9.2 
Section 9.1 
Section 9.5, Section 13.2 
Section 9.6, Section 10.8 

Section 11.2 
Section 8.1, Chapter 12, 
Section 13.2 
Section 9.3 
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Extensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Freeways ..................................... . 
Interchanges .................................. . 
Length ....................................... . 
Taper ........................................ . 
Traffic Signals . . . . . . . . . . . . . . . . . . . . . . ........... . 
Truck·Climbing Lanes ........................... . 
Two· Way Left-Turn Lanes ........................ . 

Warrants ..................................... . 
Widths ....................................... . 

AVERAGE ANNUAL DAILY TRAFFIC (AADT) .......... . 

·B-

BARRIERS, MEDIAN ................................ . 

BARRIER, ROADSIDE 

Layout ....................................... . 
3R Projects ................................... . 
Types/Selection ................................ . 
Warrants ..................................... . 

BIKEWAYS 

BRIDGES 

Bridges to Remain in Place 

Hydraulics .................................... . 
New and Reconstructed .......................... . 

Pedestrian Rail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Structural Capacity ............................. . 

Width ....................................... . 

BUS STOPS/TURNOUTS ............................. . 

July 1992 

Section 9.3 
Chapter 12, Section 13.3 
Section 10.1 
Section 9.3 
Section 9.3 
Section 14.5 
Section 7.5 
Section 9.4, Chapter 12, 
Section 13.2 
Section 9.3 
Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 

Section 5.3 

Section 10.6 

Section 11.5 
Section 13.2 
Section 11.4 
Section 11.3 

Section 17.3 

Section 8.4, Section 13.2, 
Section 13.3, Section 13.4 
Section 15.9 
Section 8.4, Section 13.2, 
Section 13.3, Section 13.4 
Section 11.3 
Chapter 12, Section 13.2, 
Section 13.3 
Chapter 12, Section 13.2, 
Section 13.3 

Section 17 .2 
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-C-

CAPACITY 

Analysis ...................................... . 
Interchanges .................................. . 
Intersections .................................. . 
Truck-Climbing Lanes ........................... . 

CHANNELIZATION ................................. . 

CHANNELS, OPEN .................................. . 

CLASSIFICATION, FUNCTIONAL 

CLEARANCES 

Horizontal -- see Clear Zones, Roadside 
Vertical -- see Vertical Clearances 

CLEAR ZONES, ROADSIDE 

Construction Zones . . . . . . . . . . . . . . . . . . . . . . . ...... . 
New Construction/Reconstruction .................. . 
3R Freeway ................................... . 
3R Non-Freeway ............................... . 

CLIMBING LANES, TRUCK .......................... . 

CLOSED DRAINAGE SYSTEMS ....................... . 

CLOVERLEAF INTERCHANGES (Full or Partial) 

COLLECTOR ROADS AND STREETS 

Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ . 
New Construction/Reconstruction .................. . 
3R Non-Freeway ............................... . 

COLLECTOR-DISTRIBUTOR ROADS .................. . 

CONSULTING ENGINEER SERVICES .................. . 

CONTROL OF ACCESS .............................. . 

Section 5.3 
Section 10.5 
Section 9.1 
Section 7.5 

July 1992 

Section 9.6, Section 9.7 

Section 15.10 

Section 5.1 

Section 14.9 
Section 11.2 
Section 13.3 
Section 13.2 

Section 7.5 

Section 15.6 

Section 10.2, Section 10.6 

Section 5.1 
Chapter 12 
Section 13.2 

Section 10.5 

Section 3.7 

Section 5.4, Section 9.9, 
Section 10.5, Section 10.6 
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CONTROLLING DESIGN CRITERIA ................... . 

CORRESPONDENCE ................................ . 

COST ACCOUNTING ................................ . 

CRASH CUSHIONS -- see Impact Attenuators 

CROSS SLOPES 

Auxiliary Lanes ................................ . 
New Construction/Reconstruction .................. . 
3R Freeways .................................. . 
3R Non-Freeways .............................. . 
Shoulders ..................................... . 

Travel Lanes . . . . .............................. . 

CROSS SLOPE ROLLOVER ........................... . 

CULVERTS 

Hydraulic Design ............................... . 
Safety Design . . . . . . . . . . . . . . . . . . . . . . . ........... . 

CURBS 

Design ....................................... . 
General ...................................... . 
Offset ....................................... . 

Roadside Barrier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Warrants ..................................... . 
Wheelchair Ramps .............................. . 

CURVES 

Horizontal 

Intersections . . . . . . . . . . . . . . . . . . . . . . . ........... . 
Signs ........................................ . 
Vertical ...................................... . 

July 1992 

Section 5.8, Chapter 12, 
Section 13.2, Section 13.3, 
Section 13.4 

Section 3.4 

Section 3.6 

Section 8.1 
Chapter 12 
Section 13.3 
Section 13.2 
Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 
Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 

Section 6.2, Section 10.3 

Section 15.4 
Section 11.3 

Section 8.1 
Section 8.1 
Section 8.1, Chapter 12, 
Section 13.2 
Section 11.3, Section 11.5 
Section 8.1 
Section 17.4 

Section 6.1, Chapter 12, 
Section 13.2, Section 13.3 
Section 9.1, Section 9.5 
Section 14.3 
Section 7.1, Chapter 12, 
Section 13.2, Section 13.3 
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DECELERATION LANES 

Interchanges 
Intersections 

GLOSSARY /INDEX 

-D-

DECISION SIGHT DISTANCE ......................... . 

DESIGN EXCEPTIONS ............................... . 

DESIGN HOURLY VOLUME (DHV) 

DESIGN SPEED 

Construction Zones . . . . . . . . . . . . . . . . . ............ . 
Definition .................................... . 
New Construction/Reconstruction .................. . 
Ramps ....................................... . 
3R Freeways .................................. . 
3R Non-Freeways .............................. . 
Spot Improvements ............................. . 

DESIGN VEHICLES 

Driveways .................................... . 
Median Openings .............................. . 
Selection ..................................... . 
Turning Radii ................................. . 
Types ........................................ . 

DESIGN YEAR ..................................... . 

DETENTION BASINS ................................ . 

DIAMON""D INTERCHANGES ......................... . 

DIRECTIONAL INTERCHANGES ...................... . 

Section 10.3 
Section 9.3 

Section 5.7 

July 1992 

Section 5.8, Chapter 12, 
Section 13.2, Section 13.3, 
Section 13.4 

Section 5.3, Section 13.2, 
Section 13.3 

Section 14.9 
Section 5.2 
Chapter 12 
Section 10.4 
Section 13.3 
Section 13.2 
Section 13.4 

Section 9.9 
Section 9.8 
Section 9.1 
Section 9.5 
Section 5.5, Section 9.1 

Section 5.3, Chapter 12, 
Section 13.2, Section 13.3 

Section 15.12 

Section 10.2 

Section 10.2 
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DITCHES (OPEN CIL~'NELS) 

General ...................................... . 

Hydraulic Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 

DRAINAGE 

Bridges ...................................... . 
Channels ..................................... . 
Conduit Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Detention Basins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Ditches ...................................... . 

Erosion Control ................................ . 
EPA Stormwater Discharge ....................... . 
Hydraulics .................................... . 
Hydrology .................................... . 
Pavements .................................... . 
Summary ..................................... . 

DRIVEWAYS ....................................... . 

DUAL TURN LANES ................................ . 

-E-

EMERGENCY CROSSOVERS 

ENTRANCE RAMPS ................................. . 

ENVIRONMENTAL PROCEDURES/PERMITS ........... . 

EROSION CONTROL ................................ . 

EXIT RAMPS ....................................... . 

EXPERIMENTAL FEATURES PROGRAM .............. . 
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Section 8.3, Section 15.7, 
Section 15.8, Section 15.10 
Section 8.3, Section 15.7, 
Section 15.8, SectiOn 15.10 

Section 15.9 
Section 15.10 
Section 15.6 
Section 15.12 
Section 8.3, Section 15.7, 
Section 15.8 
Section 15.11 
Section 17.12 
Section 15.4 
Section 15.3 
Section 15.5 
Section 15.1, Section 15.5 

Section 9.9 

Section 9.3 

Section 9.8 

Section 10.3, Section 10.4 

Section 3.8, Section 17.11 

Section 8.3, Section 15.11, 
Section 17.14 

Section 10.3, Section 10.4 

Section 18.2 
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-F-

FEDERAL-AID SYSTEM 

FENCING .......................................... . 

FREEWAYS 

Definition 
New Construction/Reconstruction .................. . 
3R .......................................... . 

FREEWAY LANE DROPS ............................ . 

FREEWAY /RAMP JUNCTIONS ....................... . 

FRONTAGE ROADS ................................ . 

FUNCTIONAL CIASSIFICATION SYSTEM .............. . 

-G-

GIARE SCREENS ................................... . 

GRADES 

Critical Length of . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
General ...................................... . 
New Construction/Reconstruction .................. . 
Ramps ....................................... . 
3R Freeways .................................. . 
3R Non-Freeways .............................. . 

GUARDRAIL -- see Barrier 

-H-

HANDICAPPED 

HAZARDOUS MATERIALS .......................... . 

HEADLIGHT SIGHT DISTANCE 

Sag Vertical Curves . . . . . . . . . . . . . . . . . . ........... . 

Section 5.1 

Section 8.6 

Section 5.1 
Chapter 12 
Section 13.4 

Section 10.5 

Section 10.3 

July 1992 

Section 8.7, Section 10.5 

Section 5.1 

Section 11.6 

Section 7.1 
Section 7.1 
Chapter 12 
Section 10.4 
Section 13.3 
Section 13.2 

Section 17.4 

Section 17.9 

Section 7.2 
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HIGHWAY LIGHTING ............................... . 

HIGHWAY SIGNING ................................ . 

HIGHWAY SYSTEMS ................................ . 

HORIZONTAL ALIGNMENT 

Construction Zones ............................. . 
Degree of Curvature ............................ . 

Design ...................................... . 
Horizontal Sight Distance . . . . . . . . . . . . . . . . . ....... . 
Low-Speed Urban Streets ........................ . 
Mathematical Details ............................ . 
Open-Roadway Conditions ....................... . 
Superelevation ................................. . 
Travelway Widening ............................ . 
Turning Roadways .............................. . 
Types ........................................ . 

HORIZONTAL SIGHT DISTANCE 

New Construction/Reconstruction .................. . 
3R ......................................... . 

HYDRAULIC DESIGN 

Culverts ...................................... . 
Ditches ...................................... . 

HYDROLOGY ...................................... . 

-I-

IMPACT ATTENUATORS 

INTERCHANGES 

Design ....................................... . 
Freeway /Ramp Junctions ........................ . 
Intersections . . . . . . . ........................... . 
Ramps ....................................... . 
Spacing ...................................... . 

July 1992 

Section 14.6 

Section 14.3 

Section 5.1 

Section 14.9 
Section 6.1, Section 6.2, 
Chapter 12, Section 13.2, 
Section 13.3 
Section 6.3, Section 13.2 
Section 6.5 
Section 6.2 
Section 6.6 
Section 6.2 
Section 6.2 
Section 6.4 
Section 9.6 
Section 6.1 

Section 6.5 
Section 13.2 

Section 15.4 
Section 8.3 

Section 15.3 

Section 11. 7 

Chapter 10 
Section 10.3 
Section 10.5, Section 10.8 
Section 10.4 
Section 10.1 
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1'ypes ........................................ . 
Warrants ..................................... . 

INTERSECTIONS AT-GRADE -- see At-Grade Intersections 

INTERSECTION SIGHT DISTANCE 

New Construction/Reconstruction .................. . 
3R .......................................... . 

ISLANDS .......................................... . 

-J-

-K-

-L-

LANDSCAPING ..................................... . 

LANES 

Auxiliary 

Construction Zones . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Cross Slope . . . . . . . . . . ......................... . 

Parking ...................................... . 

Travel ....................................... . 

Two-Way, Left-Turn ............................ . 

Widths ....................................... . 

LEVEL OF SERVICE 

Definition .................................... . 
New Construction/Reconstruction .................. . 
3R Freeways .................................. . 
3R Non-Freeways .............................. . 

Section 10.2 
Section 10.1 

Section 9.2 
Section 13.2 
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Section 9.6, Section 9.7, 
Section 10.8 

Section 17.14 

Section 8.1, Section 9.3, 
Chapter 12, Section 3.2, 
Section 13.3 
Section 14.9 
Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 
Section 8.1, Chapter 12, 
Section 13.2 
Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 
Section 9.4, Chapter 12, 
Section 13.2 
Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 

Section 5.3 
Chapter 12 
Section 13.3 
Section 13.2 
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LIGHTING ......................................... . 

LOCAL ROADS AND STREETS 

Definition .................................... . 
New Construction/Reconstruction .................. . 
3R Non-Freeways .............................. . 

LOG PEARSON III METHOD ......................... . 

LOGO SIGNING .................................... . 

-M-

MAILBOXES 

MAINTENANCE AND PROTECTION OF TRAFFIC THROUGH 

Section 14.6 

Section 5.1 
Chapter 12 
Section 13.2 

Section 15.3 

Section 14.3 

Section 17.7 
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CONSTRUCTION ZONES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Section 14.9 

MEDIANS 

Barriers ...................................... . 
General ...................................... . 
Openings ..................................... . 
T'ypes ........................................ . 
Width ....................................... . 

MEETINGS 

MUTCD 

General ...................................... . 
Maintenance and Protection of Traffic Through 

Construction Zones ............................ . 
Pavement Markings ............................. . 
Signs ........................................ . 
Traffic Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

-N-

NOISE BARRIERS/WALLS 

Section 11.6 
Section 8.2 
Section 9.8 
Section 8.2 
Section 8.2, Chapter 12, 
Section 13.2, Section 13.3 

Section 3.3 

Section 14.2 

Section 14.9 
Section 14.4 
Section 14.3 
Section 14.5 

Section 17 .10 
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-0-

OK.LARO~.<\ SUBGRADE I1'i'TIEX METHOD 

ORGANIZATION 

ODOT ....................................... . 
Office of Design ............................... . 
Traffic ....................................... . 

-P-

PARKING 

Handicapped .................................. . 
Near Intersections .............................. . 
On-Street ..................................... . 
Off-Street .................................... . 
Widths ....................................... . 

PASSING SIGHT DISTANCE .......................... . 

PAVEMENT 

Design ....................................... . 
Design Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Existing Pavements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Life-Cycle Cost Analysis . . . . . . . . . . . . . . . . . . ....... . 
Oklahoma Subgrade Index Method ................. . 
Overlays ...................................... . 
Pavement Management Systems ................... . 

PAVEMENT DRAINAGE ............................. . 

PAVEMENT MARKINGS 

Handicapped .................................. . 
Permanent .................................... . 
Temporary .................................... . 

PEDESTRIANS 

At Intersections ................................ . 
Bridges ...................................... . 

Section 16.4 

Chapter 1 
Section 3.1 
Section 14.1 

Section 17.4 
Section 9.5 

July 1992 

Section 8.1, Section 17.1 
Section 17 .1 
Chapter 12, Section 13.2 

Section 5.7, Chapter 12, 
Section 13.2 

Section 16.4 
Section 16.2 
Section 16.5 
Section 16.8 
Section 16.4 
Section 16.6 
Section 16.7 

Section 15.5 

Section 17.4 
Section 14.4 
Section 14.9 

Section 9.5 
Section 11.3 
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Handicapped .................................. . 
Traffic Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 

PERMITS .......................................... . 

PLAN PREPARATION ............................... . 

PROJECT DEVELOPMENT PROCESS 

Construction Zones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Highway Design ................................ . 
Highway Lighting ............................... . 
Non-Standard Construction Features ................ . 
Pavement Design ............................... . 
Traffic Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 

PROJECT SCOPE OF WORK 

Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Scoping Meeting ............................... . 
Scoping Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

PUBLIC HEARINGS/MEETINGS ...................... . 

-Q-

-R-

RADII, INTERSECTION .............................. . 

RAILROADS 

Highway Crossings .............................. . 
Meetings ..................................... . 

RAMPS 

Handicapped .................................. . 
Interchanges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . 
Wheelchair . . ................................. . 

RATIONAL METHOD ............................... . 

RECREATIONAL ROADS ............................ . 

Section 17.4 
Section 14.5 

Section 17.11 

July 1992 

Chapter 4, Section 14.9 

Section 14.9 
Chapter 2, Chapter 3 
Section 14.6 
Chapter 18 
Section 16.2 
Section 14.5 

Section 5.6 
Chapter 2, Section 3.3 
Chapter 2 

Section 3.9 

Section 9.5 

Section 9.10, Section 14.8 
Section 3.3 

Section 17.4 
Section 10.4 
Section 17.4 

Section 15.3 

Section 17.8 
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REST AREAS 

Design ....................................... . 
Handicapped Accessibility . . . . . . . . . . . ............. . 
Lighting ...................................... . 

3R FREEWAYS ..................................... . 

3R NON-FREEWAYS 

RIGHT-OF-WAY 

Definitions . . . . . . . . . . . . . . . . . . . . . . . . ............ . 
New Construction/Reconstruction .................. . 
3R Freeways .................................. . 
3R Non-Freeways .............................. . 
Utilities ...................................... . 
Width ....................................... . 

ROADSIDE CLEAR ZONES -- see Clear Zones 

ROADSIDE BARRIERS -- see Barriers 

ROADSIDE SAFETY 

Construction Zones . . . . . . . . . . . . . . . . . ............ . 
General ...................................... . 
Highway Lighting ............................... . 
Highway Signs ................................. . 
New Construction/Reconstruction .................. . 
3R Freeways .................................. . 
3R Non-Freeways .............................. . 
Traffic Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 

-S-

SCHOOL ZONES, SIGNING ........................... . 

SCS METHOD ...................................... . 

SHOULDERS 

Construction Zones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Cross Slopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 

General ...................................... . 

Section 17.5 
Section 17.4 
Section 14.6 

Section 13.3 

Section 13.2 

Section 8.6 
Chapter 12 
Section 13.3 
Section 13.2 
Section 8.6 
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Section 8.6, Chapter 12 

Section 14.9 
Chapter 11 
Section 14.6 
Section 14.3 
Chapter 11 
Section 13.3 
Section 13.2 
Section 14.5 

Section 14.3 

Section 15.3 

Section 14.9 
Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 
Section 8.1 
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Widths adjacent to auxiliary lanes . . . . . . . . . . . ....... . 

Widths adjacent to travel lanes 

SIDE SLOPES 

Cut Slopes .................................... . 

Fill Slopes . . . . . . . . . . . . . . . . . . . . . . . . . ........... . 

New Construction/Reconstruction .................. . 
3R Non-Freeways .............................. . 
Rock Cuts .................................... . 
Safety ....................................... . 

SIDEWALKS 

Accessible Routes . . . . . . . . . . . . . . . . . . . . . . . . . . .... . 
Bicycles ...................................... . 
Warrants ..................................... . 
Width ....................................... . 

SIGHT DISTANCE 

Construction Zones . . . . . . . . . . . . . . . . . . . . . ........ . 
Decision ..................................... . 
Driveways .................................... . 
Horizontal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Intersection ................................... . 
Passing ....................................... . 
Stopping ..................................... . 

SIGNALS -- see Traffic Signals 

SIGNS, HIGHWAY .................................. . 

SKID TESTING ..................................... . 

SPECIAL PROVISIONS .............................. . 

SPEED ............................................ · 

SPEED LIMITS 

Construction Zones ............................. . 
School Zones . . . . . . . . . . . . . . . . . . . . . . . . . ......... . 

July 1992 

Chapter 12, Section 13.2, 
Section 13.3 
Chapter 12, Section 13.2, 
Section 13.3 

Section 8.3, Chapter 12, 
Section 13.2, Section 13.3 
Section 8.2, Chapter 12, 
Section 13.2, Section 13.3 
Chapter 12 
Section 13.2 
Section 8.3 
Section 11.2, Section 11.3, 
Section 11.5 

Section 8.1, Section 17.4 
Section 8.1, Section 17 .3 
Section 8.1 
Section 8.1 

Section 14.9 
Section 5.7 
Section 9.9 
Section 6.5, Section 13.2 
Section 9.2, Section 13.2 
Section 5.7, Section 13.2 
Section 5.7 

Section 14.3 

Section 14.7 

Section 18.4 

Section 5.2 

Section 14.9 
Section 14.3 
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Speed Limit Signs . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Spot Speed Studies ............................. . 
Tum/Curve Signs .............................. . 

SPEED STUDIES .................................... . 

SPOT IMPROVEMEI"i'T PROJECTS ..................... . 

STOP 

Signs ........................................ . 
Intersection Sight Distance ....................... . 

STOPPING SIGHT DISTANCE ......................... . 

SUPERELEVATION 

Bridges ...................................... . 
Compound Curves .............................. . 
Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Freeway /Ramp Junction ......................... . 
Low-Speed Urban Streets ........................ . 
Open-Roadways (New Construction/Reconstruction) ... . 
Ramps ....................................... . 
3R Non-Freeway Projects ........................ . 
Reverse Curves ................................ . 
Shoulder ..................................... . 
Transition Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Truck-Climbing Lanes ........................... . 

-T-

TAPERS 

Auxiliary Turn Lanes . . . . . . . . . . . . . . . . . . . . . . . . ..... 
Construction Zones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Freeway Entrances ............................. . 
Freeway Exits ................................. . 
Truck-Climbing Lanes ........................... . 

TERRAIN DEFINITIONS ............................. . 

TESTING AND EVALUATION (Product & Process) ........ . 

TOURIST-ORIENTED DESTINATION SIGNING .......... . 

Section 14.3 
Section 14.7 
Section 14.3 

July 1992 

Section 13.2, Section 14.7 

Section 13.4 

Section 14.5 
Section 9.2, Section 13.2 

Section 5.7 

Section 6.2 
Section 6.2 
Section 6.2 
Section 10.3 
Section 6.2, Chapter 12 
Section 6.2, Chapter 12 
Section 10.4 
Section 13.2 
Section 6.2 
Section 6.2 
Section 6.2 
Section 7.5 

Section 9.3 
Section 14.9 
Section 10.3 
Section 10.3 
Section 7.5 

Section 5.1 

Section 18.3 

Section 14.3 
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TRAFFIC BARRIERS -- see Barriers 

TRAFFIC CONTROL PLANS .......................... . 

TRAFFIC SIGNALS .................................. . 

TRAFFIC VOLUME ANALYSIS 

New Construction/Reconstruction .................. . 
3R Freeway ................................... . 
3R Non-Freeway ............................... . 

TRANSIDONS 

Bridges/Underpasses ............................ . 
Superelevation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Travelway Widening ............................ . 
Undivided to Divided Facilities .................... . 

TRAVEL LANES 

Cross Slopes 

Widths ....................................... . 

TRAVELWAY WIDENING ............................ . 

TRUCK-CLIMBING LANES ........................... . 

TRUCK-MOUNTED ATTENUATORS ................... . 

TURNAROUNDS 

TURN LANES 

At Intersections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TURNING RADII ................................... . 

TURNING ROADWAYS .............................. . 

TURN SIGNS ....................................... . 

TWO-WAY, LEFT-TURN LANES ...................... . 

Section 14.9 

Section 14.5 

Section 5.3 
Section 13.3 
Section 13.2 

Section 8.4 

July 1992 

Section 6.2, Section 10.3 
Section 6.4 
Section 8.5 

Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 
Section 8.1, Chapter 12, 
Section 13.2, Section 13.3 

Section 6.4 

Section 7.5 

Section 14.9 

Section 10.5 

Section 8.1, Section 9.3 

Section 9.5 

Section 9.6 

Section 14.3 

Section 9.4, Chapter 12, 
Section 13.2 
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-U-

UNDERPASSES 

Cross Section Width 
Transitions .................................... . 
Vertical Clearances . . . . . . . . . . . . . . . . ............. . 

UPDATES, ODOT ROADWAY DESIGN MANUAL ........ . 

USGS METIIODS ................................... . 

UTILmES ......................................... . 

U-TURNS .......................................... . 

-V-

VEHICLES, DESIGN -- see Design Vehicles 

VERTICAL ALIGNMENT 

Grades ....................................... . 

Intersections .................................. . 
Mathematical Details . . . . . . . . . . . . . . . ............. . 
New Construction/Reconstruction .................. . 
Ramps ....................................... . 
3R Freeways .................................. . 
3R Non-Freeways .............................. . 
Vertical Curves ................................ . 

VERTICAL CLEARANCES ........................... . 

VERTICAL CURVES ................................ . 

VIDEO LOG ........................................ . 

Section 8.4 
Section 8.4 

July 1992 

Chapter 12, Section 13.2, 
Section 13.3, Section 7.4 

Chapter 19 

Section 15.3 

Chapter 2, Section 8.6 

Section 9.8 

Section 7.1, Chapter 12, 
Section 13.2, Section 13.3 
Section 9.1 
Section 7.6 
Chapter 12 
Section 10.3 
Section 13.3 
Section 13.2 
Section 7.2, Section 13.2, 
Section 13.3 

Section 7.4, Chapter 12, 
Section 13.2, Section 13.3 

Section 7.2, Chapter 12, 
Section 13.2, Section 13.3 

Section 14.7 
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-W-

WEIGH STA TIO NS .................................. . 

WE TI.ANDS ........................................ . 

WHEELCHAIR RAMPS .............................. . 

-X-

-Y-

YIELD 

Intersection Sight Distance . . . . . . . . . . . . . . . . . . . . . . .. 
Signs ........................................ . 

-Z-

Section 17.6 

Section 17 .13 

Section 17.4 

Section 9.2 
Section 14.6 
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