Ohio Department of Transportation
Traffic Engineering Manual (TEM)
Office of Roadway Engineering
October 18, 2013 Revision

To Holders of the Traffic Engineering Manual (TEM):
As of October 18, 2013, this publication has been revised.

This revision involves updates of the Title Sheet and other preface materials, and Parts 3 (Markings), 4
(Signals), 6 (Temporary Traffic Control), 12 (Zones and Traffic Engineering Studies), and 14
(Miscellaneous).

The updated publication and the separate revision package are available from the ODOT Design
Reference Resource Center http://www.dot.state.oh.us/drrc/Pages/default.aspx, or from the Office of
Roadway Engineering’s Traffic Standards website at
http://www.dot.state.oh.us/Divisions/Engineering/Roadway/DesignStandards/traffic/Pages/default.aspx
The revision package includes a detailed Revision Log.

The TEM Revision package is set up to print double-sided sheets.
Per ODOT policy, revisions will only be available via the web pages noted above.

For questions, comments, or concerns please contact either:

Maria Ruppe, P.E. Roadway Standards Engineer
(614-466-2847 or Maria.Ruppe@dot.state.oh.us)

Or

Juanita Elliott, P.E., Traffic Standards Engineer
(614-644-8143 or Juanita.Elliott@dot.state.oh.us)
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Traffic Engineering Manual Revision Log
October 18, 2013 Revision
(of the October 2002 Edition)

The following is a detailed list of the changes made in the Preface Materials and Parts 3, 4, 6, 12 and 14
of the Traffic Engineering Manual (TEM) as of October 18, 2013:

Revision Involves:

Chapter
or
Section

New

Page | Page

Type *

Section Title and Revision Description

* Key for Revision Type: Change - change in a standard, new information, revising text to provide clarification,
updating references, or correcting a mistake in the text, more than simple editorial change; Deletion - deleting a
section, form, table or figure; Editorial - correcting a simple typing or drawing mistake, simple editorial changes
such as rephrasing a statement or making a format change.

Preface materials [top of page]
Title i i Editorial Upda}ted to reflect the October 18, 2013 date for this
Page revision.
ii—iv ii—iv _ Reprinted as part of the revision set.
Pub. vV — XVi v —xvi | Editorial | Updated and revised the format to conserve space.
Record
Table of | Xvi— Xvii — Editorial | Updated per this revision.
Contents | xlvi xlvi
Part 1, General top of page
Part 2, Signs [top of page]
Part 3, Markings [top of page]
302-1 3-15 3-15 Change | Raised Pavement Markers, General.
In the last paragraph, revised “Section 605-11.12, SCDs
MT-95.70, 96.11 and 99.30” to “Section 605-11 and SCD
MT-99.30.” TRPMs are no longer referenced in MT-96.11,
and the reference in MT-95.70, basically just cross-
references MT-99.30.
302-3 3-15 3-15 Change | Raised Pavement Markers, Admin. Responsibilities.
In item 1 revised “Office of Traffic Engineering (OTE)” to
“Office of Traffic Operations (OTQO).”
3-16 3-16 _ Reprinted as part of the Revision Set.
Part 4, Highway Signals [top of page]
4-1 — 4-1 — Table of Contents.
4-8 4-8 T Updated.
4-11 4-11 _ Reprinted as part of the Revision Set.
401-4 4-12 4-12 Change | TC Signals — General, 632, Removal of Traffic Signal...
In item 3.c, revised “W3-H12” to “W24-H2b.”
442-4 4-67 4-67 Editorial | Plan Notes, 632, Removal of Traffic Signal Installation.
Deleted comma after 632 in fitle.
442-5 4-67 4-67 Editorial | Plan Notes, 632, Interconnect Cable, Misc.: (by Size)...
Deleted comma after 632 in fitle.
442-6 4-68 4-68 Editorial | Plan Notes, 632, Loop Detector Units, by Type...
Deleted comma after 632 in fitle.
442-9 4-68 4-68 Editorial | Plan Notes, 632, Loop Detector Lead-In Cable, Direct...
Deleted comma after 632 in fitle.
442-10 4-69 4-69 Editorial | Plan Notes, 632, Combination Signal Support, Type...
Deleted comma after 632 in fitle.
442-11 4-69 4-69 Editorial | Plan Notes, 632, Combination Strain Pole, Type...

Deleted comma after 632 in title.
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Revision Involves:

Chapter
or
Section

Page

New
Page

Type *

Section Title and Revision Description

44213

469 —
4-70

4-69

Change

Plan Notes, 632, Vehicular Signal Head, Color,...
Deleted “(LED)” from the title and added “Material,” after
“Color.” Also deleted the comma after 632 in the title.

In the first line deleted “ltem” and the second “CMS.”
Deleted item 2 and renumber the remaining item.

These changes are because polycarbonate vehicular
signal heads have been added to the Spec Book.

442-14

4-70

4-70

Editorial

Plan Notes, 632, Power Service, As Per Plan.
Deleted comma after 632 in title.

44216

4-70

4-70

Editorial

Plan Notes, 633, Alternate Bid Item.
Deleted comma after 633 in title.

442-17

471

471

Change

Plan Notes, 632 Vehicular Signal Head, Colot,...
Deleted “(LED)” from the title and added “Material,” after
“Color.” In the first paragraph, deleted the numbered group
about Signal Sections. In the second paragraph, updated
the item description. In the first sentence of the Designer
Note, deleted “LED/incandescent lamp and aluminum/
polycarbonate.” These changes are because poly-
carbonate vehicular signal heads have been added to the
Spec Book.

44218

4-72

471

Deletion

Plan Notes, 632 Pedestrian Signal, (LED), ...

Deleted existing note because polycarbonate pedestrian
signal heads have been added to the Spec Book.
Reserved the note number, and inserted temporary text to
explain what happened to the existing Note.

472 -
4-75

Text shifted.

442-30

479

476

Change

Plan Notes, Pull Box, 24” (600 mm) x (875 mm) X...
Deleted the metric values.

442-31

4-79

476 -
4-77

Change

Plan Notes, 632 Pole Entrance Fitting.
Deleted the metric values.

442-33

4-79

4-78

Deletion

Plan Notes, 804 Fusion Splicer.

Deleted because the information is in a new Supplemental
Specification. Reserved the note number, and inserted
temporary text to expain what happened to the Note.

442-34

4-80

4-79

Deletion

Plan Notes, 804 Fiber Optic Termination Tool Kit.
Deleted because the information is in a new Supplemental
Specification. Reserved the note number, and inserted
temporary text to expain what happened to the Note.

442-35

4-80

4-79

Deletion

Plan Notes, 804 Cleave Tool.

Deleted because the information is in a new Supplemental
Specification. Reserved the note number, and inserted
temporary text to expain what happened to the Note.

442-36

4-80

479

Deletion

Plan Notes, 804 Optical Time Domain Reflectometer.
Deleted because the information is in a new Supplemental
Specification. Reserved the note number, and inserted
temporary text to expain what happened to the Note.

442-37

4-81

4-79

Deletion

Plan Notes, 804 Mechanical Splice Tool Kit.

Deleted because the information is in a new Supplemental
Specification. Reserved the note number, and inserted
temporary text to expain what happened to the Note.




Revision Involves:

chapter pew | Type * o iy -

Section Page age Section Title and Revision Description

442-38 4-81 4-79 Deletion | Plan Notes, 804 Fiber Optic Training.

Deleted because the information is in a new Supplemental
Specification. Reserved the note number, and inserted
temporary text to expain what happened to the Note.

4-80 _ Text shifted.

442-41 4-84 4-81 Editorial | Plan Notes, 633 — Uninterruptible Power Supply...
Deleted dash after 633 in title.

442-43 4-84 4-81 Editorial | Plan Notes, 633 — Stop Bar Detection Radar.

Deleted dash after 633 in title.

442-44 4-86 4-82 Editorial | Plan Notes, 633 — Controller Unit, Type 2070L...
Deleted dash after 633 in title.

442-45 4-86 4-83 Change | Plan Notes, 632 — Signal Support, Mechanical...
Deleted dash after 632 in title; corrected 48 feet to 59 feet
in line four of the first paragraph.

442-46 4-87 4-84 Editorial | Plan Notes, 632 — Signal Support, (By Type)...
Deleted dash after 632 in title.

442-47 4-87 4-84 Editorial | Plan Notes, 632 — Signalization, Misc.: Unlash and...
Deleted dash after 632 in title.

442-48 4-88 4-84 Editorial | Plan Notes, 632 — Signalization, Misc.: FAA Type...
Deleted dash after 632 in title.

442-49 4-89 4-85 Editorial | Plan Notes, 632 — Signalization, Misc.: Bridge...
Deleted dash after 632 in title.

4-86 — Text shifted. Inserted some blank pages to avoid changes
4-90 T in page numbering for the following Chapters.

443 4-91 4-91 Change | Specifications.

Added a reference to SSs 840 and 940; and deleted the
reference to Supplement 1046, which is no longer used.
4-92 Included as part of the Revision Set.

460-2 4-91 4-119 Change | Maintenance/Operations, Responsibilities.

In the first line revised “Office of Traffic Engineering
(OTE)” to “Office of Traffic Operations (OTO),” and in two
more places on page 4-119 revised “OTE” to “OTO.”

460-3 4-91 4-120 — | Change | Maintenance/Operations, Preventive Maintenance.

4-121 In Subsection 460-3.2, replaced the second sentence
with “Incandescent lamps shall no longer be used.” In the
first paragraph, revised “eighty-four months” to “seven
years” and “ninety-six months” to “eight years”; and in the
last paragraph, revised “10” to “ten.”

In Subsection 460-3.3, Added the statement
“Incandescent lamps shall no longer be used”; revised
“Every twenty-four months incandescent lamps behind all
lenses” to “Every seven years, all LED lamps”; and
replaced “; and” with a period.

460-7 4-122 4-122 Change | Maintenance/Operations, Training.

In the first paragraph and in item 2 revised “Office of
Traffic Engineering” to “Office of Traffic Operations.”
Part 5, Low-Volume Roads [top of page]
Part 6, Temporary Traffic Control top of page
6-1— 6-1 — Table of Contents.
6-12 6-12 N Updated title for Section 641-19.
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Revision Involves:
Chz;:ter New Type *
Section | Page Page Section Title and Revision Description
605-5 6-35 6-35 Change | TTC Zone Devices, Flagger Sign.
In the first line of Subsection 605-5.8, corrected the sign
code designation for the Flagger sign to W20-7.
6-36 6-36 _ Reprinted as part of the Revision Set.
6-53 6-53 _ Reprinted as part of the Revision Set.
605-20 6-54 6-54 Change | TTC Zone Devices, Increased Barrier Delineation.
In Subsection 605-20.1, to clarify the intent, revised
“increased barrier delineation” to “one of the alternate
delineation methods for increased barrier delineation
shown in MT-101.70.”
6-121 6-121 _ Reprinted as part of the Revision Set.
641-11 6-122 6-122 Change | Plan Prep./Production, Flagger Closing One Lane...
In the second sentence, revised “Flagger Ahead sign
(W20-7a)” to “Flagger symbol sign (W20-7).”
6-127 6-127 _ Reprinted as part of the Revision Set.
641-18 6-128 6-128 Editorial | Plan Prep./Production, Road Closure Using Type Ill...
Corrected “Type llI” to “Type 3” in the Section title.
641-19 6-128 6-128 Change | Plan Prep./Production, Portable Barrier and Impact...
Deleted “Portable” from the Section title.
Part 7, School Area Traffic Control [top of page]
Part 8, Rail Grade Crossings [top of page]
Part 9, Bicycles [top of page]
Part 10, Reserved for Future Use [top of page]
Part 11, Highway Lighting [top of page]

Part 12, Zones and Traffic Engineering Studies

[top of pagel]

12-1 =
12-6

12-1 -
12-6

Table of Contents.
Updated. Inserted blank page to avoid changes in page
numbering.

12131

12-59

12-59

Change

Other TE Studies, General.
Revised the sentence to end after “engineering studies.”

1213-2

12-59 —
12-60

12-59

Change

Other TE Studies, Ball Bank Studies for Determining...
Revised the Section title to “Determining Curve Advisory
Speeds.”

In Subsection 1213-2.1, revised and reduced the
discussion to one paragraph.

In Subsection 1213-2.2, deleted “Mechanical” from the
title, and revised and rewrote the first four paragraphs into
a new single paragraph, and replaced the last paragraph
with text about the form.

Replaced Subsection 1213-2.3 with the text of existing
Section 1213-3, with minor editing and deleting the
existing last paragraph of 1213-3 (“Safe speeds on
horizontal...”).

Deleted Subsection 1213-2.4. This is basically now
covered in Subsection 1213-2.2.

1213-3

12-60

12-59

Deletion

Other TE Studies, Calculation Method to Determine...
With minor editing this material was relocated to become a
new Subsection 1213-2.3.

1213-4
Now
1213-3

12-60

12-60

Change

Other TE Studies, Delay Studies.
Renumbered existing Section. Revised “OTE” to “ORE.”




Revision Involves:

chapter pew | Type * o iy -

Section | Page age Section Title and Revision Description

1213-5 12-61 Deletion | Other TE Studies, Speed Studies.

Deleted. The information is addressed in Section 1203-3,
and this was basically just a cross-reference.

1213-6 12-61 12-60 — | Change | Other TE Studies, SSTP Program.

Now 12-65 Revised Section number references throughout.

1213-4 Removed the three sample tables (they are now shown in
a new Figure 1298-2), and updated related references.
Made some editorial changes, such as “peak hour” to
“peak-hour” and “turn lane” to “turn-lane”; and in the
Project Scope Subsection (on page 12-63), revised “(Mr.
David Gardner)” to “Traffic Monitoring.” On page 12-65,
revised “Office of Traffic Engineering” to “Office of Traffic
Operations” in two places.

1213-7 12-61 12-65 — | Change | Other TE Studies, Road Safety Audits (RSAs).

Now 12-66 Revised Section number references throughout.

1213-5 In the paragraph just before the table, revised “Ohio” to
“‘ODOT.”

1220 12-71 Deletion | Material and Equipment.

1250 12-71 Deletion | Construction.

1280 12-71 Deletion | Research.

1295 12-71 Deletion | Reference Resources.

12-67 — To maintain existing paging for now, inserted some blank
12-72 sheets.

1296 12-73 12-73 — | Change | Forms Index.

12-68 Revised the entry for Form 1296-11, Curve Study Sheet,
by deleting the last sentence, and deleting “if an Advisory
Speed plate should be used to supplement a curve (or
turn) Warning Sign and, if used,” from the first sentence.
Also updated information about Forms 1296-12 and 1296-
13 (the existing forms have been deleted).

12-93 12-93 — Reprinted as part of the Revision Set.
1296-11 12-94 12-94 Change | Form 1296-11. Curve Study Sheet.

Inserted new sample form.

1296-12 | 12-95 12-95 Deletion | Form 1296-12. Completed Curve Study Sheet.
Deleted. Revised the title to “Reserved — Existing Form
Deleted.”

1296-13 12-96 12-96 Editorial | Form 1296-13. Reserved for Future Information.
Deleted the reference to the “Red Flag Summary Form”
and revised the title to “Reserved — Existing Form
Deleted.”

1298 12-117 12-117 | Change | Figures Index.

Revised the title and text about Figure 1298-2.
12-118 12-118 — Reprinted as part of the Revision Set.
12-123 12-123 — Reprinted as part of the Revision Set.

1298-2 12-124 12-124 | Change | Figure 1298-2. Mechanical Ball Bank Indicator.
Revised the title to “Examples of Signal Timing and
Phasing Improvements” and replaced the existing picture
of a mechanical ball bank indicator with the three tables
that were previously in Section 1213-6 (now 1213-4).

Part 13, ITS [top of page]

Part 14, Miscellaneous [top of page]




Revision Involves:

Chapter
or
Section

Page

New
Page

Type *

Section Title and Revision Description

14-1 =
14-2

14-1 =
14-2

Table of Contents.
Updated.

1400

14-3

14-3

Change

General.

Added a reference to ORE in the first paragraph, and
made some minor editing changes. Added a second
pargraph providing references to material in Part 1.

14011

14-3

14-3

Change

Training Available, General.
Added references to ORE and LTAP, revised “OTE” to
“OTO,” and made some editorial updates.

1401-2

14-3

14-3

Change

Training Available, Traffic Academy.
Updated the web address to ORE’s website.

1401-3

14-3

14-3

Change

Training Available, Overhead Sign Supports.
Deleted the course length information. This will be
provided when the applicant calls. In the Program
Manager line, deleted “Traffic Control Section” and
“Contact Number,” and revised “Office of Traffic
Engineering” to “Office of Traffic Operations.”

1401-4

14-4

14-4

Change

Training Available, NEMA TS-1 Traffic Signal...
Deleted “TS-1"in the title and the first paragraph. In the
second paragraph, deleted “two-day.” In the third
paragraph, deleted “TS-1” in the third bullet item, and
added “and TS-2” after “TS-1” in the fourth bullet item. In
the last paragraph, deleted Kevin Duemmel’s name and
contact information.

Revised “OTE” to “OTO” in two places.

1401-5

14-4

14-4

Change

Training Available, 170 Traffic Signal Maintenance.
Revised “170” to “2070” in the title and throughout the
Section. In the first paragraph, deleted “This course
requires completion of the NEMA TS-1 course.” In the
second paragraph, deleted “two-day.” In the last
paragraph, deleted Kevin Duemmel’s name and contact
information.

Revised “OTE” to “OTQ” in two places.

1401-6

14-5

14-5

Change

Training Available, Strain Pole Design...

In the first paragraph, deleted reference to OTE, updated
the web address to ORE’s, and made some minor editorial
changes. In the second paragraph, and deleted “four
hour.” In the last paragraph, replaced Kevin Duemmel’s
name and contact information with a reference to the
“ORE Traffic Control Design Section.”

1402

147 =
14-8

Deletion

Other OTE Services.
Deleted this Chapter. The time-lapse and real-time video
services are no longer available.




Revision Involves:

Chapter
or
Section

Page

New
Page

Type *

Section Title and Revision Description

1415-1

14-9

14-5

Change

Rumble Strips & Stripes in the Roadway, General.
Added text in paragraph 1 to more fully describes the uses
of rumble strips.

In paragraph 2, deleted the reference to ORE and
rearranged the remaining sentence.

In paragraph 3, added “Permanent” at the beginning of the
first sentence, revised “4 inches” to “2 inches” in the last
sentence, and made a couple of editorial changes.

Moved the last sentence of paragraph 5 to be the last
sentence of paragraph 6.

Added a new last paragraph to clarify that “rumble stripes”
are a type of “rumble strip.”

14152

14-9

14-6

Change

Rumble Strips & Stripes in the Roadway, Transverse...
In Subsection 1415-2.1, added a sentence in paragraph 1
specifying that rumble strips consist of “parallel 4-inch
grooves cut at 1-foot intervals.” Added a new paragraph 4
describing a typical rumble strip installation. Updated the
code designation for the RUMBLE STRIPS sign.

In Subsection 1415-2.2, added a new last paragraph with
placement information.

In Subsection 1415-2.3, rewrote and expanded the
information about rumble strips at RR grade crossings.
Relocated the text from previous Section 1415-4 about
rumble strips on freeways and expressways to become a
new Subsection 1415-2.4 (with minor editing).
Renumbered existing Subsection 1415-2.4 to 1415-2.5
and deleted “Two-Lane” from the title.

1415-3

14-10

14-8

Change

Rumble Strips & Stripes in the Rdwy, Rumble Stripes..
Revised the Section title to “Rumble Stripes.”

Updated the sign code designation in Subsection 1415-
3.1, and revised the text to clarify that “rumble stripes” are
simply “longitudinal rumble strips.”

In Subsection 1415-3.2, added “or Lane” in the title,
added a sentence about lane line rumble stripes, and
made some editorial revisions.

In Subsection 1415-3.3, made editorial changes to revise
the section to address only information that has not
already been discussed in the general sections on rumble
strips. Also, revised the shoulder width criteria to reference
a “paved” shoulder, and generally revised the text to
update references to “urban areas” to “built-up areas” and
includes some examples of intent. Rephrased paragraph
5, and updated the Office reference in the last paragraph.

1415-4

14-11

Deletion

Rumble Strips & Stripes in the Rdwy, Rumble Stripes..
Moved the information from this Section to Section 1415-2
with the other Transverse Rumble Strips.

1415-5
Now
1415-4

14-12

14-9

Change

Rumble Strips & Stripes in the Rdwy, Rumble Strips...
Renumbered this Section.

1416
New

14-10

Change

Other Devices.
Added Chapter.




Revision Involves:
chapter New | Type * o iy -
Section | Page Page Section Title and Revision Description
1416-1 14-10 Change | Other Devices, Driveway Mirrors.
New Added a Section on the topic to provide background and
guidance when questions arise.
1420 14-13 Deletion | Materials and Equipment.
Deleted Chapter. Considered unnecessary.
1430 14-13 Deletion | Planning / Programming .
Deleted Chapter. Considered unnecessary.
1450 14-13 Deletion | Construction.
Deleted Chapter. Considered unnecessary.
1480 14-13 Deletion | Research.
Deleted Chapter. Considered unnecessary.
1495 14-13 Deletion | Reference Resources.
Deleted Chapter. Considered unnecessary.
1496 14-15 Deletion | Forms Index.
Deleted.
1496-1 14-17 Deletion | Form 1496-1. Video Request Form.
Deleted. No longer used.
Part 15, Appendix (new) [top of page]
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Revisions of this Manual are published on a quarterly basis, as needed. They
are published only on-line, at the Office of Roadway Engineering (ORE) and
DRRC websites noted below.

Ohio Department of Transportation
Office of Roadway Engineering
1980 W. Broad St., P.O. Box 899

Columbus, OH 43216-0899

Web addresses:
ODOT: http://www.dot.state.oh.us

Office of Roadway Engineering (ORE):
http://www.dot.state.oh.us/divisions/Engineering/Roadway

Office of Traffic Engineering (OTE):
http://www.dot.state.oh.us/divisions/Operations/traffic/

ODOT Publications (Design Reference Resource Center (DRRC)):
http://www.dot.state.oh.us/drrc

An Equal Opportunity Employer

October 23, 2002 i (October 18, 2013)



Traffic Engineering Manual

PREFACE

The Traffic Engineering Manual (TEM) has been developed to assure uniformity in application
of ODOT traffic engineering policies, guidelines, standards and practices. The OMUTCD establishes
the basic, minimum traffic control standards for all public highways in Ohio, and all supplemental
ODOT traffic engineering design, construction and operations related information is either contained
in the TEM or referenced from it.

This Manual contains standards, policies, etc. established for use in ODOT work; however,
various situations will present themselves where engineering knowledge, experience and judgment
will have to be used to determine how to apply the information included herein to specific situations.
Comments, questions and proposed revisions should be submitted to the Office of Roadway
Engineering, Design Standards Section, Ohio Department of Transportation at the address
noted on page ii.

October 23, 2002 iii (October 18, 2013)



Traffic Engineering Manual

Ohio Department of Transportation
MISSION STATEMENT

To provide easy conveyance of people and goods from place to place, we will:
- Take care of what we have
« Make our system work better
« Improve safety

- Enhance capacity

October 23, 2002 iv (October 18, 2013)



Traffic Engineering Manual

PUBLICATION RECORD

2002 October 23, 2002 Edition, effective December 2, 2002

New edition, updating and consolidating information previously published in the ODOT Traffic Control Application Standards
Manual, the Traffic Control Design Information Manual, the Construction Guidelines for Traffic Control Devices and various separate
policies, guidelines and procedures.

2003 January 17, 2003 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet, Publication Record, and Table of Contents;

in Part 1, arevised Table 197-1;

in Part 2, a revised Section 208-3, and editorial changes in Section 205-2.3.1;

in Part 3, a revised Table of Content, revised Sections 304-2, 342-2, 342-3, 342-4, 342-5 and 343, and editorial changes in

Sections 301-1, 301-3, 302-1, 304-1, 304-3, 304-6, 306, 307, 320-4, 320-5, 340-1, 340-2, 340-3 and 350-2;

. in Part 4, a revised Table of Content, revised Sections 442-3, 442-5, 442-9, 442-10, 442-11, 442-15, 442-16 and 442-19,
deleted Sections 442-14, 442-17 and 442-18, and editorial changes in Sections 401-1, 403-1, 404-1, 420-1, 421-1, 441-9, 442-
4, 442-6, 442-7, 442-8, 442-12, 442-13, 443, 450-3.2 thru 450-3.6, 450-4.1, 450-4.3, 450-4.4, 450-6.2, 450-6.3, 450-8.2, 450-
8.5, 450-8.7, 450-8.8, 450-9, 450-10.2 thru 450-10.7 and 450-11.1 thru 450-11.8;

. in Part 6, a revised Table of Content, a new Section 605-8.4, revised Sections 605-6.5, 607-40, 607-41, 640-14, 640-24.1,
641-8.4, 641-10.5, 642-3, 642-9, 642-16, 642-17, 642-19, 642-20, 642-21, 642-24, 642-25, 642-26, 642-27, 642-28, 642-30,
642-31, 642-32, 642-35, 642-39, 642-41, 670-7 and Figure 698-3a, and editorial changes in Sections 605-2.1, 605-7.3, 605-
11.3, 605-11.4.1, 605-11.5, 605-11.10.2, 606-2, 606-12, 606-14, 606-15, 607-1, 620-3, 620-6.1, 620-6.2, 620-6.3, 640-1, 640-
8, 640-11.3, 640-11.6, 640-11.7, 640-18.2, 640-21, 640-22, 641-2.6, 641-5.1 thru 641-5.4, 641-5.6, 641-6.1 thru 641-6.5, 641-
7.2, 641-8.5, 641-9.6, 641-9.7, 641-10.4, 641-10.8, 641-11, 641-12, 641-13, 641-14, 641-15, 641-16, 641-17, 641-19, 642-2,
642-4, 642-5, 642-6, 642-9, 642-10, 642-12, 642-18, 642-22, 642-29, 642-33, 642-34, 642-36, 642-37, 642-38 and 642-40;

. in Part 11, arevised Table of Content, revised Sections 1141-3.1, 1142-2 thru 1142-19, 1142-21 thru 1142-23, 1142-26, 1142-
31, 1142-32 and 1142-34, and editorial changes in Sections 1142-20, 1142-24, 1142-25, 1142-27 thru 1142-30, 1142-33,
1142-35 and 1143;

. in Part 12, arevised Table of Content and revised Section 1215; and

. in Part 14, the Index was revised.

2003 April 18, 2003 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

new Cover Sheet, Publication Record and Table of Contents;

in Part 2, revised Section 201-8 and Table 297-9;

in Part 3, revised Sections 302-3 and 343; and editorial corrections in Section 302-2 and Table 397-1;

in Part 4, new Sections 442-17, 442-18 and 442-19; a revised Table of Contents and revised Sections 442-1 thru 442-16 and

Figures 498-3 and 498-5;

. in Part 6, a revised Table of Contents, and revised Sections 602-5.3, 605-10.2, 642-1 thru 642-32 and Table 697-9; and
editorial changes in Sections 605-11.4.1, 640-12.2, 640-20, 640-23.3.4, 640-23.5, 641-7.4, 641-15, 642-9, 642-36;

. in Part 11, new Sections 1150-1 thru 1150-21 and 1160-11 thru 1160-14; a revised Table of Contents; and editorial changes in
Section 1100-1, 1140-4.3.5, 1140-5.6.2, 1140-5.7.2, 1140-7.3, 1141-4.2.3, 1142-16, 1142-17 and 1142-18; and

. in Part 12, revised Section 1202-1.

2003 October 17, 2003 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and Table of Contents, and an updated Publication Record;

. in Part 1, a revised Table of Contents, and revised Sections 100-2, 100-5, 101-1, 101-2, 101-3.2, 101-3.3, 101-3.4, 101-4,
101-5, 102-2, 102-3.2, 102-3.4, 102-3.5, 102-5, 103-3.1, 103-3.3, 103-3.8, 103-4, 103-5, 104-1, 104.2, 105-1, 106-2, 106-3,
130-2.1, 130-2.3, 140-2.6, 194-9, 197 and 198, and Form 196-3, Tables 197-1, 197-2, 197-3, 197-9 and 197-10, and Figures
198-1a, 198-1b, 198-1c and 198-2; deleted Section 106-4 and Figure 198-1d; editorial changes in Sections 100-1.4 and 103-
3.4; and general editorial/formatting changes;

. in Part 3, a new Section 301-14; revised and renumbered Sections 301-12.4 and 301-12.5 (now Sections 301-12 and 301-13,
respectively); a revised Table of Contents, and revised Sections 301-1, 301-4 through 301-11, 302-1, 303-1, 303-2, 304-1,
304-3, 304-5, 304-6, 305, 306 and 310, and Figures 398-1, and 398-3 through 398-5; deleted Sections 301-12.1 through 301-
12.3; editorial changes in Sections 301-2 and 320-1; and general editorial/ formatting changes;

. in Part 4, new Sections 401-6 through 401-8, 402-3.5, 403-7, 408-2, 440-5 and 440-6, and Forms 496-8 through 496-18; a
revised Table of Contents, and revised Sections 400-1, 401-1, 401-3, 401-4, 402-1, 402-3.1 through 402-3.4, 403-1 through
403-3, 403-5, 403-6.1, 404-1 through 404-3, 405-1, 406-1 through 406-3, 407-2, 408-1, 420-4.1 through 420-4.4, 420-4.7, 420-
4.8,421-1, 441-3, 450-10.4, 450-10.6, 496 and 497, and Table 497-3; and general editorial/reformatting changes;

. in Part 5, revised Sections 500 and 595;

. in Part 7, a revised Table of Contents, and revised Sections 700, 701, 702-1 through 702-5, 702-7 and 704; and general
editorial/reformatting changes;

. in Part 8, a revised Table of Contents, and revised Sections 800, 801-1, 801-2.2, 802-1, 802-2, 803, and 804; and general
editorial/reformatting changes;
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in Part 9, a revised Table of Contents and revised Section 900; and general editorial/ reformatting changes;

in Part 10, revised Sections 1000 and 1095; and

in Part 11, a revised Table of Contents, and Sections 1100-1, 1103-6.8, 1140-4.6.2, 1142-14, 1142-15, 1142-25, 1160-6 and
1160-8; and an editorial change in Section 1160-13.

January 16, 2004 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and Table of Contents, and an updated Publication Record;

in Part 2, a revised Table of Contents, and revised Sections 200-1, 201-1 through 201-3, 201-5, 201-7, 201-8, 201-10 through
201-13, 202-1, 202-4 through 202-7, 203-1, 203-2, 204-1 through 204-4, 205-1, 205-2.1, 205-2.3.3, 205-3, 206-1, 206-3
through 206-15, 207, 207-1, 207-2.1, 207-3.1, 207-4, 207-5, 207-6.1, 207-6.3, 207-6.4, 207-7, 208-1, 208-2, 208-3, 208-4, 208-
6, 209-1, 209-2.2, 209-2.3, 209-3, 209-4, 209-5, 210-2, 211-1, 212-1, 220-7, 240-2.3, 240-3, 250-3.1, 295-2, 297 and 298, and
Tables 297-1 and 297-4, and Figures 298-1, 298-2, 298-4a, 298-4b, 298-5a through 298-5d, 298-6a, 298-6b, 298-7, 298-22
and 298-24; deleted Sections 201-6, 206-2 and 295-3, and Figure 298-6¢; and general editorial/formatting changes;

in Part 3, editorial corrections in Section 398;

in Part 6, new Sections 605-5.12 through 605-5.15, 606-19, 606-20, 640-26, 642-42 through 642-45, 670-6.1 through 670-6.3;
arevised Table of Contents, and revised Sections 601-1, 602-4.1, 602-4.4.4, 602-5.1 through 602-5.6, 602-5.8, 602-6, 602-7,
603, 604, 605-1 through 605-3, 605-4.2, 605-4.3, 605-5.1 through 605-5.11, 605-6, 605-7, 605-8, 605-9605-10.1, 605-10.2,
605-11.1 through 605-11.9, 605-11.10.1, 605-11.11 through 605-11.13, 605-12, 605-13, 605-14.1, 605-14.2, 605-14.5, 605-
15.1, 605-15.2.2, 605-15.2.3, 605-16 through 605-20, 606-1 through 606-18, 607-1 through 607-15, 620-3, 620-6.1, 640-4,
640-5.3, 640-12.1, 640-12.4, 640-18.2, 640-20, 640-22, 641-5.2, 641-5.3, 641-6.3, 641-6.5, 641-7.3, 641-8.3, 641-9.3, 641-9.6,
641-10.3, 641-10.4, 641-11 through 641-13, 641-15, 641-17, 641-19, 642-24, 642-27, 642-31 through 642-34, 660-2, 670-6
through 670-8, 695-2, 697, 698, and Tables 697-5 through 697-9, and Figures 698-1 through 698-4; deleted Sections 605-6.1
through 605-6.5, 605-9.1 through 605-9.3, 605-10.3, 605-11.14, 607-16 through 607-44, 670-9, 670-10, and Tables 697-10
through 697-14, and Figures 698-5 through 698-49; editorial corrections in Sections 620-2.2, 642-5, 642-30; and general
editorial/formatting changes.

in Part 11, revised Section 1141-3.1;

in Part 12, arevised Table of Contents, and revised Sections 1210, 1211, 1212-1, 1212-2.2, 1212-2.3, 1213-1, 1213-2, 1213-
3, 1214, 1215, 1220-3, 1220-5.1, 1230-2.1 and 1230-6.13; and editorial corrections in Sections 1220-5.7 and 1230-6.9.

in Part 13, a revised Table of Contents, and revised Sections 1301-2, 1301-3, 1305, 1312 and 1399, and general
editorial/formatting changes.

April 16, 2004 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and Table of Contents, and an updated Publication Record;

in Part 1, a new Section 140-7; and revised Tables 197-1 and 197-10;

in Part 2, a new Section 240-8; a revised Table of Contents and Sections 240-1 and 295-2;

in Part 3, a new Section 350-3; a revised Table of Contents, revised Sections 301-1, 301-2, 301-14, 302-2 thru 302-4, 304-4,
320-1, 320-5, 340-2 thru 340-4, 342-2, 343 and 397, and revised Table 397-1; deleted Sections 342-3 thru 342-5; and a minor
editorial correction in Section 301-10;

in Part 4, a new Section 440-7; a revised Table of Contents and Section 440-1;

in Part 6, new Sections 630-5, 641-23 and 642-46, and Figures 698-5 through 698-9; a revised Table of Contents, revised
Sections 606-16, 606-17, 607-10, 607-12, 607-13, 607-15, 630-1, 640-12.1, 640-12.4, 640-23.3.1 and 698; and editorial
corrections/changes in Sections 640-2, 642-44 and 642-45

July 16, 2004 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and Table of Contents, and an updated Publication Record;

in Part 1, arevised Table of Contents and Sections 10-1.3, 100-5, 101-3.3, 101-4, 101-5, 102-3.1, 102-3.2, 102-3.3, 102-5,
103-4, 103-5, 104-3, 140-2.3, 140-2.4, 140-7, 150-1, 160, 193-10.2, 194-14 and 198, and Figures 198-1a and 198-2; deleted
Figures 198-1b and 198-1c; and editorial corrections/changes in Sections 100-1.1, 100-1.4, 100-6, 101-2, 101-3.2, 101-3.4,
102-1, 102-2, 102-3.6, 103-1, 140-2.2, 140-2.5, 140-2.6, 193-10.1, 193-11, 193-12, 194-3, 194-6, 194-9, 194-10, 194-11 and
194-17.

in Part 2, five renamed sections: existing Sections 205-2, 205-3, 205-3.1, 205-3.2 and 209-1.1 are now 205-3, 205-4, 205-4.1,
205-4.2 and 211-3, respectively; new Sections 202-8, 205-2, 205-5, 206-16, 207-8, 209-6, 209-7 and 211-2, and Figures 298-
28 thru 298-36; a revised Table of Contents, and Sections 200-1, 201-1, 201-4, 201-5, 201-7, 201-8, 202-4 thru 202-7, 203-1,
203-2, 204-1 thru 204-4, 205-1, 205-2.1, 205-2.2, 205-2.3.2, 205-2.3.3, 206-1, 206-3, 206-4, 206-5.1, 206-5.2, 206-5.5, 206-6,
206-7.2, 206-7.3, 206-8, 206-14, 206-15, 207-1, 207-2.1 thru 207-2.3, 207-3.1, 207-5.2, 207-5.3, 207-6.2, 207-6.3, 207-7, 208-
1 thru 208-4, 208-6, 209-1, 209-2.1, 209-2.2, 209-3, 209-4.1, 209-4.2, 209-5, 210-2, 211-1, 211-2, 212-1 thru 212-3, 220-4 thru
220-7,220-8.2, 220-8.3, 220-8.5, 221-1, 240-2.1, 240-2.2, 240-3, 240-4.3, 240-4.5, 240-4.7 thru 240-4.9, 240-5.3, 240-5.6,
240-5.7, 240-6.3, 240-6.4, 240-7.1 thru 240-7.3, 240-8, 241-1, 241-3, 241-7, 242-1 thru 242-4, 250-2, 250-3.1, 250-4.3, 250-
5.3, 250-5.7, 250-8.1, 260-1, 260-4.2, 260-4.3, 260-6.1 and 298, and Tables 297-1 and 297-6, and Figures 298-5a thru 298-5d
and 298-22; and editorial corrections/changes in Sections 200-3, 201-2, 201-3, 201-10 thru 201-13, 202-1, 205-2.4, 206-7.1,
206-7.4, 207-2, 207-4.2, 207-4.4, 207-5.1, 207-6.1, 207-6.4, 209-2.3, 209-2.5, 209-2.6, 220-8.4, 221-5, 240-7.5 thru 240-7.7,
241-2, 241-6, 242-5, 250-3.2, 250-3.3, 250-4.1, 250-4.2, 250-4.6, 250-5.2 and 250-6.2, and Tables 297-2, 297-4, 297-9, 297-
11.

October 23, 2002 Vi Revised October 18, 2013



Traffic Engineering Manual

. in Part 3, four renamed sections: existing Sections 340-2, 340-3, 340-4 and 340-5 are now 341-2, 341-3, 341-4 and 341-5,
respectively; new Sections 340-2, 341, 341-1, 350-4, 360-1, 360-2 and 360-3; a revised Table of Contents and revised
Sections 301-14.1, 302-1, 340-1, 350-3 and 360; and a minor editorial corrections/changes in Sections 300-1 and 301-14.4;

. in Part 4, new Sections 442-20, 442-21, 442-22 and 442-23; a revised Table of Contents and Sections 401-6 and 440-7, and
Form 496-13; and editorial corrections/changes in Sections 442-1, 442-3, 442-4, 442-5, 442-6, 442-7, 442-8, 442-9, 442-10,
442-11, 442-12, 442-13, 442-14, 442-15, 442-16 and 442-19;

. in Part 6, new Sections 630-6 and 640-27, and Form 696-1; a revised Table of Contents, revised Sections 605-4.3, 605-5.3,
605-5.12 thru 605-5.15, 605-11.3, 630-4, 630-5, 640-12.2, 642-24, 642-27, 642-33, 696 and 698, and Figures 698-3a, 698-3b
and 698-4; and editorial corrections/changes in Sections 607-10, 607-13, 607-15, 640-18.2, 642-14, 642-15, 642-42 and 642-
46.

. in Part 11, new Sections 1141-3.7 thru 1141-3.9; a revised Table of Contents and Sections 1140-6.1.1.4, 1140-6.1.2.2, 1141-
2, 1141-3.1 thru 1141-3.6 and 1141-4; and an editorial corrections in Section 1142-35.

. in Part 14, arevised listing.

2004 October 22, 2004 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and Table of Contents, and an updated Publication Record;

in Part 1, arevised Table of Contents and Section 103-3.2; and editorial corrections/changes in Sections 100-3.3 and 140-7;
in Part 4, editorial corrections/changes in Sections 442-20, 442-21 and 442-23; and

in Part 6, new Section 642-47; a revised Table of Contents, revised Sections 605-11.3, 640-18.2, 641-5.1, 641-6.1, 642-9,
642-19 and 642-24.

2005 January 21, 2005 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. arevised Preface and an updated Cover Sheet, Revision Record and Table of Contents,;

. in Part 1, new Sections 194-21 and 194-22; a revised Table of Contents and Sections 100-3, 100-4, 101-3.3, 102-1, 102-3.4,
103-3.1, 103-3.2, 103-3.4, 103-3.7, 103-5, 105-1, 105-3, 120-1 thru 120-3, 140-7, 193-3, 193-10.1, 193-14, 193-15, 194-1,
194-2, 194-13, 194-15, 194-16 and 194-19, Tables 197-2, 197-8 and 197-9, and Figure 198-1; editorial corrections or changes
in Sections 101-2, 101-4, 101-5, 102-2, 102-3.2, 102-3.5, 102-3.6, 102-4, 103-4, 104-1 thru 104-3, 106-1, 106-3, 130-2.3, 130-
3, 130-4, 130-6, 140-1, 140-2.4, 140-2.6, 140-2.7, 140-5, 150-1, 150-2, 160, 193-5, 193-10.2, 193-12, 193-20, 194-5, 194-9
thru 194-11, 195-1, 196, 197and 198, Forms 196-1 thru 196-4, Tables 197-3 thru 197-6, 197-7 and 197-10; and minor format
changes.

. in Part 2, new Sections 205-6 and 210-3; revised Table of Contents and Sections 205-4, 209-4 and 240-8, and Table 297-7;

. in Part 4, new Forms 496-19 and 496-20, and Table 497-6; a revised Table of Contents, revised Sections 403-5, 403-6, 403-
6.1, 403-6.4, 403-7, 440-3, 440-5 thru 440-7, 441-2, 441-3, 441-8, 441-11, 496 and 497, and revised Forms 496-3 and 496-4;
editorial corrections in Form 496-6; and deleted Section 403-6.5; and

. in Part 6, a revised Table of Contents, revised Sections 605-4.3, 605-10.1, 642-21, 642-28, 642-30 thru 642-32 and 642-44;
and editorial corrections or changes in Sections 642-33, 642-34, 642-36, 642-37, 642-40 thru 642-43, 642-45 and 642-47, and
Tables 697-3 thru 697-5 .

2005 April 15, 2005 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and Table of Contents, and an updated Publication Record;

. in Part 1, revised Tables 197-2 and 197-3;

. in Part 3, a revised Table of Contents, revised Sections 301-1, 301-7, 301-14.4, 302-2, 302-6, 307-2, 310, 320-1, 320-4, 341-
1, 342-2 and 343, and Table 397-2; and minor editorial/format changes;

. in Part 4, a revised Table of Contents, Sections 401-6, 401-7, 404-2, 442-20, 442-21, 442-22 and 442-23, Form 496-2, and
Table 497-5; deleted Forms 496-12 through 496-18; editorial revisions in Forms 496-8 through 496-11, and 496-19, Table 497-
6, and Figure 498-37; and minor editorial/format changes;

. in Part 6, a revised Table of Contents, revised Sections 630-4, 630-5, 640-23.4, 640-23.5, 641-9.6, 641-23, 642-46 and Form
696-1; and minor editorial/format changes;

. in Part 11, arevised Section 1142-30;

. in Part 12, a revised Section 1220-5.6; and

. in Part 13, added copies of ODOT Policies 16-004(P), 22-007(P), 25-005(P), 122-002(P), 322-002(P), 512-002(P), and
Standard Procedures 122-004(SP) and 510-005(SP); revised Sections 1301-2, 1310, 1312, 1314 and 1399; and minor
editorial/format changes.

2006 January 20, 2006 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Preface, Publication Record and Table of Contents;

. in Part 1, a new Section 193-11; deleted Section 193-14; three renumbered Sections (Sections 193-11 thru 193-13 are now
Sections 193-12 thru 193-14); a revised Table of Contents, Sections 101-2, 101-3.2 thru 101-3.4, 101-4, 101-5, 102-2, 102-3.4
thru 102-3.6, 102-4, 103-3, 103-3.4 thru 103-3.6, 103-4, 103-5, 104-4, 106-1 thru 106-3, 120-1, 120-2, 130-2.2, 130-2.3, 140-
2.3, 140-2.4, 193-4 thru 193-7, 193-9, 193-15 thru 193-18, 194-1 thru 194-3, 194-6 thru 194-8, 194-19, Chapter 197, Forms
196-1 thru 196-4, Tables 197-1 thru 197-3 and197-5 thru 197-10, and Figures 198-1 and 198-2; and editorial revisions in
Sections 100-1.2, 100-1.4, 100-4 thru 100-6, 101-3.1, 102,3.1 thru 102-3.3, 102-5, 103-3.2, 104-2, 105-1, 120-3, 130-1, 130-

October 23, 2002 vii Revised October 18, 2013



Traffic Engineering Manual

2006

2006

2.1, 130-5, 140-1, 140-2.6, 140-2.7, 140-3, 140-4, 140-5, 140-7, 193-1, 193-2, 193-10, 194-4, 194-21 and 195-1, and Chapters
160 and 180;

in Part 5, revised Chapters 500 and 595;

in Part 7, revised Chapter 704, Sections 702-5, 702-6, 705-1, 705-2 and 705-4; and editorial revisions to the Table of
Contents, Chapters 795 and 796, and Forms 796-4 and 796-5;

in Part 8, revised Chapters 803, 805 and 840, Sections 801-2.2, 801-2.3, 802-1, 802-2, 880-2, 895-1, 895-2, 895-3, and 895-4;
and editorial revisions to Chapters 850 and 860, Sections 830-1 880-1;

in Part 9, a new Section 995-4; revised Table of Contents, Chapters 900, 930, 940 and 950, and Sections 995-1 and 995-2;
and

in Part 10, revised Chapters 1000 and 1095

April 21, 2006 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 2, a new Figure 298-37; deleted Figure 298-5d; a revised Table of Contents, Chapter 243, Sections 200-1, 201-1 thru
201-4, 201-8, 201-10 thru 201-13, 202-5, 202-7, 202-8, 203-2, 204-1, 204-2, 205-2, 205-4 thru 205-6, 206-1, 206-3, 206-4,
206-5.2, 206-6, 206-7.2, 206-8, 206-10 thru 206-12, 206-14, 206-15, 207-1, 207-4.4, 207-5.1, 207-6.1, 207-6.3, 207-6.4, 207-7,
208-1, 208-2, 208-4 thru 208-6, 209-1, 209-4.1, 209-5 thru 209-7, 211-1 thru 211-4, 212-1, 212-3, 220-4, 220-5, 221-2, 221-4,
240-2.2, 240-3, 240-4.1, 240-4.2, 240-4.6, 240-4.8, 240-4.9, 240-5.3 thru 240-5.5, 240-6.2, 240-7.2, 240-7.3, 240-7.6, 240-7.7,
241-5, 242-4, 250-2, 250-2, 250-3.1 thru 250-3.4, 250-4.2 thru 250-4.6, 250-5.2 thru 250-5.8, 250-6.2, 250-6.4, 250-6.5, 250-
7.1, 250-7.2, 250-7.4 thru 250-7.6, 250-8.1, 250-8.2, 260-4.2, 260-4.3, 260-5, 260-6.1, 260-6.2, 295-1 thru 295-4, Figure Index,
Figures 298-4a and 298-5a thru 298-5c¢; and editorial revisions in Chapter 230, Sections 200-2, 201-5, 201-9, 202-1, 202-4,
202-6, 203-1, 204-4, 205-1, 206-2, 206-5.1, 206-7.1, 207-2.2, 207-2.3, 207-3.1, 207-3.2, 207-3.3, 207-5.2, 207-5.3, 209-2.5,
209-4.2, 210-1, 210-3, 220-1, 220-7, 220-9, 221-1, 221-3, 221-5, 240-1, 240-2.1, 240-4.3, 240-4.5, 240-4.7, 240-5.7, 240-6.3,
240-7.4, 240-7.5, 240-8, 241-1, 241-6, 241-7, 242-1, 250-4.1, 250-5.1, 250-6.1, 250-6.3, 260-1, 260-4.1 and Figure 298-22;
and minor editorial/format changes;

in Part 3, new Sections 304-7, 341-6, 342-3 thru 342-5, and 350-5 thru 350-8; deleted Section 360-3; a revised Table of
Contents, a revised title for Chapter 303, revised Chapters 310 and 343, Sections 300-1, 300-3, 301-1 thru 301-4, 301-6 thru
301-12, 301-14.1, 301-14.2, 301-14.4, 301-14.5, 302-1, 302-5, 303-1, 303-3, 304-2, 304-6, 307-2, 320-1, 320-4, 341-2, 341-5,
342-2, 360-1 and 360-2, Form 396-1, Figures Index, and Figures 398-2 thru 398-5; and editorial revisions to the Tables Index,
Sections 300-2, 301-13, 303-4, 304-3, 340-1, 340-2, 341-1, 341-4, 342-1, 350-3 and 350-4, Chapters 330, 370 and 380, and
Table 397-1; and minor editorial/format changes; and

in Part 4, new Sections 442-24 thru 442-29, revised Table of Contents, Chapter 443, Sections 400-1, 401-2, 401-3, 401-6,
403-2, 4083-7, 404-2, 404-3, 406-2, 407-2.2 thru 407-2.4, 420-4.2, 420-4.8, 440-6, 441-7, 441-8, 442-3, 442-13, 442-17 thru
442-19, 450-1, 450-3.2 thru 450-3.5, 450-6.2, 450-6.3, 450-8.4, 450-8.5, 450-10.2 thru 450-10.7, 450-11.2, 450-11.5 thru
45011.8, 460-3.4, 495-1, Forms Index, Table 497-5, Figures Index, and Figures 498-7, 498-23 and 498-27; and editorial
revisions to Chapters 430, 470 and 480, Sections 400-2, 400-3, 401-4, 402-1, 402-2, 402-3.1 thru 402-3.3, 402-4, 403-1, 403-
3, 403-5, 403-6.1, 403-6.2, 404-1, 406-1, 407-1, 408-1, 408-2, 420-2, 420-4.1, 420-4.4, 420-4.5, 420-5, 440-1 thru 440-3, 440-
5, 440-7, 441-1, 441-2, 441-5, 441-10, 441-11, 442-1, 450-5, 450-6.1, 450-8.1, 450-10.1, 460-5, 460-7, 460-8, 460-9.2, 460-
9.3, and Forms 496-2, 496-6 and 496-7; and minor editorial/format changes.

July 21, 2006 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 4, new Section 450-12; a revised Table of Contents and Section 420-4.6;

in Part 6, new Sections 600-6, 606-21, 606-22, 642-48 thru 642-52, and Table 697-10; deleted Section 605-14.5; a revised
Table of Contents, Sections 601-2, 602-3, 602-5.1, 602-5.3, 602-5.6, 602-5.7, 603-2, 603-3, 604-2, 604-3, 604-6, 605-1, 605-
2.1 thru 605-2.3, 605-4.3, 605-5.1, 605-5.2, 605-5.5 thru 605-5.7, 605-5.9 thru 605-5.15, 605-6, 605-7.2, 605-7.3, 605-8.4, 605-
9, 605-10.1, 605-10.2, 605-11.1 thru 605-11.13, 605-12.1 thru 605-12.5, 605-13.1, 605-14.1, 605-14.2, 605-14.4, 605-15.1,
605-16 thru 605-18, 605-20, 606-1, 606-3, 606-6 thru 606-9, 606-11 thru 606-20, 607-1, 607-6, 607-10, 607-13, 607-15, 620-3,
620-5, 630-5, 640-2, 640-5.2, 640-9, 640-12.1, 640-13.2, 640-18.1, 640-18.2, 640-22, 640-24.1, 640-24.2, 640-25, 640-26,
641-5.4, 641-5.6, 641-6.4, 641-8.4, 641-9.6, 641-10.6, 641-11 thru 641-14, 641-18, 641-23, 642-4, 642-6, 642-17, 642-21, 642-
24, 642-25, 642-27, 642-39, 642-44, 642-46, 670-5 and Tables Index; and editorial revisions in Chapter 643, Sections 600-1
thru 600-5, 602-1, 602-5.8, 602-6, 602-7.1, 602-7.3, 602-8, 603-1, 604-1, 604-4, 605-3.1, 605-4.1, 605-4.2, 605-5.8, 605-7.1,
605-8.1, 605-8.3, 605-13.2, 605-15.2, 605-19, 606-2, 606-5, 606-10, 607-4, 607-7, 607-11, 607-12, 620-1, 630-1, 630-3, 630-4,
640-1, 640-3, 640-4, 640-5.1, 640-6, 640-7.1, 640-8, 640-11.3, 640-11.5, 640-13.1, 640-14, 640-16, 640-17, 640-19 thru 640-
21, 640-23.1, 640-23.3, 640-23.4, 641-1, 641-2.1, 641-2.3, 641-2.5, 641-2.7, 641-2.8, 641-3, 641-4, 641-5.1 thru 641-5.3, 641-
6.1 thru 641-6.3, 641-6.5, 641-7.1, 641-7.3, 641-8.1, 641-8.3, 641-9.3, 641-10.1, 641-10.3, 641-10.7, 641-15 thru 641-17,
641-19, 642-1, 642-10, 642-30, 642-43, 642-47, 650-1, 660-1, 660-2, 670-1, 670-2, 670-6.2, 695-1, 695-2, 695-5, 695-6 and
Table 697-1d; and minor editorial/format changes;

in Part 11, deleted Section 1142-32; a revised Table of Contents, Chapter 1150, Sections 1104-3, 1130-5, 1140-4.2, 1140-4.4,
1140-4.6, 1140-5.7, 1140-5.9, 1140-7.3, 1141-3.6, 1142-14, 1142-15, 1142-24, 1160-2, 1160-3.1 and Figures Index; editorial
revisions in Chapter 1195, Sections 1100-1, 1100-2, 1100-3, 1103-6.6, 1103-6.8, 1104-1, 1104-2, 1105-1 thru 1105-3, 1106-
2.2,1107-3, 1120-3, 1130-2, 1130-3.1, 1130-4, 1140-1, 1140-3.2, 1140-3.3, 1140-3.5, 1140-4.3, 1140-4.7, 1140-5.3 thru 1140-
5.6, 1140-5.8, 1140-6.1, 1140-6.2, 1140-8, 1141-1, 1141-2, 1141-3.1 thru 1141-3.3, 1141-4.1 thru 1141-4.5, 1142-8, 1142-13,
1142-25, 1142-28, 1142-31, 1142-35, 1160-1, 1160-4, 1160-13.5, the Tables Index, Tables 1197-4 thru Table 1197-7 and
Figure 1198-4; and minor editorial/format changes.
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2006 September 5, 2006 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents; and

. in Part 6, deleted Table 697-6; a revised Table of Contents, Sections 605-8.4, 605-12.2, 605-15.2, 606-10, 606-16, 607-10,
630-5, 640-5.1, 640-9, 641-5, 641-6.2, 641-6.4, 641-11, 641-18, 641-19, 642-10, 642-42, Tables Index, and Figures 698-6 and
698-8; and editorial revisions in Sections 601-2, 630-4, 630-6, and Table 697-10; and minor editorial/format changes.

2006 October 20, 2006 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 3, revised Form 396-1;

in Part 4, revised Section 420-4.2;

in Part 6, a revised Table of Contents and Sections 642-26, 642-50 and 642-51;

in Part 8, revised Chapter 805; and

in Part 12, new Sections 1215-1 thru 1215-5 and 1230-7, Form 1296-13, Table 1297-5 and Figures 1298-17 thru 1298-40; a
revised Table of Contents, Chapters 1210 and 1211, Sections 1201-1 thru 1201-5, 1202-1, 1212-2, 1212-3, 1213-1, 1213-2,
1220-2, 1220-6, 1230-1 thru 1230-3, 1230-6, 1250-2, Forms Index, 1296-1, 1296-2, 1296-11, 1296-12, Tables Index, Figures
Index and Figures 1298-2, 1298-6, 1298-7, 1298-10, 1298-11, 1298-12, 1298-15, 1298-16; and editorial revisions in Chapters
1200, 1214, 1280 and 1295, Sections 1212-1, 1212-4, 1213-3, 1220-1, 1220-3 thru 1220-5, 1250-1; and minor editorial/format
changes.

2007 January 19, 2007 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, revised Figure 198-1;

. in Part 2, new Sections 202-9, 202-10, 204-5, 204-6, 220-10 and 221-6, Tables 297-12 and 297-13, and Figures 298-38
through 298-44; a revised Table of Contents, Sections 201-1, 201-3, 202-7, 203-1, 205-3, 208-1 and 221-5, Tables Index,
Figures Index, Figure 298-6, 298-14, 298-15 and 298-27; editorial corrections in Sections 200-1, 201-5, 201-7, 204-4, 207-5,
207-6, 240-4, 250-4, 250-7 and 260-5, Table 297-4, and Figures 298-26 and 298-28 through 298-32; and minor editorial/format
changes;

. in Part 4, new Sections 442-30, 442-31 and 442-32, and Figures 498-39, 498-40, 498-41 and 498-42; a revised Table of
Contents and Figures Index; editorial corrections in Sections 407-2 and 450-10, and Figure 498-1; and minor editorial/format
changes;

. in Part 6, a new section 620-7; a revised Table of Contents and Sections 605-1, 605-2, 605-11, 620-2, 620-4, 640-18, 642-24,
642-27, 642-33 and 642-34; editorial corrections in Sections 605-4, 605-5, 620-1, 641-17 and 641-19; and minor
editorial/format changes; and

. in Part 7, revised Chapter 704.

2007 April 20, 2007 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, revised Sections 103-3, 103-4, 104-2 and 104-3, Table Index, and Tables 197-1 through 197-3, and 197-5 through
197-10;

. in Part 2, a revised Table of Contents, Section 207-4, Figures 298-15 and 298-22; and editorial corrections in Figures 298-12,
and 298-13 ;

. in Part 4, new Sections 402-5 and 402-6, and Tables 497-7 and 497-8; a revised Table of Contents, Forms Index, Forms 496-
12 and 496-13, and Tables Index; editorial corrections in Sections 402-3, 404-2, 404-3 and 450-8, and Figures 498-6 through
498-8, 498-21, 498-26, and 498-28 through 498-35; and minor editorial/format changes;

. in Part 6, new Sections 641-24 and 642-53, a revised Table of Contents and Sections 602-2, 605-14, 607-12, 607-13, 640-1,
640-12, 641-23, 642-9, 642-21, 642-22, 642-30, 642-31, 642-44 and 642-48; editorial corrections in Sections 640-2, 641-6,
641-7,641-19, 642-10, 642-11, 642-16 and 642-42; and minor editorial/format changes;

. in Part 11, revised Section 1140-5; and

. in Part 12, a revised Table of Contents and Section 1220-3.

2007 July 20, 2007 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, new Sections 120-7, 150-3, 195-3 through 195-7 and Figures 198-3 through 198-6; revised Table of Contents,
Chapters 106, 160, 180 and 195, Sections 100-1, 100-4, 101-2, 101-5, 102-1 through 102-3, 120-1 through 120-6, 130-2, 140-
7, 193-9 and 195-1, Forms 196-1 and 196-3, Tables 197-2, 197-3, 197-9 and 197-10, and Figures Index; editorial corrections
in Sections 193-7, 193-10, 193-15 and 193-16; and minor editorial/format changes;

. in Part 2, a revised Table of Contents and Sections 220-2, 220-3, 240-4, 260-4 and 295-2;

. in Part 3, revised Sections 320-2 and 320-3;

. in Part 4, new Sections 401-9 and 440-8; a revised Table of Contents and Sections 401-2, 404-3, 420-2, 420-3 and 420-4;
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. in Part 6, new Chapter 608, Section 695-7, Forms 696-2 through 696-9, and Figure 698-10; a revised Table of Contents,
Sections 600-4, 600-6, 601-2, 602-3, 602-5, 605-3, 605-14, 605-17, 605-19, 606-14, 606-20, 630-4, 630-5, 640-12 through
640-14, 640-18, 641-2, 641-24, 642-35, 642-51, 642-52, 695-6, Forms Index, Form 696-1 and Figures Index; editorial
corrections in Sections 607-13, 620-7, 630-1, 630-6, 640-23, 640-26, 641-6 and Figure 698-1; and minor editorial/format
changes;

. in Part 8, revised Chapter 805;

. in Part 11, arevised Table of Contents and Sections 1120-3 through 1120-5;

. in Part 12, new Chapters 1203, 1204 and 1205, a revised Table of Contents, Chapters 1200, 1201, 1202, 1210, 1211, 1212,
1213, 1220, 1250, 1280, Forms Index, Form 1296-1, Tables Index, Figures Index, and Figures 1298-1, 1298-3 through 1298-5,
1298-21 and 1298-24; deleted Chapters 1213 through 1215, and1230; editorial corrections in Form 1296-2 and Figures 1298-
21 and 1298-24; and minor editorial/format changes;

. in Part 13, new title, Table of Contents and Chapters replaced existing text, which was relocated Part 15;

. in Part 14, new title, Table of Contents, Chapters 1400, 1401, 1402, 1415, 1420, 1430, 1450, 1480, 1495, Forms Index, and
Form 1496-1; and deleted the index; and

. added Part 15.

2007 October 19, 2007 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, revised Table of Contents, Section 120-4, and Tables 197-1 and 197-2; an editorial correction in Sections 101-2; and
minor editorial/format changes;

. in Part 2, revised Figures 298-10 and 298-29 through 298-32; editorial corrections in Section 240-4 and Figures 298-8, 298-9,
298-11 and 298-26; and minor editorial/format changes;

. in Part 3, an editorial correction in Table 397-1;

. In Part 4, a revised Table of Contents and Section 406-3; deletion of Section 402-6; and an editorial correction in Section 401-
9;

. in Part 6, revised Table of Contents and Sections 641-12, 641-13, 641-14, 641-15, 642-30, 642-39 and 642-41;

. in Part 11, arevised Table of Contents; and editorial corrections to Chapters 1103 and 1120, and Section 1150-3;

. in Part 13, arevised Section 1301-3, Forms Index, and Form 1396-1.

2008 January 18, 2008 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 4, new Section 460-10 and Table 497-9; a revised Table of Contents, Sections 440-4, 442-13, 442-17, 442-24,and
Tables Index; and minor editorial/format changes;

. in Part 6, new Form 696-6; renumbered Forms 696-1 through 696-9 (now Forms 696-1a, 696-1b, 696-2a, 696-2b, 696-3a,
696-3b, 696-4a, 696-4b and 696-5); a revised Table of Contents, Sections 605-2, 605-9, 605-13, 605-14, 605-18, 606-6, 606-
16, 630-5, 640-2, 640-12, 640-19, 641-9, 641-10, 642-18, 642-39, 642-44 and 695-7, and Forms Index; editorial corrections in
Sections 606-1, 640-11, 641-1, 641-12 through 641-15, and Figure 698-3a; and minor editorial/format changes; and

. in Part 13, revised Sections 1301-1 and 1301-2, Forms 1396-1 and 1396-2, and Table 1397-1.

2008 April 18, 2008 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 1, revised Tables 197-2 and 197-9; ;

in Part 2, revised Table of Contents and Sections 240-4 through 240-6; and minor editorial/format changes;

in Part 3, revised Table of Contents, Sections 342-3, 350-7 and 350-8; and minor editorial/format changes;

in Part 4, new Section 401-10; a revised Table of Contents, Chapter 443, Sections 403-6, 403-7, 440-2, 440-6, 441-6, 441-9,

442-1, 442-3, 442-6, 442-11, 442-17 through 442-19, 442-24, 450-3, 450-8, 450-10, 450-11, 460-4, 460-7, 460-8, Forms Index,

Forms 496-14, 496-15, 496-19, Tables 497-1, 497-4, and Figures 498-10, 498-22, 498-25, 498-34 and 498-37; editorial

corrections in Section 442-32, the Figures Index and Figure 498-37;and minor editorial/format changes;

. in Part 6, new Section/Plan Note 642-54; a revised Table of Contents, Sections 605-9, 605-11, 605-13, 620-6, 640-2, 641-10,
642-39; and minor editorial/format changes; and;

. in Part 7, new Chapter 742 with new Sections 742-1 and 742-2; a revised Table of Contents, and Section 702-4; and minor
editorial/format changes

. in Part 11, editorial correction in Section 1142-25; and minor editorial/format changes;

. in Part 13, deleted Form 1396-2; revised Table of Contents, Section 1301-1, Forms Index and Figures Index; and minor

editorial/format changes.

2008 July 18, 2008 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 2, new Section 206-17 and Table 297-14; a revised Table of Contents and Sections 201-6, 240-4, 260-5, the Table
Index and Figure 298-18; and minor editorial/format changes;

. in Part 3, revised Table of Contents; deleted Sections 341-6, 342-4 and 342-5;

. in Part 4, new Section 440-9; a revised Table of Contents and Section 440-3;
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. in Part 6, new Section 604-21, a revised Table of Contents, Sections 605-11, 605-18, 605-20, 607-15, 640-2, 642-24, 642-39,
642-41 and 642-50; and minor editorial/format changes;

. in Part 7, revised Table of Contents and Section 702-4; and minor editorial/format changes; and

. in Part 12, new Forms 1296-14 through 1296-16, and Table 1297-6; revised Table of Contents, Chapters 1201 and 1202,
Sections 1203-1 through 1203-5, the Forms Index, Forms 1296-1, 1296-3, 1296-4, 1296-11, the Tables Index, the Figures
Index, Figures 1298-3 through 1298-5; and minor editorial/format changes.

2008 October 17, 2008 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 2, new Section 201-14; a revised Table of Contents and Section 210-3;

. in Part 3, new Table 397-5; revised Table of Contents, Section 350-2 and Tables 397-1, 397-3 and 397-4; deleted Figure 398-
6; editorial changes in Sections 301-13, 302-2, 303-3, 307-2, 320-4, 350-6, 350-7, 350-8, the Tables Index and the Figures
Index; and minor editorial changes;

. in Part 4, a revised Table of Contents, Chapter 430, and Sections 401-3, 442-26, 442-28, 460-2 and 460-2; editorial changes
in Sections 401-10 and 403-3; and minor editorial changes;

. in Part 6, arevised Table of Contents, Sections 605-13, 605-20, 620-6, 640-18, 640-23, 641-23, 642-24, 642-25, 642-48 and
642-50; editorial changes in Sections 602-6, 605-2, 605-9, 605-10, 605-11, 605-19, 608-2, 620-3, 620-7, 641-9, 641-10, 641-
24, 642-21, 642-27, 642-41, 642-54 and 670-6; and minor editorial/format changes;

. in Part 7, revised Table of Contents; and an editorial change in Section 702-2;

. In Part 11, revised Figure 1198-12;

. In Part 12, new Section 1213-6; revised Table of Contents, Chapter 1210, Section 1213-1 and Forms 1296-1 and 1296-14;
editorial changes in Section 1212-10; and minor editorial/format changes; and

. in Part 13, new Figures 1398-2 and 1398-3; revised Table of Contents, Sections 1301-1, 1301-2, 1301-3, Form 1396-1 and
Table 1397-3; and editorial changes in the Forms Index and the Figures.

2009 January 16, 2009 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 2, a revised Table of Contents and Sections 201-3 and 240-5; and minor editorial/format changes;

in Part 3, new Section 342-4; and a revised Table of Contents;

in Part 4, new Sections 442-33 through 442-39; a revised Table of Contents, Sections 403-5, 440-3, 440-4 and 450-8, Tables

Index, Tables 497-4 and 497-5, Figures Index and Figures 498-3 through 498-5, 498-12, 498-35 and 498-37; editorial change

for Section 401-10; and minor editorial changes;

. in Part 6, new Section 641-19 and renumbered existing Sections 641-19 through 641-24, a revised Table of Contents,
Sections 603-2, 605-5, 605-11, 605-13, 640-6, 640-22, 640-24, 640-25, 641-9, 641-10, new 641-21 (formerly 641-20), new
641-22 (formerly 641-21), 642-4, 642-6, 642-14, 642-15, 642-35, 642-38 and 642-39; editorial change in Section 642-41; and
minor editorial/format changes

. In Part 11, revised Figure 1198-12; and

. in Part 13, new Section 1301-4 and Form 1396-2; deleted Figure 1398-1 and renumbered Figures 1398-2 and 1398-3; revised

Table of Contents, Sections 1301-1 through 1301-3, Forms Index, Form 1396-1, Tables Index, Table 1397-1, and the Figures

Index; editorial corrections in Table 1397-3; and minor editorial/format changes.

2009 March 6, 2009 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents; and
. in Part 2, a revised Section 240-4.

2009 April 17, 2009 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents; and

. in Part 2, new Tables 297-15, 297-16, 297-17 and 297-18; a revised Table of Contents, Sections 206-8, 206-13, 207-2, 207-3,
240-4, the Tables Index, and Figures 298-5a and 298-5b; editorial change in Section 207-4; and minor editorial/format
changes;

. in Part 3, new Sections 301-15 and 341-6; and a revised Table of Contents and Sections 301-10, 302-1 and 341-4; and
editorial changes in Chapters 350, 360, 370, 380, 395 and Table 397-2;

. in Part 4, a revised Table of Contents, Chapter 443, Sections 401-7, 403-2, 440-3, 440-6, 442-7, 442-8, 442-13, 442-17, 442-
18, 442-25 and 442-32, and Figure 498-5; editorial changes for Sections 442-20 and 442-22; and minor editorial changes;

. in Part 6, new Section 604-5 and renumbered existing Sections 604-5 and 605-6, new Section 640-28, and new Section 641-
19 and renumbered existing Sections 641-19 through 641-25, and new Figures 698-11 and 698-12; a revised Table of
Contents, Sections 601-2, 605-2, 605-5, 605-11, 605-14, 605-19, 606-10, 620-4, 640-9, 640-11, 640-12, 640-19, 640-22, 640-
23, 641-5, 641-6, 641-9, 641-10, 641-17, 641-18, new 641-20 through 641-22 (formerly 641-19 through 641-21), new 641-24
through 641-26 (formerly 641-23 through 641-25), 642-6, 642-14, 642-15, 642-18, 642-30, 642-31 642-36, 642-37, 642-44,
642-46, 642-50, 642-53, and 642-54, the Tables Index, and the Figures Index; editorial changes in Sections 641-8 and 642-24,
and Form 696-1a; and minor editorial/format changes;
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. in Part 9, new Sections 940-1 and 940-2, and a new Chapter 942, with new Sections 942-1 and 942-2; a revised Table of
Contents and Chapter 940;

. In Part 12, a new Section 1213-7; a revised Table of Contents, Chapter 1210, Sections 1203-2, 1203-3, 1213-1, the Forms
Index, Form 1296-2 and Form 1296-14; editorial changes in Sections 1203-1 and Form 1296-1; and minor editorial/format
changes;

. in Part 13, a revised Table of Contents, Sections 1301-1, 1301-2, 1301-3 and 1301-4, and Form 1396-1; and minor
editorial/format changes; and

. in Part 15, a revised Table of Contents, Chapter 1505, and Section 1501-3; and minor editorial/format changes.

2009 July 17, 2009 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, new Section 195-8, a revised Table of Contents, Chapter 106, Sections 100-1, 100-4, 100-5, 101-4, 101-5, 102-1,
102-3 through 102-5, 103-1, 103-3 through 103-5, 104-1 through 104-4, 105-1, 120-3, 120-6, 130-2, 130-4 through 130-6, 140-
7, 193-7, 193-11, 194-1, 194-17, 194-18, 195-3 through 195-6, Forms Index, Forms 196-1 and 196-3, Tables Index, Tables
197-1 through 197-3, Tables 197-9 and 197-10, and Figure 198-2; editorial changes in Section 140-2 and Figure 198-6; and
minor editorial/format changes;

. in Part 2, new Sections 202-11 and 242-6; a revised Table of Contents, Sections 201-3, 201-6, 201-8, 201-11, and Section
295-2; editorial changes in Sections 202-6 and 206-11; and minor editorial/format changes;

. in Part 3, revised Chapter 343, Sections 302-5, 304-3, 320.1, 320-5, and Form 396-1; editorial changes in Sections 301-3,
301-7,301-10, 301-14, 350-7 and Table 397-1; and minor editorial changes;

. in Part 4, new Section 403-8; a revised Table of Contents, Chapter 443; Sections 402-2, 402-3, 408-2, 420-1, 421-1, 421-2,
440-3, 440-8, 441-7, 442-27, 442-29, 450-1, 460-7, 460-9, and the Forms Index; editorial changes in Sections 440-4, 442-5,
442-22, 442-32 and 442-33; and minor editorial changes;

. in Part 6, a revised Table of Contents, Sections 600-4, 605-4, 605-11, 605-13, 605-14, 608-4, 608-11, 608-12, 620-3, 620-7,
640-9, 641-3, 641-4, 641-10, 642-50, 650-2, 650-3, 660-3, 670-3, 695-2, 695-4, 695-6, and 695-7; editorial changes in
Sections 601-2, 604-5, 605-9, 605-10, 608-2, 608-4, 630-4, 630-5, 640-23, 640-26, 642-43, 642-44, and the Forms Index; and
minor editorial/format changes;

. in Part 13, revised Sections 1301-3 and 1301-4, the Forms Index, and the Tables Index; editorial change in Section 1301-1;
and minor editorial/format changes.

2009 October 16, 2009 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, new Section 140-8, a revised Table of Contents; revised Sections 120-4 and 193-19, and Table 197-2; and minor
editorial/format changes;

. in Part 3, a revised Section 342-2;

. in Part 4, a revised Table of Contents, Sections 420-5, 440-7, 450-10, 450-11, Forms 496-4 and 496-6, the Figures Index, and
Figures 498-3 through 498-5, 498-23, 498-27, 498-29, 498-30 and 498-33; an editorial correction in Sections 420-4; and minor
editorial changes;

. in Part 11, arevised Table of Contents; revised Sections 1140-4, 1142-24 and 1142-26, and Figure 1198-12; editorial
corrections in Sections 1140-6, 1140-8, 1142-25; and minor editorial/format changes.

2010 January 15, 2010 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 1, revised Section 101-5, Forms 196-3 and 196-4, and Table 197-2;

in Part 2, new Sections 202-12, 202-13 and 260-7, a revised Table of Contents and Sections 201-8 and 240-2;
in Part 3, new Section 301-16, and a revised Table of Contents, Section 301-14 and Table 397-2;

in Part 4, a revised Table of Contents and Section 440-3; and minor editorial changes.

2010 April 16, 2010 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, new Sections 130-7 and 140-9; a revised Table of Contents and Sections 140-8, 195-2, and Tables 197-2 and 197-
9; and an editorial correction in Section 130-6;

. in Part 4, new Sections 403-9, 403-10, 442-40, 442-41 and 442-42; a revised Table of Contents and Sections 402-3, 403-3,
403-6 and 420-5; and minor editorial/format changes;

. in Part 8, new Sections 804-1 through 804-4, 830-3, 830-4, 840-1 through 840-4, 895-5, a new Forms Index and Form 896-1,
and a new Figures Index and Figure 898-1; a revised Table of Contents, Chapters 804 and 840, Section 830-1; and minor
editorial/format changes; and

. in Part 10, a revised Chapter 1000.

2010 May 14, 2010 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):
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. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 6, new Section 660-4 and new Figures 698-13 and 698-14; a revised Table of Contents and Section 660-1, and a
revised Figures Index; editorial corrections in Sections 601-2, 608-4, 608-6, 608-8, 630-4, 630-5, 640-1, 640-13, 640-14, and
Figure 698-1; and minor editorial/format changes.

2010 July 16, 2010 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 2, a revised Table of Contents and Sections 202-4, 202-12, 202-13 and 205-3, Tables 297-1, 297-4, 297-12, 297-13
and 297-17, and Figures 298-20, 298-22 and 298-28; editorial corrections in the Figures Index and Figure 298-10; and minor
editorial/format changes;

. in Part 3, a revised Table of Contents and Sections 301-1, 301-8 and 301-15; and an editorial correction in Section 301-16;

. in Part 4, a revised Table of Contents and Sections 440-3, 442-25, 442-26, 442-27, 442-28, 442-29, 442-31, 442-40, 442-41
and 450-8;

. in Part 6, a revised Table of Contents and Sections 605-6, 605-8, 642-41, 642-44 and 670-4, Table 697-1b, and Figure 698-
3b;

. in Part 7, a revised Section 742-2; and

. in Part 9, new Chapters 901 and 902; a revised Table of Contents and Chapter 900, and Sections 940-1 and 940-2.

2010 October 15, 2010 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents; ;

. in Part 1, a revised Table of Contents and Sections 140-7 and 195-8, and Table 197-9;

. in Part 2, a revised Table of Contents and Sections 209-2, 211-1 through 211-4 and 240-8; editorial corrections in Tables 297-
16 and 297-17; and minor editorial/format changes;

. in Part 3, revised Chapter 343, Sections 302-1, 304-1, 304-3, 307-1, 320-5, 341-2, 350-3, 350-6 and 350-8; and minor editorial
changes;

. in Part 4, a revised Figure 498-21;

. in Part 6, a revised Table of Contents and Sections 602-8, 605-11, 606-16, 607-10, 640-12, 641-9, 641-21, 641-25 and 695-4;
an editorial correction in Section 640-18; and minor editorial changes; and

. in Part 9, a revised Table of Contents and Chapter 930 (replacing the existing text with new Sections 930-1 and 930-2).

2011 January 21, 2011 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 2, a revised Table of Contents and Sections 212-1 through 212-3, 240-4 , 240-7, 250-4, 250-5, 250-7 and 250-8; and
minor editorial/format changes;

. in Part 3, revised Table of Contents and Section 301-9, the Figures Index, and Figure 398-1;

. in Part 4, arevised Table of Contents and Sections 403-6, 420-4, 440-2, 440-5, 440-7, 442-27, 442-29, Tables 497-1 and 497-
6; and an editorial change in Figure 498-38;

. in Part 6, a revised Table of Contents and Sections 605-19, 605-20, 607-10, 642-50 and 642-51 and Figures 698-3a and 698-
3b,

. in Part 8, a revised Section 804-4; and

. in Part 11, a revised Table of Contents and Chapter 1142, deleting fourteen Plan Notes, while renumbering and revising the
others.

2011 April 15, 2011 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 1, revised Forms 196-3, 196-4 and 197-9, and Figure 198-1;

in Part 2, revised Sections 241-6;

in Part 4, a revised Sections 440-5, 441-7, 441-10, 442-10, 460-2 and 460-3; editorial changes in Sections 440-3, 440-8, 441-

3, 441-5, 441-6, 442-12 and 442-14; and other minor editorial/format changes;

. in Part 6, new Section 650-4; a revised Table of Contents and Sections 600-2, 602-6, 602-8, 603-3, 605-2, 605-14, 605-15,
608-5, 608-8, 620-7, 640-4, 640-11, 640-12, 640-13, 640-17, 640-18, 641-2, 641-5, 641-6, 641-7, 641-8, 641-9,641-25, 642-6,
642-24, 642-26, 642-30, 642-31, 642-33, 642-48, and 650-3, the Tables Index, and Table 697-7; editorial changes to Sections
600-5, 602-4, 602-5, 602-7, 604-5, 605-4, 605-5, 605-6, 605-7, 605-11, 605-13, 605-17, 605-18, 605-19, 605-20, 606-6, 606-7,
606-9, 607-10, 630-5, 640-2, 640-5, 640-25, 640-28, 641-10, 641-12 through 641-17, 641-19, 641-20, 641-21, 641-26, 642-9,
642-10, 642-15, 642-16, 642-19, 642-21, 642-25, 642-27, 642-28, 642-34, 642-35, 642-39, 642-40, 642-41, 642-50 through
642-54, 670-6 and 695-4, Tables 697-1c, 697-2, 697-4, 697-8 and 697-9, and the Figures Index; and other minor
editorial/format changes;

. in Part 8, a revised Section 804-4.

. in Part 12, new Forms 1296-6b, 1297-7b, 1296-17, 1296-18 and 1296-19; a revised Table of Contents, Chapter 1250,

Sections 1203-1, 1203-2, 1203-3, 1203-4, 1203-5, 1204-2, 1204-5, the Forms Index, Forms 1296-6a, 1296-7a and 1296-16,

the Tables Index, Table1297-7, the Figures Index and Figure 1298-1; and editorial changes in Forms 1296-2, 1296-4, 1296-11

and 1296-12; and other minor editorial/format changes; and
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. in Part 14, a revised Table of Contents, the Chapter 1415 title and Sections 1401-1, 1401-2, 1401-3, 1401-6, 1402-1, 1415-1,
1415-2, 1415-3; editorial changes in Sections 1401-4 and 1401-5, the Form Index, and Form 1496-1; and other minor
editorial/format changes.

2011 July 15, 2011 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 2, a revised Table of Contents and Section 206-5;

in Part 4, an editorial change in Section 460-8; and

in Part 11, a revised Table of Contents, Section 1140-4, the Figure Index, and Figure 1198-6; and other minor editorial/format
changes.

2011 October 21, 2011 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 2, a revised Table of Contents;

in Part 3, revised Sections 301-5 and 350-4; and other minor editorial changes;

in Part 4, revised Sections 420-4 and 450-8; and other minor editorial changes;

in Part 6, revised Sections 642-37 and 642-41; and a minor editorial correction; and

in Part 11 a revised Table of Contents; revised Section 1120-5; deleted Section 1142-15; and other minor editorial changes.

2012 January 20, 2012 - Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, revised Forms 196-3 and 193-4, and Table 197-3; and made editorial corrections in Sections 100-1 100-4, 101-4,
101-5, 102-4, 102-5, 103-1, 103-4, 103-5, 104-1 104-3, 104-4, 105-1, 106, 195-3, 195-5, 195-6, 195-8, 196-1, 196-2, 196-3,
and 196-4;

. in Part 3, revised Chapters 305, 306, and 310, Sections 300-1, 301-1, 301-4, 301-5, 301-6, 301-7, 301-8, 301-9, 301-10, 301-
11, 301-12, 301-14, 303-1, 303-2, 304-1, 304-3, 304-5, 304-6, 341-2, 342-2, 342-4, 350-3, 350-5, 350-6, 350-7, 350-8, Table
397-2, and Figures 398-2, and 398-3;

. in Part 4, a revised Table of Contents; Sections 400-1, 401-7, 403-2, 403-6, 403-10, 404-3, 405-1, 406-1, 406-3, 407-2, 408-1,
408-2, 420-4, 420-5, 421-1, 441-3, 450-10, Table 497-3; and deleted Section 403-7;

. in Part 5, revised Chapter 500;

. in Part 6, revised Sections 602-5, 602-6, 604-5, 604-6, 604-7, 605-3, 605-5, 605-6, 605-7, 605-9, 605-10. 605-11, 605-12,
605-13, 605-14, 606-15, 605-17, 605-18, 605-21, 606-14, 606-18, 606-19, 606-21, 606-22, 607-1, 607-2, 620-6, 640-18, 640-
26, 641-5, 641-7, 641-8, 641-9, 641-10, 641-12, 641-13, 641-14, and 641-15;

. in Part 8, a new Part Title; a revised Table of Contents, Chapters 800, 803 and Sections 802-1, 804-1, 804-2, 804-3, 830-3,
840-2, 840-3, and 840-4;

. in Part 9, revised Chapter 900;

. in Part 10, contents have been incorporated into Part 8; Part 10 now reserved for future use; and

. in Part 11, arevised Table of Contents, and Section 1141-4.

2012 April 20, 2012 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, arevised Table of Contents; revised Sections 101-2, 101-3, 101-4, 102-2, 102-3, 102-5, 103-2, 103-3, 103-5, 120-4,
120-6, 120-7, 130-6, 140-7, 193-7, 193-15, 193-19, 194-6, 194-10, 194-14, 195-3, and 195-4; revised Tables 197-1, 197-2,
197-9, 197-10; and revised Figures 198-1, 198-5 and 198-6.

. in Part 2, a revised Table of Contents; new Sections 202-14 and 242-7; revised Sections 200-1, 201-1, 201-2, 201-3, 201-5,
201-6, 201-7, 201-8, 201-10, 201-11, 201-12, 201-13, 202-1, 202-4, 202-5, 202-6, 202-7, 202-9, 202-10, 202-11, 202-12, 203-
1, 203-2, 204-2, 204-3, 204-4, 205-1, 205-2, 205-3, 205-4, 205-5, 205-6, 206-1, 206-3, 206-4, 206-5, 206-6, 206-7, 206-8, 206-
10, 206-11, 206-12, 206-14, 206-15, 206-16, 206-17, 207-1, 207-2, 207-3, 207-4, 207-5, 207-6, 207-7, 207-8, 208-1, 208-2,
208-3, 208-4, 208-5, 209-1, 209-2, 209-3, 209-4, 209-5, 209-6, 209-7, 210-3, 211-1, 211-2, 211-3, 211-4, 212-1, 212-2, 220-5,
220-6, 220-7, 220-10, 221-1, 221-2, 221-3, 221-4, 221-5, 221-6, 240-2, 240-3, 240-4, 240-5, 240-6, 240-7, 240-8, 241-5, 242-
3, 242-4, 242-5, 242-6, 250-3, 250-4, 250-5, 250-6. 250-7, 260-2, 260-4, 260-5, 295-2; deleted Section 210-2; revised Tables
297-1, 297-2, 297-8f, 297-9, 297-10, 297-12; and deleted Table 297-13; revised Figures Index, revised Figures, 298-4a, 298-
4b, 298-5a, 298-5b, 298-7, 298-9, 298-11, 298-12, 298-13, 298-15, 298-18, 298-29, 298-30, 298-31, 298-32, 298-42; and
deleted Figure 298-10

. in Part 3, a revised Table of Contents, new Section 342-5; revised Sections 301-4, 301-9, 301-10, 301-13, 301-14, 302-6. 304-
4, 304-5, 304-6, 340-2, 341-2, 342-2, and 350-8; revised Chapter 305, deleted Chapter 303; and other minor editorial/format
changes.

. in Part 4, a revised Table of Contents, new Sections 442-43 and 442-44; revised Sections 401-7, 402-2, 402-3, 403-2, 404-2,
404-3, 407-2, 420-1, 420-4, 421-1, 440-3, 440-7, 441-6, 441-8, 442-5, 442-9, 442-19, 442-21, 442-25, 442-29, 442-36, 442-39,
442-40, 442-41, 450-3, 450-6., 450-8, 450-10, 460-3; revised Forms 496-2 and 496-5; revised Table 497-3, revised Figures
Index, and revised Figures 498-1, 498-3, 498-4, and 498-5; and other minor editorial/format changes.
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. in Part, 6, a revised Table of Contents, revised Chapter 643; revised Sections 602-4, 602-8, 605-10, 606-7, 607-1, 607-15,
620-7, 640-21, 640-26, 640-28, 641-5, 641-6, 641-9, 641-17, 642-41, 650-2, 660-2, and 660-3; and revised Figures 698-13 and
698-14.

. in Part 11, arevised Table of Contents; and deleted Section 1142-4.

2012 July 20, 2012 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover Sheet and an updated Publication Record and Table of Contents;

. in Part 1, a revised Table of Contents; revised Chapter 106; revised Sections 100-1, 100-4, 100-5, 100-6, 101-4, 102-4, 102-5,
103-1, 103-3, 103-4, 105-1, 105-2, 120-5, 193-1, 193-3, 194-1, 194-22, 195-1, and 195-2; revised Form 196-3; revised Tables
Index; deleted Tables 197-1 and 197-2 (with subsequent Tables renumbered).

. in Part 2, a revised Table of Contents; new Section 241-8; revised Sections 202-14, 240-4; and Revised Figures 298-5b, 298-
6a, 298-6b, 298-6¢, 298-6d, 298-7, 298-8, 298-9, 298-22, 298-28, 298-29, 298-30, 298-31, 298-32, 298-33, 298-34, 298-35,
298-36, 298-39, 298-40, 298-41, 298-42, and 298-43.

. in Part 3, a revised Table of Contents; new Section 341-6; revised Sections 301-8, 301-12, 301-14, 302-6, 304-4, 304-5, 304-
6, and 307-2, revised Figures Index; deleted Section 341-5; and deleted Figure 398-1 (with subsequent Figures renumbered).

. in Part 4, a revised Table of Contents; new Sections 403-7, 442-45, 442-46, and 442-47; revised Sections 440-3, 442-4, 442-
21, and 442-44; and deleted Section 442-42.

. in Part, 6, a revised Table of Contents; new Section 642-46; revised Chapters 643, and 695: revised Sections 604-5, 605-14,
605-18, 605-19, 605-20, 608-10, 620-1, 620-7, 630-5, 640-2, 640-6, 640-19, 640-28, 641-5, 641-6, 641-9, 641-10, 641-13,
641-17, 641-19, 641-20, 641-21, 642-26, 642-35, 642-41, 642-45, 642-50, 660-2, and 660-4; revised Table 697-5; revised
Forms Index; revised Figures Index; deleted Form 696-5: and deleted Figures 698-11 and 698-12 (with subsequent Figures
renumbered).

. in Part 7, arevised Table of Contents; new Section 702-8; revised Chapters 701 and 704; revised Sections 702-2, 702-3, 702-
4, 702-5, 702-6, 702-7, 705-1, 705-2 and 705-4; revised Forms Index 796; revised Forms 796-2 and 796-3; and an editorial
correction in Table 797-1.

. In Part 11, a revised Table of Contents; and revised Sections 1140-5, 1140-6, 1142-10, 1142-12, 1142-16 and 1142-18.

. in Part 12, a revised Table of Contents; revised Chapter 1202; revised Sections 1211-1, 1211-4, 1211-10, 1212-1, 1212-8,
1212-10, 1213-6, and 1213-7; revised Forms Index; deleted Form 1296-13; revised Tables Index; deleted Table 1297-5; and
an editorial correction in Table 1297-4.

2012 October 19, 2012 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

a new Cover Sheet and an updated Publication Record and Table of Contents;

in Part 2, revised Sections 207-7, 208-6, 220-8 and 242-6; an editorial correction in Section 208-4;

in Part 3, revised Section 302-5; and editorial corrections in Sections 301-16 and 341-6;

in Part 4, a revised Table of Contents; a new Figure 498-43; revised Chapter 443, Sections 401-8, 403-3. 403-6, 403-8, 403-9,
404-2, 407-2, 420-1, 420-4, 421-1, 421-2 and 450-10, the Forms Index, and the Figures Index; and an editorial correction in
Section 440-3;

. in Part, 6, a revised Table of Contents; revised Sections 605-5, 606-6, 641-3, 641-4 and 642-37; and

. in Part 12, revised Sections 1213-6 and 1213-7.

2013 January 18, 2013 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. a new Cover, Title Sheet and an updated Publication Record and Table of Contents;

. in Part 2, a revised Table of Contents; new Sections 240-9 and 242-8; revised Sections 240-4, 241-7, 242-5 and Table 297-4;
and an editorial correction in Section 240-8;

. in Part 4, a revised Table of Contents; new Sections 405-3, 442-48, 442-49 and 442-50; revised Chapter 443; revised Sections
403-9, 420-1, 420-5, 421-1, 440-3, 440-5, 440-7, 442-44, 450-3, 450-6, 450-8 and 450-10; and miscellaneous minor
editorial/format corrections;

. in Part, 6, revised Sections 642-41 and 670-6;

. in Part, 9, a revised Table of Contents; and revised Section 902-2; and

. in Part 11, arevised Table of Contents; revised Sections 1103-6 and 1140-4; and an editorial correction in Section 1120-5.

2013 April 19, 2013 — Revision consists of the following (as well as related pages needed for double-sided printing of the
revised pages):

. arevised Title Sheet, Publication Record and Table of Contents; and
. in Part 6, revised Table of Contents; revised Sections 642-41 and 642-46, and deleted Section 642-45.

2013 July 19, 2013 - Revision consists of the following (as well as related pages needed for double-sided printing of the revised
pages):

. arevised Title Sheet, Publication Record and Table of Contents;

. in Part 4, revised Section 403-10: and an editorial correction in Section 442-32;

. in Part 6, revised Table of Contents; added new Figure 698-11; revised Sections 601-2, 602-5, 603-2, 605-2 — 605-5, 605-7,
605-11 — 605-14, 605-17 — 605-19, 606-10, 606-11, 606-13, 606-16, 606-17, 607-1, 607-7, 607-10, 607-12, 607-13, 607-15,
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608-6 thru 608-11 (now 608-5 thru 608-10), 608-13 (now 608-11), 620-3, 620-4, 620-7, 630-4, 630-5, 640-2, 640-5, 640-6,
640-9, 640-11 thru 640-13, 640-15, 640-18, 640-19, 640-22, 640-25, 640-26, 640-28, 641-2 — 641-19, 641-21 — 641-26, 642-6,
642-14, 642-15, 642-21, 642-24, 642-30, 642-31, 642-34, 642-44, 642-53, 650-3, 660-2, 660-4, 670-3, 670-6, 670-7, 695-2 and
695-4; 695-7 (now 605-6); revised Forms Index; revised Tables Index, Table 697-5 and renumbered Tables 697-8 — 697-10
(now 697-6 — 697-8); revised Figures Index, revised and renumbered Figures 698-3a and 698-3b (now 698-2), and
renumbered Figures 698-4 and 698-6 thru 698-12 (now 698-3 thru 698-11); deleted Sections 608-5, 608-12, 650-4, 695-6,
Form 696-5 (now Figure 698-11), Tables 697-6 and 697-7, and Figures 698-2 and 698-5; editorial corrections in Sections 600-
1, 600-2, 600-5, 605-6, 606-14, 607-3, 640-8 and 640-24; and miscellaneous minor editorial/format corrections;

in Part 7, revised Table of Contents; revised Chapters 701 and 704, Sections 702-6, 705-2, 705-4, 742-1 and 742-2; deleted
Chapter 795; editorial corrections in Sections 702-3, 702-4, 702-5 and 705-1, and Form 796-2; and miscellaneous minor
editorial/format corrections;

in Part 9, revised Table of Contents; revised Chapters 900, 901 and 950, Sections 902-1, 930-1, 930-2, 940-1, 942-2, 995-1,
995-2 and 995-4 (now 995-3); deleted Chapter 980 and existing Section 995-3; and miscellaneous minor editorial/format
corrections; and

in Part 12, revised Form 1296-17.

2013 October 18, 2013 - Revision consists of the following (as well as related pages needed for double-

sided printing of the revised pages):

a revised Title Sheet, Publication Record and Table of Contents;

in Part 3, revised Sections 302-1 and 302-3;

in Part 4, revised Table of Contents; revised Chapter 443, Sections 401-4, 442-13, 442-17, 442-30, 442-
31, 442-45, 460-2, 460-3 and 460-7; deleted existing Sections/Plan Notes 442-18, 442-33 — 442-38;
editorial corrections in Sections/Plan Notes 442-4 — 442-6, 442-9 — 442-11, 442-14, 442-16, 442-41, 442-
43, 442-44 and 442-46 — 442-49; and miscellaneous minor editorial/format corrections;

in Part 6, revised Table of Contents; revised Sections 605-5, 605-20, 641-11, 641-19; editorial corrections
in Sections 641-18; and miscellaneous minor editorial/format corrections;

in Part 12, revised Table of Contents; revised Sections 1213-1, 1213-2, 1213-4 (now 1213-3), 1213-6 (now
1213-4), 1213-7 (now 1213-5), the Forms Index, Forms 1296-11, the Figures Index, and Figure 1298-2;
deleted Chapters 1220, 1250, 1280 and 1295, Sections 1213-3 and 1213-5, and Form 1296-12; editorial
corrections in Form 1296-13; and miscellaneous minor editorial/format corrections; and

in Part 14, revised Table of Contents; new Chapter 1416 and Section 1416-1; revised Chapter 1400,
Sections 1401-1 through 1401-6, 1415-1 — 1415-3, 1415-5 (now 1415-4); deleted Chapters 1402, 1420,
1430, 1450, 1480, 1495, Section 1415-4, the Forms Index and Form 1496-1; and miscellaneous minor
editorial/format corrections.

October 23, 2002 XVi Revised October 18, 2013




Traffic Engineering Manual

TABLE OF CONTENTS

Page

= 1 B 1] ] = Y 1-1
TABLE OF CONTENTS ......ooiiiiiiiicme s e s s e s ms e ss s e s s s s e s mm e e s mme s e e e s ee s amnenean 1-1

100 INTRODUGTION .....coiiiiiiiecems e s e s e sme e s e s e s s e s e s mme s e s s ame s e e s e smnesesemmeseassamneseasmneeesnsnns 1-5
100-1 Uniformity in Traffic Control Standards ... 1-5

100-2 Office of Traffic Engineering’s Role/Responsibility ..., 1-6

100-3 JUESAICTION ... 1-6

100-4 (O B I = 00 o = Lo £ 1-6

100-5 ODOT OrganiZatiOn .......eeeieeeeiiieiiiiee e e ettt e e e e e s aebereee e e e e s e aabbbreeeaaaeeaaanrbeeeeeaaass 1-7

100-6 Other Resource Reference and Contact Information..........ccccooiiiiiiiiiiiniiiiiieeee, 1-7

101 OHIO MANUAL OF UNIFORM TRAFFIC CONTROL DEVICES.............cccossmmmmmrmnnninsnnmsnnnnns 1-9
101-1 Legal AULNOIILY ...ttt e e e e e et e e e e e e e s rnbnre e e e e e e e e aans 1-9

101-2 L@ qo =T o V411 (o] o NP RTINS 1-9

101-3 0] 10 = | PP 1-10

101-4 D=3 1] 010 i o o F PP 1-11

101-5 REVISIONS ...ttt ettt 1-11

102 TRAFFIC ENGINEERING MANUAL ... sercme s s ssms s s mn e e smme s 1-13
102-1 LCT=T LT - | 1-13

102-2 OrganiZAtiON ......oo o a e e e e e 1-13

102-3 FOIMAL ...t 1-14

102-4 D=3 1] 010 i o o F PP 1-16

102-5 REVISIONS ...ttt ettt 1-16

103 STANDARD CONSTRUCTION DRAWINGS .......ccciiiiiimmmmrnnrnissssssmsss s ssssssssssmsss s nsssssssssnsnns 1-19
103-1 LCT=T LT - | 1-19

103-2 OrganiZAtiON ...c.ooi i a e aa e 1-19

103-3 FOIMAL ... 1-19

103-4 D13 1] 010 i o o F PP 1-22

103-5 REVISIONS ...ttt 1-22

104 PLAN INSERT SHEETS .......oiiiiiiiiiiicmr s s s e smse e s smms e s ssme s s s s ssme s e s mn e e e s smmssesnnnns 1-23
104-1 LCT=T LT - | 1-23

104-2 FOIMAL ... 1-23

104-3 D13 1] 010 i o o F PP 1-23

104-4 REVISIONS ...ttt 1-23

105 CONSTRUCTION & MATERIAL SPECIFICATIONS ........ccoiiiiiemmrnrrrinnsssmss s ssssssssmnss s 1-25
105-1 LCT=T T - | 1-25

105-2 D113 1] 010 i o o F PP 1-25

105-3 REVISIONS ...ttt 1-25

106 OTHER PUBLICATIONS .....cceiiiiiiiiiissmsssssnsssssssssssss s s ssssssssssssss s s eesssssssmmss s s nssssnssssnmnnssnns 1-27
120 TRAFFIC CONTROL DEVICES AND MATERIALS........oomiiiiiiiiinmmns s sssssssssmss s e ssssssnnnnns 1-29
120-1 LCT=T LT - | 1-29

120-2 SPECIHICAIIONS ... 1-29

120-3 N L= o (0o 11 o1 =P PPPPPPN 1-29

120-4 Patented or Proprietary Materials, Specifications or Processes...........ccccccccvvvveenn. 1-29

120-5 Cooperative Purchasing Program...........oocuuieiiiiiooiiiiiieeee et 1-31

120-6 Alternative Purchasing Program for Local AQeNCIes............ueevieiiiiiiiiiiieiieeeiiiiiee 1-31

120-7 Alternate Bids for Traffic Control and Lighting ltems ... 1-36

130 PLANNING / PROGRAMMING ........ccciiiimmmmmnnrmiiisssssnmsnsssessssssssssss s sssssssssssmsss s sssssnssssssmnsssnns 1-39
130-1 LCT=T LT - | 1-39

October 23, 2002 XVii (October 18, 2013)



Traffic Engineering Manual

140

150

160
170
180
193

194

130-2 ENGINEEring STUIES. ....uueiiiiiiiiiie et 1-39
130-3 Design and Roadside Safety ISSUES........ccuuuiiiiiiiiiiiiiee e 1-39
130-4 Functional ClassifiCation ..........o.uiieiiiii e 1-39
130-5 National Highway System (NHS) ........coiiiii e 1-40
130-6 ACCESS MaNAGEMENT ..o a e a e e 1-40
130-7 Railroads and Highway-Rail Grade CroSSingS.........ccccvuveeiiieaiiiiiiiieeee e 1-41
DESIGN INFORMATION......coiiiiiiiiiiiiamseeare e e sssssmms s s sss e e ssssms e s e s s smms e s s sams s e e s ssmnesessmmssesnsnmenes 1-43
140-1 (C T o =T TP UETT RO POTPPRRPTR 1-43
140-2 Traffic Control Plan RequIiremMents ............uiiiiiiiiieee e 1-43
140-3 DESIGNEN NOLES ...ttt e e e e et e e e e e e e aarrreeeaa e s 1-45
140-4 PLAN NOTES. ..ttt e e e e e s st e e e e e e e e e e nnrrreeeaaaeas 1-45
140-5 Plan Detail SNEETS .......uviiiiiiiee s 1-45
140-6 ESHMATING -.eeeeeieie et a e aaeas 1-45
140-7 REVIEW SUDMISSIONS.....eeiiiiiiiiiieie ettt e e e e e eeeeaaeas 1-45
140-8 Salvage of Project Materials ..........ooieiiiiiiiiiieee e 1-47
140-9 SPAIE ParS ...ttt e e e e e e e e e e e nrraaeaaaaeeaaaa 1-47
CONSTRUCTION .....iiiiiciieriee s s rere s e s e s me e s s s e e s s mme s e s s mme e ee s e meeseasmmeseassnmseseassmnennsnnns 1-49
150-1 (C T o =T TP UETT O POTPPPRPPRN 1-49
150-2 Pre-Construction CONfErENCE. .......uuiiiiiiiiiieee e 1-49
150-3 Local Government Agency/ Utility Force Account Work ..., 1-50
MAINTENANCE / OPERATIONS ... e s sms s s me e s s mn s e mme e 1-51
OTHER CONSIDERATIONS....... . ms s sssse s me s ss s s e s mme e s s amn e s e s mnenennnnns 1-53
]S Y 5 {0 o 1-53
NATIONAL REFERENCE RESOURCES..........ccccooiiiriiriercme e sessme s ms s e s 1-55
193-1 (C T o =T PP UETT PO PPPRPPRN 1-55
193-2 A Policy on Geometric Design of Highways and Streets (AASHTO Design Guide) .. 1-55
193-3 ADA Accessibility Guidelines for Buildings and Facilities...........ccccccceiiiiiiiiieeenn. 1-55
193-4 Roadway Lighting DeSign GUIAE .........ceiiiiiiiiiiiie et 1-55
193-5 Guide for the Development of Bicycle Facilities.........coooviiiiiiiiiiiieeee 1-56
193-6 PCMS HanNADOOK. .......euiiiiiiieiiiee ettt a e e e e e eeeaaaens 1-56
193-7 Highway Capacity Manual (HCM) ........coooii e 1-56
193-8 Manual of Traffic Signal DeSIGN ........eueeiiiiiiiiiiii e 1-56
193-9 Manual of Transportation Engineering Studies...........cooiuiiiiiiiiiiiiiiii e 1-56
193-10  Manual on Uniform Traffic Control Devices (MUTCD) ........cceviiiiiiiiiiiiieiiieeeeiieee, 1-56
193-11  Railroad Grade Separation Program Policies and Procedures Manual .................... 1-57
193-12  Railroad-Highway Grade Crossing HandbooK .............cccuviieiiiiaiiiiiiiieeee e 1-57
193-13  RoadSide DESIGN GUIAE ....ceiiiieiiiiiieeee ettt e et e e e e e e e enneeees 1-57
193-14 Roadway Lighting HandbooK .............coi e 1-58
193-15 Standard Highway Signs and Markings BOOK............cooiuiiiiiiiiiiiiiiiieeecee e 1-58
193-16  Traffic Control Devices Handbook (TCDH).........ccoiiiiiiiiiiiieiieeeeeieieee e 1-58
193-17  Traffic Engineering HandbOoK. ...........coooiiiiiiiiiieiee e 1-58
193-18  THiP GENEIALION. ... e ittt e et e e e e e e et e e e e e e e e e e e nneeees 1-59
193-19  Tunnel Lighting ANSI Approved (RP-22-11) ... 1-59
193-20 American National Standard Practice for Roadway Lighting (RP-8-00).................... 1-59
ODOT REFERENCE RESOURCES......... oo s s s s mms e ssms e e mm e e nnnns 1-61
194-1 (C 1T o =T LT P UT TR POUPPRTPTRN 1-61
194-2 9 Step Transportation Development ProCESS .........uueeiiiiiiiiiiiiiiieiiee e 1-61
194-3 Bridge Design Manual ...t 1-61
194-4 Construction and Materials Specifications...........ccuuueeiiiiiiiiiii e 1-61
194-5 Consultant Contract Administration Manual..............cccceiiiiiiiiie e 1-61
194-6 L&D Manual Volume One - Roadway DesSign ..........coooiiiiiiiiiiiiiiiiiiiieee e 1-61
194-7 L&D Manual Volume Two - Drainage DeSign .......ccceeeiiiiiiiieiiieeiiieeee e 1-62
194-8 L&D Manual Volume Three - Highway Plans...........cccooiiiiiiiiiiiiiiiee e 1-62

October 23, 2002 Xviii (October 18, 2013)



Traffic Engineering Manual

194-9 Manual of Procedures for Construction INnSpection...........ccccooviiiiiiiiiiiiiniiiiieeeen. 1-62
194-10  Pavement Design Manual ...........oooo i 1-62
194-11  Specifications for Consulting ENGINEErs...........oooiuiiiiiiiiiiiiiiee e 1-63
194-12  Specification for Subsurface Investigations..............eeeiiii i, 1-63
194-13  Standard Bridge DIawingsS. .......cuua e iiieiieiieae ettt e e e e s sireeee e e e e e e eaes 1-63
194-14  Standard Roadway Construction DrawingsS.........cc.ueeeeiieeiiiiiiiiieeeee e seiiiieee e e 1-63
194-15 Standard Pavement Construction Drawings.............ceeieieiiiiiiiiiieieee e 1-63
194-16  Standard Hydraulic Construction DrawingsS.........cc.uueeeeieeiiiiiiiiiiee e eseiiieeee e e e 1-63
194-17  State Highway Access Management Manual ... 1-63
194-18  Straight Line Diagrams (SLDS) .....cooiiueiiiiiiie ettt 1-64
194-19  Supplemental SPeCIfiCatiONS. ........oiiiiiiiieiii e 1-64
194-20  SUPPIEMENTS ... ..ttt e ettt e e e e e e s s s aab b e e e e e e e e e e s anbbaeeeaaaeeaaanns 1-64
194-21  Project Development Process Manual ... 1-64
194-22  Ohio Interstate EXit GUIAE .......eeiiiiiiiiiei e 1-64
195 OTE REFERENCE RESOURCES. ..........coooiiiiie e r e s s s s smm s s s s s mn e e 1-65
195-1 LG LT o 1=T = TP 1-65
195-2 Ohio Uniform Traffic Control Signs Wallchart...........cccuveieiiiiiiii e, 1-65
195-3 Sign Designs and Markings Manual (SDMM).........ccocuiiiiiiiiiiiiiiiiee e 1-65
195-4 Pavement Marking Alphabets and Symbols.............ccoiiiiiiiiieeeee e 1-65
195-5 Temporary Traffic Control Manual (TTCM) ... 1-65
195-6 Guidelines for Traffic Control in WOrk Zones...........occuuueieiiiiiiiiiiiiieeeeee e 1-65
195-7 Traffic Signal Maintenance Inspection Manual.............occcivieiiiiiiiiiiiieee e 1-65
195-8 Quality Standards for Temporary Traffic Control Devices and
Acceptable Delineation Methods for VEhICIES ........c.evveiviiiiiii e 1-66
196 FORMS INDEX.........oiiiiiairiiaaamerascamesessamesssssme s s s ssms s sassmme e sssmms sesssnms s essssmnesesssmnessssannsnssssnns 1-67
Form 196-1.  Change of ADdress FOIM ... 1-69
Form 196-2.  Revision Proposal FOrM ... 1-70
Form 196-3.  OTE Publication Order FOrmM ... 1-71
Form 196-4. OMUTCD Address Verification FOrm .........c..ueeiiiiiiiiiieeiieeee e 1-72
197 TABLES INDEX ... ierem e e e me s s e s e s m e e s mms e s e e e e s e e e e s smn e sennmmenennnnns 1-73
Table 197-1.  Resource Reference/Contact Information............cccuuueeeiiiiiiiiiiiiiii, 1-75
Table 197-2.  Ohio Counties and ODOT DIiSLICES .........uveiiiiiiiiiiiiieee e 1-81
Table 197-3.  SCD CADD Standards - Text Weight, Size and Font.............cccocciiiiiiiinnee. 1-82
Table 197-4.  SCD CADD Standards - Line Weight and Style...........cccccoiiiiiiiiiiniie 1-82
Table 197-5.  SCD CADD Standards - Traffic Level Assignments...........oooccvvieeeieeiiiiiiinnen. 1-82
Table 197-6. SCD CADD Standards — Traf V8.cel Elements..........cccoooiiiiiiiiiiiiiiiieen... 1-83
Table 197-7.  OTE PUDBICALIONS ......eeiiiiiiiieeee et 1-84
Table 197-8.  Office of Contracts Publications List ... 1-85
198 FIGURES INDEX......coiiiieiiiiiaameransamenssssme s ssssme s s s ss s s sa s mme e s mms e s nsmms s s e s ssmn s sesssmnesesssmmssessnns 1-87
Figure 198-1. ODOT Table of Organization ... 1-89
Figure 198-2. ODOT District Locations and AdAreSSES ........ueeiiiiiiiiiiiiiiiiiiieeeiiiiieee e 1-90
Figure 198-3. Alternative Purchasing Program for Local AQencies ..........ccccooiiciiieeeieiennnne 1-91
Figure 198-4. Local Government Agency / Utility Force Account Work ..., 1-94
Figure 198-5. Sample Letter Requesting Alternate Bids ... 1-95
Figure 198-6. Sample Letter Stating Local Decision on Alternate Bids ............ccccveeeiiirnnnns 1-96
o 1 7S] [ 1 2-1
TABLE OF CONTENTS ......ooiiiiiiiicce e ms e s me e ms e s s s s a s smm e s e s mme s e e s emme s ee s smnenean 2-1
200 LT 1 29
200-1 T goTe [0 ex1 o] o U TP PTU TP OOTPPPRRTRPN 2-9
200-2 CONSIIUCHION PrOJECES ....eeiiiii ettt a e e e e e 2-9
200-3 Force Account (ODOT Operations) WOrk ........cooocuieiiiiiiiiiiiieeeee e 2-9

October 23, 2002

XixX (October 18, 2013)



Traffic Engineering Manual

201

202

203

204

205

206

REGULATORY SIGNS .......ciiiiiiiiiiiies s s e s e ssme s ssss e s ssssms s s s s mms e s s sme s s e s smn e eesemme e e s nsnmnnes 2-11
2011 (G 1T o =T PP PP POTPPPRPPRN 2-11
201-2 Prohibition of U-Turns at Median CroSSOVENS .........oocuviiiiiiieieiiiiiiieee e 2-11
201-3 ST OP SigNS. .ttt ettt e e e e e e ettt e e e e e e e e bbb b e e e e e e e e e anrrraeeaaaeeaaaan 2-11
201-4 NO TUurn 0N Red SIGMING .....ceoieiiiiiiiiieie ettt e e e e e e e eneees 2-13
201-5 Safety Belt Signing (R16-H1) ..o 2-14
201-6 SPEEA LIMIt SIGNS...eeiiiiiiiiiiiiiiii ettt e et e e e e e e e s b e eeeaaaeeaaans 2-14
201-7 Signing for Engine Brake Restrictions (R20-H1, R20-H2, R10-H20bP, R10-H20cP) 2-15
201-8 Move Over or Slow Down Signs (R25-H1) .....eeeiiiiiiiiiiee e 2-16
201-9 Truck Restrictions in Municipal Corporations...........ccuuueiiiiiiiiiiiiiiee e 2-16
201-10  Lane-Use CoNntrol SIgNS.......oiueiiieiiiaeeieeieie ettt a e eaeeaa e 2-17
201-11  YIELD SigNS (R1-2) .uteiieiiiiiieeiaitiie e eteie e ettt e e ettt e e e ettee e e e ameee e e e aeeeeaaaanneeaeaannneaaaans 2-17
201-12 DO NOT ENTER Signs (R5-1) .. .ueeieeiiiiiie ettt e e e e eeeee e 2-17
201-13 KEEP RIGHT (LEFT) Signs (R4-7, R4-8) ......coii i 2-17
201-14  Traffic Law Photo Monitoring Signs (R10-18) .....cooiiiiiiiiiiieeiieee e 2-17
WARNING SIGINS........ i s ssse s me s sss e s s s s s e e s mmese s s mme s e s s same e easesmneseasammenessnnns 2-19
2021 (C T o =T TP UETT O POTUPPPRPPRN 2-19
202-2 Children at Play SIgNS .......ceueeiiieae ittt a e e e e e e e e 2-19
202-3 HIDDEN DRIVE SIQNS --.eeeeeittieeeiaiteeeeeateee e et e e e eteea e e ateeeaesaneeeaasaneeeeaeaaneneaeaanneeeas 2-19
202-4 No Reentry Signing (W13-H10P, W13-H11P) ....oooiiiiii e 2-19
202-5 Narrow and One-Lane Bridges...........ueeiiiiiiiiiiiiiiei e 2-20
202-6 Amish Buggy Signing Where Paved Shoulder Becomes Narrower (W11-H14a,
LA I SRR 2-20
202-7 LOW ClEaranCe SigNS........uueiiiiiiiiiiiiiee e ettt e e e et te e e e e e e e sabbre e e e e e e e e e s nnneees 2-21
202-8 Entrance Sign (WTT-HT3) . oo e 2-21
202-9 TranSitioN SIGNING ......ueeeeie ittt a e e e e e e e e e s rnrrreeeaaaeas 2-21
202-10  Stop Ahead SigNS (W3-1) ettt a e e e 2-22
202-11  Reduced Speed Limit Ahead Signs (W3-5, W3-5a) .......ccoiiiiiiiiiiiiiiiiiiiiiieeeeen 2-22
202-12  GROOVED PAVEMENT Sign (W8-15) ...eiiiiiie e 2-22
202-13 GRATED BRIDGE DECK Sign (W5-H8) ......ceiiiiiiiiieeiiie e 2-22
202-14 Object Markers and End-of-Roadway Markers ............ccoveeeiiiiiiiiiiiiineennenn. 2-22
GUIDE SIGNS ... iiicie e e s e s e s s me e s s s s se s s mse s e e s nme s es s s mneeeasmmeseananmsesessmnenesssnns 2-25
203-1 (C T o =T PP UEUT U POTUPPPRPPRN 2-25
203-2 MiINOr INTEICANGES ... . e 2-25
ROUTE SIGNS ... iiiie e s s e s s e s s e e e s s e e e e e s mme £ e e s eame e e e nesmn e eessmme s e e nnmnaes 2-27
204-1 (C T o =T PP EUT O POTUPPPRPPR 2-27
204-2 Ohio Byway Signing (M8-H3, M8-H3P) ......ccooiiiiiiee e 2-27
204-3 Business Routes (M1-2, M1-3, M4-3, D20-H1, D20-H2) ..........cccoviiiiiiiiiiiaiiiiieen, 2-27
204-4 Lake Erie Circle Tour Signing (M8-H1, M8-H2) ..o 2-28
204-5 Appalachian Highway Signing (M1-H11) ... 2-29
204-6 Municipal Street System SigniNg.........ceoiiii i 2-29
CONVENTIONAL ROAD DESTINATION AND DISTANCE SIGNS.......cccoocimmiiemerenmeneneaes 2-31
205-1 (C T o =T LU PP POPPPRPPRN 2-31
205-2 Conventional Road Destination SigNs ..........cooiiiiiiiiiiiiiieee e 2-31
205-3 Signing for Traffic Generators at Intersections............cccoocieiiiii e, 2-31
205-4 Weigh Station Signing for Conventional Roads ............ccccieiiiiiiiiiiiiiieiiieeeeen 2-36
205-5 Street Name Signing for At-Grade Intersections on Conventional Roads................. 2-36
205-6 Signing for Historical Markers on Conventional Roads ............cccccoeeiiiiiiiiienieieens 2-36
GENERAL INFORMATION SIGNS.........ooiiiiiimirriremsrmesssme s ssssme s ss s s s sssssmms s s sssms s s s mmssesssnns 2-39
206-1 (C 1T o =T TP UETT RO POTPPRRPPRN 2-39
206-2 Reserved for Future Information ... 2-39
206-3 Township Limit Signing (IFH2€) ....ccooe oo 2-39
206-4 Signing for Unincorporated Communities (I-H2d) ..........coooiiiiiiiiiiiiiee e 2-39
206-5 Highway Advisory Radio (HAR) Signing (D12-H6, D12-H7, D12-H8P, D12-H9)....... 2-39

October 23, 2002 XX (October 18, 2013)



Traffic Engineering Manual

207

208

209

210

211

212

206-6 Carpool SigNING (D12-2)...ccee it e e e e 2-42
206-7 Signing for Countywide 9-1-1 Systems (D12-H14) .........oooiiiiiiiiiieeee e, 2-42
206-8 Memorial Highway/Bridge Signing (D6-H5).......ccooiiiiiiiiiiieeeiieeee e 2-44
206-9 TARGET ENFORCEMENT AREA Sign (D12-H15) ...coiiiiiieeeeeee e 2-45
206-10  Signing for Over/Underpasses on Freeways and Expressways..........cccccceeeeiiiiennen. 2-45
206-11  Drinking Water Protection Area Signs (I-H15) ......cooiiiiiiiieee 2-45
206-12 TOURISM INFO 1-800-BUCKEYE Sign (D7-H10P)....cciiiiiieiiiieeeieee e 2-46
206-13 ROAD CONDITIONS 1-888-2-OH-ROAD Sign (D12-H10) (Discontinued) .............. 2-46
206-14  Community Recognition Signing..........ccou i 2-46
206-15 Maintenance Marker Sign (D10-H8, D10-H8a)........ccoeiiiiiiiiiiiiiiiiiiiieee e 2-47
206-16  High Water SIgning ..........eeeeoiioiiiiiiiiei ettt e e e e e e e neeees 2-47
206-17  WATERSHED Signs (I-H3).-..ceeeieieeeeiieee et 2-48
GENERAL SERVICE SIGNS.......co i rcme s ms s ssms s s s mms e mms s s e s e s mne s 2-51
2071 LG LT o 1=T = TP PUTT PSPPI 2-51
207-2 Logo (Specific Service) Program .........ooouuiieiiiiaeeiiiieee et 2-51
207-3 TODS PrOQram ...coee ettt e e e e e e bbb e e e e e e e e s e bbb eeeeaaaeeaaaanrenees 2-52
207-4 Hospital and Emergency Medical Care Facility Signing (D9-2, D9-H2a, D9-H2b,

D9-H13g, D9-H13h, D12-H17, D12-H17aP, D12-H17b)....ceeieiiiiieeeeeee 2-53
207-5 Generic General ServiCe SIgNING........oooiiiuiiiiiiee e 2-55
207-6 Tourist Information Center SigNiNg ......coooo oo 2-57
207-7 Drug Enforcement Signs (D12-H22, D12-H23) ........cooiiiiiiiiiiiiieeeiiieie e 2-59
207-8 Recreational and Cultural Interest Area Guide SigNns .........cccvveiiiieiiiiiiiiiiieeee e 2-60
REST AREA SIGNS ... s s mm e e ms s me s e s e e e s mn e e e s mme e e nnnnns 2-61
208-1 LG LT o 1=T = TR 2-61
208-2 REST ROOMS CLOSED Sign (D5-H33) ....eeeiiiiieeiieieeeeiiee e 2-61
208-3 SAFETY BREAK FREE COFFEE Sign (D5-H51P, D5-H52P) .......coeveiiiiiieiiiieeene 2-61
208-4 NO FACILITIES Sign Panel (D5-H17) ..o 2-62
208-5 Other ReSt Ar€a SIgNS ...cooiiiiiiiiiiei ettt a e e e 2-62
208-6 Report Drunk Drivers Sign (D12-H13) ....eeoiiiiiiiiiiiiee e 2-62
FREEWAY & EXPRESSWAY DISTANCE & DESTINATION SIGNS.... .....cccoiiiiiiriicceeenaes 2-63
2091 LG LT o 1=T = PP UTTT TP 2-63
209-2 Signing for Generators at Interchanges on Freeways & Expressways..................... 2-63
209-3 Control City Destinations for Ohio's Interstate Highway System...........ccoooecieeiin. 2-66
209-4 Weigh Station Signing for Freeways and EXpressways.........cccceeuieiieeeieeeeeinciennen. 2-66
209-5 Interchange Exit Numbering (E1-H5P) and Reference Location Signs
(D10-1 through D10-5, D10-HB5Q) ......eeiiiiiiiiie ettt e e e e e e e e e sneeea e 2-67
209-6 Street Name Signing for At-Grade Intersections on Expressways

and Multi-Lane Conventional ROAdS.............ueiiiiiiiiiiiiiiieeeeeeieee e 2-67
209-7 SigNS fOr OPHON LANES...ciiiiiiiiiieiei ettt a e e e e e 2-68
MISCELLANEOUS SIGNS. ...t s s ssssms e smme s s sms e s s sme s s s s s s e s mn e s e s s mmesesnanns 2-71
2101 LG LT o =T TP TR 2-71
210-2 Reserved for Future Information.............eeeeiii i 2-71
210-3 Decorative Signs in State Right-0f-Way ..o, 2-71
SIGN DESIGNING........ooiiiiiieicme s sesssme s e ss s e se s mn s e s s mms e e s s ame e e e s e mnesessmmesesnsnmnnes 2-73
2111 LG LT o =T TP PUTT P OTRRPPR 2-73
211-2 STANAAIA SIGNS .. e e e e e e eaaaaas 2-73
211-3 Designable GUIAE SIgNS.........eiiiiii i 2-73
211-4 Sign Design Computer Program ...t 2-73
SIGN LIGHTING........iiiiiie e s e me s me e s e se s s e s e s mms e e s e nme e e e e s smne e e s nmme s eennnmnnes 2-75
2121 LG LT o 1=T = TP UTT TR 2-75
212-2 Sign Lighting for Overhead Guide SIgNS.........ccuiiiiiiiiiiiieieeeeiieee e 2-75
212-3 Sign Lighting for Other Traffic SIgNS .....ooo i 2-75

October 23, 2002 XXi (October 18, 2013)



Traffic Engineering Manual

220 MATERIALS AND HARDWARE ...........iiieiiccme e s ssms e s ssme e sms s mn s e mme e mmn s 2-77
220-1 (G 1T o =T PP PP POTPPPRPPRN 2-77
220-2 Patented or Proprietary Materials, Specifications or Processes...........cccceeeveieieennn. 2-77
220-3 Purchasing Materials for Installation and Use by Local Agencies...........ccocuvvveeeenen. 2-77
220-4 SIGN REFIECHVITY ...t a e 2-77
220-5 Sign Reflectivity INSPECHIONS .....cooii i 2-77
220-6 Use of Reflective Sheeting for Permanent Traffic Control Signs ..........cccoceeviveeeeenn. 2-77
220-7 Use of Fluorescent Yellow-Green Sheeting.........oooiiiiiiiiiiiiiiiiee e 2-77
220-8 Production and Purchasing of Signs and Related Materials............ccccccoiiiiiiiiennn. 2-79
220-9 Salvaging Sign Material ..........cooiii e 2-80
220-10  Use of Fluorescent Yellow Sheeting.........c..ueeiiiiiiiiiiiiiiiee e 2-80
221 SIGN SUPPORTS....cciiiiicmr s s e s s me e s ms e s s me e sa s mmese s s mme s e s s eame s easesmnesensmmeneannnns 2-81
2211 (C T o=T = TP UETT O POTPPPRPPRN 2-81
221-2 Splicing of U-Channel POSES .......cooiiiiiiiiiiii e 2-81
221-3 Overhead Sign Support INSPECHION. .......uuiiiiiiiiiiiie e 2-81
221-4 Erecting Highway Signs On or Near Utility Poles............ccoviiiiiiiiiieeee, 2-82
221-5 SOlid WOOA POSES ...ttt e e e e ee e e e e e e e aaes 2-82
221-6 Sign Post Reflectorization ... 2-83
230 PLANNING / PROGRAMMING .....ccoioiciiiiimenescsmesssss e s ss s s s s smms e s sssms s ss s smnesessmms s esnsnmenes 2-85
240 DESIGN INFORMATION......coiiiiiiiiiiceme e s s e sssssme s ssss e e s s s sms e s s s smme e s s sms s e s s ssmnesessmme s esnsnmenes 2-87
2401 (C T o =T TP UEPT RO POTPPRRPTR 2-87
240-2 Signs and Sign AtaChMENES .......ooiiiiie e 2-87
240-3 Overhead Sign Clearance After Pavement Overlay ..o 2-88
240-4 Overhead SigN SUPPOITS. .. ..uuieiiiie ettt e e e e e e e e e s e e eeeaaaeeaaaes 2-89
240-5 Ground-Mounted Sign SUPPOIS.......ocueiiiiiiiee ettt e e e e e e e e 2-95
240-6 Guardrail Protection FOr SigNs........ooueiiiiiiiii et 2-97
240-7 SN LIGNEING. . a e 2-98
240-8 Stage 2 and 3 Plan SUbMIttalS........ooeiiiiiiii e 2-100
240-9 Rectangular Rapid Flashing Beacon (RRFB) Sign Assembly ...........ccccccoeiiiiiiinnen. 2-101
241 PLAN PREPARATION / PRODUCTION .......ciiiieir e resssme s sessms e s ssmms s s me s s s s mmesenssnns 2-103
2411 LG LT o= PR UR U PUOPUPPRPT 2-103
241-2 SIS ettt ettt e et et e e e e bee e e e e ateeaeaanteeaeeataeeeeanreeaeaanees 2-103
241-3 Signal and SigN SUPPOIS .....eeeeiiiieiiiiiiiee et a e re e e e e e e e aaes 2-103
241-4 POWEE SEIVICE ...ttt e e e e e e e e e e e eneenes 2-103
241-5 L@ UE: 1011 1= TP U ET U PUOPUPPRPTR 2-103
241-6 Bid [tem DeSCriPHONS ... ...ttt e e e 2-103
241-7 Sign Support, Detail Design RequiremMents ............eeeviiiiiiiiiiiieeieee e 2-103
241-8 Object Markers and End-of-Roadway Markers...........cccoocveveeiiiiieiiicieee e 2-104
242 I L N I 2-105
2421 LG LT o =T TP TP POPUPPRPTR 2-105
242-2 (625-B) Power Supply for Sign Lighting.........cocouiiiiiiiiiiiieeee e 2-105
242-3 (630-A) 630 Overhead Sign Support Modification, by Type ........cccooviiiiiiieiieernnnns 2-105
242-4 (630-B) Reference LOCation SigNS ........ceiiiiiiiiiiiiieeeee et 2-106
242-5 (630-C) 630 Modification of Barrier Wall Assembly...........cccuveieiiiiiiiiiiiiis 2-106
242-6 630 Sign, Extrusheet GUIAE .......ccovvviiiiiiiiiieeee 2-106
242-7 630, Specific Service and Tourist-Oriented Directional Signs Removal and
LTS TS 2= 1 =1 o 2-107
242-8 630 Signing Misc.: Solar Powered Rectangular Rapid Flashing Beacon (RRFB)
SHGN ASSEMDIY ...ttt e e e e e e e e e e e e e b e e e e e e e e e aaa 2-107
243  SPECIFICATIONS. .......iiiiceir i e s e s s e e s s s ms e e s me e s s ams e e e s smneeesemme s e e s snmeeeenssmnenenan 2-110
250 CONSTRUCTION .......ciiiiieice et e s e s sssme s e sssme s se s s s e e e s e meesesssmme s e s nsameesenesmnenessamnenesnanns 2-111

October 23, 2002

XXii (October 18, 2013)



Traffic Engineering Manual

260

295

296

297

298

250-1 LG T o 1=T = | U SOUPPRTT TR 2-111
250-2 SN SEIVICE. . eiiiee ittt ettt e e e e e e st e e e e e e e e nne e e 2-111
250-3 FOUNAALIONS ...ttt e e e e e e e n e e e e e e e e e e aaas 2-111
250-4 Overhead Supports in GENEral..........cooii i 2-113
250-5 Overhead Sign SUPPOIS BY TYPE ..eeeiiiiiiiiiiieiee et 2-118
250-6 Ground-Mounted Sign SUPPOIS .....eeeiiieiiiiiiiieee et a e 2-124
250-7 SIS ettt ettt e a e e e et et e e e e eae e e e e e e taeeeeataeeeeanreeaeaannaeaas 2-128
250-8 SN LIGNEING e 2-131
MAINTENANCE / OPERATIONS ..o e s e s ms s s mme s mme e ams e s mne s 2-135
260-1 LG LT o 1=T = | RSO PRTTR R 2-135
260-2 RESPONSIDIIEIES .....eeeeiieieee e 2-135
260-3 Maintenance on Interstate Routes Within Municipalities.............cccccceeiiiiiiiiinnnn. 2-135
260-4 Maintenance on Non-Interstate State Highways Within Municipalities................... 2-135
260-5 Systematic Sign Replacement Program.............ooiiiiiiiiiieieiiieee e 2-137
260-6 Maintenance of STOP and YIELD Signs at County and Township Road
INEEISECHIONS ...ttt e ettt e e e e e e e r e e e e e e e e e e aans 2-138
260-7 Maintenance of Sign Lighting .......c.ooooiiiiiiiii e 2-139
REFERENCE RESOURGCES .........ccooiiiiieir e s s ssssme s ms s s s smme e smms e sams s e s mne neas 2-141
295-1 LG LT o 1=T = | TP PPRTTR PR 2-141
295-2 Sign Designs and Markings Manual............cc..ueiiiiiiiiiiii e 2-141
FORMS INDEX........ooiiiiieieiiaeameressame s sass s s sssssmnesasssmms e s s ssme s s s assmsesassmmesessnmssesssnmsesassnnenasns 2-143
Form 296-1. Request for Business Route Signs on a County Road ............ccccuvieeeiiennnnns 2-145
Form 296-2. Request for Business Route Signs within a Corporation ............ccccccceieiinnes 2-146
Form 296-3. HAR Installation and Maintenance Agreement............ccueeeiieeiiiiiiiiiieneeeennes 2-147
Form 296-4. Overhead Sign Support INSPECiON .......oooiiiiiiiiiie e 2-153
Form 296-5.  Sign Order FOMM ...t 2-154
TABLES INDEX ... ciccoiiiiiimireaassesassmesssessms s ssssms s s s ssmms e s s sms s s s sssmns sesssmmssessssmnssesssnnenssnsnns 2-155
Table 297-1.  Sizes of Lane-Use Control Signs .........ooouiiiiiiiiiiiiiiieieee e 2-159
Table 297-2.  Lake Erie Circle Tour ROULES .......ceiiiiiiiiiiiiiiec e 2-162
Table 297-3. Ramp Identification Code System ... 2-163
Table 297-4.  Signing for Traffic Generators on Freeways & Expressways .........cccccceeeennee 2-164
Table 297-5.  Control City Destinations for Ohio's Interstate System.............cccoeeeiiinnnnis 2-166
Table 297-6.  SigN COPY +eeeiiiiiiiiiiiiie e e e ettt e e e e ettt e e e e e e e e s abbee e e e e e e e e e aannnrreeaaaaeeaaaan 2-166
Table 297-7. Types of Overhead Sign SUPPOIS .......oooieiiiiiiiiee e 2-167
Table 297-8a. Weight of Overhead Supports - TIUSS ........uuueiiiiiiiiiiiiiiee e 2-169
Table 297-8b. Weight of Overhead Supports - Semi-Overhead & Center Mount................. 2-171
Table 297-8c. Weight of Overhead Supports - Butterfly ... 2-172
Table 297-8d. Weight of Overhead Supports - Single Arm..........oooiiiiiiiieiiiieeee e 2-173
Table 297-8e. Weight of Overhead Supports - Cantilever.........coooiiiiiiiiiiiiiiiiieeeee e 2-174
Table 297-8f. Weight of Overhead Supports - Structure Mounted ............cccooiiiiiieiiiennnns 2-175
Table 297-9.  Bolt Size and Maximum Torque for Beams ..........oooouiiieiiiieiiiiiiiiieeeee e 2-176
Table 297-10. BOIt TENSION ...ciiieeee ettt e e e e e e e ae e e e e e e e e aaes 2-176
Table 297-11. Sign Lighting Lamps and Ballast.............ccuueiiiiiiiii e 2-176
Table 297-12. GUIAE SigN SIZES ... ..uieiiiiieiiiiieeiee e a e e e e e e e e e e aaes 2-177
Table 297-13. Reserved for Future Information ... 2-185
Table 297-14. Watershed Sign LOCAtiONS ..........ueiiiiiiiiiiiiiieee e 2-186
Table 297-15. Specific Service (Logo) Signing Program Eligibility Criteria ...........cccccceeenne. 2-187
Table 297-16. TODS Signing Program Eligibility Criteria ..........ccooiiiiiieiiiiiiiiees 2-188
Table 297-17. Memorial Highways and Bridges Established by ORC Chapter 5533 ........... 2-189
Table 297-18. Memorial Highways and Bridges Established by ORC Sections
5511.01 @nd 5511.09 ...eiiiiiii e 2-198
FIGURES INDEX......oiiiiicieiiieameneacame s esss e s sssesmse e s smme s es s me s s s sssms e s e s smmesessmmssesssnmsesasssmnesanas 2-201
Figure 298-1.  Signing for Median CroSSOVEIS.......ccuiiiiiiiiiiiiiaee ettt 2-207
Figure 298-2. STOP Signs at INterseCtions...........cuiiii i 2-208

October 23, 2002 XXiii (October 18, 2013)



Traffic Engineering Manual

Figure 298-3. Ramp LOCAtION COUES .......uuiiiiiiiiieiiiiiiee ettt e e 2-209
Figure 298-4a. Regulatory and Warning Signs.........cccuuuiiiiiiiiiiiiiieeee e 2-210
Figure 298-4b. Regulatory and Warning Signs (Continued)..........ccueeeiiiiiiiiiiiiiiiieeeee, 2-211
Figure 298-5a. Route and INformation SigNsS.........coooiiiiiiiiiiiie e 2-112
Figure 298-5b. Route and Information Signs (Continued)...........cccuiieiiiiiiiiiiiiieeee, 2-213
Figure 298-5c. Route and Information Signs (Continued)..........cccvuiieiiiiiiiiiiiiiieeeee e 2-214
Figure 298-6a. Rest Area and Miscellaneous SigNS...........cccvveiiiiiieiiiiiie e 2-215
Figure 298-6b. Rest Area and Miscellaneous Signs (Continued).............coooiiiieeiiiiinniiiinnn. 2-216
Figure 298-6¢. Rest Area and Miscellaneous Signs (Continued) ..........ccooiiiiiiiiiiieenniiiene. 2-217
Figure 298-7. Amish Buggy Signing where Paved Shoulder Becomes Narrower ................ 2-218
Figure 298-8. Placement of Overhead Exit Direction Sign - Span Type .......cccccceeeeiiiiiinnen. 2-219
Figure 298-9. Placement of Overhead Exit Direction Sign - Cantilever Type ..........ccuueee. 2-220
Figure 298-10. Reserved for Future Information..............eeeiiiiiiiiiiii e 2-221
Figure 298-11. Sight Distance Requirements for Overhead Guide Signs.........ccccceeeeiiiirnnnen. 2-222
Figure 298-12. Design Chart for TC-12.30 Sign SUPPOIS ....ccoviiiririiiieeeeiiiiiieeee e 2-223
Figure 298-13. Design Chart for Overhead Sign Support TruSSeS........ccovviiiiiieeiieeiniiiiieee. 2-224
Figure 298-14. Design Chart for Single Post Installations............ccoueeeiiiiiiii, 2-225
Figure 298-15. Design Chart for Two Post Installations............cooccveeiiiiiiiiiiceec e, 2-226
Figure 298-16. Design Chart for Two Beam Installations............cccuveeeiiiiiiiiiiiiiiieeie, 2-227
Figure 298-17. Design Chart for Three Beam Installations ...........ccccooveiiiiiiiic i, 2-228
Figure 298-18. Design Chart for TC-17.10 Sign SUPPOIS ....cceviiuvriiieiiaeeeiiiiiieeee e 2-229
Figure 298-19. Two and Three Beam Installation Details ............cccceeviiiiiiiiiiieiiicee, 2-230
Figure 298-20. TC-16.21 Overhead Sign SUPPOIT.........uuiiiiiiiiiiiiieeee e 2-231
Figure 298-21. TC-17.10 Span Wire Sign SUPPOIt.........eeiiiiiiiiiiiieeee e 2-232
Figure 298-22. Lane-Use Control SignNs INAEX ......cooiieiiiiiiiiiiiiiieieee et 2-233
Figure 298-23. Mounting a Sign Support on Concrete Barrier ...........cccveviiiiiiiiiiie e, 2-235
Figure 298-24. Staking Sign LOCALIONS ........uuuiiiiiiiiiiiiiiiie et 2-236
Figure 298-25. Foundation EXCAVatioNS. ..........oeiiiiiiiiiiiiii e 2-237
Figure 298-26. S0lid WOOA POSES ....cooiiiiiiiiiiiii ettt e e 2-238
Figure 298-27. Design Chart for Solid Wood POSES .........ccoociiiiiiiiiiiece e 2-239
Figure 298-28. Example of Signing for an Expressway At-Grade Intersection with a Numbered
ROULE ..ttt e e e e a e e e e 2-240
Figure 298-29. Example of Signing for an Expressway At-Grade Intersection with an
UNNUMbBeEred ROULE ........coiiiiiiei et 2-241
Figure 298-30. Example of Signing for a Multi-Lane Rural Conventional Road Intersection with
an Important Public ROAd ... 2-242
Figure 298-31. Example of Signing for a Single Lane Rural Conventional Road Intersection with
an Important Public ROAd ... 2-243
Figure 298-32. Example of Signing for a Single Lane Rural Conventional Road Offset
Intersection with an Important Public Road ... 2-244
Figure 298-33. Example of Signing for an Optional Lane Exit without a Secondary Exit
(Exisiting Locations Only, Not for New Construction) ..........cccceeviiiiiiieennnen. 2-245
Figure 298-34. Example of Signing for an Optional Lane Exit with a Secondary Exit - Low-
Volume Primary EXit.......ooo i 2-246
Figure 298-35. Example of Signing for an Optional Lane Exit with a Secondary Exit - High-
Volume Primary EXit.......ooouiiiiiiiie e 2-247
Figure 298-36. Exmaple of Signing for an Optional Lane Exit with a Secondary Exit - Major
Splits (Existing Locations Only, Not for New Construction)........................... 2-248
Figure 298-37. Examples of Signing for Historical Markers ..., 2-249
Figure 298-38a.Example of Route Signing for Municipal Street Systems...........ccccccoeiiiinnen. 2-250
Figure 298-38b.Example of Route Signing for Municipal Street Systems (Continued) ........... 2-251
Figure 298-39. Example of Freeway and Expressway Rest Area Signing.........cccccceevviuennnen. 2-252
Figure 298-40. Example of Conventional Road Rest Area Signing..........ooovevvieeeeeeeininiinnn. 2-253
Figure 298-41. Example of Conventional Road Rest Area Signing..........oooocvvieeeeeeiininiinnnnn. 2-254
Figure 298-42. Example of Clearance Signs on a Low Clearance Structure...............c......... 2-255
Figure 298-43. Example of Freeway Transition Signing ..........oooocueeeeiiiiniiiiiiiiieeeee e 2-256
Figure 298-44. Example of Conventional Highway Transition Signing..........cccccceeeeiiiiiinnee. 2-257
XXiV (October 18, 2013)

October 23, 2002



Traffic Engineering Manual

Part 3 - MARKINGS .......coooiiiiiiiimiiiisnssssssssssssssssssssssss s sssss s s ssssss s s s ssssssssssssssssssssssnsnnnnnnnns 3-1
TABLE OF CONTENTS ......ooiiiiiiiicce s s se s e sessmms e ssme e ms s s e s mm e s e s mme s e s s eame s e e s amnenean 3-1
300 LT 1 3-5
300-1 T qoTe [0 o3t o] o U TP PPU TP POTPPPRRPRRN 3-5
300-2 CONSIIUCHION PrOJECES ...eeeeiiiieeiiitee ettt e e e 3-5
300-3 Force Account (ODOT Operations) WOrkK ........cooocuiiiiiiiiiiiiiiieeeee e 3-5
301 PAVEMENT & CURB MARKINGS .........ccooiiiiiiiriiecme e s s ssmss s s me s e mms e 3-7
301-1 LG LT o 1=T = | TP RTT TP 3-7
301-2 Selection of Pavement Marking Materials ... 3-7
301-3 Pavement Marking in Incorporated Villages..........cc.uueeiieiiiiiiiieiiieeeiiieee e 3-7
301-4 Longitudinal Markings .........oceueeeiiiieeeiie et e e e e e e e e e 3-8
301-5 1 0] oI T T TP 3-8
301-6 CroSSWalk Markings .......eceiieeiiiiiiiiee et e e e e e e raeeea e s 3-8
301-7 Parking Space Markings .........cceuoeooiiiiiiiiiii et e e e e 3-8
301-8 Pavement Marking Words and SYmDOIS .........cooiiiiiiiiiiiiiieeee e 3-9
301-9 TWO-Way LEft-TUIM AITOWS.....ciiiiiiiiieie ettt e e e e e e 3-9
301-10 Speed Measurement Markings...........cceuiioa i 3-10
301-11  Railroad Approach Markings .........c.euueeeiiieiiiiiiieie et 3-11
301-12  Speed HUMP Markings . ......ccoeea oottt e e neeees 3-11
301-13  Fire Hydrant Markers..........oooo oottt 3-11
301-14  Chevron and Diagonal Crosshatch Markings ............ccooiuiiiieiiieiiiiiiiieeeeee e 3-11
301-15 Elongated Route Shields for Pavement Markings ..........ccuuveeiiiiiiiiiiiiiiniee e, 3-13
301-16  Guidelines to Apply Pavement Markings over Chip Seal Surface or Chip Seal
Surface Covered With FOG S€al.......ooiiiiiiiiiiii e 3-13
302 RAISED PAVEMENT MARKERS ...t s s sme e e mn e e mme e 3-15
302-1 LG LT o 1=T = PP UTT PRI 3-15
302-2 Guidelines and Placement Standards.............ccooiiiiiiiiiiiieiiieee e 3-15
302-3 Administrative Responsibilities ............cooii i 3-15
302-4 MEINTENANCE ...ttt e e e e e e b e e e e e e e e e s anbrreeeaaaans 3-16
302-5 Raised Pavement Markers in Villages ..........coooiiiiiiiiiiiiiiieiee et 3-16
302-6 Narrow and One-Lane Bridges .........oooiiiiiiiiiiiiaeeiiie et 3-16
303 RESERVED FOR FUTURE INFORMATION......o.coiiciiiiicmerermesesssme s s sms e e mm e s smme s 3-17
304 DELINEATORS.......cciiciieeieieee s e s e s me e s s e s s s s ms e s e s mm e e e s mme s e s s ame e e e s enmneeesssmneseasmneenannns 3-19
304-1 LG LT o 1=T = PP UTT TR 3-19
304-2 DL o 1 (o] gl Y o= TP T UUPPUPPURPTN 3-19
304-3 ApPPlICAtioN GUIEIINES.......eeiiiiiiie et 3-19
304-4 Median Openings for Private ACCESS ........uuuiiiiiieiiiiiiiiiee e 3-19
304-5 Narrow and One-Lane Bridges .........oooiiiiiiiiiiiae et 3-19
304-6 Delineation for Left-Turn Lanes in Medians.............uueeiiaiiiiiiiiiiiiieeeeeiiieee e 3-20
304-7 Delineators for Type E-98 Anchor Assemblies..........ccoooiiiiiiiiiiiiiiiiiieeeeeeee 3-20
305 COLORED PAVEMENTS ........oiiiiciiriiaees s e s ssmme s s s s s s sssme s s s mms e s mms s e s s ame e senssmnenean 3-21
306 BARRICADES AND CHANNELIZING DEVICES .........coccooiiiicererme e sessmse s sennes 3-21
307 BARRIER REFLECTORS ... e s mm e s mms e ssme s s e s e s mn e e s mme e 3-23
307-1 LG LT o 1=T = TP UUTTT TP 3-23
307-2 Application on ODOT-Maintained HIghWay's .........ccccooiiiiiiiiiiiiiiieeee e 3-23
310 S Y 3-23
320 MATERIALS AND HARDWARE ........... it sssme s sme s sme s e mn e e mme e 3-25
320-1 LG LT o 1=T = U PP UTTT TR 3-25
320-2 Patented or Proprietary Materials, Specifications or Processes...........cccccccvvvvvenn. 3-25
320-3 Purchasing Materials for Installation and Use by Local Agencies............ccccceeeennee 3-25

October 23, 2002 XXV (October 18, 2013)



Traffic Engineering Manual

320-4 Use Of TYPE G ShEETING......coi i 3-25

320-5 Barrier REflECIOrS. ..o 3-25

330 PLANNING / PROGRAMMING .....ccoioiiiiiiicierescsmesssss s s sessms s s ssmms e s s ssms s s s s smns e s smms s esssnmnnes 3-27

340 DESIGN INFORMATION .....coiiiiiiiiiiieme e s e e rssssme s s me s ssssms e s s s mme e s s ams s s e s mn e s e s e mme s e s nnmnnes 3-29

340-1 (G T o=T = TP EUT RO UOTPPPRPPR 3-29

340-2 Stage 2 and 3 Plan SUubmMIttalS........oooeeiiiiiii e 3-29

341 PLAN PREPARATION / PRODUCTION ......ooiiiiririme e resems e esssme s ssssme s s smn s e mme e 3-31

3411 (C T o =T TP ETT RO POTUPPPRPPRN 3-31

341-2 Pavement Marking.........eco i 3-31

341-3 Work Zone Pavement Marking Materials............cooiiiiiiiiiiiiiiiiieeee e 3-32

341-4 Raised Pavement Markers............euiiiiiiiiiieie e 3-32

341-5 Air Speed Zone Markings .........eeeeeiiiiiiiiiiei et 3-33

341-6 Bikeway Pavement Markings .......cc.uuuieiiiiiiiieee e 3-33

342 I N 3-35

342-1 (G T o =T LT UETT O POTPPPRPPR 3-35

342-2 Handicap Symbol Marking ........coooueeieeiiiieiiiee e 3-35

342-3 621 Raised Pavement Marker ReEmMOVed.........ooouiiiiiiiiiiiiiiiiee e 3-35

342-4 Air Speed Zone Marking .......c.eeueeiiiiaee et 3-36

342-5 Green Colored Pavement for BiKe Lanes .........oocuviieieiiiiiiiiiiieee e 3-36

343  SPECIFICATIONS. ... . rirrsms s s e re s me e s s e e s s s e e e s e mnese s e mme s e s ssameeeasesmnenessmnennsnnnns 3-37

350 CONSTRUCTION .....ociiiiiciiiriee s s e e ssme e s s s se s mme s e e s me s e s s e mneeessmme s eanssmneseassmneneannns 3-39

350-1 (C 1T o =T | UEU RO POTPPPRPPRN 3-39

350-2 Work Zone Performance Evaluations.............ooiiiiiiiiie e 3-39

350-3 Raised Pavement Marker (RPM) Casting Installation ............cccooiiiiiiiiniiiiin. 3-39

350-4 Raised Pavement Marker (RPM) Reflector Replacement ...........ccceeeiiiiiiiiiiiieennenn. 3-40

350-5 Remedial Action for Improperly Installed RPM Castings...........cccuveeeiieiiiiniiiiienneenn. 3-41

350-6 (DL [T oY= 1 (o] =TT PPTT TP 3-44

350-7 Barrier REflECIOrS. ..o 3-45

350-8 Pavement MarkingsS .......eeei oot a e a e 3-45

360 MAINTENANCE / OPERATIONS .......ceiiiicieiicme s e s ssms s s sme s s mn s e e 3-53

360-1 (C T o 1=T = | URTT O POTUPPPRPPRN 3-53

360-2 Maintenance of Raised Pavement Markers (RPMS) .........cc.ueeeiiiiiiiiiiiee 3-53

370 OTHER CONSIDERATIONS.........iiiiccir s s e s s me s me s ms e e s smme e e nmn e e s mme e e s nnnns 3-57

380 s Y 5 {0 o 3-57

395 REFERENCE RESOURGCES.........oiiiiiiicirrercme s sms s s smms e ssame s s e s ms s e mme e s smmn e 3-57

396 FORMS INDEX ....iiiiiiiieieeaasame s e sss e s s ass s e s s mms e s s me e s e s ms e e e s smme £ e e s snme e ea s smnesesnnmeeeananmnnes 3-59

Form 396-1.  Air Speed Check Zone Request .........c..uuiiiiiiiiiiiiiiie e 3-61

397  TABLES INDEX ....ooiiiiiiiciiiiimereansms s s assssesasssmms e s s sme e s s ms s e s mns e s e mme s e s ssmeeeasesmnenesnsmnsnesnnnns 3-63
Table 397-1.  Material Selection for Pavement Marking and Expected Marking Life

L Y= T TP PP 3-65

Table 397-2.  Area Calculations for Words and SymbolS ..., 3-67

Table 397-3.  Rating Daytime Color of Long Line Pavement Marking .........ccccccoviiiiiiiiennnn. 3-68

Table 397-4.  Rating Night Visibility of Long Line Pavement Marking..........cccccovviiiiiieennnn. 3-69

Table 397-5.  Durability of Long Line Pavement Marking............cccceoiiiiiiieiiiiniiiiiiieeeee, 3-70

398 FIGURES INDEX ......coiiiiieieiiicamesesss e s s s s e s asssme s s e s e s ams e s e s mme s e e s ame s e e s smn e nesemme s e e nnmnnes 3-71

Figure 398-1.  Standard Delineation for Median Opening for Private Access............cooeuuuneee. 3-73

Figure 398-2. Marking a Narrow or One-Lane Bridge ... 3-74

Figure 398-3. Standard Delineation for Parallel Left-Turn Lane.........cccccoviiiiieeiiiiiiiiiinnee. 3-75

Figure 398-4. Standard Delineation for Tapered Left-Turn Lane ..........ccoooiiiieeiiiiiiiiiinnee. 3-76

October 23, 2002

XXVi (October 18, 2013)



Traffic Engineering Manual

Part 4 - SIGNALS........coooiiiiiiiiirir s ss s s s s s s s s s s s s ssssssssssssssssssssssssssssssssssnnsnnnnnnnnnnns 4-1
TABLE OF CONTENTS ... s e s e e me s me e s s s e mm e e s mme e e s e s e e s amnenean 4-1
400 LT 1L 4-9
400-1 T goTe [0 ex1 o] o U TP PTU TP UPUPPPRTPRRN 4-9
400-2 CONSIIUCHION PrOJECES ...eeeiiiiieiiiitee ettt a e e e 4-9
400-3 Force Account (ODOT Operations) WOrkK ........cooouieiiiiiiiiiiiiieeeee e 4-9
401 TRAFFIC CONTROL SIGNALS - GENERAL ... ereme s sseme s sems e e s 4-11
401-1 LG LT o 1=T = TP UUTTT TR 4-11
401-2 Installation of Traffic Signals on State Highways...........coooiiiiiie 4-11
401-3 Periodic Review Of Signals .........cuooiiiiiiiec et 4-11
401-4 Removal of Traffic Signals Under ODOT JurisdiCtion...........c.eueeeieiiiiiiiiiiiiieeee e 4-11
401-5 Identifying Maintenance Responsibility for a Traffic Signal...........ccccooiiiinnni. 4-13
401-6 Village Signal Permit ProCedUIes .........ooouiiiiiiie et 4-13
401-7 SIGNAl AQIrEEIMENTS ......eiieiiie ettt e e e e e e abb e e e e e e e e e s ennrreeeaaaans 4-14
401-8 Open Architecture Traffic Signal Controllers ... 4-17
401-9 Americans with Disabilities Act (ADA) Requirements.........cccccceeeviiiiiiieeiieeeiniiiiee, 4-17
401-10  Special or Off-Duty Law Enforcement Officer Operation of ODOT Traffic
Traffic Signal ProCeAUIES ........ooi i 4-18
402 TRAFFIC CONTROL SIGNAL NEEDS STUDIES.........cociriiemrrenrmersessmessessmss s ssmme s ssmmees 4-19
402-1 LG LT o 1=T = PP UTT TR 4-19
402-2 Traffic VOIUMIES ..ot a e 4-19
402-3 Signal Warrant Practices and ProCedUres ... 4-19
402-4 Unwarranted Existing Signalized Intersections ..........cccccoiiiiiiiiiiiiieee 4-22
402-5 Removing Right-Turn Vehicles from Signal Warrant Analysis...........cc.ccoovvinennen. 4-22
403 TRAFFIC CONTROL SIGNAL FEATURES AND OPERATION.......ccooceeircme e 4-25
403-1 LG LT o =T PP UTTP TP 4-25
403-2 Yellow Change and Red Clearance Intervals..........cccooiiiiiiiiiiiiiiiiiieeceee e 4-25
4083-3 Off-Peak Flashing Operation of Traffic Control Signals...........cccooevvviiiiiiiiiiiieien, 4-25
403-4 APProach MONITOMING ... ...eeeeeiiie et e e e e e e e e neeees 4-26
403-5 Traffic Law Photo MONITONNG ... 4-26
403-6 Emergency-Vehicle Preemption Control Systems..........oooiiiiiiiiiiiiiiiiiiiiiee 4-27
403-7 Flashing Yellow Arrow (FYA) Operation...........oocuuiiiiiiiaaiiiiiiiee e 4-28
403-8 Signal Operation Changed Sign (W3-H2a, W3-H2b)........ccoooiiiiiiiiiieeeen 4-28
403-9 R To N I o TP PUTPPPPPO 4-29
403-10 Railroad Preemption Control SyStemsS .........oouuiiiiiiiiiiiiee e 4-29
404 PEDESTRIAN CONTROL FEATURES..........cccooiiiiierircme e ssssme s ms e e mn e s mms s 4-35
404-1 LG LT o =T PP UTTP TP 4-35
404-2 PUSHBDUHONS ...t a e e e 4-35
404-3 Accessible Pedestrian Signals and Locator TONES.........ccuveeeeiiiiiiiiiiiiieeiee e, 4-35
405 FLASHING BEACONS. ... s ms e mm e e s e s me s s e s e e s e s mn e e e e mmeannnnnns 4-37
405-1 LG LT o =T TP UUTTT TP 4-37
405-2 STOP Signs and Intersection Control Beacons.........ccooeveieiiiiiiiiiiiiiiiie e, 4-37
405-3 Rectangular Rapid Flashing Beacon (RRFB)...........ccooiiiiiiiiiiiiiiieeeeeeeee 4-37
406  SPECIAL PURPOSE TRAFFIC CONTROL SIGNALS .........ccooiiiiirrrrrmeesesemme s s smmees 4-39
406-1 LG LT o 1=T = TP UTT TR 4-39
406-2 Temporary Traffic SIgNalS .......coooiiiii e 4-39
406-3 Traffic Control Signals for Emergency Vehicle Access Guidelines.............ccoeuueeee. 4-39
407 OTHER ELECTRICAL DEVICES ... s ssms s s mms e s me s e s e neas 4-41
4071 LG LT o 1=T = U PR TR 4-41
407-2 PREPARE TO STOP WHEN FLASHING Signs (W3-H4a) ........cccccoeiiiiiiiiiieeee 4-41
408 IN-ROADWAY LIGHTS ... iiicimereicmr s s s mme s s s smms s e s e e e s mn e e s mme s e s 4-45

October 23, 2002 XXVii (October 18, 2013)



Traffic Engineering Manual

408-1 GIENEIAI ..ot 4-45
408-2 Use of In-Roadway Lights on State Highways ..., 4-45
420 MATERIALS AND SIGNAL HARDWARE ... ms s e s 4-47
420-1 GIENEIAI .ottt 4-47
420-2 Patented or Proprietary Materials, Specifications or Processes..........cccceevveiveeennn. 4-47
420-3 Purchasing Materials for Installation and Use by Local Agencies...........coocuvvueeeennn. 4-47
420-4 Vehicular Signal Heads. ...........ooiiii e 4-47
420-5 Detector LoOp PlaCemeEnt ..... ...t 4-49
421 SIGNAL SUPPORTS ... s ressse s sssme s s s s s s s s e s mms e s s mms s e s s same s sesesmneseassmmenesnsnns 4-52
421-1 GIENEIAI .ot 4-52
421-2 Signal SUPPOIt INSPECHIONS .....eeiiieiiiiiiiieie e 4-52
430 PLANNING / PROGRAMMING ....oooiiiiiiiieiereessmesssss e s ssssms s s s s smms s s s ssme s s e s s s e s mms e s smmenes 4-53
440 DESIGN INFORMATION .....coiiiiiiiiicees s e e s ssssme s s me s s s sms e s s s mms e e s ame s e e s smn e e e s e mme s e s nnmnnes 4-55
440-1 GIENEIAI ..ottt 4-55
440-2 Electrical Power for Traffic Signals..........oocueieiiiiiiii e 4-55
440-3 Single-Arm Overhead Signal SUPPOIt.......ceuiiiiiiiiiiiee e 4-55
440-4 Two-Arm Signal SUPPOI DESIGN ..cceiiiiiiiiiiiee e 4-57
440-5 Span Wire Signal Support Design Software (SWISS)........cccouiiiiiiiiiiiiiiiieeeees 4-58
440-6 Traffic Signal Timing ANAIYSIS ......eeiiiiiiiiiieee e 4-58
440-7 Stage 2 and 3 Plan SUubmMIttalS........oooiiiiiiii e 4-59
440-8 ADA Requirements on Traffic Signal Projects .........cccuueeeiiiiiiiiiiiieiieeeee 4-60
440-9 Paying Locals with Project FUNAS ..........oooiiiiiiiiii e 4-61
441 PLAN PREPARATION / PRODUCTION .......oiiiciieicmeerersms e ssmme e sssme s s smn s e mme e 4-63
441-1 GIENETAD .ot 4-63
441-2 Reserved for Future Information ... 4-63
441-3 Signal and SigN SUPPOIS .....eueeiiieeiiiiiiiiee et e e e e e e e s aebreeeeaaeeeaaaes 4-63
441-4 P OWET SBIVICE .. 4-63
441-5 UNderground FaCilii©S ........u oo 4-63
441-6 QUANTITIES 1o eveeeeeeeeeeee ettt a e 4-64
441-7 Bid [tem DeSCrIPHONS ...ttt e e 4-64
441-8 Signal Support, Detail Design Requirements............ccoiiiiiiiiiiiiiiiiiiiiieeeee e 4-64
441-9 SENVICE CaDIE ..o 4-65
441-10  TWO-Arm Signal SUPPOIS ...ttt a e e e e aaeeaaeens 4-66
¥ I T € T == 1 (=== PP 4-66
Y 2 N1 =Y g (= = o P PPPPPPN 4-66
442 o I N 4-67
442-1 GIENEIAI ..ot 4-67
442-2 Power Supply for Traffic SIgNalS .........ooo i 4-67
442-3 Reserved for FUIUIE USE.... ...t 4-67
442-4 632 Removal of Traffic Signal Installation............ccueeeeiiiiiii e 4-67
442-5 632 Interconnect Cable, Misc.: (by Size), with Support Messenger, As
P E PlaN ... ———————— 4-67
442-6 632 Loop Detector Units, by Type, As Per Plan.........ooiiiiiiieeeeeeeee 4-68
442-7 Reserved for FUIUIE USE........o et 4-68
442-8 Reserved for FUIUIE USE.... ..o 4-68
442-9 632 Loop Detector Lead-In Cable, Direct Burial .............ccccvvvviiiiiiiiiiii 4-68
442-10 632 Combination Signal Support, Type TC-81.21 and Sign Support, TC-
(with Light Pole EXTENSION).....cciiiiiiiieiiiee ettt 4-69
442-11 632 Combination Strain Pole, Type TC-81.10 and Sign Support, TC-
(with Light Pole EXTENSION).....cciiiiiiieiiee ettt 4-69
442-12  Strain Pole Foundation Elevations ...........c...eeiiiiiiiiii e 4-69
442-13 632 Vehicular Signal Head, Color, Material, by Type, (with Backplate),
E SN =T o =T o PP PPPPPRPN 4-69
442-14 632 Power Service, AS Per Plan ... 4-70

October 23, 2002

XXViii (October 18, 2013)



Traffic Engineering Manual

e E I C 1N T =T | (=T TR URTTT TR 4-70
442-16 633 Alternate Bid [em ........ooo i 4-70
442-17 632 Vehicular Signal Head, (LED), By Type, (with Backplate), As Per Plan ........... 4-71
442-18 Reserved — Existing Note Deleted..........ooooiiiiiiiiiiii e 4-71
442-19 632 Relamp Existing Signal Section with LED Lamp Unit, By Lens Type,
AS PEI PLAN.....ceeeeiei e e e e e e e e 4-71
442-20 633 Controller Unit, Type 170E, with Cabinet, Type (332 or 336)
AS PEI PLAN......eeeeii i a e e e e e e e e 4-72
442-21 633 Controller Unit, Type 2070L, with Cabinet, (By Type), As Per Plan................... 4-72
442-22 633 Controller, Master, Traffic Responsive, As Per Plan.............ccccccci, 4-73
442-23 633 Controller, Master, Traffic Responsive, As Per Plan............cccccccc, 4-73
442-24  Reserved for FUIUIE USE ...t 4-73
442-25 B33 Pre@mPtiON. ..cciii ittt e e s e e e e e e e neraees 4-73
442-26 633 Preemption Receiving UNit ..........oooiiiiiiiiiiiieee e 4-75
442-27 633 Preemption Detector Cable ... 4-75
442-28 633 Preempt Phase SeleCtOr...........uuiiiiiiiiiiieie e 4-75
442-29 633 Preempt Confirmation Light, LED ... 4-76
442-30  PUII BOX, 24”7 X 357 X 26 ...eeiiteeeeeaauteeaeaateeaeaatteaaaaaseeeaaaasseeaeaasseaaaaaseeeaeaanseeeeaanneeeas 4-76
442-31 632 Pole Entrance Fitting .....c.ooo oo 4-76
442-32  Grounding and BONAiNgG .......cooooiiiiiiiiiiaeeiee e 4-77
442-33 Reserved — Existing Note Deleted..........ooooiiiiiiiiiiiiiee e 4-78
442-34 Reserved — Existing Note Deleted..........ooooiiiiiiiiiiie e 4-79
442-35 Reserved — Existing Note Deleted.........ooooiiiiiiiiiiiiii e 4-79
442-36 Reserved — Existing Note Deleted..........ooooiiiiiiiiiiiiiieee e 4-79
442-37 Reserved — Existing Note Deleted..........ooooiiiiiiiiiiiie e 4-79
442-38 Reserved — Existing Note Deleted..........ooooiiiiiiiiiiiiieee e 4-79
442-39 633 Advance/Dilemma Zone Detection System ..........ooociiiiiiiiiiiiiiiiiiieee 4-79
442-40 633 Uninterruptible Power Supply (UPS), Battery Replacement............cc.cccooiunnnnee. 4-80
442-41 633 Uninterruptible Power Supply, As Per Plan ... 4-81
442-42  Reserved for FUIUIE USE ...ttt 4-81
442-43 633 Stop Bar Detection Radar............eeiiiiiiiiiiiiiiiiice e 4-81
442-44 633 Controller Unit, Type 2070L, As Per Plan..........cccccccvviii 4-82
442-45 632 Signal Support, Mechanical Damper for TC-81.21 Mast Arm
(Greater Than 59’ in Length), As Per Plan ..o 4-83
442-46 632 Signal Support, (By Type), As Per Plan ... 4-84
442-47 632 Signalization, Misc.: Unlash and Relash Messenger Wire...........cccccceeeiniiiinen. 4-84
442-48 632 Signalization, Misc.: FAA Type L-864 Obstruction Lighting, LED...................... 4-84
442-49 632 Signalization, Misc.: Bridge-Mounted Marine Navigation Lighting, LED ............ 4-85
442-50 633 Controller Unit, Type 170E, with Cabinet, By Type........ccceeeriiiiiiiiiieiiaeeiiiie 4-86
443 EST o L0 | (07 0 4-91
450 CONSTRUCTION .....ooiiiiiiiiesme s s s e s s s s e e s mme e s s ms e e s s esms e s e s s mme e e s s mmseesnsnmeesensamnenenan 4-93
450-1 LG LT o 1=T = TP 4-93
450-2 FOUNAALIONS ...ttt e et e e e e e e e et raeee e e e e e e anns 4-93
450-3 Electrical APPUIENANCES.......uuiiiii ettt e e e e e e et raeee e e e e e e anes 4-93
450-4 Power Service for Traffic SignalS.......cc.uueiiiiiiiii e 4-96
450-5 Pole and Support INSpection - GeNeral...........oooiiiiieiiieiiiiieiee e 4-96
450-6 Traffic Signal SUPPOIS .....eeeiiiie e 4-96
450-7 Sag and Vertical ClEaranCe...........ueiiii it 4-98
450-8 Signal Span Messenger Wire and APPUrteNanCes ..........ccoeeeeuiiiiiirieeeeeeeiniieeeeeaenns 4-98
450-9 Method of Measurement for Cable and Wire...........c.ouveiiiiiiiiiiiiiiieeeee, 4-104
450-10  Signal Equipment and WiriNg ........coueiiiiiiiiiie e 4-104
450-11  Signal Performance Tests and System Checks ..o 4-112
450-12  Controller Change Orders .........couiiiiiiiiiiie ettt a e e e 4-116
460 MAINTENANCE / OPERATIONS ... s me s s mm e s e e ame e s mn e e 4-119
460-1 LG LT o 1=T = | S O PRTT TP 4-119

October 23, 2002

XXiX (October 18, 2013)



Traffic Engineering Manual

470
480
495

496

497

498

460-2 ReSPONSIDIITIES. ... 4-119
460-3 Preventive MaintenanCe ........ooouiiiiiiieee et 4-120
460-4 As Required MaintenanCe. ..........couiii it 4-121
460-5 Malfunction RESPONSE ......ueiiiiiiiiiei e a e 4-121
460-6 Record Retention...........ueeiiiiiie et 4-122
460-7 B I =101 Vo PP RPU TP 4-122
460-8 Organizational Performance Index (OP1)........ooiuiiiiiiiiiiiiee e 4-122
460-9 SigNal DAtADASES ...ceiiiiiiiiiieie e a e e e 4-123
460-10  Signal INSPeCtion HEMIS. ...t 4-123
460-11  Dark SIigNalS......ooiueieieiiiiee ettt ettt e e e e e et e e e e e e raeeaaae s 4-123
OTHER CONSIDERATIONS........ .. resrs e s e sms e e sms e ssms s s mn e e e smme e e s nnnns 4-125
LS Y 2 {0 o 4-125
REFERENCE RESOURGCES......... i s sesssse s me s ss s s ssmms e s s e s s s s mmssessnnns 4-125
495-1 LG LT o= = PR U R PUOPUPPRPTR 4-125
495-1 Traffic Signal Maintenance Inspection Manual ...........cccccoeoiiiiiiiieieeeeeen 4-125
FORMS INDEX ....oiiiieiiieamereaeeme s sess e e s s s smme s es s e s s e s mms e s s mme s e e s smn e e e s smme s eanenmnenansmnenesnnns 4-127
Form 496-1.  Signal Support INSpection FOrM............uuiiiiiiiii e 4-129
Form 496-2.  Traffic Signal Stage 3 Check List.........c..uuiiiiiiiiiiiiii e 4-130
Form 496-3.  Traffic Signal Controller Timing Chart for Actuated Signals ..............ccceeee. 4-132
Form 496-4.  Traffic Signal Detector Chart ... 4-133
Form 496-5.  Coordination Timing Chart. ... 4-134
Form 496-6.  Report of ElectriCal TeSS......uuuiiiiiiiiiiiiiiiii et 4-135
Form 496-7.  Signal INSpection FOrM ..........ueiiiii e 4-137
Form 496-8.  Application to Install and Operate a Traffic Control Signal................cc.e.e. 4-139
Form 496-9.  Application for Approval of Traffic Control Signal Operation ...............cc........ 4-140
Form 496-10. Permit for Operation of a Traffic Control Signal............ccccooiiiiiiiiiiiniiinne. 4-141
Form 496-11. Application to Modify Operation of a Traffic Control Signal................ccceen... 4-142
Form 496-12. Right Turn Factorization Sheet ..., 4-143
Form 496-13. Example of a Completed Right Turn Factorization Sheet...............cccoeeee. 4-144
Form 496-14. Application for a Permit to Have a Special or Off-Duty Law

Enforcement Officer (LEO) to Operate a Traffic Control Signal..................... 4-145
Form 496-15. Permit for a Special or Off-Duty LEO to Operate a Traffic Control Signal.....4-146
Form 496-16. Reserved for FULUrE USE .........ooiii i 4-147
Form 496-17. Reserved for FULUrE USE .........ooi i 4-147
Form 496-18. Reserved for FULUrE USE .........ooiiiiiiiiiii e 4-147
Form 496-19. Field Wiring HOOK-Up Chart..........cooiiiiiiiiiiiiieeee e 4-147
Form 496-20. Example of Field Wiring Hook-Up Chart..........cooociiiieiiiiiiiiiieeeeeee 4-148
TABLES INDEX ......ooiiiiiaiiiiaamereassamesssssme s ssss e s essssmsessssmms e snssmsesesssmnssesssmnssesnsnmesssssnsenssas 4-149
Table 497-1.  Cross Section Area of Conduit, Cable and Wire...........ccccuvieeiiiiiniiiiiiieenenn. 4-151
Table 497-2.  Cable and Wire Identification.............eeoiiiiiiii e 4-152
Table 497-3.  Minimum Sight DISTANCE .....cccceiiiiiiiiie e 4-153
Table 497-4.  Types of Overhead Signal SUPPOIS .......cooiiiiiiiiiiiii e 4-154
Table 497-5.  Areas for Signal HEads. ......ccooui i 4-155
Table 497-6.  Height from Bottom of Signal Head to Messenger Wire or Mast Arm............ 4-156
Table 497-7.  Minor Street Analysis Parameters-Minor Leg Lane Configurations and

Right Turn Reductions. ... ..., 4-157
Table 497-8.  Minor Street Analysis Parameters- Mainline Congestion Factors for

Limiting Right Turn Reductions. ....... ..o, 4-158
Table 497-9  Village Signal Permit Number ASSignments ..., 4-159
FIGURES INDEX .....coiiiiieienineamessaseae e sesssmme s ssssme s e s smns e s s mms s s s s mn e se s smmssesnenmeenasssmnenesnnnns 4-161
Figure 498-1. Emergency Traffic Signals GUIdeliNeS ............ooiiiiiiiiiiiiiiiiiieee e 4-165
Figure 498-2. Local Government Agency/Utility Force Account Work...........ceeeeeiiiiiiiinnen. 4-166
Figure 498-3. Suggested Loop Placement for High-Speed Mainline vs. Large-Volume

SIAE SHrEBT e 4-167

October 23, 2002

XXX (October 18, 2013)



Traffic Engineering Manual

Figure 498-4. Suggested Loop Placement for Mainline vs. Ramp/T Intersection................ 4-171
Figure 498-5. Suggested Loop Placement for High-Speed Mainline vs. Low-Speed
SHAE SEEOT i 4-175
Figure 498-6.  CONCrete PUll BOX ......uuiiiiiiiiiiiiiie et e e 4-179
Figure 498-7.  Trench DetailS ......ooeeeiiiiiiieieee e 4-180
Figure 498-8. EXOthermiC Weld...........ooiiiiiiei e 4-181
Figure 498-9.  POWET SEIVICE ....ccoiiiiiiiiiie ettt e ettt e e e e e s er e e e e e e e e e aans 4-182
Figure 498-10. Strain Pole SUPPOIMS .....ceiiiiiiiiie et 4-183
Figure 498-11. Strain Pole Attachment Details............cooociiiiiiiiiiiiie e 4-184
Figure 498-12. Single ArmM SUPPOI......ueiiiiieiiieie ettt a e e e e e e e e 4-185
Figure 498-13. Sag and Vertical Clearance Diagram ...........c.ceeeeeeiiiniiiiieieee e e e 4-186
Figure 498-14. Cable Support ASSEMDIY.......couiiiiiiieie e 4-187
Figure 498-15. Aerial Interconnect Cable............cooiiiiiiiiiiiiiiii e 4-188
Figure 498-16. Method of Measurement for Signal Cable ...........cccoeciieiiiiiiie e 4-189
Figure 498-17. Method of Measurement for Interconnect Cable............cccccooiiiiiiiiiinis 4-190
Figure 498-18. Method of Measurement for Detector Lead-In Cable ..., 4-191
Figure 498-19. Method of Measurement for Power Cable ............ccoccveiiiiiiiiiiiiieeee 4-192
Figure 498-20. Method of Measurement for Service Cable............coccveveiiiiiiiiiiieeiieeee 4-193
Figure 498-21. Vehicular Signal Heads..........couuiiiiiiiiiiee e 4-194
Figure 498-22. Pedestrian Signal Heads............cooiviiiiiiiiiiciece e 4-195
Figure 498-23. Loop Detector Placement and Installation ............ccoccveeiiiiiiiiiniiiiiiieeee 4-196
Figure 498-24. Loop Detector Slots and WiriNg..........cooiiiiiiiiiiiiiiieec e 4-197
Figure 498-25. LOOP DeteCOr WilING ....eeeiieeiiieiiieieee ettt e e 4-198
Figure 498-26. Magnetometer Probes and Lead-1n............cccooiiiiiiiiiiie e 4-199
Figure 498-27. Vehicle LoOp Test Targets ......cc.uuueeiiiiiiiiiiiieeeee et 4-200
Figure 498-28. Short-CirCUit TEST.......uueiiiiiiiiie e 4-201
Figure 498-29. Circuit Continuity Test of Loop Wire (Before Splice...)....ccccriiiiiiiiiiiiinnnnnes 4-202
Figure 498-30. Circuit Continuity Test of Loop Wire and Lead-In Cable............cccccceeierinnnes 4-203
Figure 498-31. Circuit Continuity Test of Signal Cable Disconnected from Heads or
Other Cables Such as Interconnect and Loop or Magnetometer
(0= To L [ PP PP PUPPUPPRRPPRN 4-204
Figure 498-32. Circuit Continuity Test of Signal Cable With Cable Connected to the
Signal Heads and Lamps Installed ..o 4-205
Figure 498-33. Cable Insulation Test (Loop Detector Wire).........ooooeueiieeiiiiiiiiiiiiiieeeeeees 4-206
Figure 498-34. Cable Insulation Test (Signal Cable) ........cuuueeiiiiiiiiiiiiie e 4-207
Figure 498-35. Reserved for FULUIE USE........c.uiiiiiiiiieciie e 4-208
Figure 498-36. Plan Details for Strain PoIEs...........ccviiiiiiiiiiiiiie e 4-209
Figure 498-37. Plan Details for Signal Supports - Arm Lengths.........ccceeeiiiiiiiiiiiiis 4-210
Figure 498-38. Plan Details for Signal Supports - Mast Arm Orientation............cccccceeeeeennnes 4-211
Figure 498-39. Example of Wire Size for Equipment Grounding Conductor — PTSWF with
Pedestrian INdications.............cooiiiiiiiii e 4-212
Figure 498-40. Example of Wire Size for Equipment Grounding Conductor — PTSWF
without Pedestrian Indications............cuueeeiiiiiii e 4-213
Figure 498-41. Example of Wire Size for Equipment Grounding Conductor — Mast Arms .... 4-214
Figure 498-42. Example of Wire Size for Equipment Grounding Conductor — Span Wire..... 4-215
Figure 498-43 Dilemma Zone Graph........uooo it e e 4-216
Part 5 - LOW-VOLUME ROADS ........ccoimimmmmmmmmmmmmsssssssssssssssssssssssssssssssssssssssssssssssssssnnns 5-1
TABLE OF CONTENTS ... s e s s e s ssmms e ms e s s s s e s mm e e s mme s e e s e s e e s amnenean 5-1
GENERAL ... e e e s e e e e s s mn e se e mmeseseameeessesmeeeesemneeeansnneenannns 5-3
REFERENCE RESOURGCES .........cooiiiiciiirriese s ee e s ms s se s mss e s mms s s ssms s e s mmssessnnns 5-3
Part 6 - TEMPORARY TRAFFIC CONTROL........cooiiiiiiiimemsssssssssssssssssssssssssssssssssssssnns 6-1
October 23, 2002 XXXi (October 18, 2013)



Traffic Engineering Manual

TABLE OF CONTENTS ... s iiree s s e s ms s s s e s mme e s s s e s mms e e s smmn e e e s smmenennanns 6-1
600 GENERAL ... n e m e e s e e e s s e s e e s mme e e e s e mneee s mmeseenenmeesensnneneannns 6-13
600-1 Tg1goTe [¥ o311 (o] o ISP PPTT PRI 6-13
600-2 CONSIUCHION ProOjECES. ...t e e e e e 6-13
600-3 Force Account (ODOT Operations) WOrK .........ccoueiiiiiiiieiiae e 6-13
600-4 Public CommUNICATION ....coiiiiiiieeei e 6-14
600-5 High vs. Low-Volume HighWays..........ccoiiiiiiiiiiiiee et 6-14
600-6 Incident Management ArEas ...........ceiiieiiiiiiiiii et 6-14
601 FUNDAMENTAL PRINCIPLES. ... ssms s s ssms e sms s s s mn s e mme e nmmn s 6-15
601-1 (C T o=T = P UETT RO POTUPPPRPPRN 6-15
601-2 Work Zones on Interstates and Other Freeways ..o 6-15
602 TEMPORARY TRAFFIC CONTROL ELEMENTS ......ocooiieiiiiicme e s sessms e s ssmme s 6-17
602-1 (C 1T o =T PP TR POTPPPRPPRN 6-17
602-2 Temporary Traffic CONtrol PIans ... 6-17
602-3 Temporary Traffic CONtrol ZONES ......cooiiiiiiiieiii e 6-17
602-4 Components of Temporary Traffic Control ZoNes..........coooiiiiiiiiiiiiiiiiiiieeeee e 6-17
602-5 L= o= £ TP PRI 6-19
602-6 Detours, Alternate Routes and DiVerSiONS............uveiviiiiiiiiiiee e 6-21
602-7 One-Lane, Two-Way Traffic Control...........ccuvvvviiiiiiiii 6-21
602-8 WOIK VERICIES ...t e e eaaaeas 6-22
603 PEDESTRIAN AND WORKER SAFETY .....ooiiiiiimirirismesressmsessssms s ssssms s s s smss s sssmms e ssmenes 6-25
603-1 (C T o =T P UT PR POTPPPRPPRN 6-25
603-2 Pedestrian ConsSiderations.............eeiiiii i 6-25
603-3 Worker ConSIAEratioNS .......ooeeiiiiiiii et a e a e e 6-25
604 FLAGGER CONTROL ......ceiiiiiciiiieiime s e e s ssssms s s s e s s s sms s s e s mms e s s sams s s s s smn s eessmms s esnsnmnnes 6-27
604-1 (C T o =T TP UEPT RO POTPPRRPTR 6-27
604-2 Qualifications fOr FIAQQErS ......eeiia ittt 6-27
604-3 High-Visibility Safety Apparel............ueeeiiiiiie e 6-27
604-4 HaNd-Signaling DEVICES. .....euiiii ittt e e 6-27
604-5 Automated Flagger Assistance Devices (AFADS).........ceeeiiiiiiiiiiiiiiiieeeeeiieeee e 6-27
604-6 Hand-Signaling ProCeAUIES .........c..uuiiiiiiia e 6-28
604-7 FIagger SEAtiONS ... ... e e a s 6-28
605 TEMPORARY TRAFFIC CONTROL ZONE DEVICES ......ccoooemiirininissemssnssnsssssssssss e 6-29
605-1 (C T o =T | UR TR POTUPPPRPPRN 6-29
605-2 General Characteristics Of SigNS.......cc.uuiiiiiiiii e 6-29
605-3 ReQUIAIONY SIGNS ... .t a e e aaaeas 6-30
605-4 Special Regulatory SigNS.........coii i 6-31
605-5 WaarNING SIgNS ..ttt e e e e e e e e e e e e e e e s e anrrraeeaaaeas 6-33
605-6 Special Warning SigNS.........uuu ettt e et e e e e e e s aerreeeeaaaeeaaaes 6-36
605-7 (G0 To LIS o o I S PP UTTT O POPPRRPTRN 6-37
605-8 Special GUIAE SIGNS ..cooiiiiiii ettt e e e e ae e e e e e e aaes 6-39
605-9 Portable Changeable Message Signs (PCMSS) .......ccuuiiiiiiiiiiiiiiieee e 6-39
B05-T0  AFTOW BOardS. ... ..eeeeiiiiiiiiiiitt ettt e e e e e st e e e e e e e anr b e eeaaaeeaaans 6-39
605-11  Channelizing DEVICES ........uuiiiiiiiiiiiiitie ettt a e e e e e e e 6-40
B05-12  LightiNg DEVICES ....eeeeiiieiiiiiieiie ettt e e e e e et an e e e e e e e e aaes 6-45
605-13  Temporary Traffic Control SigNalS...........ueeiiiiiiiiiiiiie e 6-46
605-14  Temporary Traffic Barriers ... 6-49
B05-15  Crash CUSKIONS ......ceiiiiiiiiieiee ettt e e e e e e bbb ee e e e e e e e aaes 6-52
605-16  Vehicle-Arresting SYSIEMIS ......eiii i 6-52
B05-17  RUMDIE SHIIPS .. ettt e et e e e e e e s bbb ae e e e e e e e e aans 6-52
BO5-T8  SCIEENS ..eiiiiiiiiitiie ettt e ettt e e e e e e s e bbb et e e e e e e s s aaabbeeeeeaaeeaaannbbaneaaaaeeaaanns 6-53
605-19  Barrier Reflectors and Object Markers ... 6-53
605-20 Increased Barrier DeliN@atioN..........ooouuiiiiiiiii i 6-54
605-21  Future and Experimental DEVICES ..........uuiiiiiiiiiiiiiiiiee et 6-54

October 23, 2002

XXXii (October 18, 2013)



Traffic Engineering Manual

606 TYPE OF TEMPORARY TRAFFIC CONTROL ZONE ACTIVITIES........ccciriicirreme e 6-55
606-1 LG LT o 1=T = TP PUTPT ORI 6-55
606-2 Typical APPlICALIONS .......eeeeeiiiee et e e e e e 6-56
606-3 WOIK DUFGLION ..ttt e e e e e e e e e e e bbb ee e e e e e e e s e aneeees 6-56
606-4 LOCALION OF WOIK ...ttt e e e aee e e e e 6-56
606-5 Modifications To Fulfill Special Needs ... 6-57
606-6 Work Outside of ShOUIAET .......cooiiee e 6-57
606-7 Work on the Shoulder with No Encroachment............ooooiiiiiiiiiiiiiiiee 6-57
606-8 Work on the Shoulder with Minor Encroachment ..., 6-57
606-9 Work Within the Median ..........ooo e 6-58
606-10  Work Within the Traveled Way of Two-Lane Highways............ccoooiiiiiiiiiiiiiiiiinne, 6-58
606-11  Work Within the Traveled Way of Urban Streets...........ccoeeeiiiiiiii 6-58
606-12  Work Within the Traveled Way of Multi-lane, Nonaccess Controlled Highways........ 6-58
606-13  Work Within the Traveled Way at an Intersection...........cccccceeeiiiiiiiii e, 6-58
606-14  Work Within the Traveled Way of Expressways and Freeways ..........cccccceeeviiiinnnen. 6-59
606-15 Two-Lane, Two-Way Traffic on One Roadway of a Normally Divided Highway ....... 6-59
BOB-T6  CrOSSOVEIS. .. ueeteiaeeeiiaitttetee e e e e e e e bt tae e e e e e e e s e abbteeeeaaeeaaaaanbbeeeeaaeeaaaannbbbeeaaaaesaaaannrreees 6-59
B06-17  INEEICRANGES ...ceeiiiieee et e e e e e e e e e ees 6-59
B06-18  MOVADIE BaITiErs. .. ...ttt e e e e 6-59
606-19  Work in the Vicinity of Highway-Rail Grade Crossings ........ccccceviiiviiieeiieeiiniiiiene. 6-60
606-20  Control of Traffic Through InCident Areas ...........coeiiiiiiiiiiiiiiiieee e 6-60
606-21  Work Affecting Pedestrian and Bicycle Facilities...........ccoueeeiiiiiiiiiiiiii e, 6-60
606-22 Temporary Traffic Control Through Nighttime Hours...............cooiiiiiants 6-60

607  TYPICAL APPLICATIONS ......iiiiicirciicmeressme s s s e s se s smm e e s me e s s e s e e s mn e s e s s mme e s s mmnn s 6-61
607-1 LG LT o 1=T = PP UTTP TP 6-61
607-2 Blasting Zone (OMUTCD Figure BH-2) .........cooiiiiiiiiiiiiieeeeeieieee e 6-62
607-3 Road Closed with Off-Site Detour (OMUTCD Figure 6H-8) ........cccoooviiiiiiiiiiiinnnns 6-62
607-4 Lane Closures on Low-Volume, Two-Lane Road (OMUTCD Figure 6H-11) ............ 6-62
607-5 Lane Closure on Two-Lane Road Using Traffic Signals (OMUTCD Figure 6H-12) .. 6-62
607-6 Temporary Road Closure (OMUTCD Figure 6H-13) ......eiiiiiiiiiiiieeeeeee 6-62
607-7 Detour for One Travel Direction (OMUTCD Figure 6H-19) ... 6-62
607-8 Right Lane Closure - Far Side of Intersection (OMUTCD Figure 6H-22).................. 6-62
607-9 Mobile Operation on Multi-lane Road (OMUTCD Figure 6H-35) ..........ccooiiiiieeenennn. 6-62
607-10 Lane Shift on Freeway (OMUTCD Figure 6H-36).........cccuuiiiiiiiiiiiiiiieeeee e 6-62
607-11  Interior Lane Closure on Freeway (OMUTCD Figure 6H-38).........cccvvieeiieiiiiiiinnen. 6-63
607-12  Median Crossover on Freeway (OMUTCD Figure 6H-39) .........cooiiiiiiiiiiiiiiniiiinen, 6-63
607-13  Median Crossover for Entrance Ramp (OMUTCD Figure 6H-40) .........ccccooiiiiiinnee. 6-63
607-14  Partial Exit Ramp Closure (OMUTCD Figure BH-43)..........ccoviiiiiiiiiiiiiieeee e, 6-63
607-15  Work in Vicinity of Entrance Ramp (OMUTCD Figure 6H-44 and Traffic SCDs

I O IR= g To IR T T B I TSP 6-64

608 INCIDENT MANAGEMENT ... e e me s sme e me s s eme e e s e e e e mme e e e 6-65
608-1 LG LT o 1=T = TP PUTPP TR 6-65
608-2 Ohio QUICKCIEar Program ............ueeiiiiiiiiiieee ettt a e ree e e e e 6-65
608-3 Talelo (=101 e e o 1o T FA TP PO PPUPPURPTN 6-66
608-4 Permitted Lane Closure Schedules (PLCSS) .......cuuviiiiiiiiiiiiiiieee et 6-66
608-5 Detour PIaybooK .......ooo e 6-66
608-6 Hazardous Materials (HAazMat) ..........oooiiiiiiiiiii e 6-66
608-7 DiIESEI SPIIIS ...t e e e e e e 6-67
608-8 Incident Command System (ICS)/National Incident Management System (NIMS)... 6-71
608-9 Freeway Service Patrol (FSP) ... 6-71
B08-10  OHGO WEDSITE ....eeeeiieieee ittt e et e e e e et e e e ente e e e e anneeeaeaneeeaaans 6-72
B08-11  Evacuation PIans ...........ueiiiiiiiieeee ettt e e e 6-73

620 MATERIALS AND HARDWARE ......... i necme s s ms s sms s e ssmn e e mme e 6-75
620-1 LG LT o 1=T = TP PUTT PRI 6-75
620-2 SaAfELY CrEOIIA oo e e e e e a e 6-75

October 23, 2002

XXXiii (October 18, 2013)



Traffic Engineering Manual

620-3 SNEETING .t a e e e e e e e e e e e aaa 6-75
620-4 Temporary Sign SUPPOIS ...ttt e e e eeeeaa e s 6-75
620-5 ROI-UD SIGNS ittt e e e et e e e e e e e nrrreeeaaaans 6-76
620-6 Pavement MarkingsS .......eeei oot a e a e 6-76
620-7 NCHRP 350 COmMPlaNCE. ... ..ot e 6-76
630 PLANNING / PROGRAMMING ....oooiiiiiiiieierencme s s e s ssssms s s s ssmms s s s ssme s s s s smns s s smms e ssesmnnes 6-79
630-1 (C 1T o =T TP U R TR POTPPRRPPR 6-79
630-2 Compendium of Traffic Control OPtioNS .........ooiiiiiiiiiii e 6-79
630-3 D71 (o U [T PP PPTT PRI 6-79
630-4 Permitted Lane Closure Schedules (PLCSS) ....c.cooiiiiiiiiiiiieieiiiiieee e 6-80
630-5 Maintenance of Traffic Alternative Analysis (MOTAA) ... 6-80
630-6 Conceptual Maintenance of TraffiC..........ueeiiii e 6-84
640 DESIGN INFORMATION......coiiiiiiiiiimeessse e e rssssms s s s s e s s s sms e s s s smms e s s sams s s e s e smnssesemme s esnsnmnnes 6-85
640-1 (C 1T o =T TP ETT O POTUPPPRPPRN 6-85
640-2 (CTCTo] 0 LT 14 o] PP UT TR POUPPRTPPR 6-85
640-3 Sequence Of OPEratioN ...........eiiii i 6-86
640-4 LANE ClOSUIE ...ttt ettt e e e e e e sttt e e e e e e e e e e e nbbraeeeaaaeeaannnnees 6-87
640-5 USE Of SNOUIAEIS ...t e e e e e e e e s 6-87
640-6 WOrK Zone Drop-OffS.....oui et a e 6-88
640-7 RAMP ClIOSUIE ...ttt e e e et e e e e e e e e nnnreeeaaaens 6-89
640-8 D71 (o U TP PPPT PRI 6-89
640-9 CONEFACIOr ACCESS ettt ettt ettt e e e e e s b e e e e e e e e sanbreaeaaaaeeaaans 6-89
640-10  Private DriVEWAY ACCESS .....uuueiiiiiaiiiiiiiiiiea e e e ettt e e e e e s et et e e e e e e e s s sanrbaeeaaaaeaaaans 6-90
640-11  TemMPOrary ROGOS. ......ccoi ittt e e e e e e aee e e e e e e e aaes 6-90
640-12  CrosSOVEr CONSIIUCTION .......uiiiiiiiii ettt e et e e e e e e aneeaaaeeaaaes 6-91
ST I B 07 o - Lo] 1 VPP EPT TR PUPPUPPPRTTR 6-92
640-14  Considering Holidays and Special EVENtS .........ccuuiiiiiiiiiiiii e 6-95
640-15  Project Length RestriCtioNsS .......coooiiiiiiiiiiii e 6-95
640-16  Work on Detour and Alternate ROULES.......cooooiiiiiiiiiiiiiiiee e 6-96
640-17  Coordination With Adjacent Projects ... 6-96
640-18  Speeds iN WOIrK ZONES.........uuiiiiiiiieiiiieie ettt a e e e e e e 6-96
640-19 Law Enforcement Officers (LEOS).........uuuiiiiiiiiiiiieiei e 6-99
640-20 Temporary Traffic CoONtrol DEVICES.........ueiiiiiiiiiiiiiee e 6-101
640-21  Removal Of LOGO SIgNS. ... .uuuiiiiiiiiiiiiiiiiee ettt e e e e e e 6-101
640-22  Temporary Lighting.......ooo ittt 6-101
640-23 Reserved for Future INformation ............eeeiiioiiii e 6-101
B40-24  DiSINCENTIVES .....eeeieeiiiee ittt e e e e et e e e e e e e e s bbbt e e e e e e e e e e anbrreeeaaaeeaanns 6-101
640-25 Pedestrian Considerations...........ooi i iiiiiiiiiie ittt a e 6-102
640-26 Advance Work Zone Information SigNS ........cooiiiiiiiiiiiiiiiiiiieee e 6-103
640-27 Retiming of Existing Traffic SIgNals.........ccouiaiiiii e 6-104
640-28 Freeway/Expressway Termination (“Permanent”).........ccooiciiiiiiiiiiiiiiiiiieneeee s 6-105
641 PLAN PREPARATION / PRODUCTION ... ieicme s e s sessms e s ssmms s me e s mme s 6-107
641-1 LG LT o= PP URP U PUOPUPPRPT 6-107
641-2 Temporary Traffic Control / Maintenance of Traffic (MOT) Plans ............ccccveeeeeeen. 6-107
641-3 Traffic Plan Insert Sheets (PISS) ..co.coi i 6-108
641-4 Traffic Standard Construction Drawings (SCDS)..........ueeiiiiiiiiiiiiiiieieeeeiieeeeeenn 6-108
641-5 Closing Right or Left Lane of a Multi-lane Divided Highway
(MT-95.30, 95.40 and 95.50) .....coiiiiiiiieieee ettt e e e e e e 6-108
641-6 Closing Right or Left Lane of a Multi-lane Undivided Highway
(MT-95.31, 95.32 @Nd 95.41) .iiiiiiiiiiiee ettt e e e e e e 6-110
641-7 Closure of a Two-Way Left Turn Lane (MT-95.60)........ccoiiiiiiiiiiiiiniiiiiiiieee e 6-111
641-8 Closure of Right Lane of Three-Lane Section with Two-Way Left-Turn
LaNE (MT =956 ) .eeeiieiiiie ettt ettt e e et e e sttt e e e et e e e e nee e e e e enneeaeeanneeeas 6-112
641-9 Median Crossover Operation (MT-95.70, 95.71, 95.82 and 100.00; PIS 209572
o 201 LG ) SRR 6-113

October 23, 2002

XXXiV (October 18, 2013)



Traffic Engineering Manual

641-10  Signalized Closing, One-Lane of a Two-Lane Highway

(MT-96.11, 96.20, aNd 96.26) ......eeiiieeiiiiiiiiieiaa e e e aiieree e e e et e e e e e e e e enneraeeaaaeas 6-116
641-11  Flagger Closing One lane of a Two-Lane Highway

(MT-97.10, 97.11 @NA 97.12) ...ttt a e e e e 6-122
641-12 Lane Closure at Entrance Ramp (MT-98.10 and 98.11) .....cooeviiiiiiiiiiiiiiieiiiiiiee, 6-122
641-13  Lane Closure at Exit Ramp (MT-98.20 and 98.21) ..........uvieiiieiiiiiiiieee e 6-123
641-14  Lane Closure in Deceleration Lane (MT-98.22)..........cccuuiiiiiiiiiiiiiiiiieeeee e 6-124
641-15 Typical Lane Closures for Ramps (MT-98.28 and 98.29) ...........ccccvvieeeeeeeniniiinnen. 6-125
641-16  Traffic Control for Long Line Pavement Marking Operations (MT-99.20) .............. 6-126
641-17  Freeway/Expressway Closure in Work Zones (MT-99.50) .......cccooevvviiiiiiiiiiiienennn, 6-126
641-18 Road Closure Using Type Il Barricades (MT-101.60) ......cccooevviiiiiiiiiiiiiiieeeeeeeeenn, 6-128
641-19  Barrier and Impact Attenuator Delineation (MT-101.70) .....cooeeriiiiiiiiiieiiieeiiiiee. 6-128
641-20 Drop-Offs in Work Zones (MT-101.90) ......ccuiiiiiiiieiiiiiiiee e 6-129
641-21  Transition Plans for Use of Shoulder (MT-102.10, 102.20 and 102.30) ................ 6-130
641-22  Temporary Sign Support (MT-105.10) ...coiiiiiiiiiiie e 6-131
641-23  Detour of Pedestrians (MT-110.10) ...ccoooiiiiiiiiiiiiee e 6-131
641-24  New or Revised Traffic Control Signals (MT-120.00) .......cceeeeiiiiiiiiiieiieeeeiiieee. 6-131
641-25 Work Zone Delineation (MT-99.30).....ccceiiiiiiiiiiiiee et 6-131
641-26  Longitudinal Channelizer (PIS 2010180) ........uuieiiiiaiiiiiiieee e 6-133

642 o I L L 6-135

642-1 LG T o =T | TR PPRTT TP 6-135
642-2 Item 614, Maintaining TraffiC ... 6-135
642-3 Item 614, Maintaining Traffic (At All TIMES).....coccuuiiiiiiee e 6-135
642-4 Item 614, Maintaining Traffic (Time Limitation on a Detour) ..........coooeiiieiiiennnnns 6-135
642-5 Item 614, Maintaining Traffic (Winter Time Limitations)...........cccccoiiiiiinnies 6-135
642-6 Item 614, Maintaining Traffic (Lanes Open During Holidays or Special Events)..... 6-136
642-7 Item 614, Maintaining Traffic (Lane Closure/Reduction Required) ..........ccccceeennee 6-136
642-8 Item 614, Maintaining Traffic (Notice of Closure Sign).........ccceeeiiiiiiiiiiiiiieieees 6-137
642-9 Item 614, Maintaining Traffic (Estimated Quantities) ... 6-137
642-10 Item 614, Maintaining Traffic (ROAD CLOSED Sign).......ccceeeeeiiiiiiiiieeieaeeniiiieeee 6-137
642-11  Item 614, Maintaining Traffic (Signs and Barricades) ..........cccccoviviinieeiiiennniiiinnen. 6-137
642-12  Item 614, Maintaining Traffic (Closing Paragraph for Note) ...........cccccceiiiiiiiiinnen. 6-138
642-13  Placement of Asphalt CONCIEte ........coiiiiiiiiiiiiiiii e 6-138
642-14  Trench for WIdening ........ccoui ittt 6-138
642-15  Overnight TrenCh ClOSING.......oiiuiiiiiei e 6-138
642-16  Concrete Median Barrier Replacement.............coooiiiiiiiiiiiiieee e 6-138
642-17  Drum ReQUIFEMENES ......eiiiiiii ittt a e e e 6-139
642-18 Reserved for Future INformation ... 6-139
B42-19  DUSE CONTION...eeiiiiiiiii ettt e et e e e e e e e s abb e e e e e e e e e e aneeees 6-139
642-20 Work Zone Markings and SigNS........ccuuaaiiiiiiiiiiiie e 6-139
642-21 ltem 622, Portable Concrete Barrier, 50", As Per Plan.........ccoeiiiiiiiiiiiiiieeeeennnn. 6-139
642-22  Item 614, Replacement Sign .........ueeiiiiiiiiiiieiee e 6-140
642-23  ltem 614, Replacement Drum ......ccooooi oo 6-140
642-24  Item 614, Work Zone Speed Limit Sign .........vvvieiiiiiiiiee e 6-141
642-25 Designated Local Detour ROULE........couiiiiiiiiiiiii e 6-142
642-26 ltem 614, Barrier Reflectors and/or Object Markers .........cccooeeviiiiiiiiiiiiiiiiieee, 6-143
642-27 Work Zone Increased Penalties Sign (R11-H5a).........ccuvveeeiiiiiiiiiieeei 6-143
642-28 Earthwork for Maintaining TraffiC ... 6-144
642-29  FIOOAIGNEING ..eeeiiiiiiiieiee e a e 6-144
642-30 Item 614, Work Zone Impact Attenuator for 24” Wide Hazards (Unidirectional

OF BIidir@CHONAI) ... 6-145
642-31 Iltem 614, Work Zone Impact Attenuator for Hazards Over 24” and Less Than

36” Wide, (Unidirectional or BidireCtional) .............cceeiiiiiiiiiiiiieieeeeeiiieee e 6-146
642-32 Reserved for Future INformation ... 6-147
642-33 Extra Advance Warning Signs (NOTE A) ... 6-147
642-34 Extra Advance Warning Signs (NOte B) .........uuiiiiiiiiiiiiie e 6-147

October 23, 2002

XXXV (October 18, 2013)



Traffic Engineering Manual

642-35 Item 614, Work Zone Crossover Lighting System ... 6-148
642-36  Multi-Plan, Time-of-Day Operation of Work Zone Signal...........cccccoiiiiiiiieiiiennnnns 6-148
642-37  Fully-Actuated Operation of Work Zone Traffic Signal ..........cceeviieiiiiiiiiiieiiennns 6-149
642-38 Overhead-Mounted Work Zone Signals ...........cccuuiiiiiiiiiiiiiiiiieceee e 6-150
ST 2 1 T T | 1 (1 o PRSPPI 6-150
642-40 Maintenance of Canoe TraffiC..........oouuiiiiiiiii e 6-150
642-41 Item 614, Portable Changeable Message Signs, As Per Plan..............ccccccceeenes 6-151
642-42 Maintenance of Traffic Signal/Flasher Installation..............cccoueeiiiiiiiiiiiiis 6-153
642-43  Advance Work Zone Information.............ccoiioiiiiiiiiiiiea e 6-155
642-44  Worksite Traffic SUPEIVISOT ......ciiii i 6-155
642-45 Reserved for FULUIE USE...... ..ottt 6-158
642-46  Speedinfo Devices within Project LimitS.........ooiiiiiiiiiiiiiiiieieeee e 6-158
642-47  Speed Measurement Markings ........cccuuueeeiiiioiiiiiiiie e e e 6-159
642-48 ltem 614, Work Zone Raised Pavement Marker, As Per Plan............c.ccceeeevivnnens 6-159
642-49 Item 614, Work Zone Raised Pavement Markers on Concrete Surfaces................ 6-161
642-50 Barrier Delineation, AS Per Plan...........oouuiiiiiiiiiiiee e 6-161
642-51  Barrier Delin@ation...........covvvviiiiiiiiiieee 6-162
642-52  Guardrail DeliNeation ............ueiiiiii e 6-162
642-53 ltem 614, Longitudinal Channelizer.........ccccccvvvviiiiiiii 6-163
642-54  Item 614, Business Entrance (M4-H15) Sign, As Per Plan ..........ccccoiiiiieiiiinnnnnns 6-163
642-55 Item 614, Law Enforcement Officer (With Patrol Car) for Assistance
During Construction OPErations ............eeuiiuiiieeeieae et ee e e e e e eneeees 6-164
642-56 Item 614, Law Enforcement Officer (With Patrol Car) for Enforcement
TR o T4 1 o] T3 6-165
643 SPECIFICATIONS ... me e e s s s e e mme e s s me e e e s smn e e e s smme e e s neameeeanesmnenaan 6-166
650 CONSTRUCTION ... e e e s m e e s s me e s s s s e e e s s e sesssmms s e s nsameesenemnenessanmenesnnns 6-166
650-1 GIENEIAI .ot 6-166
650-2 Removal of Logo or Tourist Oriented Directional Signs (TODS)..........ccceeeiiiiiinnen. 6-166
650-3 Quality Standards for Temporary Traffic Control Devices and Acceptable
Delineation Methods for VEhICIES..........ooiiiiiiiiiie e 6-166
660 MAINTENANCE / OPERATIONS.........eiiiiciir e s ersme e s ms s s mme s me s s ssmm e e 6-167
660-1 GIENEIAI ..ot 6-167
660-2 Work Zone Set-up Reviews (OPIs and QARS) .......ccuuiiiiiiiiiiiiieeecee e 6-167
660-3 Removal Of LOGO SigNS....cciiiiiiiiiiiiii ettt a e e e e 6-167
660-4 Temporary Traffic Control (TTC) for Pothole Patching..........cccciiiieiiiiiniiii, 6-168
670 OTHER CONSIDERATIONS........ .. resss e e e sms s e ssme e s sms e e mn e e e s mme s e s nnnns 6-171
670-1 GIENEIAI .ottt 6-171
670-2 BIKEWAYS ...ttt et e e e ta e e e e e ennaea e e anreeaas 6-171
670-3 WALEIWAY'S ..ottt ettt e ettt e e e e e e et b e e e e e e e e s st rneeeeaaens 6-171
670-4 1Y o] (o] (o3 /o] [T ST TP PUPPUPPPRPPR 6-171
670-5 TOWING OPEIAtIONS ....eeeiiieiiiiieie et e et e e e e e e s snenaeeeaaaeas 6-171
670-6 Ty R = T 6-171
670-7 Railr0ad CrOSSINGS ...uuuetieieiiaeiiiaitiit e e ettt e et e e e e e e s a e e e e e e e e e e anneeeees 6-172
670-8 Transit ConSIAEratioNS............uiiiiiiie e 6-173
695 REFERENCE RESOURGCES.........o it reese s sms s sssme s ms s e mms e s e s s s mme e nnnnns 6-174
695-1 GIENEIAI .ot 6-174
695-2 Temporary Traffic Control Manual (reprint of OMUTCD Parts 1, 5 and 6).............. 6-174
695-3 Flagger HandbDOOK ..........eeiiiiiiiieie ettt 6-174
695-4 Quality Standards for Temporary Traffic Control Devices and Acceptable
Delineation Methods for VEhICIES..........ooiiiiiiiii e 6-174
695-5 Guidelines for the Use of Portable Changeable Message Signs.........cccccceeeeeennnes 6-174
695-6 Guidelines for Traffic Control in Work Zones (Pocket Guide) ...........coccvivieeiiennnnns 6-174
696 FORMS INDEX .....ooiiiiieiiieaiereses e s eess s e s ssssmme s sa s sme s e s mns e s s mms s e e s smnesesssmmesesnenmsesassmnenesnsnns 6-175
Form 696-1a. Work Zone CoNnStraintS...........eeeiiiiiiiiiiiiiiii e 6-177

October 23, 2002

XXXVi (October 18, 2013)



Traffic Engineering Manual

Form 696-1b. Example of a Completed Work Zone Constraints Form...............ccceeeeen. 6-179
Form 696-2a. Bridge INfOrmation ..........ooooi i 6-181
Form 696-2b. Example of a Completed Bridge Information Form .........cccccoooiiinnies 6-182
Form 696-3a. Ramp INfOrmation .........coooooiiiiiii e 6-183
Form 696-3b. Example of a Completed Ramp Information Form ..........cccccoiiiiiinnies 6-184
Form 696-4a. COSt COMPAIISON .......uiiiiiiiieiiiieie ettt e e e e e e ereee e e e e e e aans 6-185
Form 696-4b. Example of a Completed Cost Comparison FOrm..........cccceeiiiiiiiiiinniannnnnes 6-186
697  TABLES INDEX .....ciiiiciiriiseessasemesesss e s s s s e e s s mms e s s e s s e s mnssessmme s e s s amnesesnsmnenennsnns 6-187
Table 697-1a. Construction / Traffic Maintenance Strategies .........cccoeeieiiiiiiiiiiiieneieenns 6-189
Table 697-1b. Corridor Options Outside Work Zone ... 6-192
Table 697-1c. Traffic Flow Options Inside WOrk Zone............ooooiiiiiiiiiiiiiiiiiiieeeeeeeeee 6-194
Table 697-1d. Time Limitations with Disincentive OptionsS...........ooocuiiiiiiiiiiiiiiiiieeeeeee 6-198
Table 697-1e. Contracting Procedure OPtioNS ..........oooiiiiiiiiiiiiiiiiiee e 6-200
Table 697-1f.  Administrative OPtioNS .........ocueiiiiiiie e 6-202
Table 697-2.  Rate of Flow (Two-Way) for a Signalized One-Lane, Two-Way Closing....... 6-204
Table 697-3.  Initial Timing Chart........ccoo e 6-205
Table 697-4.  Minimum Lane Widths for Maintaining Traffic on Curves
(Where D>10 degrees) ...ccooiueiieiiiieeeeeiiieee ettt e e e e 6-206
Table 697-5.  Sample Phasing Chart for Actuated Signal Control...............cccccevvvvviinnnnnn. 6-207
Table 697-6.  Maximum Closure Lengths...........cooii i 6-207
Table 697-7.  Barrier Offset on Curved Roadways............ceeiiiiiiiiiiiiiieieeeeeiiiieee e 6-208
Table 697-8.  Decision Sight Distance for Entrance Ramp Applications ...........cccccceeeennes 6-208
698 FIGURES INDEX......oiiiiieiiiiieamenencams s ssss e s sssssmme e s smms s essssme s sssssms s sassmmesessmmssessssmsesssssmnesenns 6-209
Figure 698-1. Component Parts of a Traffic Control Zone ............cccoviieeiiiiiiiiiiiiiieeees 6-211
Figure 698-2. Temporary Traffic Control SigNS.........coiiiiiiiiiiiiei e 6-212
Figure 698-3. Median Crossover for Entrance Ramp.........cccccoeiiiiiiiiiiiiiieiiieeee e 6-213
Figure 698-4. Two-Lane Crossover Design (Existing 4-Lane Facility)..........ccccouveeeniinnnnnes 6-214
Figure 698-5. Example of Typical Sections (Existing 4-Lane Facility) ...........cccooueeeriinnnnies 6-215
Figure 698-6. Two-Lane Crossover Design (Existing 6-Lane Facility)...........ccccuieeeriennnnns 6-216
Figure 698-7. Example Typical Sections (Existing 6-Lane Facility) ........ccccccooveiiiieeiiinnnnns 6-217
Figure 698-8. Sample Lane Configuration Diagrams and Cross Sections............ccccceeennee 6-218
Figure 698-9. Pothole Patching on Multi-Lane Facilities That Will Violate the PLCS........... 6-219
Figure 698-10. Pothole Patching on Multi-Lane Facilities That Will Not Violate the PLCS.... 6-220
Figure 698-11 WTS Daily InSpection Report .........cooiiiiiiiiiiiiiee e 6-222
Part 7 - SCHOOL AREAS .......coooiiiiiiiiiiissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnsnnnnns 7-1
TABLE OF CONTENTS ......ooiiiiiiiiccer s s s e s me s e e s s s s a s mm e e s mme s e e s e s e e s smnenean 7-1
0L I €1 =11 = 7-3
701 SCHOOL ROUTES AND ESTABLISHED SCHOOL CROSSINGS ........cccoieeamrrrimee e 7-3
07 =T 0 5 [ 10 1 I [ (N 7-3
702-1 (O LT o =T = | TP RPN 7-3
702-2 Use of Fluorescent Yellow-Green Retroreflective Sheeting ..o, 7-3
702-3 School Speed Limit SigNsS.......ooeeeiiiiiie ettt 7-3
702-4 School Speed Limit Sign with BEaCONS...........ceiiiiiiiiiiiieiei e 7-3
702-5 SCHOOL ENTRANGCE Signs (S3-H3)....ccei i 7-4
702-6 Responsibilities for School Signs with Beacons ... 7-4
October 23, 2002 XXXVii (October 18, 2013)



Traffic Engineering Manual

702-7 School Bus Stop Ahead Sign (S3-1); SCHOOL BUS TURN AHEAD Sign (S3-2)....... 7-6
704 SCHOOL AREA MARKINGS.......ccccoiiiiicie e s s s sesssme s ssms s s s sms s e s mms e s s ssms s s e s smmsnennnnns 7-6
704-1 LG LT o 1=T = | ET PP OUUTUPPRRPTIN 7-6
704-2 SCHOOL Pavement Markings ..........occuuueieiiaeiiiiiieeee ettt e e siiaeeee e e e e 7-6
705 £ST 07 5 [0 10 T I 0 1 7-7
705-1 LG LT o= T PR PP OUUUPPPRRPRRN 7-7
705-2 Requesting a School Zone EXIEeNSION ...........uueiiiiiiiiiii e 7-7
705-3 Withdrawing a School Zone EXTENSION ........coiiiiiiiiiiiiiieee e 7-8
705-4 D To o100 g T=T 01 2= o] o PP U RPORPPRI 7-8
742 L T L N L N 7-9
742-1 GIENEIAI .ot 7-9
742-2 631 School Speed Limit Sign Assembly, Solar-Powered, As Per Plan....................... 7-9
796 FORMS INDEX ....ooiiiiiciiaiecaneame s e s s e s s s s e s s mme e s s me e e e s e sms e s e s smme s e e s eame s eesesmnesessnmeeeansnmnnes 7-11
Form 796-1.  Agreement for School Signs with Beacons ...........ccceeeiiiiiiiiiiiiiieeiieeeiii, 7-12
Form 796-2. Letter Confirming Operation of School Signs with Beacons............................ 7-14

Form 796-3.  Letter Confirming School Bus Stop Ahead / SCHOOL BUS TURN
AHEAD SigNS. ..ttt a e e e 7-15
Form 796-4.  School Zone Extension Request FOrM..........ooooiiiiiiiiiiie e 7-16
Form 796-5.  School Zone Extension Withdrawal FOrm ..., 7-17
797 TABLES INDEX ......oiiiiiiieriiaameseassasssassamnesessmme e sssms s e s ssms s sa s mns e s ssmmssesssamsssasssmsssesssnnesssssnns 7-18
Table 797-1.  School Zone Number ASSIGNMENTES.......ccccoiiiiiiiiiiiie e 7-18
Part 8 — RAIL GRADE CROSSINGS. ........coooiiiiiiimmrsssssssssssssssssssssssssssssssssssssssssssssssssnnns 8-1
TABLE OF CONTENTS ... iiiiice s iereee e s s s s e s mme s s sme e s s e e s mms s e s s emmn e e e s smmenennnnns 8-1
800 LT 1 8-3
801 SIGNING ...t r e e s s me e e e ssme e ee s e mnesesssameeeessamnesssssnmeeesssamnessssannenssnsnns 8-3
801-1 LG LT o 1=T = | PP P T OUUUUPPPRPRTN 8-3
801-2 STOP Signs at Highway-Rail Grade CroSSiNgS ........cceeiuiiiiiiiiiiiiiiiaae e e e 8-3
802 MARKINGS ... e me s s e s s s ms e e s s mme s e s e mme s eeseamsese s mnesessnmsaesasameesanssmnnnanan 8-5
802-1 LG LT o 1=T = LU UR PP OUUUPPPRRPRRN 8-5
802-2 Railroad Pavement Marking Symbol ..........c.uuiiiiiiii e 8-5
803 ILLUMINATION ... iiiieeeeere e e s essme s e s me s s e sa s mme e e mme s e e s e ame e ee s smneeeasmmeeesnsameesansamnnnenan 8-7
804 FLASHING LIGHT SIGNALS, GATES & TRAFFIC CONTROL SIGNALS .........ccccociriiiiennnes 8-9
804-1 LG LT o= T PP OUUUPPPPRPRTN 8-9
804-2 DEFINITIONS ...ttt e e e s e e e e e e e aeeaaaeas 8-9
804-3 Railroad Preemption of Traffic Signals ...........eeeiiiiiiiiiiiieee e 8-11

804-4 Highway-Rail Grade Crossing Warning System Interconnection

DESIGN GUIAEIINES ...ttt e e e e e e e sabr e eeaaeeas 8-12
805 RUMBLE STRIPS ... r s s s s me s ms e s e s s s e s e e s mn e e e s mme e e e s nmn e s 8-21
830 PLANNING / PROGRAMMING .....ooiiiiiiiiiieieressme s s e s sessms s s s sssmme s s sssme s s e s ssmns e s ssmme s esnsmenes 8-23
830-1 (C T o =T LU UETT RO POTPPPRPPRN 8-23
830-2 Grade Separation Program ... it 8-23
830-3 New or Upgrade Highway Traffic Signal Projects ..o, 8-23
830-4 New or Upgrade Railroad Warning System Projects..........ccccciiiiiiiiiiiiiii, 8-24
840 DESIGN INFORMATION.......oiiiiiiiiiicmer e eesssssms s e s s e s s s s sms e s s s s smms e s s sms s e s s ssmnssessmmeaesnsnmenes 8-25
840-1 (C 1T o =T LU UETT U POTUPPRRPPRN 8-25
840-2 Design of Locations with Railroad Preemption ..........cccueeeiiiiiiiiiiiiiiiieeeeen 8-25
840-3 Design Of Pre-Signals .........coo i 8-29
840-4 Design of Queue Cutter SIgNals..........oooi i 8-30

October 23, 2002 XXXViii (October 18, 2013)



Traffic Engineering Manual

850 CONSTRUCTION........coeeiiiecicscresmmerrrrssssssssmse e e e e e s s ssssssmmse s e e essasssssmmesennesssssssnnmnsssnssssnsssnnnnnennnes 8-31
860 MAINTENANCE / OPERATIONS .......ocririrrssssssecee s s s esssssssssmms e s s eessssssssmmmss s sesssssssnnmmnnssnns 8-31
880 L] S Y {0 8-33
880-1 LG T=T 0T - | 8-33
880-2 BUCKEYE CrOSSDUCK ....cciiiiiiiiie e 8-33
895 REFERENCE RESOURCES ..........ccoiiiicmccrrrrressssssssmses s sresssssssssssssssessssssssnmnsssnessssssssnsmnnssnees 8-35
895-1 (7= LT - | 8-35
895-2 Related ORC REfEreNCES.......ccvvvviiiiiiiiiieeeeeeeee 8-35
895-3 Railroad Grade Separation Program Policies and Procedures Manual.................... 8-35
895-4 Railroad-Highway Grade Crossing Handbook............c.cooiiiiiiiiiiiiiiiiiiieieeaee e 8-35
895-5 AREMA Communication & Signal Manual of Recommended Practice.................... 8-35
896 FORMS INDEX......ccceeiririasssssmmmeerrressssssssmmssssresssssssssmsssssessssssssnmmssssnsssssssssnmnsssnessssssssnnmnnnnnnes 8-37
896-1 Highway-Rail Grade Crossing Warning System / Railroad Configuration and
Timing REQUIFEMENTS ... 8-39
898 FIGURES INDEX......cceitiiiiiissssmceeerrressssssssmmssssresssssssssmsssssesssssssssmmssssnessssssssnmnsssnessssssssnnmnnnsnnes 8-41
898-1 Example of an Interconnection Warning Label.............cccoiiiiiiiiiiiniiieeee 8-43
Part 9 - BICYCLE FACILITIES......oo et s se s s s s ssmcmss s s e s s s s nnmmmnnsssssnnnnns 9-1
TABLE OF CONTENTS ....c.ooiiiiiiceccmrrrresssssssssmes e s s esssssssssmmns s sessssssssssmmsssneesssssssnnmnssnnesssnsssnnnnns 9-1
900 GENERAL........co oo cceeccrrrrrsssssssscee e s e e s s s s sssmm e e e e e s s s s s s smmn e e e re e s s s s s ammmneeeeeessssssnmmnsennessnssssnnnnnnnnnes 9-3
900-1 General BaCkgrOUNd ........oooi oottt e e e e e e ae e e e e s 9-3
900-2 Designated BiCyCle ROULES.......cciiiiiiiiieii et 9-3
901 SIGNINGS......cociiiiiiiiirirsemerrrrrr s s ssssssmmer s rrsssssssssmme e e rressasssssmmneeaeeesssssssnmmneeneesssssssnnmnssnnessnnsssnnnnns 9-4
902 MARKINGS .......oociiiriiiisssssmcer s s rrsssssssssmss s s e e s ssssssssmss s s sessssssssnmmsssnessssssssnmmnssnessssssssnnmnnennessnssss 9-4
902-1 LG T=T g =T - | 9-4
902-2 BIKE BOX etteiiiieiiiciee e e e e e e e e e e e e e e e ab—raraaaaeaaaaan 9-4
930 PLANNING / PROGRAMMING .........cccocmmmrrrrissssssssmnesrressssssssmmmssssessssssssnmssssseesssssssnmmnssnnsssnssns 9-5
930-1 PLANMING. .ttt e ettt e e e e e et b e e e e e e e e e abarreeeaaaaeaaan 9-5
930-2 FUNGING. ¢ttt ettt e e e e e e s s bbb e e e e e e e e e s e nbbreeeeaaaeeaaans 9-5
940 DESIGN INFORMATION ......oooiiiiiiiiiscsscmeerrssssssssssmss s s sessssssssmmsssssesssssssssmmsssnessssssssnnmnsenesssnssnn 9-7
940-1 LG T= T T - | 9-7
940-2 Solar-Powered Bikeway or Pedestrian Crossing Sign Assembly....................... 9-7
942 o = T T 1[0 (= 9-7
942-1 LG 7= LT - | 9-7
942-2 631 Bikeway Crossing Sign Assembly with Warning Beacon, Solar Powered ........... 9-7
950 CONSTRUCTION........coceiiiieiccsrrsmceer e s ressssssssmse e e s eessssssssmmne e e e eesssssssmmmsesneesssssssnmmnsennessnssssnnmnnennnes 9-9
960 MAINTENANCE / OPERATIONS ........ociiiirissssssmee s s sessssssssmmss s s s e sssssssssmmss s seesssssssnmmnssnesssnsses 9-9
995 REFERENCE RESOURCES ..........ccccocimmmrrrrrissssssssmsesrsesssssssssmsssssesssssssssmssssnessssssssnmmnssnnsssnsns 9-9
995-1 (7= T - | 9-9
995-2 ODOT Design Guidance for Bicycle Facilities...........occuueeeeieaiiiiiiieeeiiieee e 9-9
995-3 Policy on Accommodating Bicycle and Pedestrian Travel on ODOT Owned or
Y= T g ez U =T B = ol 1) = PP PPPPPN 9-9
Part 10 - RESERVED FOR FUTURE USE....... e ee e s s s e e 10-1
Part 11 - HIGHWAY LIGHTING .....couecuiurercereseecssssssssessssssssssssssssssssssssssssasssssens 11-1
TABLE OF CONTENTS ......ccooiiccceeccrrrrrsssssssssmms s s s e ssssssssmmme s s s e esssssssssmsssnnesssnsssnnmnsssnesssnsssnnnnes 11-1

October 23, 2002 XXXiX (October 18, 2013)



Traffic Engineering Manual

1100

1101
1102
1103

1104

1105

1106

1107

1120

1130

1140

GENERAL ... mn e me e e s ee s mme s e e mme e e e s esmeeee e mmeseenenmeesensnneneannns 11-9
1100-1  INEFOTUCTION .ttt e e e e e et e e e e e e e e e aneeees 11-9
1100-2  CONSLIUCION PrOJECES. ....eeiiiiiiieiiitee ettt a e e 11-9
1100-3  Force Account (ODOT Operations) Work ...........ccooiiiiiiiiiiiieiieeeeiiieeee e 11-9
DISTRICT SYSTEM LIGHTING PLAN (DSLP)....... e mme e 11-11
JURISDICTIONAL BOUNDARIES...........cooiiiiamerranemeressmesssssme s ssssmss e ssmms e sssams s sssssmssneas 11-11
WARRANTS AND GUIDELINES .......cccoccooiiiieeeeereme e s me s ssms s e mms e s sssms s mneneas 11-13
L 01 E B C 1T =T - | U PURRPT PP 11-13
1103-2  Warrants for Highway Lighting .........cooiiiiiiiie e 11-13
1103-3  ACCIAENT HiSTOIY ..ot a e e 11-13
L 01 B S = o To [N U L= TSP URRPT PP 11-13
1103-5  Background Lighting .......eeeeeieooiiiiieiei et 11-14
1103-6  SPECial LOCALIONS ......eeeiiieiiiiee ettt e e e e e e et e e e e e e e e nneeees 11-14
CONSISTENCY OF TREATMENT .........oiiiiciriiee s s e ms e e ssmms e s ssme e s ms e e s mme e 11-19
T104-1  GENEIAL ... s 11-19
1104-2  System CONSISIENCY ......ccouiiiiiiiiiii e 11-19
1104-3  FixXture CONSISIENCY ......coiiuiiiiiiiiii e 11-19
LEVELS OF LIGHTING .......coiiiiiiiiiieeeressme s sessme s sasssmme e s s sms s sa s s e s e s mms e s s sms e e s s mmenesnsnns 11-21
L 0L e B C 1T =T - | TP UURPTPPP 11-21
1105-2  Continuous Freeway Lighting (CFL)......cooiiiiiiiiiiiie e 11-21
1105-3 Complete Interchange Lighting (CIL)......ccoooueiiiiiiiiiie e 11-21
1105-4  Intermediate Interchange Lighting (1IL).......cccueeiiiiiii e 11-21
1105-5 Partial Interchange Lighting (PIL) .....ceeeeeeoiiiiiiieee e 11-21
LIGHTING CRITERIA ... m s s e s ms e e mme s e e e e e s mm e e e s 11-23
L 0L E B C 1T =T - | URRPTPPP 11-23
1106-2  ODOT Lighting Criteria ....eeeeeee et 11-23
1106-3  LOCAI CHEOIIA .eeeeiiieeiieitee ettt ettt e e e e e e e st e e e e e e e e e nnenees 11-23
GUIDELINES FOR REDUCTION/REMOVAL OF EXISTING LIGHTING ..........cccoecmmrrrrnninnns 11-25
L O B C 1T =T - | TSP URRP TP 11-25
1107-2  DSLP EvAlULION ..ttt e e e e e 11-25
1107-3  Change iN Land USE ........coiiiiiiiiiiiiee ettt 11-25
1107-4  USEr ODJECHONS ...ttt e e e e e eees 11-25
MATERIALS AND HARDWARE ...........iicmirriressensme s ssme s ms e s mms e me s s s mms s e 11-27
L P20 B C 1T T - | PP URRPTPPP 11-27
1120-2 Patented or Proprietary Materials, Specifications or Processes..........cccccccooiiuunnnen. 11-27
1120-3  Purchasing Materials for Installation and Use by Local Agencies .............ccoeuuueee. 11-27
1120-4  ACSTNELICS. ... a e 11-27
1120-5  LOCAl PreferenCES. ... ..eeiieeiiieee ettt a e e 11-27
1120-6  Operating VORAGE. ... . .ueeieiiiieeeee et e e e e e 11-28
1120-7  Ballasts ... e e e e 11-28
PLANNING / PROGRAMMING ......coooiieiiiiicmereassmsssasssmms s sssme s ss s s e s s s smms s s nssms s sssssmmssesssnns 11-29
L[ B C 1T =T - | TSP URRPT PP 11-29
1130-2  Programming Of ProJECLS .....coiiiiiiiiiiei e 11-29
1130-3  Funding ConsSiderationsS..........ooiuiiiiiiiiee ettt e e 11-29
1130-4  State PartiCipation ...........cooiii e 11-30
1130-5 FAA REQUIrEMENTS ...ttt e e et e e e e e e e e nneeees 11-30
1130-6 LIt FIXEUIES ..eeeiiie et e et e e e e e eees 11-30
1130-7  MaintenanCe COMNCEIMS .....coiiiiiiiiiie ettt e e ettt e e e e e et e e e e e e e e s nneeees 11-30
1130-8 Scope Preparation for Specific Projects ..........uueeviiiiiiiiiii i 11-31
DESIGN INFORMATION.......coiiiiiiiiriieaeesesssme s sess e s sasssmme e s s ms s ee s ms e s s s s mms s eassnmeesassmneeesnsnns 11-33
L B C 1T =T - | TSP URRP TP 11-33

October 23, 2002 x (October 18, 2013)



Traffic Engineering Manual

1140-2  GENEIAl TREOIY ...etieiiiie ettt e e e e e e st e e e e e e e e e rnbareeeaaaeeaanns 11-33
1140-3  LiIGhting TREOIY ....eeeiiiiiiiee ettt e e e e e e e e e 11-33
1140-4  LUMINAITES ANA SOUIMCES. .....ciiie ettt e e e e e e e et e e e et e e e eaaaaeaes 11-38
1140-5  CIrCUIT DESIGN. ...ttt e e e e e e s enb e e e e e e e e e e aans 11-49
B O T o 10 g o F= 1o £ 11-53
L A € 1 (oTU ]l [ 14 To PP PRPPPRPPR 11-56
1140-8 Suggested Procedure for Light Tower Foundation Design ...........ccoovvvvvvviiiiiinnnnn. 11-57
1141 PLAN PREPARATION / PRODUCTION.....cuuiittimirremmerrremsssrrsmsssssmnsssrsmnsssssnmnssseennssssennnns 11-59
L B € T=T o 1= T = | TR 11-59
1141-2  Coordination With ULIHIES ......cevuiiiiiie e 11-59
1141-3  Plan COmMPOSITION ...cciiii ittt e e e e e e rnbaeeeeaaaeeaaans 11-59
1141-4  Submissions and Project Development ReVIEWS ..........coooiiiiiiiiiiiiiiiiiiieee e 11-62
0 7 7 = I N T I 11-69
LI 2 B C 1= T o 1= T = | R 11-69
1142-2 625, PUIl BOX ClEANEA.......e ittt e e et e e e e e aaaeaaes 11-69
1142-3 625, Conduit Cleaned and Cables RemMoOved ..........cccoovvveiiiiiiiiiieiiiieeceeeeeeeee 11-69
1142-4 Reserved for Future INformation............cuueiiiiiiii i 11-69
1142-5 Luminaire, High Mast, As Per Plan.........ccccccvvviviii 11-69
1142-6  Luminaire, Low Mast, AS Per Plan ... 11-70
1142-7 625, Luminaire, Conventional, AS Per Plan............coooiiiiiiiiiiiiiiciieeeeeeeee e 11-70
1142-8 625, Luminaire, Post-top, As Per Plan.......ccccccccvviiii 11-70
1142-9 625, Luminaire, Underpass, As Per Plan.........ccccccccvviviiiii 11-71
1142-10 625, Luminaire, Installation Only, As Per Plan ........cccccccvvviiiii 11-71
L2 B T =T o o< UP PP PPPRPPR 11-71
1142-12 625, Light Pole, Installation Only, As Per Plan..........cccccccvvviiiiic 11-71
1142-13 625, Light Tower, Installation Only, As Per Plan .........ccccccovvvviiic 11-72
1142-14 Light Pole ANChOTr BOIES .......eueiiiiiiiiiieie e e e 11-72
1142-15 Reserved for Future INformation............cuueiiiiiiii i 11-72
1142-16 Conduit Expansion and Deflection............o e 11-72
1142-17 625, Power Service, AS Per Plan ... 11-73
1142-18 Special, Power Service FENCE.........ccovvvviiiiiiiii 11-73
1142-19 High Voltage TeSt WaiVed .......coooi it 11-73
1142-20 Padlocks and KEYS.......ooiiiiiiiiiiiee ettt a e e e e 11-73
1142-21 Special, Maintain Existing LIghting .........ccooiiiiiii e 11-74
1143  SPECIFICATIONS. ... ..ot iririm i rrrm e e rram s s mn s e mnssrrramsss e emnsssrramnssrennnssreennnsnrennnnn 11-77
1150 CONSTRUCTION. ... e iiiecirrre e rrre e rema s e ramss e s mnssrramnssrramsssrremnsssrrannsssrenmnssreennnnnrennnnn 11-79
B T 0 B [0 Yo [ T i T o R 11-79
L RO V=1 =T = £ 11-80
B T O T 0 [ 011 g F= T == R 11-82
LT S =T o o <SP TP PPPRPPT 11-83
LT ST S U o] oo 4 €=U TP PPPRPPR 11-83
B T O T o 10 g o F= 1o £ 11-86
1150-7  Pull BoXes (ManROIES) .........uuiiiiiiiiiieeiie e 11-87
1150-8  Junction Boxes (HandNOIES)........cooiiiiiiiiiiiieiiee e 11-87
B T 0L T @70 oo 11 AR 11-87
B S0 K T 1= o] o R 11-87
B O I B oY T g =Y 4V (o < R 11-88
LT P2 (o101 o [T To PP P P PPPRPPT 11-88
1150-13  Wiring and Cabling........ooiuuiiiiiiiee ettt a e e e e e e e e 11-90
L KT 0 A @0 o o T= Yo7 £ o < R 11-92
T150-15 TSt PrOCEAUIES.....coueieiieei ettt e et e e et e e et e e e eaaaeeaes 11-93
1150-16 Provide Information to Maintaining AQENCY ........cuuueiiiiiiiiiiiieee e 11-94
1150-17 Documentation ReqUIrEMENES ..ot 11-94
1160 MAINTENANCE / OPERATIONS ......ccoiiieceiiireceirrsme e rrs s s s rr s s s s s mm s s e s mn s s s nmnss s e s mnnnssennnnn 11-97

October 23, 2002

xli (October 18, 2013)



Traffic Engineering Manual

LT B C 1T =T - | PP URRP TP 11-97
1160-2  Lighting Maintenance Practice ProCess...........uueiiiiiiiiiiiiiiiiiiie e 11-97
1160-3  Determination of Responsibility ... 11-97
1160-4 Emergency MaintenanCe .........ooouuiiiiiiii it 11-98
1160-5 Reactive MaiNtENaNCe .......cooii i 11-98
1160-6  Quarterly Inspection and REpOrt ........cooui i 11-98
1160-7 Required Preventive MaintenanCe ...........ooouiiiiiiiiiiiiiiieeee e 11-98
1160-8 Recommended Preventive Maintenance ... 11-98
1160-9  Replacement LUMINGIIES .......oooiiiiiiiiieee et 11-99
1160-10 Failure ANAIYSIS ..ot e et e e e e e nneeees 11-99
1160-11 Repairing Broken Conduit and Duct Cable............coooiiiiiiiiiiiii, 11-99
1160-12 Troubleshooting LamPs ....cooai ittt 11-100
1160-13 Pole Replacement/Foundation REPair..........coouuiiiiiiiiiiiiiiiiiiiee e 11-103
1160-14 Bracket Arm REPAIIS. .....ueiiiii ittt a e e e e eeeees 11-104
1170 OTHER CONSIDERATIONS........ooiiiciiiiicme e s e s s e e s mn e e mme e e 11-105
1180 RESEARCH........ et me e e mn e e s me e e e e e e e e s e e sennmme e e annnns 11-105
1195 REFERENCE RESOURCES......... oo e s s s s e sms s s s s smms e nnnnns 11-105
1196 FORMS INDEX (no forms at this timMe).......ce e 11-107
1197  TABLES INDEX...... i s cersme s me s sms s e s s e s e s ms e s e ame e e e s amn e se s mme e eannnns 11-109
Table 1197-1.  Suggested Data for the District System Lighting Plan ............cccoccceeen. 11-111
Table 1197-2.  Codes for Use in the District System Lighting Plan ...........cccccoiiiiin. 11-112
Table 1197-3.  Warrants for Freeway and Interchange Lighting ..........ccceeiieiiiiiiiiiennnn. 11-113
Table 1197-4.  Average Maintained Luminance Design Values...........ccccccceeeiiiiiiinennennn. 11-114
Table 1197-5. Nominal Mounting Height and Wattage ..........ccccoeeiiiiiiiiiiii e, 11-115
Table 1197-6.  Typical Bracket Arm Lengths. ... 11-115
Table 1197-7. Recommended Conduit SiZeS ..........coiiiiiiiiiiiiiiiiiieee e 11-116
Table 1197-8.  Lighting Load Table.........ccoiiiiiiiiiiii e 11-116
Table 1197-9. Recommended Lateral Soil Pressures for Foundations .............ccccccceeee. 11-117
Table 1197-10. Foundation Embedment Nomograph..........cccueeeiiiiiiiiiiiieeeee, 11-118
Table 1197-11. Allowable Lateral Soil ReSiStancCe............ooocuiiiiiiiiiiiiiiiiie e 11-119
Table 1197-12. Highway Lighting Responsibilities. ...........ooouiiiiiiiiiiiiiii e, 11-119
1198  FIGURES INDEX .......ceiiiiiiiieiiee s eessme s me e sme s s s e s e s mm s e s smms e s s sams e e e s amn e sensmmennannnns 11-121
Figure 1198-1. Roadway Lighting Fixture Distribution ..., 11-123
Figure 1198-2.  Effects of Full Cut-Off and Non Cut-Off Luminaires............cccccceeiiiiiinnnen. 11-124
Figure 1198-3.  Typical Luminaire Placement Partial Interchange Lighting (PIL)............... 11-125
Figure 1198-4.  Detail of Luminaire Placement for Class | Exit Terminal (PIL) .................. 11-126
Figure 1198-5.  Partial Lighting Applications to the Basic Diamond Interchange............... 11-127
Figure 1198-6. Reserved for Future Information............ccccoiiiiiiii e 11-128
Figure 1198-7.  Intersection Lighting EXamples............cooiiiiiiiiiiiiiee e 11-129
Figure 1198-8.  Luminaire Mounting Arrangements. ...........cooiuiiiienieeeniiiiiieee e 11-130
Figure 1198-9.  Overpass Key Unit LOCAtiONS .......couviiiiiiiieiiiiieiee e 11-131
Figure 1198-10. Underpass Key Unit LOCAtIONS ..........oeeiiiiiiiiiiiiiiiieieeieee e 11-132
Figure 1198-11. Control Center Data Chart...........ooocuiiiiiiiiiiiie e 11-133
Figure 1198-12. Voltage Drop StUAY.......ccceeiiiiiiiioiiiiee ettt 11-134
Part 12 — ZONES AND STUDIES ........cooiiiieeeieeeesssssssssssssssssssssssssssssssssssssssssssssssssssnnes 12-1
TABLE OF CONTENTS ... iiieme s scme s s s s e ms s e s mm e e s mme e s same s s e s amn e s e s mmeneennnns 12-1
B 20T € | 12-7
1201 TRAFFIC CONTROL ZONES .......ooiiiciiiiicierircme s ssssme s se s s s e s sssms e s ssams s s s s mn s sessmms e s namenes 12-7
1202 SCHOOL ZONES.........iiiiicieiiaeamerssasmsrssasamse s s sssmme s sassme s sessamsssesssmme s e s ssamsesessmneessssnmsaeansannens 12-7

October 23, 2002 xlii (October 18, 2013)



Traffic Engineering Manual

1203

1204

1205
1210
1211

1212

1213

1296

SPEED ZONES. ... oiiiiieiiiiremr e s s e e e e s s me e s s s e e s e s mn s £ e e s mme e e s e eame e eeaemneneannne e e e nnamee s 12-7
L 201 E B C 1T =T - | PP PPPRRTT 12-7
1203-2  Procedures for Requesting and Authorizing Speed Zones .........cccccoviiiiiiieniiiennnns 12-8
1203-3  SPeed ZONE STUAIES.....coiieeiiiiee ettt e e e e e e s enbareee e e e e e e aans 12-15
1203-4  Withdrawal of AUthOMZatioN.........cooiiiiiiii e 12-18
1203-5 Documentation and Records Management..............coouoiiiiiiiiiiiiee e 12-18
PARKING CONTROL ZONES.........cooiiiiieirriremerencsmesssssmesssssms s sssssmme s ssssmms sessssms s sasssmsesenas 12-21
207 B C 1= T - | PP PPPRPPT 12-21
1204-2  Procedure for Authorizing Parking Control Zones ..........oooocviiieiiiiiiiiiiiiiiieeeeeees 12-21
1204-3  ENQGINEEIING STUAY ...ciiii ittt e e e e e e e e 12-21
1204-4  Withdrawal of AUThOMZatioN.........cooiiiiiiie e 12-21
1204-5 Documentation and Records Management..............coiieiiiiiiiiieiiee e 12-22
OTHER ZONES.........oioiiiiiiiime e s ss e e e s s s s e s mn e se s s mme e e e s mn e e e s amn e sessmme e e e nsnmnnes 12-22
TRAFFIC ENGINEERING STUDIES ........ccccooiiiiieeeriicmesssssmssssssmss s ssmms s ssssms s sssssmmssesssnns 12-23
NON-FREEWAY LOCATION SAFETY STUDY GUIDELINES ...........cccoiimmmnrnnninnnemnnnneens 12-25
L2 B B € 1= T - | PP TP PPPRPPT 12-25
1211-2  Table Of CONENTS ...ooiiiii e a e e e e 12-25
L2 B e T 1 {1 - To = PP PPPPPPRPPT 12-25
1211-4  EXECULIVE SUMMAIY ittt e e e e e e e e e e e aaes 12-25
1211-5  EXiSting CONAITIONS ..ot a e e 12-27
1211-6  CoOlliSION DIAQIamS ..oceeiiiiiiiieiee e ettt e ettt e e e e e s eib e e e e e e e e s s anbareeeaaaeeaanns 12-29
1211-7  Crash Data ....ooceeeieiiiii ettt e e e e e e e r e e e e e e e aaas 12-30
1211-8  Crash ANAIYSIS .....eeiiiiiiiiiiiii ettt e e e e e e ar e e e e e e e e aans 12-30
1211-9  ReCOMMENALIONS ...cooiiiiiiieie ettt e e e e e e e e e e e e aans 12-32
1211-10 Design EValUation .......oooiiiiiiieiiee ettt a e e 12-33
1211-11 Rate of REIUIMN ..o 12-33
L2 I 2 4 o] (o T PR PUPRRRURRRR 12-34
1211-13 Other ISSUES and Data@ .........eeeviiiiiiiiiiiiie e e e 12-34
L2 B T Yo o 1T o o [ QU UT TP PPPRPPR 12-34
FREEWAY SAFETY STUDY GUIDELINES ... nescme s s sme e s smne s 12-37
L2 2 B € 1T T - | TP UT PP PPPRPPT 12-37
1212-2  Table Of CONENTS ...ooiiiiiie e e e a e e e e 12-37
L2 2 R {1 - To - PP PO PPPRPPT 12-37
1212-4  DefiNtiONS ..o a e e e e 12-37
1212-5  EXECULIVE SUMMAIY ittt a e e e e e e e 12-38
1212-6  EXiSiNG CONAITIONS.....ii ittt a e e e 12-40
1212-7  Crash Data INVestigation ............oui i 12-41
1212-8  Crash ANAIYSIS .....uueiiiiiiiiiiiie ettt e e e e e e abar e e e e e e e e e aans 12-45
1212-9 Data Results and CONCIUSIONS........couuiiiiiiiiieiiiiieee e 12-49
1212-10 COUNTEIMEBASUIES. ..ceiiieiiiiitieeee e e e e ettt e e e e e e et te e e e e e e e s s nbbeeeeaaaeeaaanbareeeaaaaeaaanns 12-50
1212-11 DElIVEIADIES ...ttt e e e e e e e e e e e e e aans 12-55
OTHER TRAFFIC ENGINEERING STUDIES........ccoicciiriimrrerrms e ssmss s s ssme s 12-59
L2 B E B € 1= T - | TP PPPRPPR 12-59
1213-2 Determining Curve AQVISOry SPEEAS ......ceiiiiiiiiiiiiiie et 12-59
1213-3  Delay STUAIES. .. .eeeieiiieii ettt e e e e e e e e e 12-60
1213-4  Systematic Signal Timing & Phasing Program (SSTPP) ... 12-60
1213-5 Road Safety AUGILS ..ocoooiieeiieiei et a e e e 12-65
FORMS INDEX ......ciiiiiiieianeameresc e sass e s ss s mne e s smme e s s me s s e s esme e s e s mmesessmmesesnsnmnenasssmnenenan 12-73
Form 1296-1. Speed Zone Request for Narrow and Low-Volume Rural Roads.................. 12-75
Form 1296-2. Speed Zone Warrant Sheet...........cooiiiiiii e 12-79
Form 1296-3. Sample Speed Study Data Sheet...........oocuiiiiiiiiiiiie s 12-83
Form 1296-4. Completed Sample Speed Study Data Sheet..........cccvveiiiiiiiiiiiiiiis 12-84
Form 1296-5. Speed CheCk FOIM .. ... 12-85

October 23, 2002 xliii (October 18, 2013)



Traffic Engineering Manual

1297

1298

Form 1296-6. Speed Limit Revision (FOrms a and b) ..o, 12-86
Form 1296-7. Withdrawal of Issued Speed Limit Revision (Forms a and b)........................ 12-88
Form 1296-8. Field Report on Parking PractiCes.......... .o 12-90
Form 1296-9. Establishment of No-Parking Restrictions ...........ccceeeiiiiiiiiiiii, 12-92
Form 1296-10. Withdrawal of Issued No-Parking Restrictions ..........cccccooiiiiiiiiiiiiiiniiiiie, 12-93
Form 1296-11. Curve Study Sheet........oooiiiiiiiiiii e 12-94
Form 1296-12. Reserved — Existing Form Deleted ... 12-95
Form 1296-13. Reserved — Existing Form Deleted ..., 12-96
Form 1296-14. Freeway Speed Zone Evaluation Sheet............occiiiiiiii 12-97
Form 1296-15. Speed Zone Request for Unimproved Highways and Residential

or Commercial Subdivision StreetsS ... ... 12-98
Form 1296-16. Work Zone Speed Zone (WZSZ) Justification Report..........ccceeeiiiiiiiiinnnen. 12-99
Form 1296-17 WZSZ Evaluation Sheet for High-Speed (= 55 mph) Multi-Lane Highways 12-101
Form 1296-18 WZSZ Tracking REPOIt........oueiiiiiiiiiieiii et 12-102
Form 1296-19 Sample OSHP Concurrence Sheet ..o 12-103
TABLES INDEX .....cociiiiiiieiiiemesascamesssss s s sasssmms s ssssms s essssms e s e s mms seasnms s sssssmnssesssmmssssssnmeees 12-105
Table 1297-1. Symbols for Use with the Speed Study Data Sheet...........ccccceiiiiiiiiinnnn. 12-107
Table 1297-2. Speed Zone Warrant Analysis - Highway Development ..............cccvvveeeeen. 12-108
Table 1297-3. Speed Zone Warrant Analysis - Roadway Features...........cccccooviiiiiiennenn. 12-109
Table 1297-4. Speed and Parking Zone Revision Number Assignments .............ccccceeeee.. 12-110
Table 1297-5. Reserved for Future Information ..., 12-111
Table 1297-6. Speed Zone Warrant Analysis - Roadway Characteristics............ccccueeeeen. 12-112
Table 1297-7 Work Zone Speed Zoning Guidelines. ...........cccoviiiiiiiniiiiiniiiee, 12-113
FIGURES INDEX ......coiiiiiiiriiieeesesese s e sssmme s sssme s s s sms s s s s mn e e s s smme s e s ssms s s e s smn e sessammsnesnnnns 12-117
Figure 1298-1. Work Zone Speed Zoning Process (Figures a, b and ) ........ccccceeeeeiiinnnen. 12-121
Figure 1298-2. Examples of Signal Timing and Phasing Improvements...........ccccccooiuunnee. 12-124

Figure 1298-3.
Figure 1298-4.
Figure 1298-5.
Figure 1298-6.
Figure 1298-7.

Figure 1298-8.
Figure 1298-9.

Figure 1298-10.
Figure 1298-11.
Figure 1298-12.
Figure 1298-13.
Figure 1298-14.
Figure 1298-15.
Figure 1298-16.
Figure 1298-17.
Figure 1298-18.
Figure 1298-19.
Figure 1298-20.
Figure 1298-21.
Figure 1298-22.
Figure 1298-23.
Figure 1298-24.
Figure 1298-25.
Figure 1298-26.
Figure 1298-27.
Figure 1298-28.
Figure 1298-29.

October 23, 2002

Examples of Type A Roadway Characteristics for Speed Zoning for

FOrM 1296-1 ...ttt e 12-125
Examples of Type B Roadway Characteristics for Speed Zoning for
FOrmM 1296-1 ...t a e 12-128
Examples of Type C Roadway Characteristics for Speed Zoning for
FOrM 1296-1 ...ttt e 12-131
Sample Non-Freeway Safety Study Table of Contents ............ccccevvveeeen. 12-132
Sample Non-Freeway Safety Study Title Page ........ccccceeiiiiiiiins 12-133
Sample Condition Diagram - Section .........cccoccoeviiiiiiiiiii e, 12-134
Sample Condition Diagram - Intersection ...........ccccoeivieiiiciiieiniieee e, 12-135
Sample Collision Diagram - Intersection...........cccccveeiicieiiiiiiine e 12-136
Sample Collision Diagram - SECHON .......cccuviiieiiieiiiiiiiie e 12-137
Sample Collision Diagram — Intersection ............ccocvevicieieiicee i 12-138
Sample Crash ANAIYSIS .......ooeiiiiiiieiie e 12-139
Sample Rate of Return Worksheet ............coooiiiiiiiiiie 12-140
Sample Photos for a Non-Freeway Safety Study .........cccccoeeiiiiiiiiinnnn. 12-141
Sample Photos for a Non-Freeway Safety Study.........ccccccoeeiiiiiiiiinnn. 12-142
Sample Freeway Safety Study Title Page ..o, 12-143
Sample Freeway Safety Study Table of Contents ............cceeeeviieiieeeeennnn, 12-144
Sample Schematic with HSP Rankings .........cccoccvvieiiiiiiiiiie e 12-145
Sample Freeway Safety Study Area Schematic..........ccocuveeieeiiiiiiiiiinnnnnn. 12-146
Ramp-Related Crashes ...........cooiiiiiiiiiiieieiiee e 12-147
Sample lllustration — Ramp-Related Crashes ..........ccccoceeiviiiieiiiiineeeee 12-148
Sample lllustration — Ramp-Related Crashes ..........ccccoceeiiiiiieiiiiieeene, 12-149
Weave Area Crashes.........c.eueiiiiiiiiiiee e 12-150
Sample of an Area of Influence Map ..........cccccooviiiiiii 12-151
Sample of a Crash Frequency Diagram ..........ccccccoiiiiiiiiiiiiieeeniiiiieeeeenn 12-152
Sample of a Mainline Crash Summary .........cccooooiiiiiiieiice e 12-153
Sample of a Ramp Crash Summary ..o 12-154
Sample of @ Crash SUMMArY .......oooiiiiiiii e 12-155

xliv (October 18, 2013)



Traffic Engineering Manual

Figure 1298-30. Sample of Interchange Crash Information ...........ccoooociiiiiiiiiiniiiiiiennenn. 12-156
Figure 1298-31. Sample of Interchange Crash Information ...........ccooooiiiiiiiiiiiiiiiiieen, 12-157
Figure 1298-32. Sample of Weave Area Crash Information............cccccoeiiiiiiiiiiiiienes 12-158
Figure 1298-33. Sample of Weave Area Crash Information ..........cccooocuiiieiiiiiiiiiiiiiieeneen, 12-159
Figure 1298-34. Sample of Critical Crash Locations - Segments ........ccccccceeeeeiiiiiiiiieenennn. 12-160
Figure 1298-35. Sample of Critical Crash Locations - Ramps ..........occciieeeiiiiiiiiiiiiieeeeenn, 12-161
Figure 1298-36. Sample of Critical Crash LOCAtioNS .........coouviiiiiiiiiiiiiiieieee e 12-162
Figure 1298-37. Sample of Area of Interest Crash Data .........ccccceeiiiiiiiiiiiiiiciiiee, 12-163
Figure 1298-38. Sample of Area of Interest Crash Analysis .........cccooviiiiiieiiiiiiiiiiiiiieeeee, 12-164
Figure 1298-39. Sample of Mainline Crash ANalysis .........cccouueiiiiiiiiiiiiiiieeee e 12-165
Figure 1298-40. Sample of Ramp Crash ANalySis ........ccooiiiiiiiiiieiiiiiiiieeee e 12-166
Part 13 — INTELLIGENT TRANSPORTATION SYSTEMS (ITS) ...ccceverrmmmrrrrrrnnnnnnnnns 13-1
TABLE OF CONTENTS ... s senme s me s e se s e s mme e s s ams s s e s mn e e s mme s e s nmmn e 13-1
1300 GENERAL.......ci e me e me e e s mn e £ e s mme s e e s mme e eeseameesesesmnenesnmneaeannns 13-3
1301 23 CFR 940 COMPLIANGCE.........co oo oieiiiciereresme e e sssme e s s s mn e e s ssmme s es s sme e s s s me e e s s s mnesesssmmnneannnns 13-5
L EC IOl R B C 1T =T - | PP PPPRRPT 13-5
1301-2  ArCRIECIUIE. ..t e e e e e e e 13-7
1301-3  Systems Engineering ANalysis (SEA) ......eciii i 13-9
1301-4  Ellis Requirements fOr TS Projects ........eeuiiiiiiiiiiiiiiiie e 13-13
1303 FREEWAY MANAGEMENT SYSTEM ON ODOT-MAINTAINED HIGHWAYS .................... 13-15
L ECT01C E B € 1T T - | BT UT TP PPPRPPT 13-15
1303-2 Traffic Management Center (TMC) ........ueiiiiiiiiiiee e 13-15
1303-3 Closed Circuit Television (CCOTV) ..o 13-15
1303-4  COMMUNICALION ....eeeeiiieeeiiititt e e e e ettt e e e e e et e e e e e e e e s st ee e e e e e e e e aanbaneeeaaaaeaann 13-16
1303-5 Dynamic Message Signs (DMS) ... 13-16
1303-6  VENICIe DELECHON ...ceiiiiiie et a e e 13-16
1303-7 Highway Advisory Radio (HAR) ... 13-17
1303-8  TraVel TiME. ittt e e e e e st e e e e e e e e st areeeaaaeeaaans 13-17
1303-9 Road Weather Information System (RWIS)........c..oueiiiiiiiiiiieeee e 13-17
1303-10 RaMP MEIEIING -..eeeeiiiieiiiieie ettt e e e e e e s eab e e e e e e e e e aans 13-17
1303-11  Traffic Incident Management ... 13-18
1396 FORMS INDEX ......ciiiiieieiiicmeresesme s eass e e s s s s e s as s mme e s s me s e e s ms e e e s smmeeeanmme s e e nsameenaassmnenanan 13-19
1396-1  IMINOT ITS FOMMN ..ttt e et e e e e e e s rnb e b e e e e e e e e e aans 13-21
1396-2 Minor ITS Form for Emergency Vehicle Preemption (EVP) ..., 13-27
1397  TABLES INDEX ... ercsce s e s e s s s e me e ms e e e s mm e e e e mme e e e s e e s e nesmnnnnan 13-37
1397-1  Major and MINOr ITS ProjeCES ......ooi it 13-39
1397-2  ITS USEI SEIVICES ..ceiiiiiiiitieie ettt a e e e e aeeee e e e e e e aaas 13-40
1397-3  Regional ITS Architectures in Ohi0..........couiiiiiiiiiiiiii e 13-44
1398  FIGURES INDEX .....ooiiiiiiiiiiiimerercsms s eses e s s e s e s sssssme e s s ame s s s ms e e e s mme s e s smme s e e s snms e s e nesmnnnean 13-47
1398-1  Minor Project Development Process (PDP) ..o 13-49
1398-2  Major Project Development Process (PDP) .........ouuiiiiiiiiiiiiiieie i 13-50
Part 14 — MISCELLANEOUS .........cocieeeereeesesessssssssssssssssssssssssssssssssssssssssssssssssasses 14-1
TABLE OF CONTENTS ... s mereme s s me s s e se s e s mme e s mme s s e e mm e s e s mme s e e nmmn e s 14-1
1400 GENERAL.......c e me e e s me e s e s mn e £ e e mme s e e s ame e e e s eame e e e s esmnenesenmennannns 14-3
1401 TRAINING AVAILABLE ... n e s m e e e e e me e e mn e e s mme e e 14-3
L0l e B C 1T =T - | PP UOTPPPPRRPT 14-3
1401-2  Traffic ACAAEMY ....oeeiiiiiieee ettt e e e e e e e e e e e e eaes 14-3
1401-3  Overhead Sign SUPPOIS ......ueeiiiiiiiiiitie ettt a e e e e e e e 14-3

October 23, 2002 xlv (October 18, 2013)



Traffic Engineering Manual

1401-4  NEMA Traffic Signal Maint€nancCe............ooiiiiiiiiiiiiiiiiieee e 14-4
1401-5 2070 Traffic Signal MaintenanCe........cc.oua i 14-4
1401-6  Strain Pole Design (SWISS Software).........cccuvuiieiiiiiiiiii e 14-5
1415 RUMBLE STRIPS (INCLUDING STRIPES) IN THE ROADWALY ........ccoiiiciimmmmrrrnnnssssssmsnsnnes 14-6
14151 GENEIAL ... e 14-6
1415-2  Transverse RUMDbIE SEHPS .....ooiiiiiiiiiii e 14-6
1415-3  RUMDIE StHPES ..t e e e e e 14-8
1415-4  Rumble Strips in Temporary Traffic Control ZONes.........ccooeveeeiiiiiiiiiiiiiieeeeeeeeeeeeen 14-9
1416 OTHER DEVICES ...ttt rinisssmss s s ss s s s s s s p e n s mmm s s s e e e e annnmmnns 14-10
g 1 T o o 111 15-1
QLI =1 I 0 i 00 1 I = I 15-1
T8O € 1 | Y 15-3
1501 DEFINITIONS ...t s s e e e e s n e e e e e e aa e amm R e e e e R e e a R nmmnn e e nn s 15-3
1501-1  GENEIAL ... 15-3
1501-2  Acronyms and ABDreviations .............coiiiiiiiiiiiiiie e 15-3
1501-3  WOrdS and PhraSEs ........euiiiiiiiiiiiiiiie ettt e e e e 15-7
1505 FREQUENTLY ASKED QUESTIONS (FAQS) ...ccciiiiisssnmmmnsnriissssssssmsssssssssssssssmsss s snssssssssssnnes 15-37
1510 ODOT DIRECTIVES .....cooiiiiiiiiiiemmmnssiississssmss s sssssssmsss s s s ssmss s s s e s smmms s s e e nssnnsnnnnnns 15-39
1511 OTHER OTE POLICIES, GUIDELINES & STANDARD PROCEDURES ........ccccciiiiiiiinnnnns 15-41
1512 OTHER ODOT POLICIES, GUIDELINES & STANDARD PROCEDURES..............cccccciiuuees 15-43
B3 T O B I8 o 0 1 15-45
1514 OTHER ODOT FORMS........cccccciemmmiiiiiniiissmss s sssssssssmss s s s s ssmn s s r e e s s a s ammmn s s e e e nann s annmnns 15-45
1596 FORMS INDEX - no forms at this time........ccciiiiniiccn e 15-47
1599 INDEX OF RESOURCE MATERIALS INCLUDED .......umiiiiiiiissnmssssssssssssssssssss s ssssssssssnnnes 15-49

October 23, 2002 xlvi (October 18, 2013)



300 MARKINGS Traffic Engineering Manual

302 RAISED PAVEMENT MARKERS

302-1 General

Raised Pavement Markers (RPMs) are a special form of pavement markings described in
OMUTCD Sections 3B.11 through 3B.14. Plowable RPMs were developed for use in states that
typically have to deal with snow. CMS Item 621 and CMS 721 establish the specifications for
RPMs and Supplement 1062 addresses testing procedures. Information about the proper
installation of RPM castings and reflectors, and inspection guidelines are provided in Chapters
350 and 360, respectively.

As noted in OMUTCD Sections 3B.12 through 3B.14, RPMs may be used as positioning
guides, or to supplement or substitute for the standard pavement markings. ODOT’s RPM
program basically uses them as positioning guides.

Temporary raised pavement markers are addressed in Section 605-11.12 and SCD MT-99.30.
Supplement 1056 specifies the Prequalification Procedure for Work Zone Raised Pavement
Markers.

302-2 Guidelines and Placement Standards

RPMs should be used on ODOT-maintained highways. They should be included in new
construction and resurfacing projects on ODOT-maintained highways. They may also be included
in the plans at other locations.

SCDs TC-65.10 and 65.11 detail the placement standards and guidelines for RPMs used with
center lines, lane lines, edge lines and channelizing lines in general. Various specific typical
situations, such as one-lane bridges, stop approaches, curves, two-way left-turn lanes and
intersections are also addressed in these SCDs.

Each District should periodically inspect their RPMs to determine if nighttime retroreflectivity is
still adequate. Reflectors that are cracked, abraded, missing or have marginal optical
performance should be scheduled for maintenance. Cracked or loose castings should be
removed and replaced as soon as practicable. Systematic replacement of RPM reflectors should
be scheduled on a two to four year cycle. A statewide average reflector maintenance rate of 33
percent per year is expected.

302-3 Administrative Responsibilities

Responsibilities for this program are as follows:
1. The Office of Traffic Operations (OTO) shall:
a. Develop specifications and standards;

b. Evaluate new RPM materials; determine the method of RPM installation, maintenance
and replacement;

c. Administer the term purchase contract for RPM materials; and

d. Conduct Quality Assurance Reviews (QARs) at least every two years in each District.
2. The District shall:

a. Carry out the RPM program in a manner to install 100 percent of the RPMs on all eligible
ODOT-maintained highways;
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b. Replace RPMs that are removed/disturbed, for whatever reason, as soon as practicable;
c. Maintain a roadway inventory of all RPMs; and
d. Systematically replace RPM prismatic reflectors.

302-4 Maintenance

To be effective, RPMs must be properly maintained to keep prismatic reflectors and castings in
good condition. Proper maintenance can be best accomplished by a program which emphasizes
replacement of removed/disturbed RPMs as soon as practicable in conjunction with a systematic
replacement of RPM reflectors on a two to four year cycle. The length of the replacement cycle
would be dependent upon factors such as traffic volumes, traffic composition and environmental
conditions. Most highways should have reflectors replaced on a three year cycle. A four year
replacement cycle might prove to be adequate for low-volume highways; while heavily traveled
freeways and expressways with high volumes of truck traffic might need reflector replacement
based on a two-year cycle.

RPMs shall be removed prior to resurfacing and disposed of by the contractor.

302-5 Raised Pavement Markers in Villages

The District may install RPMs on state highway extensions in Villages, upon request by and
approval of the legislative authority of a Village. “Request by, and approval of, the legislative
authority of a Village” shall be in the form of ODOT Form No. MR-689 (available on-line at
http://portal.dot.state.oh.us/Divisions/Operations/MaintAdmin/Pages/MandR.aspx, a web page
maintained by the Office of Maintenance Administration) and shall describe the state highway
extensions covered by the Ordinance. All such maintenance ordinances (MR-689) shall be filed in
the office of the District Deputy Director. The installation of RPMs upon request of a Village
does not obligate ODOT to maintain them.

302-6 Narrow and One-Lane Bridges

RPMs shall be installed in accordance with SCD TC-65.11 at narrow and one-lane bridges. The
center line pavement marking shall be stopped 160 feet in advance of a one-lane bridge. Figure
398-2 illustrates signing and markings guidelines for narrow and one-lane bridges. Additional
information is also provided in Sections 202-5, 202-14.2 and 304-5.
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401-1 General

OMUTCD Chapter 4D presents information on the design, location and use of traffic control
signals. Construction details are shown on the SCDs TC-81.10 through TC-85.20. Traffic signal
equipment is specified in CMS Items 632 and 633, and CMS 732 and 733.

401-2 Installation of Traffic Signals on State Highways

Policy 516-002(P) documents ODOT policy regarding installation of traffic control signals and
intersection control beacons on state highways. A copy has also been included in the Appendix of
this manual (Chapter 15).

401-3 Periodic Review of Signals

As noted in OMUTCD Section 4B.02, changing traffic patterns may render an existing traffic
signal either inefficient or no longer necessary. Therefore, the responsible agency should
periodically conduct a traffic engineering study to evaluate the efficiency and necessity of traffic
signals under its jurisdiction and determine if revisions may be needed. This traffic engineering
study may lead to changing the signal timing, signal phasing, vehicle or pedestrian detection,
roadway geometry, or the complete removal of the traffic signal.

Traffic signal installations that are not properly designed and maintained for current traffic
conditions, or are no longer warranted, can result in the following conditions:

1. Excessive traffic delay.

2. Increased disobedience of the signal indications.

3. The use of less adequate routes in order to avoid such signals.

4. Increased accident frequency, especially rear-end accidents.

Some signalized intersections and/or signalized corridors may be eligible to apply for, and
participate in, the Systematic Signal Timing & Phasing Program (SSTPP). See Section 1213-6

for more information about this program.

401-4 Removal of Traffic Signals Under ODOT Jurisdiction

If a traffic engineering study indicates that the traffic signal is no longer justified, the traffic signal
should be removed by a uniform procedure that will consider public input, accidents, site
considerations and an appropriate replacement type of traffic control device. Therefore, when
ODOT determines that an existing traffic signal installation no longer meets signal warrants as
contained in the OMUTCD, or is no longer the appropriate form of traffic control, the District shall
proceed through the following removal process to document and determine if the signal
installation should be removed:

1. To determine if the traffic signal is still needed, the District shall prepare a traffic engineering
study for the signal installation documenting the following information, as appropriate:

a. Warrant analysis summary. |If reasons other than the standard warrants were used to
justify the signal installation, determine if these reasons are still valid.

b. Accident history.

c. Site conditions, especially sight distance problems.
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d.

h.

Public, business, school board or governmental complaints resulting in the original signal
installation.

Present and future developmental growth.
Known reasons for change in traffic patterns or volumes.

Capacity analysis for the alternate traffic control scheme most likely to be installed if the
signal is removed.

Analysis of the cost of continued signal operation versus a one-time signal removal cost.

Discussion of traffic volume growth needed to warrant the signal.

2. Based on the traffic engineering study, the District shall decide whether to proceed with the
removal process or defer signal removal. If the removal is deferred, the District shall
document the reasons for deferral. The signalized location shall be reconsidered for removal
every year until a signal warrant or other determination of permanent retention is satisfied.

3. If the District decides to proceed with the removal process, the following steps shall be
taken:

a.

f.

Inform the local media, schools, governmental agencies and local emergency/safety
forces of ODOT's intent to study the signalized location for removal.

Remove or reduce intersection sight distance restrictions, if needed.

Install the SIGNAL UNDER STUDY FOR REMOVAL (W24-H2b) sign next to the signal
heads on each approach.

Check the controller cabinet wiring to ensure that the color of the flashing indications will
agree with the alternate traffic control scheme.

Install the alternate traffic control devices, such as STOP signs and advance Warning
Signs. Existing Stop Lines on the uncontrolled approaches should not be removed at this
time.

Place the signal in flashing operation for ninety days, in conjunction with item 3e above.

4. If the signal is put in flashing operation for ninety days in anticipation of removal, the District
shall monitor accident experience during the ninety-day flashing period:

a.

If accidents of types susceptible to correction by traffic signal control have increased by
more than two, the signalized location shall remain in flashing operation for an additional
sixty-day period. If more than two such accidents occur in the second sixty-day period,
the District should retain the signal in stop-and-go operation until the site conditions can
be improved to reduce the accident frequency.

If accidents of types susceptible to correction by traffic signal control have not increased
by more than two, continue with the removal process.

The District shall also monitor, investigate and respond to the concerns of the public
during this period.

5. If the District decides to proceed with the removal process after considering the information
gathered in item 4:

a.
4-12
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442-1 General

Typical Plan Notes have been consolidated here for convenience in preparing plans. The
number used for the Plan Note will be the same as the Section number. When a Plan Note
revises the material or contractor requirements from that which is specified in the CMS, both the
note and the bid item will be “as per plan”. Where there are design instructions pertaining to a
specific note, they are listed at the end of the note. These notes may be modified to further define
the conditions of a project or maintaining agency.

In keeping with traditional format of Plan Notes, various format changes are used here that are
not typical throughout the TEM, e.g., the terms Contractor and Engineer are capitalized.

442-2 Power Supply for Traffic Signals

Electric power shall be obtained from the at the location indicated on the plans.
Power supplied shall be volts.

Designer Note: See Sections 440-2 and 441-4.

442-3 Reserved for Future Use

442-4 632 Removal of Traffic Signal Installation

Traffic signal installations, including signal heads, cable, messenger wire, strain poles,
cabinet, controller, etc., shall be removed in accordance with CMS 632.26 and as indicated
on the plans. Removed items shall be reused as part of a new installation on the project or
stored on the project for salvage by (name of agency receiving stored items) in accordance
with the listing given herein.

(Items to be reused)

(Items to be stored)

In the event the items stored on the project for salvage by the local agency are not removed,
the Contractor shall, when directed by the Engineer in writing, remove and dispose of the
items at no additional cost to the project.

Designer Note: This note shall be included on projects where existing traffic signal
installations are being removed. A listing of items to be reused and/or stored must be
included. Pull boxes to be removed shall be itemized separately and paid for under ltem 625
“Pull Box Removed”.

442-5 632 Interconnect Cable, Misc.: (by Size), with Support Messenger, As Per Plan

The Contractor will be permitted to use either of two types of interconnect cable construction
and installation under this item as follows:

1. Integral messenger type interconnect cable meeting the requirements of CMS 732.19.
Under this method any sections of cable shown in the plans to be contained in
controllers, cabinets, poles, conduits or supported on messenger wire installed for other
purposes shall have the supporting messenger and jacket web neatly removed by the
use of a tool specifically designed and sized for this purpose. Deviations from the cable
routing shown in the plan, for the sole purpose of reducing the amount of messenger to
be removed, will not be permitted. The cable shall be installed with approximately one
twist for each 15 feet of span length.
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2. Separate interconnect cable meeting the requirements of CMS 732.19 plus a 1/4 inch
messenger wire and lashing meeting the requirements of CMS 732.18. Under this
method the Contractor will install a separate 1/4 inch messenger to support the spans of
interconnect cables in all locations where the plans show interconnect cable which is not
otherwise supported by a signal messenger wire or other suitable support. Utilization of
existing messenger wire, not provided by the project or designated therein as available
for use, is prohibited. Deviation from the cable routing shown in the plans, for the purpose
of reducing the need for separate messenger wire, will not be permitted.

In either case the number of splice locations shall be kept to a minimum.

Measurement will be based upon the number of feet of CMS Item 632, "Interconnect Cable,
Misc.: (by size), with Support Messenger, As Per Plan" in place in accordance with the
method described in CMS 632.29 and no separate payment will be provided for any separate
messenger wire used to support interconnect cables.

Designer Note: This note may be used on projects with overhead interconnect cable, if
acceptable to the maintaining agency.

442-6 632 Loop Detector Units, by Type, As Per Plan

In addition to the requirements of CMS Item 632 and CMS 732.07 or 732.08, loop detector
units shall have the following requirements or features:

The output device shall be a relay, and all contacts shall be in the wiring harness.
The unit shall be self-tuning.

The unit's electrical connection plugs or wiring harness shall allow ready replacement with a
single channel amplifier as described in CMS 732.07.

Each unit shall be labeled to correspond to its phase and direction.

Delay inhibit shall be connected on all detector harnesses for their respective phase greens.
Designer Note: This note should be included for projects which will be maintained by
Districts that use NEMA TS-1 controller cabinets. Bid items are not used unless detector

units are installed in an existing cabinet.

442-7 Reserved for Future Use

442-8 Reserved for Future Use

442-9 632 Loop Detector Lead-In Cable, Direct Burial

This work shall include furnishing and installing loop detector lead-in cable of the type
required in CMS 732.19. Installation shall be by cable plow or vibratory cable plow to a
minimum depth of 18 inches. All entries into pull boxes, conduit systems, foundation or other
enclosures shall be free of sharp edges and be covered by insulated bushings. Following
installation, the ground surface shall be restored to the original contour and surface condition.

Designer Note: This method may be considered in lieu of cable in conduit to reduce project
costs. It is applicable to long underground runs in tree lawns or grassed roadsides where
minimal interference with driveways or utilities is expected, and where disturbance of the area
due to construction is not contemplated. If the cable is to be routed up a pole, a conduit riser
(extending below ground with an insulated bushing) should be called for and detailed.
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442-10 632 Combination Signal Support, Type TC-81.21 and Sign Support, TC- (with Light
Pole Extension)

This support shall consist of a TC- Design __ pole with a TC-81.21 Design ___
signal arm and a TC- Design ___ sign support arm (with light pole extension). All
signal support items required by CMS Item 632 and all sign support items required by CMS
Item 630 shall be included as part of this support.

Payment will be at the contract unit price and will be full compensation for all labor, materials,
tools, equipment and other incidentals necessary for each support furnished, in place,
complete and accepted.

Designer Note: This note shall be used when combination traffic signal supports and sign
supports are desired. The blanks shall be filled in with appropriate SCD numbers and
designs.

442-11 632 Combination Strain Pole, Type TC-81.10 and Sign Support, Type TC- (with
Light Pole Extension)

This support shall consist of a TC- Design __ pole with a TC-
Design___ sign support arm (with light pole extension). All signal support items required by
CMS Item 632 and all sign support items required by CMS Item 630 shall be included as part
of this support.

Payment will be at the contract unit price and will be full compensation for all labor, materials,
tools, equipment and other incidentals necessary for each support furnished, in place,
complete and accepted.

Designer Note: This note shall be used when combination traffic signal strain poles and sign
supports are desired. The blanks shall be filled in with appropriate SCD numbers and
designs. The following is a bid item example: Combination Strain Pole, Type TC-81.10 and
Sign Support, Type TC-12.30 (with Light Pole Extension).

442-12 Strain Pole Foundation Elevations

Elevations shown in the plans for strain pole foundations are for computational purposes
only. The actual elevation of the foundation shall be in accordance with SCD TC-21.20
provided the existing slope is less than 6:1.

At locations where the existing slope is 6:1 or greater, the buried depth of foundation, as
shown in SCD TC-21.20 shall apply to the low side of the slope. The top of the foundation
shall be set 2 inches above the existing surface on the high side of the slope. The additional
depth of foundation necessary to meet these requirements shall be added to the formed top.

Designer Note: This note shall be used when strain pole foundations are located in slopes of
6:1 or greater.

442-13 632 Vehicular Signal Head, Color, Material, By Type, (with Backplate) As Per Plan

In addition to the requirements of CMS 632 and 732, the following requirements shall apply:

1. All upper signal support hardware and piping up to and including the wire inlet fitting shall
be ferrous metal for signal displays of two or more sections.

2. The entrance fitting shall be of the tri-stud design with serrated rings in order to achieve
positive locking.

Designer Note: This note should be included for projects which will be maintained by ODOT.

Revised October 18, 2013 October 23, 2002 4-69




400 TRAFFIC SIGNALS Traffic Engineering Manual

442-14 632 Power Service, As Per Plan

Power service shall be as per CMS Item 632 and SCD TC-83.10 with the following
exceptions:

1. The meter base mounting height shall be no more than 5 feet high to the center of the
meter base from the ground.

2. The Contractor shall supply the necessary meter bases.
3. All power services shall be metered. The meter shall have a lever operated bypass.

Disconnect switch enclosures furnished in accordance with CMS Item 632, Power Service, as
per plan, shall include a padlock equal to Master no. 4BKA or Wilson Bohannon 660, with
lock body of bronze or brass and keying shall be to the state master.

The Contractor shall contact the meter section of the power company for information
regarding the meter base installation prior to ordering poles. The Contractor will be
responsible for requesting and scheduling any inspections the power company may require
for the power service hook up. The Contractor shall be responsible to contact the power
company for the electrical service connection. Under no circumstances shall the Contractor
splice power cable into the power company’s circuits. The voltage supplied shall be nominally
120 volts. The Contractor is responsible for obtaining any necessary permits and the paying
of all fees. The Contractor shall pay all power charges until the signal is accepted by the
maintaining agency.

Designer Note: This note may be used when requested by the maintaining agency.
442-15 Guarantee

The Contractor shall guarantee that the traffic control system installed as part of this contract
shall operate satisfactorily for a period of days following completion of the 10-day
performance test. In the event of unsatisfactory operation the Contractor shall correct faulty
installations, make repairs and replace defective parts with new parts of equal or better
quality. Equipment, material and labor costs incurred in correcting an unsatisfactory operation
shall be borne by the Contractor.

The guarantee shall cover the following items of the traffic control system: controllers and
associated equipment, detector units, interconnection items and master control equipment.

Customary manufacturer's guarantees for the foregoing items shall be turned over to the
state or the maintaining agency following acceptance of the equipment.

The cost of guaranteeing the traffic control system will be incidental to and included in the
contract unit price of the various items making up the system.

Designer Note: See Section 441-11.

442-16 633 Alternate Bid Item

633 Controller Unit, Type___, with Cabinet, Type ____
(Example of a standard bid item)
633 Controller Unit, Type ___, with Cabinet, Type ___ (Acme) - Alternate Bid
The controller shall be a Model (xx-99 as manufactured by Acme Signal Company, Santoy,
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Ohio) and shall incorporate or be furnished with all the design features, auxiliary equipment,
accessories, and prewired cabinet features as required in the standard bid item.

Payment will be at the contract unit price for each, in place, all connections made and wiring
completed, tested and accepted.

(Example of an alternate bid item)
Designer Note: See Section 441-12.

442-17 632 Vehicular Signal Head, Color, Material, By Type, (with Backplate), As Per Plan

In addition to the requirements of CMS 632 and 732, the following requirements shall also
apply:

Mounting Hardware: (select items as needed)

[#. All signal heads shall be rigidly mounted to the mast arm with the (color) lens located in
front of the mast arm.]

[#. All upper signal support hardware and piping up to and including the wire inlet fitting shall
be ferrous metal for signal displays of two or more sections.]

[#. The entrance fitting shall be of the tri-stud design with serrated rings in order to achieve
positive locking.]

The Department will measure “Vehicular Signal Head, Color, Material, By Type, (with
Backplate), As Per Plan” by the number of complete units furnished and installed, and will
include all support and mounting hardware, disconnect hangers, closure caps, dimmers, and
lamps as specified.

Designer Note: Since maintaining agencies will use different combinations of signal
sections, this note will allow the designer to choose the various options that will provide the
maintaining agency with features that they prefer. ltems that are enclosed in brackets [ ]
should be carefully considered and retained or deleted based on maintaining agency
preferences. Care should be taken not to include duplicate requirements for the same item.
Some designer notes are in italics.

442-18 Reserved — Existing Note Deleted

The Plan Note for “632 Pedestrian Signal, (LED), (Countdown), Type A2, As Per Plan” has been
deleted due to the fact that polycarbonate vehicular signal heads have been added to the CMS
book.

442-19 632 Relamp Existing Signal Section with LED Lamp Unit, By Lens Type, As Per
Plan

This item of work shall consist of replacing the 12 inch lens and incandescent lamp in an
existing signal head section with a 12 inch LED lamp unit.

The light emitting diode (LED) signal lamp units shall meet the requirements of CMS 732.04-
C. An LED signal lamp unit shall be furnished and installed for the type of signal lens
specified in the bid item description.

[The existing reflector unit and lens shall be removed and returned to the maintaining agency.
The existing incandescent lamp shall be disposed of by the contractor.]

The Department will measure “Relamp Existing Signal Head with LED Lamp Units, By Lens

Type, As Per Plan” by the number of complete units furnished and installed, and will include
all hardware and lamps as specified.
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Designer Note: Since maintaining agencies will use different combinations of
LED/incandescent lamp and aluminum/polycarbonate signal sections, this note will allow the
designer to choose the various options that will provide the maintaining agency with features
that they prefer. ltems that are enclosed in brackets [ ] should be carefully considered and
retained or deleted based on maintaining agency preferences. Care should be taken not to
include duplicate requirements for the same item.

442-20 633 Controller Unit, Type 170E, with Cabinet, Type (332 or 336), As Per Plan

The 412C PROM module for the local controller shall be supplied without controller software
to the ODOT District Office 14 days in advance of when the software is needed. The PROM
modules shall be configured for Wapiti software and include a blank PROM module for
program installation. ODOT will install the local controller software program. The Contractor
shall pick up the PROM modules with the installed software from District. It shall be the
Contractor’s responsibility to use the returned PROM modules to program the signal
controllers per the plans.

The Contractor shall not reassign the detector inputs in order to reduce the number of 2-
channel detector units supplied, but shall use the standard CalTrans input file designations.

Designer Note: This note should be used at signalized intersections using Type 170E local
controllers that are to be owned and maintained by ODOT.

442-21 633 Controller Unit, Type 2070L, with Cabinet, (By Type), As Per Plan

The controller unit shall be equipment manufactured in conformance to the California
Department of Transportation (Caltrans) specifications titles “Transportation Electrical
Equipment Specifications (TEES).” The controller unit, Model 2070L, shall be an Econolite
Model 2070L, Build: 1.01.08.02b, Siemens Model 2070L, Build: 6.2.0.0.0.81, or approved
equal.

The 2070L controller unit shall include the following:
1. Unit Chassis
2. 2070-1B CPU module
3. 2070-2A Field I/0 Module
4. 2070-3B Front Panel
5. 2070-4A Power Supply
6. 2070-7A Serial Communication Module

The controller shall be supplied without traffic signal intersection control software. The
controller shall be supplied with Microware Embedded OS-9 Release 1.3 or later with kernel
edition #376 or later, as required by Caltrans TEES. For warranty purposes, a vendor-specific
decal, as per ODOT CMS 733.02 shall be applied to each controller unit at time of delivery to
the project.

The controller shall be shipped by the Contractor to the ODOT Signal Shop, 1606 West
Broad Street, Columbus, Ohio 43223, either directly or via the ODOT District Office, a
minimum of 14 days in advance of when the software is needed. ODOT will install the local
intersection control software. The controller will then be performance tested by the ODOT
Signal Shop. Every effort shall be made to have loading and performance testing completed
by the ODOT Signal Shop within 2 weeks of receipt of an individual controller; larger groups
of controllers submitted at the same time may take longer. Should any controller fail this
performance test after being loaded with ODOT-licensed software, the software will be
removed by the ODOT Signal Shop and the controller rejected. Rejected controllers will be
returned, either directly to the Contractor or to the ODOT District Office. Controllers passing
the performance test will be labeled by the ODOT Signal Shop with the OS Image Number,
CPU serial number, Software Revision Number, and upload date. This label is not to be
removed by the Contractor and serves as proof that the controller has been loaded, tested
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and approved for initial installation on the project. Such proof does not alter the required 10-
day Performance Test outlined in CMS Sections 632 and 633.

The Contractor shall not reassign the cabinet detector inputs in order to reduce the number of
2-channel detector units supplied, but shall use the standard Caltrans Input File designations.

Designer Note: This note should be used at signalized intersections using Type 2070L local
controllers that are to be owned and maintained by ODOT.

442-22 633 Controller, Master, Traffic Responsive, As Per Plan

The 412B2 PROM module for the Type 170E master controller shall be supplied without
controller software to the ODOT District Office 14 days in advance of when the software is
needed. The PROM modules shall be configured for Wapiti software and include a blank
PROM module for program installation. ODOT will install the master controller software
program. The Contractor shall pick up the PROM modules with the installed software from
District. It shall be the Contractor's responsibility to use the returned PROM modules to
program the signal controllers per the plans.

Designer Note: This note should be used at signalized intersections using Type 170E
master controllers that are to be owned and maintained by ODOT

442-23 633 Controller, Master, Traffic Responsive, As Per Plan

The Type 2070 master controller shall be supplied without controller software, but will be
supplied with the operating system and CalTrans required software. The controller unit shall
be delivered to the ODOT District Office 14 days in advance of when the software is needed.
ODOT will install the master controller software program. The Contractor shall pick up the
controller unit with the installed software from District. It shall be the Contractor’s
responsibility to program the Type 2070 signal controller per the plans.

Design Note: This note should be used at signalized intersections using Type 2070 master
controllers that are to be owned and maintained by ODOT.

442-24 Reserved for Future Use

442-25 633 Preemption

This item of work shall consist of furnishing and installing preemption equipment in the
locations and local controllers as shown in the plans. The preemption shall conform to ODOT
Specification 633 and shall utilize communications to identify the presence of an emergency
priority vehicle. It shall cause the traffic signal controller to select a pre-programmed
preemption plan that will display and hold the desired signal phase for the direction of the
emergency vehicle.

The communications medium shall employ either sound, light or radio detection techniques to
determine and log the presence of the emergency vehicle. The system shall detect the
presence of the vehicle through an emitting device located on the emergency vehicle. The
system shall activate the preemption sequence by applying a signal to one of the controller's
preempt discrete inputs. The system shall be completely compatible with the controller.

The equipment shall be shelf or rack mounted and easily removable and replaceable within
the cabinet. The equipment shall be supplied completely wired in the controller cabinet and
tested. The system shall be capable of preempting and receiving priority for each approach to
the intersection. It shall be possible to detect the emergency vehicle up to 1200 feet from the
intersection.

Each intersection shown in the plans shall be supplied with the following components, each
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bid separately:
1. Preempt receiving unit.
2. Preempt detector cable.
3. Preempt phase selector assembly and interface wiring panel.
4. Confirmation light.

If a light activated system is specified, the Contractor shall inventory the City's existing
emitters to determine compatibility with the proposed system. If existing emitters are found to
be not compatible, then the City shall be supplied (at costs incidental to the system) with the
emitters, transmitters, switches, wiring and all required vehicle equipment for the following
emergency vehicles. The City shall be responsible for installing vehicle equipment. The
model supplied shall be Opticom manufactured by Global Traffic Technologies LLC,
Strobecom Il manufactured by Tomar Electronics Inc., or approved equal.

If a radio activated system is specified, the Contractor shall supply the above emergency
vehicles with emitters at cost incidental to the system. The model supplied shall be Opticom
GPS manufactured by Global Traffic Technologies, LLC, Emtrac Priority Management
System Model GPS manufactured by STC, Inc., or approved equal.

If a sound activated system is specified, the Contractor shall inventory the above emergency
vehicles to determine compatibility of the sirens with the system. Each vehicle that is
determined to be not compatible shall be supplied with new sirens at cost incidental to the
system. The model supplied shall be Sonem 2000 manufactured by Traffic Systems LLC,
Right-O-Way manufactured by Wapiti Microsystems, or approved equal.

If a light, radio, or sound activated system is not specified, then Contractor may supply any of
the three types.

The City shall be supplied with software required to calibrate, log, and operate the system.
The software shall be capable of operating under Windows 7, 32-bit operating system. Two
(2) operating and instruction manuals shall be supplied with the software.

The Contractor shall thoroughly test the installed system. As a minimum, the Contractor shall
verify that all connections are properly made to the controller cabinets. The Contractor shall
check that the range setting is proper for each intersection. The Contractor shall determine
that all phase selectors are selecting the proper phase and timing accurately. The Contractor
shall verify that all vehicle emitters are being properly detected.

If the proposed preempt system is not compatible with the existing system, the Contractor
shall provide training for up to fifteen (15) persons in the operation of the system. It shall be
provided within 48 hours of the installation of the system. It shall consist of hands-on
instruction for a minimum of sixteen (16) hours. The Contractor shall provide training for up to
four (4) persons in the installation and maintenance of the system. It shall consist of a
minimum of eight (8) hours of instruction. Training shall be supplied within seven (7) days of
the installation of the system. All training shall be held in a City supplied location. Training
shall be conducted by someone who has performed this within the last year and does it on a
regular basis. The cost of training, including course material, travel subsistence and related
costs, shall be entirely borne by the Contractor and shall be incidental to the preemption
equipment.

Payment for Item 633 “Preemption” shall be made at the contract unit price for each
preemption in place and fully operational as shown in the plans, except for those items bid
separately.

Designer Note: This note may be used for generic preempt systems. The quantity in the
plans should be one each for the system; not the number of intersections.
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442-26 633 Preemption Receiving Unit

Receiving units shall consist of a lightweight, weatherproof and directional assembly. Each
receiving unit shall be 360 degree adjustable. The receiving unit shall be capable of sending
the proper electrical signal to the traffic signal controller via the preemption detector cable.
Receiving units shall be supplied with mast arm mounting hardware as shown in the plans.

Furnish preemption receiving units with 60-month warranties or for the manufacturer’s
standard warranty whichever is greater. Ensure that the warranty period begins on the date of
shipment to the project. Ensure that each unit has a permanent label or stamp indicating the
date of shipment.

Payment for ltem 633 “Preemption Receiving Unit” shall be at the contract unit for each
receiving unit in place, completely installed at the location shown in the plans, wired, tested
and accepted.

Designer Note: The note may be used when preemption is included for in the plans.

442-27 633 Preemption Detector Cable

This item shall consist of furnishing and installing preemption detector home run cable in the
locations shown in the plans. It shall connect the preempt receiving units to the phase
selectors in the local controller cabinet.

Preemption detector cable shall conform to ODOT Specification 632. Only one external splice
shall be permitted between preemption receiver unit and controller cabinet. This splice shall
meet the requirements of C&MS 632.23 using a waterproof epoxy splice kit. The cable shall
be approved for both overhead and underground use. The jacket shall withstand exposure to
sunlight and atmospheric temperatures and stresses reasonably expected in normal
installations.

Payment for ltem 633 “Preemption Detector Cable” shall be made at the contract unit price
per foot for the cable furnished, in place, all connections made and wiring completed, tested
and accepted.

Designer Note: This note may be used when preemption is included for in the plans.

442-28 633 Preempt Phase Selector

This item shall consist of furnishing and installing preempt phase selectors including wiring
interface panels in the local controller cabinet and all other accessories that are necessary to
make the preempt phase selectors completely functional and operational as shown in the
plans. This item shall include the extra cabinet space necessary to be located in the local
controller cabinets where indicated in the plans.

The phase selectors shall consist of a module or modules that will provide the necessary
inputs to the controller. Phase selectors shall be supplied with sufficient quantities of
channels to provide preemption for all approaches to the intersection separately. Power shall
be obtained from the phase selector or phase selector power supply and not from the local
controller timer.

The phase selectors shall have front panel indicators for active preempt channel status. It
shall have test switches to activate all preempt channels.

Furnish preempt phase selectors with 60-month warranties or for the manufacturer’s standard
warranty whichever is greater. Ensure that the warranty period begins on the date of
shipment to the project. Ensure that each unit has a permanent label or stamp indicating the
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date of shipment.

Payment for Item 633 “Preempt Phase Selector” shall be made at the contract unit price for
each phase selector in place, completely installed in the local controller shown in the plans,
wired, tested and accepted.

Designer Note: This note may be used when preemption is included for in the plans.

442-29 633 Preempt Confirmation Light, LED

This item shall consist of furnishing and installing preempt confirmation lights including
hardware and all other accessories that are necessary to make the preempt confirmation light
completely functional and operational as shown in the plans.

A confirmation light shall be supplied for each intersection to indicate that the emergency
vehicle has achieved control of the traffic signal.

The confirmation light shall be a vapor tight aluminum lighting fixture. It shall be supplied with
a clear globe, LED lamp and mounting hardware to attach to the traffic signal mast arm. The
confirmation light shall be powered by a load switch in the traffic signal controller. Signal
cable conforming to 732.19 shall be used for confirmation lights. A minimum of 4-conductor
cable shall be used with the green wire serving as the safety ground conductor.

Payment for Item 633 “Preempt Confirmation Light, LED” shall be made at the contract unit
price for each light in place, completely installed in the location shown in the plans, wired,
tested and accepted.

Designer Note: This note may be used when requested by the maintaining agency. The
signal cable is a separate pay item.

442-30 Pull Box, 24” x 35” x 26”

Pull boxes shall have nominal opening dimensions of 24 inches by 35 inches. Materials shall
conform to 725.06, 725.07 or 725.08. The word “Traffic” shall be integrally cast as part of the
cover or securely fastened with corrosion resistant hardware. The supplied pull boxes shall
support a 20,000 pound minimum vertical loading without permanent damage or deflection to
the unit. Dispose of surplus material and restore disturbed facilities and surfaces.

The largest bend radius possible shall be maintained for the fiber optic cable.

All costs resulting from the above requirements shall be included in the unit price bid per each
for Item 625 “Pull Box, 24” x 35” x 26”.

Designer Note: The pull box cited in this note is bell shaped at the bottom to help maintain
fiber optic cable minimum bend radii. Any pull box where a splice is required or a change in
cable direction is made should use this larger pull box.

442-31 632 Pole Entrance Fitting

A pole entrance fitting shall be provided in accordance with the plan details to allow fiber optic
cable entrance into both existing and proposed steel poles. In proposed poles the Contractor
shall have the 2 inch entrance holes shown in the details pre-manufactured. Blind half ‘
couplings shall be welded into any new strain poles supplied as part of the project.

Existing strain poles shall require the Contractor to field locate the pole entrance hole and drill
two pilot holes and use a hole saw to cut the 2 inch hole. All non-galvanized pole surfaces
exposed after cutting the hole shall have three coats of zinc enriched paint applied.
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No pole entrance fitting holes shall be located vertically within 24 inches of any other holes or
blind half couplings.

All costs to provide a pole entrance including material, equipment and labor shall be included
in the bid item price for each Item 632 “Pole Entrance Fitting”.

Designer Note: The maintaining agency may opt to have the Contractor route drop cables
down the outside of strain poles.

442-32 Grounding and Bonding

The requirements of the Construction and Material Specifications (CMS) and the TC series of
Standard Construction Drawings are modified as follows:

1. All metallic parts containing electrical conductors shall be permanently joined to form an
Effective Ground Fault Current Path back to the grounded conductor in the power service
disconnect switch.

a.

b.

Provide an equipment grounding conductor in metallic conduits (725.04) in addition
to the conductors specified and bond the conduit to this grounding conductor.

When an equipment grounding conductor is required in plastic conduit (725.05), the
installation shall include a separate equipment grounding conductor in addition to the
conductors specified.

Metallic conduit carrying the loop wires from in the pavement to the pull box splice
location will only be bonded at the pull box end, and will not contain an equipment
grounding conductor.

If multiple conduit runs begin and end at the same points, only one equipment
grounding conductor is required.

If an equipment grounding conductor is needed in conduit between signalized
intersections for underground interconnect cable, the grounding system for each
signalized intersection will be separated about midway between the intersections.
The messenger wire at signalized intersections will be used as the conductive path
from corner to corner if conduit is not provided under the roadway. When conduit
connects the corners of an intersection, an equipment grounding conductor shall be
used in the conduit.

2. Conduits.

a.

The 725.04 conduit shall have grounding bushings installed at all termination points.
The bushing material shall be compatible with galvanized steel conduit and the
grounding lug material shall be compatible for use with copper wire. Threaded or
compression type bushings may be used.

The 725.05 conduit shall have the inside and outside diameters of the conduit
deburred at all termination points.

Both ends of metallic conduit shall be bonded to the equipment grounding conductor.
Metallic conduit may be bonded to metallic boxes through the use of conduit fittings
UL approved for this type of connection, with the box bonded to the equipment
grounding conductor.

3. Wire for grounding and bonding.

a.

Use insulated, copper wire for the equipment grounding conductor. Bonding jumpers

in boxes and enclosures may be bare or insulated copper wire. Wire size shall be as

follows:

i. Use4 AWG between the power service and supports, poles, pedestals, controller
or flasher cabinets.

i. Use a minimum 8 AWG between loop detector pull boxes and the first conduit
that requires a larger size as specified in 3.a.i above.
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b.

iv.

Use a minimum 8 AWG between the “Prepare to Stop When Flashing”
installation (including support) and the first conduit that requires a larger size as
specified in 3.a.i above.

The insulation shall be green or green with yellow stripe(s). For 4 AWG or larger,
insulation may also be black with green tape/labels installed at all access points.

In a highway lighting system, the equipment grounding conductor shall be the same
wire size as the duct cable or distribution cable circuit conductors, with the minimum
conductor size of 4 AWG. Bonding jumpers will be minimum size 4 AWG.

4. Ground rod.

A 3/4 inch Schedule 40 PVC conduit will be used in foundations and concrete walls
for the grounding conductor (ground wire) raceway to the ground rod. Should metallic
conduit be used, both ends of the conduit shall be bonded to the grounding
conductor.

The typical grounding conductor (ground wire) shall be 4 AWG insulated, copper.

a.

b.

5. The green conductor in signal cables (conductor #4) shall not be used to supply power to
a signal indication. It will be connected to the signal body as an equipment ground in
aluminum heads and it will be unused in plastic heads. Unused conductors shall be
grounded in the cabinet. Typical use of conductors is as follows:

Cond. no. Color Vehicle signal Pedestrian signal
1 Black green ball #1 Walk
2 White AC neutral AC neutral
3 Red red ball #1 DW/FDW
4 Green equipment ground equipment ground
5 Orange yellow ball #2 DW/FDW
6 Blue green arrow #2 Walk
7 White/black stripe yellow arrow not used

6. Power Service and Disconnect Switch.

At the power service location, the grounding conductor (ground wire) from the
disconnect switch neutral (AC-) bar to the ground rod shall be a continuous,
unspliced conductor. If spliced, it shall be an exothermic weld butt splice.

The service neutral (AC-) shall only be connected to ground at the primary power
service disconnect switch.

a.

NEMA controller cabinets: If a power service disconnect switch is located before
the controller cabinet, the neutral (AC-) and the grounding bars in the controller
cabinet shall not be connected together as shown in NEMA TS-2, Figure 5-4.

If secondary disconnect switches are connected after the primary disconnect
switch, the neutral (AC-) shall only be grounded at the primary switch. Equipment
grounding conductors shall be brought to the primary switch, but shall be
grounded at both secondary and primary switches.

7. Payment — All materials and work required to complete the Effective Ground Fault
Current Path system are incidental to the conductors installed by contract.

Designer Note: This note shall be used on all projects with electrical items (631, 632, 633).
Figures 498-39 through 498-42 provide examples of wire sizes for equipment grounding
conductor.

442-33 Reserved — Existing Note Deleted

The Plan Note for “804 Fusion Splicer” has been deleted because the information is now in a
fiber optic supplemental specification.
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442-34 Reserved — Existing Note Deleted

The Plan Note for “804 Fusion Splicer” has been deleted because the information is now in a
fiber optic supplemental specification.

442-35 Reserved — Existing Note Deleted

The Plan Note for “804 Cleave Tool” has been deleted because the information is now in a fiber
optic supplemental specification.

442-36 Reserved — Existing Note Deleted

The Plan Note for “804 Optical Time Domain Reflectometer (OTDR)” has been deleted because
the information is now in a fiber optic supplemental specification.

442-37 Reserved — Existing Note Deleted

The Plan Note for “804 Mechanical Splice Tool Kit” has been deleted because the information is
now in a fiber optic supplemental specification.

442-38 Reserved — Existing Note Deleted

The Plan Note for “804 Fiber Optic Training” has been deleted because the information is now in
a fiber optic supplemental specification.

442-39 633 Advance/Dilemma Zone Detection System

This item of work shall consist of furnishing and installing an Advance/Dilemma Zone Detection
unit capable of intersection advance detection control utilizing above ground Digital Wave
Radar Techniques. The unit shall be non-intrusive and shall detect vehicles from 50 feet up to
600 feet from the unit. The unit shall provide up to 8 detection zones simultaneously for
intersection control. One unit shall be provided per approach, where specified in the plans,
covering multiple lanes where advance detection is required. The detection unit shall include
the following list of features and capabilities:

e The unit shall provide accurate presence-detection of both stopped and moving
vehicles. The unit shall be mounted in a forward-fire, looking at either approaching or
departing traffic and shall only detect vehicles in one direction of travel.

e The unit shall be tested to meet NEMA TS2 environmental standards and maintain
accurate performance in the following operating conditions:

o Rain up to 4 inches per hour

Freezing rain
Snow
Wind
Dust
Fog
Changing temperature

o Changing lighting
e The radar design for each unit shall conform to the following:

o Operating frequency: 10.5-10.55 GHz (X-band)
Matrix of a minimum of 16 radars
No manual tuning to circuitry
Transmits modulated signals generated digitally
No temperature-based compensation necessary
Bandwidth stable within 1%
Printed circuit board antennas
Antenna vertical 6 dB beam width (two-way pattern): 80 Degrees
Antenna horizontal 6 dB beam width (two-way pattern): 10.5 Degrees
Antenna two-way sidelobes: -40 dB

O O O O O O
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o Transmit bandwidth: 45 MHz
o Un-windowed resolution: 11 feet
o RF channels: 4

e The unit shall include a simple setup routine that shall automatically configure and
calibrate the unit for proper operation during installation. The unit shall also be
capable of being programmed and updated from a laptop computer or other portable
programming device, such as a Pocket PC, via a local or remote ethernet connection
using vendor supplied software. The software shall support TCP/IP connectivity, unit
configuration back-up and restore, and virtual sensor connections. The graphical user
interface shall operate on a Windows platform.

e The unit shall have one full-duplex RS2-232 and one half-duplex RS-485
communication ports and shall have the ability to upgrade firmware over any
communication port.

e The unit shall be mounted directly to a pole or most arm, as recommended by the
manufacturer. Cable(s) shall be provided as required and recommended by the
manufacturer.

e Surge protection devices, as recommended by the manufacturer, shall be included
both at the pole where the unit is located to protect the unit and in the traffic cabinet
to protect the cabinet electronics.

e Power shall be provided from the traffic cabinet. The unit shall consume less than 10
watts and operate from a DC input between 9 VDC and 28 VDC. Complete and
automatic recovery from a power failure shall be within 15 seconds after resumption
of normal power.

e All required inputs cards shall be included in the ftraffic cabinet and shall be
compatible with CalTrans, NEMA TS1 and NEMA TS2 detector racks. The cards
shall provide true presence detector calls or contact closure to the traffic controller.

e The manufacturer's representative shall be on site during installation and testing and
shall provide onsite training on the setup, operation and maintenance of the unit.

e The unit shall come with a 2-year manufacturer supplied warranty.

Payment for Item 633 Advance/Dilemma Zone Detection System shall be made at
the contract unit price for each unit, complete and in place including all required
cabinet hardware, mounting brackets, cables, conduit, connections tested and
accepted, and any other necessary hardware to establish a fully functional detection
system.

Designer Note: This note may be used when dilemma zone detection is included in the plans.

442-40 633 Uninterruptible Power Supply (UPS), Battery Replacement

In addition to the requirements of 733.09, provide four (4) batteries for each existing
Uninterruptible Power Supply (UPS) cabinet location selected.

Batteries shall be provided from the Department’s Qualified Product List.

Furnish batteries certified by the manufacturer to operate over a temperature range of -13 °F to
+165 °F.

Place all batteries on battery heater mats in the enclosure.

Batteries shall be warranted for full replacement for two (2) years from date of purchase.

The Department will pay for ltem 633 Uninterruptible Power Supply (UPS), Battery
Replacement at the contract price bid for each UPS location where the four (4) existing
batteries are replaced. Payment shall be full compensation for all labor, materials, tools,

equipment, disposal and other incidentals necessary to replace the UPS batteries complete, in
place, and accepted.
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Designer Note: This note is required if the maintaining agency wishes to replace the batteries
in an existing Uninterruptible Power Supply as part of a project.

442-41 633 Uninterruptible Power Supply. As Per Plan

In addition to the requirements of CMS 633 and 733, the Contractor shall furnish, install and
test Uninterruptible Power Supply (UPS) status indicator lamps that allow maintenance
personnel and law enforcement to quickly assess whether a traffic signal cabinet is being
powered by a UPS. A 1-inch waterproof NEMA 4X or IP66 lamp with a domed RED lens shall
be used to indicate the cabinet is operating under UPS backup power (the “backup” operating
condition). This lamp shall be wired using minimum 20ga stranded, insulated hookup wire to
the status relay outputs of the UPS. The wires shall be terminated by lugs at the display end
and permanently labeled “BACKUP POWER STATUS DISPLAY,” with wire polarity indicated.
This item includes programming the UPS status relay outputs to produce the lamp status
displays. The status display shall be solid 100% duty cycle (not flashing). The lamp shall be
placed in the UPS cabinet wall (not the roof) in such a manner as to be sealed from water
intrusion and visible from a vehicle at the stop line in the closest lane of at least one approach
to the signalized intersection. The operating voltage of the LED lamp shall be 120V AC.

Designer Note: This note is intended to allow maintaining agencies to include an indicator
lamp for visual confirmation of UPS status if desired. Maintaining agencies may change or omit
the recommended display, if desired, on either new or existing cabinets. The specified domed
lens has better visibility than a flat lens, but is slightly more vulnerable to vandalism. A flat
indicator lamp may be specified instead, if visibility is good and/or vandalism is a concern. If
vandalism is a specific concern, external indicator lamps should not be used. The lamp may be
placed on the cabinet roof instead of the wall, if desired. The operating voltage may be
changed if required.

442-42 Reserved for Future Use

442-43 633 Stop Bar Detection Radar

This item of work shall consist of furnishing and installing a Stop Bar Detection unit capable of
intersection detection control utilizing above ground Digital Wave Radar Techniques. The unit
shall be non-intrusive and shall detect vehicles from 6 feet up to 140 feet for a 90 degree field
of view from the unit. The unit shall provide real-time presence data for at least 10 lanes. The
unit shall provide at least 16 detection zones simultaneously for intersection control. One unit
shall be provided per approach, where specified in the plans, covering multiple lanes where
stop bar detection is required. The detection unit shall include the following list of features and
capabilities:

» The unit shall provide accurate presence-detection of moving vehicles. The unit shall
be mounted in a forward-fire or side-fire position, looking at either approaching or
departing traffic and shall only detect vehicles in one direction of travel.

+  The unit shall be tested to meet NEMA TS2 environmental standards and maintain
accurate performance in the following operating conditions:

o Rain up to 1 inches per hour
o Freezing rain
0 Snow
o Wind
o Dust
o Fog
o Changing temperature
o Changing lighting
The radar design for each unit shall conform to the following:
o Operating frequency: 24.0-24.25 GHz (K-band)
o Matrix of 16 radars
o No manual tuning to circuitry
o Transmits modulated signals generated digitally
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No temperature-based compensation necessary

Bandwidth stable within 1%

Printed circuit board antennas

Antenna vertical 6 dB beam width (two-way pattern): 65 Degrees

Horizontal field of view: 90 Degrees

Antenna two-way sidelobes: -40 dB

Transmit bandwidth: 245 MHz

Un-windowed resolution: 2 feet

RF channels: 8

Self-test for verifying hardware functionality

o Diagnostics mode for verifying system functionality

The unit shall include a simple setup routine that shall automatically configure and
calibrate the unit for proper operation during installation. The unit shall also be
capable of being programmed and updated from a laptop computer or other portable
programming device, such as a Pocket PC, via a local or remote ethernet connection
using vendor supplied software. The software shall support TCP/IP connectivity, unit
configuration back-up and restore, and Real-time traffic visualization for performance
verification and traffic display. The graphical user interface shall operate on a
Windows platform.

The unit shall have two half-duplex RS-485 communication ports and shall have the
ability to upgrade firmware over any communication port.

The unit shall be mounted directly to a pole or mast arm, as recommended by the
manufacturer. Cable(s) shall be provided as required and recommended by the
manufacturer.

Surge protection devices, as recommended by the manufacturer, shall be included
both at the pole where the unit is located to protect the unit and in the traffic cabinet
to protect the cabinet electronics.

Power shall be provided from the traffic cabinet. The unit shall consume less than 10
Watts and operate from a DC input between 9 VDC and 28 VDC. Complete and
automatic recovery from a power failure shall be within 15 seconds after resumption
of normal power.

All required inputs cards shall be included in the traffic cabinet and shall be
compatible with CalTrans, NEMA TS1 and NEMA TS2 detector racks. The cards
shall provide true presence detector calls or contact closure to the traffic controller.
The manufacturer's representative shall be on site during installation and testing and
shall provide onsite training on the setup, operation, and maintenance of the unit.
The unit shall come with a 2-year manufacturer supplied warranty.

O O0OO0OO0O0O0O0OO0OO0OO0OO

Payment for Item 633 Stop Bar Detection Radar shall be made at the contract unit price for
each unit, complete and in place including all required cabinet hardware, mounting brackets,
cables, conduit and connections tested and accepted.

Designer Note: This note may be used when stop line detection is included in the plans.

442-44 633 Controller Unit, Type 2070L, As Per Plan

The controller unit shall be equipment manufactured in conformance to the California
Department of Transportation (Caltrans) specifications titles “Transportation Electrical
Equipment Specifications (TEES).” The controller unit, Model 2070L, shall be model and build
version listed on the ODOT QPL.

The 2070L controller unit shall include the following:
1. Unit Chassis

2.2070-1B CPU module

3. 2070-2A Field I/0 Module

4. 2070-3B Front Panel

5. 2070-4A Power Supply

6. 2070-7A Serial Communication Module
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The controller shall be supplied without traffic signal intersection control software. The controller
shall be supplied with Microware Embedded OS-9 Release 1.3 or later with kernel edition #376
or later, as required by Caltrans TEES. For warranty purposes, a vendor-specific decal, as per
ODOT CMS 733.02 shall be applied to items 1 through 4 of the list above at time of delivery to
the project.

The controller shall be shipped by the Contractor to the ODOT Signal Shop, 1606 West Broad
Street, Columbus, Ohio 43223, either directly or via the ODOT District Office, a minimum of 14
days in advance of when the software is needed. ODOT will install the local intersection control
software. The controller will then be performance tested by the ODOT Signal Shop. Every effort
shall be made to have loading and performance testing completed by the ODOT Signal Shop
within 2 weeks of receipt of an individual controller; larger groups of controllers submitted at the
same time may take longer. Should any controller fail this performance test after being loaded
with ODOT-licensed software, the software will be removed by the ODOT Signal Shop and the
controller rejected. Rejected controllers will be returned, either directly to the Contractor or to
the ODOT District Office. Controllers passing the performance test will be labeled by the ODOT
Signal Shop with the OS Image Number, CPU serial number, Software Revision Number, and
upload date. This label is not to be removed by the Contractor and serves as proof that the
controller has been loaded, tested and approved for initial installation on the project. Such proof
does not alter the required 10-day Performance Test outlined in CMS Sections 632 and 633.

The Contractor shall not reassign the cabinet detector inputs in order to reduce the number of
2-channel detector units supplied, but shall use the standard Caltrans Input File designations.

Designer Note: This note should be used at signalized intersections using Type 2070L local
controllers that are to be owned and maintained by ODOT.

442-45 632 Signal Support, Mechanical Damper for TC-81.21 Mast Arm (Greater Than 59’ in
Length), As Per Plan

This item shall consist of the Contractor installing a tuned mechanical stockbridge or mass-
spring type damper on a TC-81.21 mast arm signal support to reduce the possibility of
harmonic vibrations caused by wind loads. A mechanical damper shall be applied to all mast
arms over 59 feet in length. The installed damper shall be capable of reducing the loaded
maximum vertical movement at the tip of the arm to 8 inches measured from the highest to the
lowest point of deflection at wind speeds of 5-20 mph.

All attachment hardware connections shall be stainless steel. Stockbridge-type dampers shall
have a stainless steel safety chain anchored to the mast arm to prevent weights from falling
should they become separated from the rest of the assembly. The damper shall be attached to
the arm within 8 feet of mast arm tip. Installation shall be per the manufacturer’'s guidelines.
Static dampers such as horizontal flat sign mountings shall not be used. Acceptable devices
include the following or approved equal:

1. Union Metal Alcoa Damper Device — DWG. NO. 2G-1817-C1
2. Valmont Structures Alcoa Device — DWG. NO. OH104242P1
3. Florida DOT Spring-Mass Damper — DRAWING INDEX NO. 17749

Payment for ltem 632 “Signal Support, Mechanical Damper for TC-81.21 Mast Arm (Greater
Than 59’ in Length), As Per Plan” shall be made at the contract unit price per each complete
and in place, and shall include all labor, materials, and equipment necessary to complete the
work.

Designer Note: This note is required on all projects installing TC-81.21 Mast Arms greater than
59 feet in length.
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442-46 632 Signal Support, (By Type), As Per Plan

In addition to provisions of the ODOT CMS, furnish and install signal poles as specified in the
plans.

The signal support designer shall provide drawings of a signal support with structural aspects of
the design and materials in compliance with the 2001 AASHTO Standard Specifications, with
2006 Interim Revisions, for Structural Supports for Highway Signs, Luminaires, and Traffic
Signals. The signal support shall be ASTM A595 Grade A with a minimum yield strength of 50
ksi . The following design parameters shall be used:

1.Basic Wind Speed = 90 mph
2.Design Life = 25 years
3.Fatigue Category = llI
4.Galloping: No

5.Truck Induced Gust: No

Submit, to the Engineer prior to incorporation: two copies of the signal support drawings and
shop drawings, which identify and describe each manufactured signal support and signal
support item which is being incorporated into the construction. The signal support drawings
and shop drawings shall each be reviewed, sealed, stamped, and dated by two Ohio registered
Professional Engineers.

Payment for Item 632 “Signal Support, (By Type), As Per Plan” shall be made at the contract
unit price per each complete and in place, and shall include all signal support design, labor,
materials, and equipment necessary to complete the work.

Designer Note: This note is required on all projects where non-standard signal supports are
included in the plans.

442-47 632 Signalization, Misc.: Unlash and Relash Messenger Wire

The Contractor shall remove existing messenger wire lashing rods and reinstall them as
necessary for the installation of any new cables on the existing intersection signal spans. The
cables shall enter the existing strain pole through the pole cable entrance fitting and use the
existing conduit system to get to the controller cabinet. The new cables shall be supported by a
new cable support assembly at the top of the strain pole.

The new signal cables shall be bid by separate bid items.

Payment for Item 632 "Signalization Misc.: Unlash and Relash Messenger Wire" shall be made
at the contract unit price per per foot and shall include all labor, materials, cable support
assemblies and equipment to install new cables on existing signal span wire installations.
Designer Note: This note is intended for use on projects where unlashing and relashing the
messenger wire is required in the plans. Typical use would be for a traffic signal retrofit, where
a new signal head and associated cables are to be added to the existing span.

442-48 632 Signalization, Misc.: FAA Type L-864 Obstruction Lighting, LED

This item consists of installation and testing of FAA L-864-compliant obstruction lighting for
marking of structures over 150 feet. Location and wiring shall be as shown in the Bridge Plans.
Each obstruction lamp shall utilize Light Emitting Diodes (LEDs). The obstruction lamp shall
have a written minimum 5-year manufacturer warranty. The lamp shall be ETL verified to FAA
Advisory Circular AC150/5345-43F, Type L-864 and shall be one of the following or approved
equal:

1.Specialty Tower Lighting Model RB-LED

2.International Tower Lighting Model IFH-1710
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3.Point Lighting Model PFB-37001
4.Pharos Marine Automatic Power Model FA-250LED L-864.

Each obstruction lamp shall have its own controller, housed in its own metal enclosure
accessible by maintenance personnel standing at floor level. The controller shall operate at
120VAC, 60Hz and have its own dedicated circuit breaker in a nearby panelboard as detailed in
the Bridge Plans. The controller shall produce the appropriate FAA-required flashing rate, and
the obstruction lamp shall operate continuously twenty-four (24) hours per day, with no
intervening photocell control. The controller shall provide at least one unused alarm status
output in the form of a dry-contact or solid-state relay closure that responds to defective or
inoperative obstruction lamp conditions. At least one relay with complete contacts (Normally
Open, Normally Closed, and Common) shall be provided. Alarm relay contact ratings shall be at
least 500 mA resistive at 120VAC/30VDC. The controller shall provide at least one visible alarm
status indicator for lamp failure indication. This indicator shall be in the form of a panel-mounted
red dome-type LED visible from the outside of the enclosure.

The controller enclosure shall utilize a vertically hinged, swing-open door, and be rated NEMA
3R, minimum. Enclosure shall include at least one commercial grade NEMA 5-15 receptacle to
accommodate wireless communication equipment to be installed later by ODOT for alarm
status monitoring. An integral shelf shall be provided for this equipment inside the enclosure,
and shall provide an open, accessible space for equipment measuring at least twelve (12)
inches wide, eight (8) inches deep, and six (6) inches in height.

The Contractor shall fully test the system and arrange for acceptance inspection of the
Obstruction Lighting installation by ODOT District signal maintenance personnel after the
system is operational. During acceptance inspection, the Contractor shall demonstrate the
proper operation of all lamps and alarms. Contractor shall provide written manufacturer
warranty and all operating manuals for obstruction lighting controller and lamp to ODOT District
signal maintenance personnel at the time of inspection.

The Department shall measure LED FAA Type L-864 Obstruction Lighting by each individual
obstruction light, complete and installed including any control devices and all wiring and
conduits.

Designer Note: Although obstruction lighting is thought of as an incidental bridge item, this
note appears in the TEM as a 632 ltem because bridge lighting maintenance typically falls to
District signal and lighting electricians. FAA regulations require daily visual monitoring of
obstruction lighting by the operator (ODOT) if they are not equipped with automatic monitoring.
Very fast notification and response times are required for repair of malfunctioning obstruction
lights. The use of LED lighting significantly reduces ODOT’s maintenance operations and
provides much better reliability by eliminating the frequent outages and routine lamp changes
associated with obstruction lights using older incandescent lamp technology. The use of cellular
modems for automatic monitoring is recommended and is coordinated through the Office of
Traffic Engineering.

442-49 632 Signalization, Misc.: Bridge-Mounted Marine Navigation Lighting, LED

This item consists of installation and testing of IALA/AISM-compliant, U.S. Coast Guard
approved marine navigation lighting for marking of structures over navigable waters. Location
and wiring shall be as shown in the Bridge Plans.

Each marine navigation lamp shall utilize Light Emitting Diodes (LEDs). The marine navigation
lamp shall have a written minimum 5-year manufacturer warranty. The lamp shall meet the
color, brightness (range), sectoring, and divergence requirements as shown in the Plans and
approved by the applicable Coast Guard District. The lamp shall be manufactured by one of the
following manufacturers or an approved equal:

1.Tideland Signal Corporation, Houston, TX

2.B&B Roadway, Russellville, AL
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3.Pharos Marine Automatic Power, Houston TX

Each marine navigation lamp shall have its own controller/power supply, housed in its own
metal enclosure accessible by maintenance personnel, as shown on the Bridge Plans. The
controller shall operate at 120VAC, 60Hz and have its own dedicated circuit breaker in a
nearby panelboard as detailed in the Bridge Plans. The marine navigation lamp shall operate
continuously twenty-four (24) hours per day, with no intervening photocell control. The
controller shall provide alarm status output in the form of a blue LED confirmation light visible to
ODOT maintenance personnel from deck level to indicate defective or inoperative marine
navigation lamp conditions.

The Contractor shall fully test the system and arrange for acceptance inspection of the Marine
navigation Lighting installation by ODOT District signal maintenance personnel after the system
is operational. During acceptance inspection, the Contractor shall demonstrate the proper
operation of all lamps and alarms. Contractor shall provide written manufacturer warranty and
all operating manuals for marine navigation lighting controller and lamp to ODOT District signal
maintenance personnel at the time of inspection.

The Department shall measure Bridge-Mounted Marine Navigation Lighting by each individual
marine navigation light, complete and installed including any control devices and all wiring and
conduits.

Designer Note: Although marine navigation lighting is thought of as an incidental bridge item,
this note appears in the TEM as a 632 ltem because bridge lighting maintenance typically falls
to District signal and lighting electricians. The use of LED lighting significantly reduces
ODOT’s maintenance operations and provides much better reliability by eliminating the
frequent outages and routine lamp changes associated with marine navigation lights using
older incandescent lamp technology.

442-50 633 Controller Unit, Type 170E, with Cabinet, By Type

In addition to the requirements of CMS 633 and 733, the following requirements shall also
apply:

1. Controller units shall be equipment manufactured in conformance with the California
Department of Transportation (CalTrans) specifications titled “Transportation
Electrical Equipment Specifications.” The manufacturer of the controller units shall be
listed on the CalTrans QPL.

2. All circuit boards shall be vertically mounted. Ribbon cables, if used, shall terminate
with properly rated and easily repairable connectors on each end. Ribbon cables
shall not terminate onto plug-in modules.

3. The power supply shall be modular and easily removable from the chassis.

4. The unit shall contain separate input and output modules.

5. The controller unit shall include a Model 412C Program Module with the memory
configuration for the software either shown in the plans or as provided by the
maintaining agency.

6. All memory, microprocessor and ACIA devices shall be socket mounted. Sockets
shall have machined beryllium copper contacts with gold plating.

Two controller unit manuals with schematics shall be supplied with each controller unit.

Controllers shall be warranted for a period of 60 months or for the manufacturer’s
standard warranty, whichever is greater. The warranty period shall begin on the date of
shipment to the project. Each unit shall have a permanent label or stamp indicating the
date of shipment.

Payment for ltem 633 Controller Unit, Type 170E, with Cabinet, By Type shall be made at
the contract unit price per each controller unit with software, all required auxiliary
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equipment, loop detector units and a prewired cabinet, with all items completely wired
and tested. Ground mounted cabinets will include anchor bolts and conduit ells for
installation in the foundation. Pole mounted cabinets will include pole mounting hardware.

Designer Note: This note may be used when the maintaining agency wishes to use
170E type controllers.
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ODOT specifications for the furnishing and installation of traffic signal equipment are contained in
the following CMS sections, Supplemental Specification and Supplements.

625 and 725  Trench, conduit, ground rods and pull boxes
632 and 732  Traffic signal equipment
633 and 733  Traffic signal controllers

Supplemental Specifications 840 and 940 address Fiber Optic Cable and Components.
Supplement 1048 covers the prequalification procedure for loop detector sealant.
Supplement 1063 addresses signal construction personnel requirements.

Supplement 1076 covers the prequalification procedure for conflict monitors used with 2070
controllers.

Supplement 1094 defines the certification procedure for signal support and strain pole
fabricators.

Supplement 1095 covers the prequalification procedure for Model 242 DC Isolators.

Supplement 1097 covers the prequalification procedure for LED vehicular and pedestrian signal
lamps.

CMS sections, the Supplemental Specification and Supplements related to specific traffic
signal items are referenced individually as they are discussed in this Manual.

Information on the CMS may be viewed on-line at
http://www.dot.state.oh.us/Divisions/ConstructionMgt/OnlineDocs/Pages/2010CMS.aspx

and information on Supplemental Specifications and Supplements may be viewed at
http:/www.dot.state.oh.us/Divisions/ConstructionMgt/OnlineDocs/Pages/ProposalNotesSupplem
entalSpecificationsandSupplements.aspx.
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460-1 General

Because traffic signals by their very nature provide positive guidance to conflicting traffic
movements, it is imperative that they be maintained in order for them to function reliably. The
mean time before failure of a traffic signal installation can be dramatically reduced through proper
maintenance practices. The consequence of poor maintenance practices are a reduction in safety
to road users and an unnecessarily large exposure to liability claims. District Roadway Services
personnel and signal maintenance contractors are required to perform maintenance on traffic
signals according to a preset schedule.

460-2 Responsibilities

The Office of Traffic Operations (OTO) shall:

1. Staff and maintain a central repair facility for the purpose of repairing components of
electrical traffic control devices.

2. Assist Districts in maintaining reasonable stock levels of all major electrical items, and their
appurtenances, required for new installations and maintenance through the management of
annual term contracts and spot purchase contracts.

3. Assist the Districts, through procedure manuals, training programs, inspections, and other
methods, in providing quality maintenance.

The OTO Signal Shop shall:

1. Repair, check and make serviceable for installation all signal controllers, signal relays,
detectors, flashers, conflict monitors and other associated items.

2. Provide the loop detectors and other miscellaneous parts to custom wire as per plan new
controller cabinets purchased by the Districts or rewire/refurbish existing controller cabinets.

3. Periodically provide the Districts with technical information concerning old and new
equipment, such as: a list of outdated equipment that will not be repaired by the Signal
Shop, changes, problems, software updates and etc. for any equipment owned by ODOT,
and other tips or tricks that may help the District personnel.

4. Distribute to the Districts, at least once per calendar year, a list of all equipment, parts, and
services available from the Signal Shop.

Each District shall:

1. Maintain a stock of traffic control equipment and other spare parts sufficient for normal
preventive maintenance and emergency field repairs.

2. Have a plan to support the extraordinary (i.e., severe storm damage) traffic control equipment
needs of the District.

3. Evaluate, authorize and maintain records of all changes in the location or operation of
electrical traffic control devices.

4. Transport defective controllers, detector relays, detectors, conflict monitors, etc., to the OTO
Signal Shop (or approved contractor/vendor) for service, maintenance and repair, along with
a Signal Shop Order and a tag indicating the exact type of malfunction. These units shall at
all times be properly cushioned to prevent physical damage during shipping and handling.
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5. Generate an “as built” drawing for each electrical traffic control device installation, including
each new or upgraded intersection control beacon, school flasher or signal. The drawing shall
be in MicroStation V8 or later format and shall include the following, if appropriate:

a. Geometrics of the intersection.
b. Materials list.

c. Layout and location of the detectors, poles, pull boxes, cable runs, span wire, signal and
pedestrian heads, controller, power service, phase diagram, detector operation, date of
installation, revision block, and any other information which shows the intended
operation.

d. Changes which affect the geometrics of the intersection and/or the operation of the signal
shall be added to the drawing as revisions.

These electronic files shall be accessible to the Central Office in a read-only mode. Signal
drawings which exist in a raster or single element format and cannot be modified shall be
digitized or converted by other means when revisions become necessary.

6. Perform appropriate engineering studies, as needed, upon which revisions in signal
operations, e.g., phasing may be based. When such revisions are required, an engineering
report and necessary supporting data shall be submitted for approval to the appropriate
District staff person.

Some signalized intersections and/or signalized corridors may be eligible to apply for, and
participate in, the Systematic Signal Timing & Phasing Program (SSTPP). See Section 1213-
6 for more information about this program.

460-3 Preventive Maintenance

460-3.1 General

ODOT-maintained traffic signal installations shall be inspected a minimum of one time
annually. In addition to the annual traffic signal inspection, the following routine scheduled
maintenance shall be performed by either District Roadway Services section personnel or a
signal maintenance contractor.

460-3.2 Traffic Control Signals and Intersection Control Beacons

Every seven years, all LED traffic control signal lamps and intersection control beacons shall
be replaced. A twelve-month compliance interval shall apply to this process such that no
device shall be in service for more than eight years. The entire signal head should be
replaced.

Incandescent lamps shall no longer be used.

Every twelve months the conflict monitor shall be tested with an automatic conflict monitor
tester.

Conflict monitors that are over ten years old need to be removed from service.
460-3.3 Other Electrical Traffic Control Devices

For School Flashers, flashing and illuminated signs, and other electrical traffic control
devices:
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¢ Incandescent lamps shall no longer be used.

e Every seven years all LED lamps shall be replaced and the electrical cable and its
connections in and near the signal head shall be checked.

e Every four years mercury vapor lamps shall be replaced, and all reflectors, lenses, tubes
and /or lamps shall be cleaned.

460-3.4 Signal Support Inspection
All signal supports shall be inspected at a maximum five-year interval. New signal supports
shall be inspected at the time of construction. Refer to Section 421-2 for additional

information on signal support inspections.

460-4 As Required Maintenance

The following maintenance shall be conducted as required:

At signalized intersections, and for School Flashers and Intersection Control Beacons (overhead
flashers):

1. Replace premature failure of lamps. Clean all reflectors, lenses, tubes and/or lamps.

2. Repaint painted steel poles, controller housings and signal heads as necessary to maintain
good appearance and protection.

3. If required by local conditions of smoke, smog, etc., clean all reflectors, tubes and/or lamps
using a mild detergent.

At flashing signs, illuminated signs, and other electrical traffic control devices:

1. Replace premature failure of lamps. Clean all reflectors, lenses, tubes and/or lamps.
2. Maintain and replace all other items as required.

Maintain all signs and pavement markings directly associated with any of these devices.

460-5 Malfunction Response

Each District shall seek the cooperation of the Ohio State Highway Patrol (OSHP), local law
enforcement, and ODOT work crews in reporting outages and malfunction of electrical traffic
control devices. The District shall provide directions for reporting malfunctions twenty-four hours
a day.

Upon becoming aware of a traffic signal malfunction (i.e., single red or yellow outage, power
outage, signal on flash, and other malfunctions or damage as deemed necessary), the District
shall be reasonably prompt in responding at all times, including outside normal working hours.
Other repairs, especially green outages, may be made when practicable.

The District shall establish procedures for addressing malfunction responses. At a minimum
these shall include:

1. If necessary, notify the OSHP or other appropriate law enforcement agencies, and ask for
immediate assistance with traffic control until operation can be restored to a safe condition.
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2. Assure that the signal is examined by a signal electrician or other qualified individual to verify
that the signal was not damaged by the outage.

3. When a response is made to a reported traffic signal malfunction, the nature and time of
malfunctions and corrective action taken shall be recorded.

4. All maintenance of traffic operations shall follow the requirements of the OMUTCD and Part 6
of this Manual.

460-6 Record Retention

The District shall be responsible for retaining records on all traffic signal maintenance,
installations, upgrades, transfers, and removals. These records shall be retained for seven years
and then reviewed by the State Archives for possible transfer. If the State Archives determines
there is no historical value, they can be destroyed. These records shall include:

1. Date of lamp replacements and a description of all other signal maintenance and repairs
preformed.

2. The record response to each reported traffic signal malfunction.

3. Documentation to reflect the history of the signals, shall also be maintained for each location.
Copies of the original installation and each revision shall be retained either in paper or
electronic form or both.

A current signal timing chart, current “as-built” plan, current programming chart for coordination if

necessary, cabinet wiring diagram, and special function device diagrams in each controller

housing and in the District office. If laptop computers are used instead of paper copies, a plan for
updating all the signal electrician’s laptops shall be developed by the District.

460-7 Training

The District shall be responsible for training its personnel. The Office of Training and the Office

of Traffic Operations, in cooperation with the Districts, will make the necessary classes and

training available. The schedule for the training classes will depend on the needs of the Districts.

The following are recommended classes and training for personnel responsible for the

maintenance of electrical traffic control devices:

1. International Municipal Signal Association (IMSA) Training:

a. Work Zone Safety.

b. Traffic Signal Technician Level I.

c. Traffic Signal Technician Level Il.
2. Office of Traffic Operations Training: Traffic Signal Maintenance.
3. Electrical Safety Training

460-8 Organizational Performance Index (OPI)

The Traffic Signal Maintenance Organizational Performance Index (OPI) is intended to
establish a measurable performance of the District’s traffic signal maintenance. Through the OPI
process, Districts will be identified that are adhering to ODOT’s traffic signal maintenance
policies, and the condition of ODOT traffic signal installations will be quantified.
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The sign may be used in repetition, in conjunction with appropriate distance legends, or with
other Warning Signs. Where used on high-speed facilities, the 48-inch size sign shall be
used. Where speeds are 40 miles per hour or lower and volumes are moderately low, the 36-
inch size may be used.

605-5.8 Flagger Sign (W20-7, W20-7a)

As noted in OMUTCD Section 6F.31, the Flagger symbol sign (W20-7) should be used
before any point where a flagger is stationed to control traffic. The sign may be used in
conjunction with other Warning Signs, such as BE PREPARED TO STOP (W3-4). The 48-
inch size sign shall be used regardless of highway classification.

605-5.9 SURVEY CREW AHEAD Signs (W21-H6)

As noted in OMUTCD Section 6F.38, the SURVEY CREW AHEAD sign (W21-H6) should be
used to warn of survey crews working in or next to the roadway.

605-5.10 Blasting Zone Signs (W22-1, W22-2, W22-3)

As noted in OMUTCD Sections 6F.40 through 6F.43, Blasting Zone signing shall be used in
advance of a temporary traffic control zone where explosives are being used.

605-5.11 Construction Arrow Sign (W1-H16)

The Construction Arrow sign (W1-H16) (see OMUTCD Section 6F.50.1) should be used
where it is necessary to guide traffic through construction areas, or where road work is in
progress. This sign is often placed along lane shifts where it may be determined that traffic
guidance is necessary. Examples of use of the Construction Arrow sign are presented in
OMUTCD Figures 6H-31, 6H-32 and 6H-36 and in Traffic SCDs MT-102.10 and 102.20.

605-5.12 SHOULDER CLOSED Signs (W21-5a, W21-5b)

SHOULDER WORK signs are addressed in OMUTCD Section 6F.37. On expressways and
freeways, the RIGHT (LEFT) SHOULDER CLOSED sign (W21-5a) and RIGHT (LEFT)
SHOULDER CLOSED AHEAD sign (W21-5b) should be used in advance of the point where
the shoulder work occurs and should be preceded by a ROAD WORK AHEAD sign (W20-1).

Code No. Route Type Size
Inches

W21-5a & W21-5b | Conventional 36 x 36

W21-5a & W21-5b | Expressway & Freeway 48 x 48

605-5.13 Shoulder Drop-Off Sign (W8-17)

OMUTCD Section 6F.44 indicates that the Shoulder Drop-Off sign (W8-17) “should be used
when a shoulder drop-off, adjacent to the travel lane, exceeds 3 inches in depth for a
continuous length along the roadway, based on engineering judgment.” However, Traffic
SCD MT-101.90 has been developed to address shoulder drop-off situations on ODOT-
maintained freeways, expressways and other highways with speeds of 45 mph or greater and
minimal driveways. If the guidance in the SCD is followed, there should be no need for the
W8-17 sign.

Where the sign is appropriate, it shall be installed by the end of the day in which the drop-off
is created.
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Code No. | Route Type InSclrzrz s
W8-17 Conventional 36 x 36
W8-17 Expressway & Freeway 48 x 48

605-5.14 UNEVEN LANES Sign (W8-11)

The UNEVEN LANES sign (W8-11) is addressed in OMUTCD Section 6F.45. It should be
used during operations that create a difference in elevation between adjacent lanes.

Code No. | Route Type Size
Inches

W8-11 Conventional 36 x 36

W8-11 Expressway & Freeway 48 x 48

605-5.15 NO CENTER LINE and NO EDGE LINE Signs (W8-12, W8-H12a)

NO CENTER LINE and NO EDGE LINE signs (W8-12 and W8-H12a) are addressed in
OMUTCD Section 6F.47. They should be used when the work obliterates the center or edge
line. These signs should be placed at the beginning of the zone and repeated at 2-mile
intervals in long zones to remind the road users. They should also be used at major
connections, traffic generators, and/or at appropriate intervals as determined by the project
engineer, to advise road users entering within the zone. For acceptable temporary pavement
marking standards see Section 605-11.11.

605-6 Special Warning Signs

605-6.1 General

This Section is intended to address signs developed for use on ODOT-maintained highways
that are not currently addressed in the OMUTCD. As noted in OMUTCD Section 6F.51, there
may be a need for various Warning Signs that are not in OMUTCD Part 6. Some of these will
be found in OMUTCD Part 2 and others may be developed because of special conditions not
yet addressed in the OMUTCD. These “special” Warning Signs may eventually be
incorporated into the OMUTCD; however, if their use is limited they may not be incorporated
into that manual. Special Warning Signs should conform to the general requirements of color,
shape and alphabet size and series. The sign message should be brief, legible and clear.

605-6.2 Notice of Closure Signs (W20-H13, W20-H14)

Notice of Closure signs (W20-H13 and W20-H14) are intended to give advance notice to the
road user of a scheduled road closure. The information provided on these signs includes the
scheduled date of closure and the number of days of the scheduled closure. The W20-H13
also provides a telephone number for information and is the preferable sign. The selected
sign should be erected at the point of closure except that more flexibility is acceptable in
locating the signs on ramps. The sign should be erected at least one week in advance of a
scheduled road or ramp closure and shall be erected on the right-hand side of the road or
ramp, facing traffic. Additional details on placement of the Notice of Closure signs is provided
in Section 642-8 (Plan Note 642-8).
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The first rumble strip pad should be placed before the advance warning devices. The last pad
should be placed a minimum of 250 feet in advance of the traffic condition.

A RUMBLE STRIPS sign (W8-H15a) warning drivers of the onset of rumble strips may be placed
in advance of any rumble strip installation.

Although the intent of the rumble strips is to alert the road user, the noise may also attract the
attention of non-road users on adjacent property. This would be unacceptable in residential
areas.

605-18 Screens

Screens (see OMUTCD Section 6F.88) are used to block the road users’ view of activities that
can be distracting. Screens might improve safety and vehicular traffic flow where volumes
approach the roadway capacity because they discourage gawking and reduce headlight glare
from oncoming vehicular traffic. They can also help contain the work area and reduce the
accumulation of dust and debris on the pavement.

On ODOT-maintained highways a glare screen shall be used at all crossover locations unless a
50-inch portable barrier (PB) is provided. The upper portion of the 50-inch portable barrier (PB)
serves as a glare screen (see SCD RM-4.1 for details).

Paddle, or intermittent, type glare screens may be mounted on the top of 32-inch PB.

Where glare screen is provided, the glare screen shall be equipped with vertical stripes on the
paddles as shown in Traffic SCD MT-101.70.

See Section 642-21 (Plan Note 642-21), L&D Manual Volume One, Section 604 and Traffic
SCD MT-95.70 or MT-95.71 for additional guidance.

The choice of 32-inch PB, with screen, or 50-inch is often left to the contractor. However, glare
screen can be a maintenance problem. If PB will be in place over the winter during plowing
operations, or if the PB is otherwise expected to be hit a lot, the 50-inch PB should be specified.
Plowing over the top of a 50-inch PB is possible; however, it is not preferred.

605-19 Barrier Reflectors and Object Markers

Barrier reflectors shall be mounted on all portable barrier used for traffic control on ODOT-
maintained highways, and barrier object markers shall be mounted on top of all portable barrier
which does not have glare screen.

Barrier reflectors and object markers shall also be mounted on top of all permanent concrete
barrier and guardrail located within 5 feet of the edge of the adjacent travel lane (see Plan Notes
642-51 and 642-52 in Chapter 642).

Maximum spacing for the barrier reflectors and object markers shall be 50 feet as shown in
Traffic SCD MT-101.70. Where both barrier reflectors and object markers are provided on the
same device, these items shall be staggered.

The minimum reflective surface area for the reflector portion of a barrier reflector should be 7
square inches, and the reflectors shall be mounted on the face of the barrier with the top of the
reflector approximately 26 inches above the base.

Attachment of the reflector shall be by a suitable corrosion resistant fastener, bracket or
adhesive. Barrier reflectors shall be the same color as the adjacent edge line. When adjacent to a
reversible traffic direction lane, barrier reflectors shall be white on one side and yellow on the
other side, such that regardless of the direction of travel of the road user, the yellow barrier
reflectors will be visible to road user’s left and white barrier reflectors will be visible to the road
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user’s right side.

Barrier object markers shall be 6 inches wide and at least 12 inches high. They shall have orange
(fluorescent red-orange or fluorescent yellow-orange) retroreflective sheeting. If used with
two-way traffic, two-way barrier object markers shall be used.

Spacing for barrier object markers shall be at 50-foot maximum centers midway between the
face-mounted reflectors. When adjacent to a reversible traffic direction lane or between opposing
traffic flows, they shall be mounted in pairs facing traffic from each direction.

See Section 641-19 for more information about Traffic SCD MT-101.70.

605-20 Increased Barrier Delineation

605-20.1 General

On freeway and expressway projects, one of the alternate delineation methods for increased
barrier delineation shown in MT-101.70 shall be installed on all portable barrier and concrete
permanent barrier located within 5 feet of the edge of the traveled lane under either of the
following conditions: along tapers and transition areas; and along curves (outside only) with
degree of curvature greater than or equal to 3 degrees.

605-20.2 Linear Delineation Panels

Linear delineation panels shall consist of panels of delineation, approximately 34 inches long
and 6 inches wide and shall be “crimped.” Panels shall be provided at the rate of one per
section of portable barrier, or one panel every 10 feet on permanent portable barrier, spaced
evenly along the length of the run. The panels shall be mounted such that the tops of the
panels are 26 inches above the pavement. See Plan Note 642-50 in Chapter 642 for further
details.

605-20.3 Triple Stacking of Barrier Reflectors

Triple stacking of barrier reflectors shall consist of attaching three barrier reflectors, aligned
vertically, at locations where a single barrier reflector would be otherwise attached. There
shall be no open space between the adjacent barrier reflectors. The top of the middle barrier
reflector shall be located 26 inches above the pavement. See Plan Note 642-50 in Chapter
642 for further details.

605-21 Future and Experimental Devices

The States, FHWA, AASHTO, the Transportation Research Board (TRB), and other
organizations conduct research and experimentation on new traffic control and safety devices.

The TEM may be used to distribute information on experimental devices that have been approved
for use, and on new devices that have yet to be incorporated into the OMUTCD.
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641-10.7 Lighting

Typically lighting will not be required for signalized closings 1 lane or a 2-lane highway.
However there may be some locations where the designer may find a special need to provide
lighting. Examples of need for such lighting might be the existence of an intersection at the
point of the lane closure, or poor geometrics or poor sight distance at the point of the lane
closure.

The Plan Note for Work Zones Lighting System, found in Section 642-39, shall be included in
the plans when lighting is required at the points of lane closure.

When lighting is called for, it shall be paid for as Work Zone Lighting System. Quantities shall
be provided in the sub-summary for each phase of maintenance of traffic. If it is expected that
lighting will be of the conventional type, the lighting shall be paid for per Each.

641-10.8 Field Reviews

A field review, by the designer, is required to verify the proposed locations of PB, drums,
pavement markings, signal heads, signs and other features for each phase of the project.
Each element shall be tentatively located according to the requirements of the SCD and
plans to assure adequate visibility and to assure that the controls will be effective. Signal
heads shall be visible no less than 215 feet in advance for 25 mile per hour approaches, 325
feet for 35 mile per hour; 460 feet for 45 mile per hour and 625 feet for 55 mile per hour
approaches. Signs shall be visible at least 250 feet in advance. Reviews should consider the
effects of summer foliage. Any existing traffic controls or other physical features which will
detract from safe and efficient operation should be dealt with in the plans. The field check
shall also verify that there will be adequate room to perform construction behind barriers or
channelizing devices, and that available pavement widths will be sufficient to maintain traffic.
The need for temporary pavement or pavement strengthening to carry maintained traffic shall
be considered. Changes deemed necessary as a result of this field check shall be
incorporated into the MOT Plans by providing details or descriptive notes in the plans. These
may include revised locations for signs, signals, pavement markings, PB or other devices.
They may also include requirements to use overhead-mounted signals or additional signals
or other control devices and could include requirements to remove foliage on the right-of-way.

When actuated signals are necessary, Plan Note 642-37 (Section 642-37) should be
included in the plans.

When overhead-mounted signals are necessary, Plan Note 642-38 (Section 642-38) should
be included in the plans.

641-10.9 Bid Iltems

In an effort to obtain consistency in the bidding procedure the following pay items should be
used, as required:

Item 615, Pavement for Maintaining Traffic, Class Sq. Yd.
Iltem 614, Work Zone Edge Line, Class | Mile
Iltem 614, Work Zone Center Line, Class | Mile
Item 614, Work Zone Stop Line, Class | Foot
Iltem 622, Portable Concrete Barrier,  ” Foot
Iltem 614, Barrier Reflector Each
Iltem 614, Object Marker, __ -way Each
Iltem 614  Work Zone Lighting System Each

All other items will be included in ltem 614 Maintaining Traffic.
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641-11 Flagger Closing One Lane of a Two-Lane Highway (MT-97.10, 97.11 and 97.12)

Traffic SCD MT-97.10 depicts a typical application using a flagger to close one lane of a two-lane
highway for a stationary operation. The distance (“A”) provided from the Flagger symbol sign
(W20-7) to the flagger assumes light to moderate traffic with no substantial back-up, thus the
distance allows for a typical back-up of cars plus adequate distance to slow from the approach
speed to a stop at the end of the queue. Other locations with heavier traffic or a longer work area
will increase the queue length build-up just before traffic is released. The designer should
increase distance “A” by Plan Note when calculations show the need. Further, MT-97.10, allows
the project engineer to increase sign spacing based on expected or actual field conditions at any
time.

Traffic SCDs MT-97.11 and 97.12 were developed specifically for use during a paving operation
on a two-lane road. Therefore, one shall be included with each two-lane resurfacing plan.
MT-97.11 should be used with all non-Federal two-lane resurfacing projects. MT-97.12 shall be
used with all Federal two-lane resurfacing projects.

MT-97.11 and 97.12 provide guidance for traffic going through a paving operation by the use of
flaggers and traffic cones. They provide for the use of cones placed laterally across the lane
being paved at roads intersecting the closure, and attempt to keep the work area length to a
minimum and keep the advance signing and the flagger grouped together.

All items shown on these drawings will be included in the lump sum bid for ltem 614 Maintaining
Traffic.

641-12 Lane Closure at Entrance Ramp (MT-98.10 and 98.11)

Traffic SCDs MT-98.10 and 98.11 generally address lane closures in the vicinity of entrance
ramps. MT-98.10 applies primarily to major reconstruction work, where the work extends beyond
the acceleration lane, upstream and downstream on the mainline and upstream on the ramp. MT-
98.11 applies to isolated work areas located primarily on the mainline, in the through lane
adjacent to the acceleration lane of the entrance ramp.

Each of these SCDs includes separate details drawings. Work location determines which detail is
used.

Traffic SCD MT-95.30, which pertains to lane closures on the mainline, shall be used as a
companion drawing whenever MT-98.10 or 98.11 is used.

The designer should exercise care when using MT-95.30 in the area of an entrance ramp. The
placement of signs for closing the right lane contained in MT-95.30 may overlap an upstream
ramp and confuse road users as to whether the ramp is open or closed. When this condition
exists, the designer shall provide positive guidance for the road user. This may involve showing
the exact placement of all signs and tapers noted in MT-95.30 within both interchanges on a
separate drawing, rather than relying on the SCD.

If the paved shoulder must be used to achieve minimum lane width, it may require that the
shoulder be reconstructed or strengthened to accommodate the additional load. A separate sheet
would be required in the plan detailing the shoulder work.

In order to work on an entire entrance-ramp, it will be necessary to use both detail drawings from
the applicable SCD. Traffic operation under the detail shown on the second page of each of these
drawings may be significantly restricted, and poorer operation can be anticipated. Therefore, the
design and project implementation should attempt to do as much of the work as possible using
the detail shown on the first page of each of these SCDs. This should minimize the time and
traffic restrictions involved when the work area is as shown in the detail on the second page of
the drawing. Consideration should be given to providing temporary pavement to locate the
merge/shift area in the first detail shown at a point downstream, which will then allow for
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the field and show the signs in the plans accordingly.

If existing supports are not available, breakaway supports or supports behind guardrail shall
be individually designed.

Portable Changeable Message Signs (PCMSs) may also be used to supplement the flatsheet
or extrusheet signs. If PCMSs are to be used, the designer shall specify the quantity of signs
and provide the appropriate legends to be displayed.

641-17.3 Channelization Devices

Typically, the closure is identified by use of drums; however, PB is shown in MT-99.50 for use
when called for in the plans. A drop-off condition is an example of a situation that might
constitute a need for PB (see Subsection 605-5.13 and MT-101.90). The designer shall
determine whether or not the additional protection provided by PB is necessary and shall
provide the appropriate quantity.

Taper rates of drums shall be as called for in Table Il in MT-99.50. These taper rates are
intended to be similar to those shown in OMUTCD Figure 6H-32.

The flare rate of the PB shall also be as called for in Table Il of MT-99.50. The flare rate may
be applied at the exit gore; however, if the contractor will be working in the vicinity of the
provided shift taper, the designer should consider specifying in the plans that the PB shall be
located parallel to the edge line.

The drum/PB combination is intended to be similar to that shown in MT-95.40 and in
OMUTCD Figure 6H-34.

641-17.4 Multiple Lane Closures

If a freeway/expressway has three or more directional lanes and it is necessary to close more
than one lane, insert a tangent section (equal in length to twice the taper) between the end of
the first lane closure and the beginning of the second. Dual ground-mounted W4-2-28 signs
(W9-H4-144 signs if using extrusheet signing) shall be placed along the tangent, in advance
of the taper for the second lane closure, at approximately a distance equal to the length of the
taper (also see OMUTCD Figure 6H-37). If additional lanes are closed, the same process
shall be repeated.

If the signs shown as dashed at the ramps do not exist, the designer may require them or
similar signs as a part of the work.

641-17.5 Portable Barriers and Impact Attenuators

1. The impact attenuator treatment will typically not require any additional grading of the
median; however, foreslopes of 10:1 or flatter from the edge of the shoulder to the PB
shall be required. This may require drainage changes.

2. The impact attenuator treatment should typically be more economical.

3. The offset “E” to the beginning of the PB may not always be sufficient (see L&D Manual
Volume One, Section 307). If the roadway curves to the right, and the curvature
exceeds 2.5 degrees (radius is less than 4100 feet), the offset shall be increased in
accordance with Table 697-7.

The length of PB beyond the shoulder shall also be increased proportionately to maintain the
flare rate relative to the edge of pavement, per Table .

The designer, not the contractor, must determine when to use each type of end treatment
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and note this in the MOT Plan.
641-17.6 Bid ltems

For MT-99.50, all items will be included for payment under Item 614 Maintaining Traffic,
except the following:

Item 630, Sign, Extrusheet Square Foot
Item 630, Sign, Overlay Square Foot
Item 630, Ground Mounted Supports, Beam Foot
Item 630, Breakaway Beam Connection Each
Item 630, Ground Mounted Beam Support Foundation Each
Item 614, Work Zone Edge Line, Class | (By Type) Mile
Item 614, Work Zone Raised Pavement Marker Each

ltem 622, Portable Concrete Barrier, Foot

641-18 Road Closure Using Type 3 Barricades (MT-101.60)

The type of closure shown in Traffic SCD MT-101.60 will typically be used in two different
situations:

1. The closure seals off a road from which through traffic has been detoured upstream. In this
case, only local traffic is expected on the approach to the closure, although this traffic might
still be appreciable if the detour begins some distance upstream. Any traffic approaching the
closure must be adequately warned and given ample opportunity to stop. The minimum
advance warning treatment is three signs. They are supplemented with Type A flasher
warning lights. The signs will be dual installations on a four-lane divided road and the
designer may insert a Plan Note requiring dual installations on other roads.

2. The closure is accompanied by some form of a runaround, directing traffic away from the
barricade closure. The runaround may be any one of several types: it may be a true run-
around as provided in OMUTCD Figure 6H-7; it may be a median crossover as provided in
Traffic SCD MT-95.70; or, it may be a complete closure of a limited-access highway,
requiring all of the traffic to exit upstream of the barricade closure, such as is shown on
Traffic SCD MT-99.50.

All elements of the barricade closure, including any advance Warning Signs, will be included in
the lump sum of ltem 614 Maintaining Traffic.

641-19 Barrier and Impact Attenuator Delineation (MT-101.70)

Traffic SCD MT-101.70 shall be used when PB is specified in the plans. The drawing presents
several methods for delineating PB as well as an impact attenuator nose cone delineation detail.
Typically, PB is delineated using object markers and barrier reflectors at 50 foot intervals, with the
object markers and the barrier reflectors offset at 25 feet. This method of delineation is applicable
to 32-inch PB as well as to 50-inch PB. Plan Note 642-26 (Section 642-26) shall be included in
the plans when this method of delineation is to be provided. (See Sections 605-14.5 and 605-19
for more information on PB delineation.)

Where glare screen is provided, the use of object markers is not practical. In such cases, the
traditional method for delineating the glare screen is to provide reflective sheeting stripes on glare
screen panels. The stripes shall be placed in sets of three, on consecutive glare screen panels, at
50 foot intervals, center-to-center.

The delineation methods typically used are presented in the upper half of the detail drawing. In
the bottom half of the drawing, two alternative delineation methods are presented for the purpose
of providing an increased level of delineation of the side of the PB. For the top of the PB, only the
typical methods of delineation, as discussed above, are presented.
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1213 OTHER TRAFFIC ENGINEERING STUDIES

1213-1 General
This Chapter includes information about various other traffic engineering studies.

1213-2 Determining Curve Advisory Speeds

1213-2.1 General

OMUTCD Section 2C.08 addresses Advisory Speed (W13-1P) plaques, when to use them
(see OMUTCD Table 2C-5) and methods for determining the speed to be displayed. The
most common method used to determine the speed shown on an Advisory Speed plaque is a
Ball Bank Indicator (BBI)

1213-2.2 Ball Bank Indicator

The ball bank indicator (BBI) should be mounted in a passenger car and carefully calibrated
per the manufacturer’s specifications. Several test runs are made in determining the speed to
use. For each test run, the driver should:

1. Appraise the curve under observation to determine the approximate safe speed that may
be maintained throughout the curve.

2. Conduct the first test at a speed 10 miles per hour below the appraised speed.

3. Make each succeeding test at a speed 5 miles per hour greater than the last one.

4. Attain the trial run speed on each test at a distance of at least one-quarter mile from the
beginning of the curve.

5. Maintain a course throughout the curve precisely in the center of the lane and at uniform
speed.

Form 1296-11 is a sample form for use in recording the results of this curve study and
determining the recommended advisory speed. A full-size copy of the Curve Study Sheet is
available from the Office of Traffic Operations’ website.

1213-2.3 Calculation Method to Determine Curve Advisory Speed

The advisory speed indications for horizontal curves may also be calculated by inserting the
curve data into the following equation relating superelevation, pavement friction, radius of
curvature and vehicle speed:

Vmph = \/(e+ f)15R
Where V = speed of vehicle in miles per hour
e = superelevation in feet per foot of horizontal width
f = transverse coefficient of friction
R = radius of curvature in feet.
The recommended values of transverse coefficient of friction are as follows:

Operating Speed  Transverse Coefficient of Friction

30 mph 0.16
40 mph 0.15
50 mph 0.14
60 mph 0.13
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1213-3 Delay Studies

This Section is reserved to address information available regarding delay studies. In the interim,
contact ORE for such information if needed.

1213-4 Systematic Signal Timing & Phasing Program (SSTPP)

1213-4.1 General

The Systematic Signal Timing & Phasing Program (SSTPP) is funded by the ODOT Safety
Program. lts purpose is to systematically update the timing and phasing of signal systems at
approved candidate intersections and/or corridors. Requests can be submitted to the Safety
Program Manager through the local District office. Applicants can contact the local District
Safety Coordinator.

1213-4.2 Benefits

Safety Benefits - The following safety benefits can be realized by updated signal timing. The
Texas Transportation Institute (TTI) cites the following crash reduction factors associated
with improved signal timing and phasing:

e Properly timed addition of all red clearance interval = 25 % crash reduction factor

e Properly timed yellow clearance interval = 4-31 % crash reduction factor (all crashes)

e Adding protected/permitted left turn phase at existing signal = 40-60 % crash reduction
factor (left-turn crashes)

Congestion Benefits - In addition to the safety benefits of good signal timing, a more
obvious benefit is an improvement of mobility throughout the signalized corridor.

Ohio’s Major New Program will go a long way to addressing congestion on Ohio’s freeways.
The Systematic Signal Timing & Phasing Program (SSTPP) is a complimentary program
addressing congestion on surface street facilities. Numerous signal timing case studies have
shown a reduction in stops of 10 to 20 percent, with a similar reduction in delays. As a result
of reduced congestion, comparable decreases in fuel consumption and emissions are also
realized. Case studies have shown that properly timed traffic signals reduce fuel consumption
10 to 15 percent when compared to poorly timed traffic signals. Most obvious to drivers is a
significant decrease in travel times.

The tables shown in Figure 1298-2 show examples of the benefits of improved signal timing
and phasing that were realized through projects initiated in the ODOT Safety Program:

1213-4.3 Eligibility
The following intersections/corridors would be eligible for the SSTPP funding:

1. Intersections or corridors identified by ODOT as being high crash and relevant planned
countermeasures will not be constructed within one year.

2. Intersections or corridors identified as being congested by ODOT’s Congestion Model
(Office of Statewide Planning and Research) and relevant planned countermeasures
will not be constructed within one year.

3. Intersections or corridors identified by an MPO as being high crash or congested. See
Subsection 1213-4.4 for documentation requirements.

4. Intersections or corridors identified by a local government as being high crash or
congested. See Subsection 1213-4.4 for documentation requirements.
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5. Corridors that span more than one local agency that could benefit from a unified signal
system operation and were not previously operating as one system.

6. Others as recommended by the ODOT District Safety Review Team (DSRT).

All potential corridors will be reviewed and approved by the DSRT then sent to the Safety
Program Manager for final approval. ODOT maintains a pool of consultants that can conduct
signal timing analysis and implement recommended improvements.

Every signalized intersection in a corridor that meets the above criteria would be eligible for
funding, even if a specific signalized intersection does not meet the criteria.

The physical termini of traffic signal systems should not necessarily be defined by municipal
boundaries. They should be logically determined based upon the operational characteristics
of a corridor. Corporation limits should not be an artificial barrier to providing effective
operations. Where it would be beneficial for a signal system, an attempt should be made to
have multiple agencies enter into a joint operational agreement.

In the absence of an actual inter-agency agreement being adopted, every attempt should be
made to coordinate signal operations across incorporated boundaries via time-based
coordination. It is not necessary to have the cooperation of adjacent agencies to receive
funding; however, it is required to attempt to cooperate with traffic operations when the signal
system would benefit from having termini in multiple jurisdictions. If an agreement cannot be
reached between agencies, an explanation shall be provided with the application for funding
to the Safety Program.

1213-4.4 MPO & Local Documentation Requirements

MPO and Local project requests based upon safety and congestion (Eligibility Criteria 3, 4
and 5 in Subsection 1213-4.3) will need to provide documentation of need to the DSRT. The
requesting agency will need to contact the DSRT about the extent of documentation for each
funding request.

For safety related requests, the documentation may be as simple as noting how many
crashes and crash types occur in the corridor, emphasizing those crash types related to
signal timing. The requesting agency may provide the information from its own records or ask
the District if an ODOT CAM tool analysis would be available to provide the information
(CAM tool is an internal ODOT crash analysis program).

Congestion problems are more difficult to quantify because the effort will typically require
much the same information that is required to re-time the signals (volumes, computer
analysis, existing geometric information, etc.). Documentation for congestion can be as
simple as pictures or video of the corridor operation or a field visit by the DSRT. Some
corridors will be infamous for their congestion issues and will require very limited
documentation. Alternatively, a congestion model run by the MPO could serve as the basis of
documenting the project need.

The DSRT can provide specific guidance on need documentation for each funding request.
1213-4.5 Project Scope

Projects approved for funding will typically, but not always, be performed by ODOT utilizing
existing Safety consultant task orders. The following describes a typical consultant scope of
services. This scope may be altered by the DSRT as needed to meet the specific needs of
each project.

Scope
This project will provide optimized traffic signal timings for (# of signals) in (location). Pre
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and post travel time runs will be utilized to provide measures of effectiveness for the
project. The following are the major tasks associated with this project.

Task 1: Equipment Inspection — A field inspection will be made to identify any detectors,
pushbuttons or other appurtenances that are not operational that could affect system
operation. Included shall be a confirmation that internal controller clocks are synchronized
(system master and local clocks). A list of deficiencies will be provided to the maintaining
agency identifying any problems. Prior to commencing any additional work, repairs must be
made by the maintaining agency in order for the system to work as intended.

Task 2: Existing System Observation — The consultant shall make field observations of
the existing signalized operation. These observations should include the identification of
movements that experience cycle failure; turn-lane blockage; semi-truck issues; pedestrian
operations; queue storage/spill back issues; lane utilization / volume balance issues;
identification of very major midblock traffic generators/sinks; speed limits; school zones;
vertical/horizontal alignments; and other issues that could affect traffic signal operations.
These observations should be utilized to properly calibrate the model.

Task 3: Counts — 24-hour tube counts (or equivalent automated counting device) will be
taken for one week (seven days) at (location). [Designer Note - tube count locations should
be provided, and if more than one tube count is necessary, it should be noted how many
and at what locations. Multiple tube count locations are based upon discretion considering
system complexity, size and variations in volumes.]

Weekday 12-hour turning-movement counts (including percentage of trucks) shall be taken
for each intersection. Weekday AM, midday PM peak and weekend/off-peak hour turning
counts will be used to develop four individual weekday peak-hour timing plans. Tube counts
will be used to identify the exact count hours. Tube counts will also be used to decide which
weekday peak-hour plan is most appropriate for non-peak hours.

Weekend peak-hour timing counts/plans may be authorized if tube counts indicate the
weekday timing plans would not be appropriate for use on the weekend. The consultant
shall consider travel time runs as well as compare the weekend tube counts taken on the
weekdays to make a recommendation to ODOT if weekend turning movement count/plans
will be necessary. A typical application requiring the authorization to create separate
weekend timing plans would be an arterial with large retail centers such as a mall.

In addition to identifying which weekday timing plan should be used in off-peak hours, the
tube counts will be used to determine plan transition points and to determine if/when the
system should be set to free operation.

Intersections that are currently operating in over-saturated conditions cannot be accurately
counted (turning-movement counts) at the intersection due to the movements being over
capacity (i.e., excessively long approach queues that experience cycle failure). The
consultant shall notify ODOT if this condition exists and make a recommendation if
additional counting should be undertaken to determine demand traffic. If authorized, the
demand approach traffic (i.e., free-flow approach volume) shall be counted in addition to
the turning-movement counts. The turning-movement counts will be used to derive
movement percentages on the over-saturated approach (percentage of left, thru, and right).
These percentages will then be applied to the demand (free-flow) approach traffic to obtain
the demand turning-movement counts. An acceptable alternative method for obtaining
counts at over-saturated intersections is to use modeled demand traffic.

The consultant should compare counts to the Office of Technical Services seasonal
adjustment factors charts to determine if adjustments should be made based upon the time
of year the counts are taken.

Paper copies and electronic files of all counts (turning movement and tube) shall be
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provided to the ODOT Office of Technical Services, Traffic Monitoring as well as the
maintaining agency. A map shall accompany the counts indicating the count locations.

Task 4: Measures of Effectiveness (existing timing) — The consultant shall perform
travel time studies documenting existing conditions. Travel time studies shall not be
performed until any necessary system repairs are made by the maintaining agency. Four
sets of travel time studies shall be made, one for each of the AM, midday and PM peak
periods as well as the peak weekend period identified from the tube traffic counts. Each
travel time study shall have at least five bi-directional timing runs. All travel time studies
shall be made using ITE recommendations and shall be accomplished through the use of a
GPS based automated device.

Task 5: Signal Warrants — Signal Warrants shall be performed on all signalized
intersections.

Any unwarranted signals that the local maintaining agency is unwilling to remove shall be
assessed to determine if their retention significantly affects mobility in the project corridor.
The consultant will use the optimized timing model - with and without the unwarranted
signal modeled to make a recommendation to ODOT. Based upon the mobility assessment
and the crash history associated with the unwarranted signal, ODOT will address each
unwarranted signal on a case by case basis with the maintaining agency. A signal need
only meet one of the OMUTCD prescribed signal warrants to be eligible for funding.

Task 6: Timing Parameters — Minimum green times shall be per local agency policy, orin
the absence of a policy shall be per ODOT recommendations outlined in the Traffic Signal
module of the Traffic Academy.

Vehicle clearance intervals (Y+AR) shall be calculated per ITE recommendations
(contained in the TEM). Pedestrian clearance intervals shall be calculated using 3.5
feet/sec crossing speed, and shall be calculated to get the pedestrian to the opposite curb.
Walk times should typically be 4 to 7 seconds depending on demand. Where applicable,
authorization may be given to update railroad preemption clearance intervals.

Peak-hour factors for each intersection/timing plan shall be calculated based upon traffic
volumes. Right turn on red will be allowed in the model when the condition is actually
allowable in the field.

[One critical intersection should always be forced to have an offset of zero in all timing
plans. This will allow the critical intersection to always be at the proper offset when timing
plan changes are implemented.]

Task 7: Modeling —

Field Work - shall be performed to gather necessary model parameters including basic
geometrics, lane use, turn-lane storage length, intersection widths (all-red calculation),
pedestrian crossing widths, lane widths, intersection spacing, etc.

Model Creation - shall consist of the physical creation of the Synchro 7.0 timing model
using already gathered volume information and field work information.

Model Check/Calibration - shall consist, when necessary, of making vehicle and driver
parameter changes to ensure the model accurately represents real world conditions.

Bandwidth Check - The offsets, cycle length and splits provided by Synchro will be
input into a bandwidth optimization program to check arterial progression. The offsets will
be adjusted as necessary to improve arterial operations. Synchro is based upon
minimizing total delay and does not always provide the best progression in cases where
side-street delay is a major consideration. This process should be iterative (back and
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forth between Synchro and the bandwidth program Tru-Traffic) in an effort to maximize
arterial operations without harshly impacting side-street and non-coordinated phase
operations. Simtraffic should be used to determine the effects of manually changing the
Synchro file results. Attention should be especially paid to turn-lane blockage and cycle
failure for non-coordinated phases/approaches.

Timing Table Creation - shall consist of making easily readable timing tables for use in
the field (or via download) to program controllers with optimized timing plans. Included
shall be cycle lengths, splits, offsets, local timing parameters (min, max, recalls, yellow,
all red, ped timing, memory settings, etc.). Also included shall be plan transition times
(time when a plan is scheduled to begin).

[The implementation of a new timing plan (plan transition time) should normally occur at
least a half hour prior to when it is needed. The implementation of a new timing plan can
cause a lack of coordination for two to four cycle lengths, so this disruption should be
completed prior to the onset of peak hours.]

Task 8: Field Timing Plan Implementation — Local agencies will be given the option to
program the proposed optimized timings or have the consultant do it on their behalf. The
consultant shall have qualified personnel, or partner with individuals with these
qualifications, to implement the optimized timing plans in the field (or via download) should
the local agency request it. The name and qualifications/resume of personnel actually
implementing the timing changes shall be provided to ODOT for approval. The consultant
shall coordinate implementation of the timing plan to accommodate the local maintaining
agency if they wish to be represented in the field for the programming.

Task 9: Field Observation and Timing Adjustments — The consultant shall make field
observations of implemented optimized signal timings. Adjustments will be made
accordingly. Any changes shall be accurately reflected as the final timings in the
Operational Report.

Task 10: Measures of Effectiveness (optimized timing) — The consultant shall perform
travel time studies documenting optimized conditions. Four sets of travel time studies shall
be made, one for each of the AM, midday and PM peak periods as well as the off-
peak/peak weekend period. Each travel time study shall have at least five bi-directional
timing runs. All travel time studies shall be made using ITE recommendations and shall be
accomplished through the use of an automated device.

The optimized travel time runs shall be performed as nearly as practical on the same days
and times as the existing condition runs. All travel time studies shall be made using ITE
recommendations and shall be accomplished through the use of a GPS based automated
device.

Task 11: Deliverables —

Geometric and Operations Report: The timing programmed into the controller shall be
the best possible optimized timing. In instances where this optimized timing cannot
provide a Level of Service (LOS) of “D” or better, a “geometric and operations report”
shall be produced for that intersection. This shall be a very short report providing
geometric improvements (e.g., addition of turn lanes) and/or operational improvements
(e.g., addition of a protected turn phase) that would be required to improve the operation
to an intersection LOS of “D” or better.

The purpose of the “geometric and operations report” is to document potential
low/medium cost improvements that would improve capacity, safety and mobility. This
report would be the documentation necessary for locals to request future funding for
relatively low-cost improvements such as phase additions or turn lanes.
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For the “geometric and operations report,” the consultant will base improvements both on
current-day volumes and 20-year traffic. Twenty-year traffic will not be certified traffic. It
will be the current-day traffic expanded to 20-year traffic using a reasonable growth factor
for the project area. The idea is that the local could potentially make improvements using
local money based upon current-day traffic; however, if State or Federal funding is used,
they will need to utilize 20-year traffic. Use of estimated 20-year design traffic is just
meant to give an idea of the possible scope for a future improvement project. Should a
project request be made and subsequently approved certified traffic would be required as
necessary in the Project Development Process (PDP). The “geometric and operations
report” shall be provided to the maintaining agency(s), the ODOT DSRT chairman, the
ODOT Office of Traffic Operations Administrator, and the ODOT Office of Systems
Planning and Analysis Administrator.

Operational Report - This report will provide the optimized signal timing plans (with field
adjustments accurately reflected); traffic counts; signal warrants (and any supporting
documentation to retain an unwarranted signal); and Synchro reports for each
intersection that shows lane use, timing, LOS, etc. Also included will be the MOE/travel
time study findings. A commentary should also be provided as necessary noting any
unsignalized intersections that could potentially benefit from being signalized. This should
be based upon observation of the optimized signal timing model, as well as field
observations. The scope of this work is simply to note the possible locations. If they want
to, the maintaining agency can follow up on this outside of the signal timing project. The
“operational report” shall be provided to the maintaining agency(s), the ODOT DSRT
chairman, the ODOT Office of Traffic Operations Administrator, and the ODOT Office
of Systems Planning and Analysis Administrator.

Software - The consultant shall provide one copy of the Synchro/Simtraffic to the local
maintaining agency for their future use. Included shall be copies of the syn files with the
optimized signal timing.

Task 12: Meetings — The consultant shall attend a pre-meeting with ODOT and the local
maintaining agency and post-implementation meeting. After the pre-meeting the consultant
shall submit a project schedule to both ODOT and the maintaining agency for approval.

1213-5 Road Safety Audits (RSAs)

1213-5.1 General

A Road Safety Audit (RSA) can be an effective tool to reduce injuries and fatalities on Ohio's
roadways. An RSA is a formal performance examination of an existing or future road or
intersection by an independent and multi-disciplinary team that includes representatives of
EMS, Engineering, Education and Enforcement (the 4 E's) as appropriate. For planned roads,
the RSA should be conducted at the earliest stage possible (planning or preliminary design),
when all roadway design options and alternatives are being explored. RSAs can be used on
any size project from minor intersection and roadway retrofits to mega-projects.

1213-5.2 Purpose
The aim of an RSA is to answer the following questions:

e What elements of the road may present a safety concern: to what extent, to which road
users, and under what circumstances?

e What opportunities exist to eliminate or mitigate identified safety concerns?

The RSA is not meant to be a replacement for traditional safety studies; rather, it is another
tool that can be utilized for improving safety. An RSA may be used in addition to or in lieu of a
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traditional safety study. When used in lieu of a traditional study, prior approval must be
provided by the District Safety Review Team (DSRT) as well as the ODOT Safety Program
Manager if the location is listed on the annual safety work plan. Results (countermeasures)
identified in an RSA would be eligible for Safety funding through the normal funding

application process.

ODOT, like most State DOTSs, has established traditional safety review processes. However,
a road safety audit and a traditional safety review are different processes. It is important to
understand the difference between the road safety reviews that are commonly performed and
newer road safety audits. The main differences between the two are shown below:

Differences between an RSA and a Traditional Safety Review

Road Safety Audit

Traditional Safety Review

Performed by a team independent of the
project.

The safety review team is usually not
completely independent of the design team.

Performed by a multi-disciplinary team that
includes people inside and outside of
ODOT.

Typically performed by ODOT safety staff and
reviewed by an internal multi-disciplinary
team.

Always generates a formal RSA report.

Always results in a formal report, but typically
requires more data collection, such as detailed
existing conditions, traffic volume and capacity
analysis.

A formal response report is an essential
element of an RSA.

Often does not generate a formal response
report.

Additional information regarding RSAs can be found on-line at http://safety.fhwa.dot.gov/rsa/.
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1296 FORMS INDEX

1296-1 Speed Zone Request for Narrow and Low-Volume Rural Roads

Form 1296-1 is used to document geometric and roadway characteristics when submitting a
Speed Zone request for a road with an ADT of 400 or less or a width of 16 feet or less. This form
is described in detail in Section 1203-2.6.

1296-2 Speed Zone Warrant Sheet

Form 1296-2 is used for a full-scale Speed Zone Warrant analysis. The procedure for using this
form is described in Section 1203-3.4.

1296-3 Sample Speed Study Data Sheet

Form 1296-3 may be used to record data used in the Speed Zone Warrant Analysis (see
Section 1203-3.2). See Table 1297-2 for determination of Intersection Class and Building Type.

1296-4 Completed Sample Speed Study Data Sheet

Form 1296-4 is a sample of a completed version of Form 1296-3.

1296-5 Speed Check Form

Form 1296-5 is used to record speed information to determine the 85th-percentile and pace
speeds (see Section 1203-3.3).

1296-6a Speed Limit Revision

Form 1296-6a is used to establish a revised speed limit (see Section 1203-2). Note that the
established limit becomes effective when appropriate signs giving notice thereof are erected.

1296-6b Work Zone Speed Limit Revision

Form 1296-6b is used to establish a Work Zone Speed Zone (see Section 1203-2.9). Note that
the established limit becomes effective when appropriate signs giving notice thereof are erected.

1296-7a Withdrawal of Issued Speed Limit Revision

Form 1296-7a is used to withdraw a revised speed limit (see Section 1203-4).

1296-7b Withdrawal of Issued Work Zone Speed Limit Revision

Form 1296-7b is used to withdraw a Work Zone Speed Zone (see Section 1203-4).

1296-8 Field Report on Parking Practices

Form 1296-8 is used to request a No-Parking Zone. The procedure for using this form is
described in Section 1204.

1296-9 Establishment of No-Parking Restrictions

Form 1296-9 is used to establish a No-Parking Restriction (see Section 1204-2). Note that the
restriction becomes effective when appropriate signs giving notice thereof are erected.
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1296-10 Withdrawal of Issued No-Parking Restrictions

Form 1296-10is used to withdraw an established No-Parking Restriction (see Section 1204-4).

1296-11 Curve Study Sheet

Form 1296-11 is used in the Ball Banking Study described in Section 1213-2. to determine the
recommended maximum speed to use on the Advisory Speed plate.

1296-12 Reserved — Deleted the Existing Form

1296-13 Reserved — Deleted the Existing Form

1296-14 Freeway Speed Zone Evaluation Sheet

Form 1296-14 is used to document a request for a change in the speed limit on a freeway (see
Section 1203-2.8).

1296-15 Speed Zone Request for Unimproved Highways and Residential and Commercial
Subdivision Streets

Form 1296-15 is used to document a request for a reduction of the speed limit on unimproved
County highways and residential and commercial subdivision streets (see Section 1203-2.7).
The form may also be used by Townships to document Speed Zones they establish based on
ORC Division 4511.21(K).

1296-16 Work Zone Speed Zone (WZSZ) Justification Report

Form 1296-16 is a sample form for documentation of speed zone requests for temporary traffic
control zones (see Section 1203-2.9).

1296-17 WZSZ Evaluation Sheet for High-Speed (2 55 mph) Multi-Lane Highways

Form 1296-17 is used for work zone speed zone analysis for freeways, expressways and multi-
lane highways with an existing speed of 55 mph or higher. The procedure for using this form is
described in Section 1203-2.9.

1296-18 WZSZ Tracking Report

Form 1296-18 is used to document and log the date, time, location and other detailed information
regarding implementation of work zone speed zones.

1296-19 Sample OSHP Concurrence Sheet

Form 1296-19 is a sample of a form used to submit Speed Zone and Parking Control Zone
requests to the Ohio State Highway Patrol (OSHP) for concurrence (see Sections 1203-2 and
1204-2).
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Form 1296-10. Withdrawal of Issued No-Parking Restrictions

STATE OF OHIO
DEPARTMENT OF TRANSPORTATION

WITHDRAWAL OF ISSUED
NO-PARKING RESTRICTIONS

No.
District: County:
State Route No.: Section:

Under Authority of Section 4511.10 - 4511.68 of the Ohio Revised Code, the following described No-Parking
restriction(s) approved by the Director of Transportation on , has been
determined, on the basis of a traffic and engineering investigation, to be unreasonable and approval of the
same is hereby withdrawn.

LOCATION OF NO-PARKING LIMITS

From To Along

Signs relating to the parking prohibition shall be immediately removed.

Date:

Director of Transportation

Immediately after removal of the No-Parking signs, return the attached copy of this No-Parking Restriction
Withdrawal form to the ODOT District Deputy Director or his designee, with the following certification
properly executed.

| hereby certify that appropriate signs, giving notice of the above No-Parking restriction were removed

on Signed

Title
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Form 1296-11. Curve Study Sheet

STATE OF OHIO
DEPARTMENT OF TRANSPORTATION

CURVE STUDY

COUNTY: ROUTE: SLM:

TANGENT DISTANCE BETWEEN CURVES FeeT
DATE: REVIEWED BY: (REVERSE CURVE IF LESSTHEN 600 FEET) -
DIRECTION: LENGTH: DIRECTION: LENGTH:
::'t:( TEST BALL BANK ANGLE ::nl;; TEST BALL BANK ANGLE
crimeria | SPEED #1 #2 #3 AVG crireria | SPEED #1 #2 #3 AVG
55 MPH 55 MPH
50 MPH 50 MPH
<12°  |45MPH <12° |45 MPH
40 MPH 40 MPH
35 MPH 35 MPH
30 MPH 30 MPH
>12° <14° >12° <14°
25 MPH 25 MPH
20 MPH 20 MPH
>14°<16° |15 MPH >14°<16° |15 MPH
10 MPH 10 MPH
RECOMMENDED ADVISORY SPEED RECOMMENDED ADVISORY SPEED
REMARKS:
DIRECTION: LENGTH: DIRECTION: LENGTH:
::'tl'-( TEST BALL BANK ANGLE ::I;; TEST BALL BANK ANGLE
crireria | SPEED #1 #2 #3 AVG criTeria | SPEEP #1 #2 #3 AVG
55 MPH 55 MPH
50 MPH 50 MPH
<12° |45 MPH <12° |45 MPH
40 MPH 40 MPH
35 MPH 35 MPH
30 MPH 30 MPH
>12° <14° >12° <14°
25 MPH 25 MPH
20 MPH 20 MPH
>14°<16° |15 MPH >14°<16° |15 MPH
10 MPH 10 MPH
RECOMMENDED ADVISORY SPEED RECOMMENDED ADVISORY SPEED
REMARKS:
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Form 1296-12. Reserved — Existing Form Deleted

Revised October 18, 2013 October 23, 2002 12-95



1200 ZONES AND STUDIES Traffic Engineering Manual

Form 1296-13. Reserved — Existing Form Deleted
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1298 FIGURES INDEX

1298-1a Work Zone Speed Zoning Process — for a Construction Project in the Design
Phase

Figure 1298-1a provides a flowchart illustrating the work zone speed zoning process described in
Section 1203-2.9 for construction projects with the process starting during the design phase of
the job, including design build and design build MOT projects.

1298-1b Work Zone Speed Zoning Process — for a Construction Project During
Construction

Figure 1298-1b provides a flowchart illustrating the work zone speed zoning process described in
Section 1203-2.9 for construction projects where the request originates during the construction
phase of the job.

1298-1c Work Zone Speed Zoning Process — for Operations/Maintenance Work

Figure 1298-1c provides a flowchart illustrating the work zone speed zoning process described in
Section 1203-2.9 for ODOT operations/maintenance jobs.

1298-2 Examples of Signal Timing and Phasing Improvements

Figure 1298-2 provides illustrations of the benefits of improved signal timing and phasing that
were realized through projects initiated in the ODOT Safety Program described in Section 1213-
4.

1298-3 Examples of Type A Roadway Characteristics for Speed Zoning

Figure 1298-3 provides aerial view examples to help illustrate the Type A category of roadway
characteristics used in Form 1296-1 (see Section 1203-2.6).

1298-4 Examples of Type B Roadway Characteristics for Speed Zoning

Figure 1298-4 provides aerial view examples to help illustrate the Type B category of roadway
characteristics used in Form 1296-1 (see Section 1203-2.6).

1298-5 Examples of Type C Roadway Characteristics for Speed Zoning

Figure 1298-5 provides aerial view examples to help illustrate the Type C category of roadway
characteristics used in Form 1296-1 (see Section 1203-2.6).

1298-6 Sample Non-Freeway Safety Study Table of Contents

Figure 1298-6 shows a sample Table of Contents for a Safety Study, as discussed in Section
1211-2.

1298-7 Sample Non-Freeway Safety Study Title Page

Figure 1298-7 shows a sample Title Page for a Safety Study, as discussed in Section 1211-3.

1298-8 Sample Condition Diagram - Section

Figure 1298-8 shows a sample condition diagram for a section, as discussed in Section 1211-
5.1.
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1298-9 Sample Condition Diagram - Intersection

Figure 1298-9 shows a sample condition diagram for an intersection, as discussed in Section
1211-5.1.

1298-10 Sample Collision Diagram - Intersection

Figure 1298-7 shows a sample collision diagram for an intersection, as discussed in Section
1211-6.

1298-11 Sample Collision Diagram - Section

Figure 1298-11 shows a sample collision diagram for a section, as discussed in Section 1211-6.

1298-12 Sample Collision Diagram - Intersection

Figure 1298-12 shows a sample collision diagram for an intersection, as discussed in Section
1211-6.

1298-13 Sample Crash Analysis
Figure 1298-13 shows a sample crash analysis, as discussed in Section 1211-7.

1298-14 Sample Rate of Return Worksheet

Figure 1298-14 shows a sample rate of return worksheet, as discussed in Section 1211-10.

1298-15 Sample Photos for Safety Study

Figure 1298-15 shows sample photos for a safety study, as discussed in Section 1211-12.

1298-16  Sample Photos for Safety Study

Figure 1298-16 shows sample photos for a safety study, as discussed in Section 1211-12.

1298-17 Sample Freeway Safety Study Title Page

Figure 1298-17 shows a sample title page for a Freeway safety study, as discussed in Section
1212-3.

1298-18 Sample Freeway Safety Study Table of Contents

Figure 1298-18 shows a sample Table of Contents for a Freeway safety study, as discussed in
Section 1212-2.

1298-19 Sample Schematic with HSP Rankings

Figure 1298-19 shows a sample Schematic for a Freeway safety study, as discussed in Section
1212-5.1.

1298-20 Sample Freeway Safety Study Area Schematic

Figure 1298-20 shows a sample area schematic for a Freeway safety study, as discussed in
Section 1212-6.2.
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Figure 1298-1c. Work Zone Speed Zoning Process —
for Operations / Maintenance Work

(/Operations/Maintenance Work\ Acronym Key
Revised 4/8/11 { ) DSZC = District Speed Zoning Coordinator

\ TEM 1203-2.9.4 /

Work zone speed limit reductions should be avoided whenever possible. County Manager, in consultation with the DSZC, is to first attempt to
mitigate the need for a work zone speed limit reduction. Consider the use of additional work zone speed control methods to increase
compliance of the existing posted speed limit.

Is there an existing
work zone speed limit
reduction already
implemented during the
same time/location as
proposed?

High-speed
(=55 mph)
Multi-lane
Highway?

Is the work
projected to take
more than 3 hrs?

No
v All other facilities are not specifically
es

== addressed by TEM 1203-2.9. Further

‘J“ analysis to implement a work zone speed
No Due to the short duration for the [ limit reduction on these facilities will need to \
No further work zone [
n

work, consideration must be given to the |
speed limit reductiol

| be done on a case by case basis, per
additional exposure created by installing and |
should be put in place except for |
c' very unusual, rare cases. County f

/ removing any speed limit reduction signage in relation |
| | to the time needed to complete the work. It is

| Manager is to consult with the | | suggested that work zone speed limit reductions not be

TEM 1203-3, in coordination with the DSZC.
Any reductions put in place shall follow the
\ | same notification and documentation of

| implementation guidelines as established for |

\
' |

The County Manager DSzC |fth?y_ feel the COﬂ_dltlonS | | implemented on zones that are projected to take less | | high-speed (255 mph) multi-lane highways. |

fills out the | can’t be mitigated. Consider the ; | than 3 hours. If unusual conditions are presentorifa | | Consider the use of additional work zone

Justification Form ‘USE of additional work zone speedf "\WOTk zone speed limit reduction is still desired, consult speed control methods to increase
(Form 1296-16) and \\ control methods to increase |/ with the DSZC. Consider the use of additional work compliance of the posted speed limit.

submits it to the DSZC, compliance of the existing zone speed control methods to increase

or designee. posted speed limit. compliance of the existing posted speed limit.

Did Form
1296-17 calculate/
warrant a reduced
speed limit?

Is a work zone
speed limit reduction
warranted and
approved?

Is use of
Form 1296-17
indicated?

The DSZC, or designee,
reviews the
Justification Form and
the project details.
DSZC consults with the
County Manager and No

DWZTM, as needed,

and references Table - + , i
1297-7. Notification is sent from the

4 l\:jo work zdone spe;d IlTltdredu;tlon is warrantedf DSZC to the County Manager (and DWZTM, as No
ased on conditions identified at this time. DSZC notifies / necessary) County Manager, in consultation with \ Yes

/ the County Manager (and DWZTM, as necessary). Ensure the DSZC (and DWZTM, if applicable), is to further |
[layout accommodates existing speeds. If conditions change or*

| investigate and consider mitigation techniques in
additional conditions are identified, restart the process. \ \ € 2 4

l\ w‘ place of the requested speed limit reduction. /
\  Consider the use of additional work zone speed control Additionally consider the use of additional work /

methods to increase compliance of the existing posted zone speed control methods to increase

speedlimic compliance of the existing posted speed limit,
The County Manager, or designee County Manager incorporates the approved work zone
fills out the Tracking ’Report (Form' speed limit reduction (in conformance with the OMUTCD DSZC prepares Speed Limit
1296-18) and submits it to the | and the TEM, including TEM Section 642-24), any

vy | 5 5 : o Revision Form (Form 1296-
applicable additional work zone speed control methods,
— o X |@—————— 6b) and returns a copy to the
DSZC, or designee. This information ‘ and sends notification to the State Highway Patrol, and

is to be submitted weekly.

County Manager and OTE.
local enforcement (if applicable).

\VKTT\\ - —— - ~

When the work is complete the The DSZC processes the Work zone speed limit reduction has been\
County Manager, or designee, notifies Speed Limit withdrawal /[ withdrawn. Process is complete. All records and
the DSZC so that a withdrawal of the ————————— papen/vorkl (Form 1296-7b). ————  documentation must be retained in the District
work zone speed limit reduction can A copy is sent tquE- according to appropriate document retention

be processed. . / ™ schedules.
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Figure 1298-2. Examples of Signal Timing and Phasing Improvements
(See Section 1213-4 for related text,)
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S.R. 32 Network MOE's - PC Travel Time Study Results S.R. 28 Network MOE's - PC Travel Time Study Results
AM Peak Hour AM Peak Hour
|Measures of Effectiveness| Before Conditions | After Conditions % Change |Measures of Effectiveness| Before Conditions | After Conditions % Change
Travel Time 3576 340.6 H% Travel Time 143.8 1251 -13%
Average Speed (mph) 294 31 6% Average Speed (mph) 226 28.2 25%
Total Delay (hr) 1276 1096 4% Total Delay (h) 714 514 28%
Number of Stops 24 19 21% Number of Stops 1.8 09 0%
Mid-Day Peak Hour Mid-Day Peak Hour
|Measures of Effectiveness| Before Conditions | After Conditions % Change |Measures of Effectiveness| Before Conditions | After Conditions % Change
Travel Time 3325 319.9 4% Travel Time 170.4 1315 23%
Average Speed (mph) 328 37 3% Average Speed (mph) 19.5 28.8 48%
Total Delay (hr) 103.7 89.7 4% Total Delay (hr) 97.0 57.5 A%
Number of Stops 1.9 1.7 1% Number of Stops 2.2 1.3 41%
PM Peak Hour PM Peak Hour
|Measures of Effectiveness| Before Conditions | After Conditions % Change |Measures of Fffectiveness| Before Conditions | After Conditions % Change
Travel Time 5448 269.6 51% Travel Time 243.2 169.5 -30%
Average Speed (mph) 226 38.8 T2% Average Speed (mph) 15.2 26.0 %
Total Delay (hr) 3176 430 86% Total Delay (hr) 164.0 87.1 A7%
Number of Stops 8.2 1.8 8% Number of Stops 3.8 1.7 55%
Of-Peak Hour Off-Peak Hour
|Measures of Effectiveness| Before Conditions | After Conditions % Change [Measures of Effectiveness| Before Conditions | After Conditions *h Change
Travel Time 4354 8.7 2% Travel Time 206.8 166.6 -19%
Average Speed (mph) 216 315 36% Average Speed (mph) 18.6 22.0 18%
Total Delay (hr) 171.2 64.6 b2% Total Delay (hr) 121.2 85.1 33%
Number of Stops 4.0 1.9 53% Number of Stops 2.6 2.1 -19%
U.S. 27 Network MOE’s - PC Travel Time Study Results
AM Peak Hour
Measures of Effectiveness| Before Conditions | After Conditions *h Change
Travel Time 842.6 781.2 1%
Average Speed (mph) 26.9 29.0 8%
Total Delay (hr) 325.8 266.4 -18%
Number of Stops 74 7.0 5%
Mid-Day Peak Hour
Measures of Effectiveness| Before Conditions | After Conditions *h Change
Travel Time 991.2 1039.6 5%
Average Speed (mph) 23.2 2.2 A%
Total Delay (hr) 469.0 518.0 10%
Number of Stops 94 10.0 6%
PM Peak Hour
Measures of Effectiveness| Before Conditions | After Conditions *h Change
Travel Time 1281.0 1126.8 S12%
Average Speed (mph) 18.2 20.5 13%
Total Delay (hr) 756.4 601.2 21%
Number of Stops 17.4 11.2 -36%
Off-Peak Hour
Measures of Effectiveness| Before Conditions | After Conditions *h Change
Travel Time 1493.0 1281.0 4%
Average Speed (mph) 154 18.0 7%
Total Delay (hr) 972.8 761.8 22%
Number of Stops 22.8 154 32%
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Part 14 - MISCELLANEOUS
1400 GENERAL

This Part of the TEM serves as a collection of miscellaneous information not addressed in the
other Chapters. For example, training provided by the Office of Roadway Engineering (ORE)
and the Office of Traffic Operations (OTO) are addressed, as well as standards, policies and
guidelines related to the use of rumble strips and other devices on ODOT-maintained highways.

TEM Part 1 addresses general information about specifications for traffic control devices and
materials, and addresses various procedures addressing the review and approval of new
products, and the purchase of traffic control related materials and equipment.

1401 TRAINING AVAILABLE

I
1401-1 General

There are various training opportunities available within ODOT in the traffic engineering field. In
addition to the ORE Traffic Academy (see Section 1401-2), ORE and OTO provide additional
courses related to various aspects of traffic control design and application. At this time, OTO
offers courses in Traffic Signal Maintenance and in Overhead Sign Supports.

Also, the intranet web page for the Office of Training: Employee Development & Enrichment
provides a link to the ODOT Training Course Catalog which contains courses for the Highway
Technician (HT) Series. ODOT employees should consult their local Training Coordinator for
additional information on these courses.

Courses presented by the Ohio LTAP (Local Technical Assistance Program) Center are also
available for ODOT personnel sometimes, depending on space availability.

1401-2 Traffic Academy

The Traffic Academy provides training for consultants. It is also open to ODOT employees who
wish to attend. Successful completion of the appropriate course is an ODOT requirement for
consultant pre-qualification.

Detail information about the Traffic Academy and copies of some of the manuals used are
available on-line at: www.dot.state.oh.us/Divisions/Engineering/Roadway/TrafficAcademy/.

1401-3 Overhead Sign Supports

Purpose: This course provides basic information regarding the inspection and repair of overhead
sign supports.

» Designed For: Persons responsible for the inspection, maintenance and/or repair of
overhead sign supports.

» Prerequisites: None

» Course Time: Varies

» Course Size: 4 Minimum, 12 Maximum

» Location: District or Central Office

» Program Manager: Jim Roth, Office of Traffic Operations (614) 752-0438
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1401-4 NEMA Traffic Signal Maintenance

The NEMA Signal Maintenance Course is provided to the Districts upon request, on a first come
first served basis by the OTO Signals and ITS Section. The course objectives are to help Signal
Electricians, Project Engineers and Highway Technicians understand the operation, installation
and maintenance of traffic signals.
This course is held only in Central Office at the Sign and Signal Shops, 1606 West Broad St. The
class is restricted to six employees at a time because of limited classroom and equipment
availability.
Course topics include:

» Understanding the terminology of traffic signals.
Understanding traffic signal construction plans.
Understanding NEMA traffic signal cabinet diagrams.
Recognizing NEMA TS-1 and TS-2 traffic signal equipment.
Basic programming of traffic signal equipment, including the use of laptops.

Basic electrical safety and safe maintenance of traffic signals in the field.

vV V VYV VY V V

Trouble shooting malfunctioning traffic signals.

To schedule a class or get additional information, please contact the OTO Signals and ITS
Section.

1401-5 2070 Traffic Signal Maintenance

The 2070 Signal Maintenance Course is provided to the Districts upon request, on a first come
first served basis by the OTO Signals and ITS Section. The course objectives are to help Signal
Electricians, Project Engineers and Highway Technicians understand the operation, installation
and maintenance of 2070 traffic signal operation.

This course is held only in Central Office at the Sign and Signal Shops, 1606 West Broad St. The
class is restricted to six employees at a time because on limited classroom and equipment
availability.

Course topics include:
» Understanding the terminology of 2070 traffic signals.
Understanding 2070 traffic signal cabinet diagrams.
Recognizing 2070 traffic signal equipment.
Basic programming of 2070 traffic signal equipment, including the use of laptops.

Basic electrical safety and safe maintenance of traffic signals in the field.

vV V V VYV VY

Trouble shooting malfunctioning traffic signals.

To schedule a class or get additional information, please contact the OTO Signals and ITS
Section.
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1401-6 Strain Pole Design (SWISS Software)

The SWISS course provides training for consultants in the design of strain poles. It is also open to
ODOT employees. The course objective is to provide assistance in the use of the computer
program for the design of span wire signal supports. The SWISS software is available on-line at:
http://www.dot.state.oh.us/Divisions/Engineering/Roadway/TrafficControl/.

This course is held only in Central Office at the Sign and Signal Shops, 1606 West Broad Street.
The class size is restricted to twelve people.

To schedule a class or get additional information, please contact the ORE Traffic Control
Design Section.
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1415 RUMBLE STRIPS (INCLUDING STRIPES) IN THE ROADWAY

1415-1 General

As defined in OMUTCD Section 1A.13 a rumble strip is “a series of intermittent, narrow,
transverse areas of rough-textured, slightly raised, or depressed road surface that extend across
the travel lane to alert road users to unusual traffic conditions or are located along the shoulder,
along the roadway center line or within islands formed by pavement markings to alert road users
that they are leaving the travel lanes.” Rumble strips within the roadway are addressed in this
TEM Chapter.

ODOT standards, details and specifications for the use of longitudinal shoulder rumble strips are
addressed in the L & D Manual Volume One, Section 605, SCD BP-9.1 and CMS Item 618.

Permanent rumble strips shall be milled. They may be applied at any time to new or existing
asphalt and concrete surfaces in good condition. However, they are not recommended for
installation on bridge decks, crosswalks, within intersections, or within areas of abrupt vertical or
horizontal alignment changes. They are also not recommended when the pavement or pavement
overlay is less than 1.75 inches in depth. The grooves for in-lane rumble strips should not extend
to within 2 inches of a concrete pavement joint.

The decision to install rumble strips should include careful consideration of the effect of the noise
produced by rumble strips on any nearby residents.

Although self-cleaning to a limited extent, rumble strips should be inspected periodically to
determine if debris needs to be removed or if they need to be re-milled.

Rumble strips should not be installed without the recommendation of the District Safety Review
Team and the approval of the District Deputy Director. They should be re-evaluated when
conditions change, and paved over or removed when no longer needed.

The term “rumble stripes” refers to rumble strips that are in-line with longitudinal pavement
markings (see Section 1415-3). Additional information on rumble strips and stripes in the
roadway may be found in TEM Section 605.17 and Chapter 805, PIS 206410 (Rumble Stripes)
and OMUTCD Section 6F.84.

1415-2 Transverse Rumble Strips

1415-2.1 General

Transverse rumble strips are used to alert drivers in advance of the need to stop or slow
down, or of unexpected abrupt geometric changes. They consist of parallel 4-inch grooves
cut at 1-foot intervals.

Transverse rumble strips extend nearly across the full width of the lane of travel, normally
starting 4 inches from the center line and stopping 18 inches short of the right edge line.

When shoulders are 2.5 feet or less in width, or non-existent, on roadways which are
dedicated bicycle routes or have considerable bicycle traffic, consideration should be given to
increasing the clear distance on the right side of the roadway to provide a total clear path for
the bicyclists (including any existing shoulder) of 4 feet.

A transverse rumble strip installation is typically made up of three groups/pads of rumble
strips with each group placed about 250 feet apart. Each group is typically composed of
fifteen 4-inch strips/grooves. A sample drawing is available from the Office of Roadway
upon request.
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Transverse rumble strips should be preceded by a RUMBLE STRIPS sign (W8-H15a).

If the color of a transverse rumble strip used within a travel lane is not the color of the
pavement, the color of the rumble strip shall be white.

1415-2.2 Intersections

Transverse rumble strips should be considered for use in advance of intersections where
there is a documented problem involving angle and/or rear-end crashes related to red light or
STOP sign violations only after all other countermeasures have been tried and proven
ineffective.

Possible locations include isolated high-speed or expressway signalized intersections and
intersections with inadequate stopping sight distance.

If used, rumble strips should be installed on the approach(es) with the crash problem. They
are usually installed on a stop approach at a STOP sign controlled intersection, but may also
be installed on the mainline, or on a signalized approach when the crash problem is related to
that particular approach.

For highways with a speed limit less than 50 mph, the last rumble strip should be at least 200
feet from the Stop Line, or if none, from the point where the road user should stop. If the
speed limit is 50 mph or greater, the last rumble strip should be at least 300 feet from the
stopping point.

1415-2.3 Grade Crossings

As noted in Chapter 805, rumble strips may be used at railroad grade crossings after other
appropriate standard traffic control devices have been considered. The rumble strip
installation is generally the same as for other intersections stop approaches; however, only
two rumble strip pads, or groupings, are used. Contact the Office of Roadway Engineering
for the detail drawing for this installation.

1415-2.4 Freeways and Expressways

Transverse rumble strips may be installed in the travel lanes in advance of toll booths both to
alert drivers of the need to reduce speed before entering the toll booth area and to mitigate
highway hypnosis.

They may be installed in the exit lane for loop ramps or other curved ramps where significant
speed reductions are necessary when there is a documented problem involving run-off-the-
road and/or rear-end crashes, but only after all other countermeasures have been tried and
proven ineffective. They shall only be installed in the exit lane when the minimum braking
distance for the necessary speed reduction exists beyond the final rumble strip.

Transverse rumble strips are not recommended inside lane-drop areas after the LANE ENDS
sign. They may be installed to alert road users that the freeway or expressway is ending and
that they must reduce speed when there is a documented problem involving crashes of the
type susceptible to rumble strip treatment, but only after all other countermeasures have
been tried and proven ineffective.

They shall only be installed with the recommendation of the District Safety Review Team
and approval of the District Deputy Director.
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1415-2.5 Other Applications

Transverse rumble strips may be considered for use in advance of locations where there is a
documented problem involving crashes of the type susceptible to rumble strip treatment only
after all other countermeasures have been tried and proven ineffective.

The use of rumble strip installations should be kept at a minimum, but may provide a solution
to problems of excessive speed or of inattention resulting in crashes at narrow or one-lane
bridges, at locations with abrupt changes in vertical or horizontal alignment, and at major
commercial driveways with inadequate stopping distance because of horizontal or vertical
alignment.

1415-3 Rumble Stripes
1415-3.1 General

Rumble stripes are longitudinal rumble strips that supplement the related longitudinal
pavement markings. They are used to reduce highway hypnosis and to alert sleepy, fatigued,
impaired, or inattentive drivers that they are leaving the roadway (edge line) or crossing the
center or lane line. They provide increased guidance at night or in adverse weather (heavy
rain, snow, fog and blowing dust) by defining roadway limits. Additional detail design
information is available in Traffic PIS 206410 (Rumble Stripes)

Rumble stripes may be continuous or installed in a 60-foot cycle to permit crossing of the
center line or edge line by motorcyclists and bicyclists.

These longitudinal rumble strips should be preceded by a RUMBLE STRIPS sign (W8-H15a).
1415-3.2 Center or Lane Line Rumble Stripes

Center line rumble stripes are installed primarily to reduce head-on and side-swipe crashes
on two-lane highways. Lane line rumble stripes are installed primarily to reduce side-swipe
crashes. Center or lane line rumble stripes should be considered for use in roadway sections
where there is a documented problem involving head-on and side-swipe crashes only after all
other countermeasures have been tried and proven ineffective. Since they offer a relatively
low-cost, low-maintenance countermeasure to prevent these types of crashes, they may also
be installed in other roadway sections where there is a high potential for head-on and side-
swipe crashes.

Gaps shall be left at intersections, driveways and over structures as detailed in Traffic PIS
206410, Rumble Stripes.

Since center line rumble stripes extend through the center line pavement marking, the
pavement markings should be reapplied following installation. When using paint, it should be
applied twice, once in each direction of travel.

Center line rumble strips/stripes shall only be installed with the recommendation of the
District Safety Review Team and the approval of the District Deputy Director.

1415-3.3 Edge Line Rumble Stripes

Edge line rumble stripes provide increased wet/night visibility of the edge line pavement
markings, and the corresponding audio and vibratory impacts which result when a vehicle’s
tires pass over the rumble strips.

Edge line rumble stripes should be installed on ODOT-maintained roadways meeting all of
the following criteria:
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1. 2-foot or greater paved shoulder.

2. Pavement Condition Rating (PCR) of 80 or greater, and shoulder condition suitable for
rumble stripe treatment.

3. 11-foot minimum lane width.

4. 2-lane routes outside built-up areas, such as business, residential or urban districts
(defined in ORC 4511.01).

5. Speed limit greater than 45 miles per hour.

Discretion may be used for roadways where the following conditions or roadway users are
encountered:

1. Areas of Amish buggy travel.
2. Areas of high driveway density outside built-up areas.

Gaps shall be left at intersections, driveways and over structures as detailed in Traffic PIS
206410, Rumble Stripes.

Rumble stripes shall be discontinued 650 feet in advance of built-up areas, including
municipal corporation limits and urban area boundaries. Also, when leaving built-up areas
leave a 650 foot gap before starting rumble stripes.

Any roadway or roadway section which has been designated by the Office of Statewide
Planning or a Metropolitan Planning Organization as a bike route and has a paved
shoulder width of less than 3 feet should not be considered for edge line rumble stripes
unless an existing crash problem is exhibited.

1415-4 Rumble Strips in Temporary Traffic Control Zones

For information on the use of rumble strips for Temporary Traffic Control, see TEM Section 605-
17.
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1416 OTHER DEVICES

1416-1 Driveway Mirrors

Driveway mirrors (usually convex in shape) are sometimes used to help indicate to a driver the
presence or absence of a moving or stationary vehicle and/or pedestrian. However, for the
following reasons ODOT does not install these devices on ODOT-maintained highways:

e |t takes some time for drivers to understand and interpret the information provided by
these mirrors. A convex shaped mirror results in distortion of the image, speed and
distance of any object. The degree of distortion depends on the radius of curvature and
size of the convex mirror; the larger the radius of curvature the less distortion and vice
versa. The image appears to be smaller, further away and traveling at a slower speed in
a mirror with a smaller radius of curvature. A convex mirror with a small radius of
curvature will also provide too much detail in a small area which will hamper the
motorist’s ability to discriminate detail.

e During low light levels, mirrors do not clearly distinguish cars with no lights on. In
particular, dark colored vehicles may be difficult to detect in these mirrors in low light
conditions such as dawn, dusk or overcast.

e These mirrors are fairly expensive, require routine cleaning and are subject to vandalism.

If property owners want to install and maintain one of these mirrors on their own, they should be
advised of the concerns mentioned above, and if the mirror will be on the State right-of-way, they
will need to get a permit.

Since the burden of responsibility for the location and subsequent safe use of residential
driveways rests with the property owner, not ODOT, before installing one of these mirrors, the
property owner should consider other alternatives, such as relocating the drive. However, in most
instances, the property owner will decide that installing a mirror is the preferred alternative.
Therefore, also consider advising a property owner considering installation of a driveway mirror
that:

Secure mounting is required to minimize misalignment from high winds, vibrations, etc.
Fairly large (e.g., 3 x 2 foot), flat, rectangular mirrors produce realistic images.

For a mirror to function properly, it may need to be mounted fairly high.

The use of a Plexiglas or metal mirror can minimize damage from vandalism.

More than one mirror may be needed for proper coverage.
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