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111-01.01 Reports and Resources

The designer should consult the following reports and resources as appropriate:

Traffic Data. From the Planning/Asset Management Division. Information requested from
this section includes average daily traffic and ESALs (Equivalent Single Axle Loads).

Pavement Condition. The pavement distress and profile report, and maintenance
management system project data are available from the Planning/Asset Management
Division.

Old Plans for the Project Area. Located in the records center are copies of completed
projects which show what was constructed. These are used to become familiar with what is
in place and what improvements will be necessary to bring the new project up to present
standards.

Also, the Surveys and Photogrammetry Section in the Design Division has a Survey
folder for all proposed regrading projects on the R: drive. This folder contains the
following information:

Existing grading plans

Railroad plats

Public land records

Triangulation Station data

Bench Mark data

City Plats

Utility Plats

Linear Soils Survey Report and Pavement Design Recommendations. These reports are
furnished by the Materials and Research Division which provide soils recommendations,
pavement recommendations (thickness of base and surfacing, class of aggregate, percent
asphalt, etc.) and pavement design life. The pavement design life should be included in the
design data information on the plan title sheet.

Wetland Delineation Report. The wetland delineation report indicates impacts to any
wetlands on the project, and what mitigation must be provided, if necessary. This is provided
by the Engineering and Environmental Section in the Design Division. The consultant may
provide this data on the projects they are designing.

Cultural Resources Report. The Cultural Resources Report is provided by the Cultural
Resource Section of the Design Division. The consultant may provide this report on projects
they are designing.

Traffic Operations Report. This report is provided by the Traffic Operations Section of the
Programming Division and provides recommendations with respect to lighting, traffic
signals, turning lanes, etc.

Survey Data. After a survey is completed, the project survey data is transmitted to the
Records Center by the Surveys & Photogrammetry Section of the Design Division.
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Safety Review. Completed by the Traffic Section in the Design Division. For proposed
safety improvements, see Section I11-14.

Right of Way Plats. Located in the Surveys & Photogrammetry Section in Design Division.
For in house projects, the existing ROW plats can also be found in the GIS folder of the
NDDOT intranet homepage at http://mydot.nd.gov/.

Existing Pavement Structure. Located on Main Frame or printed in the District Highway
Information Booklets.

Existing Interstate Grading or Paving Plans. Located in the Records Center in the
basement of the Central Office. **

Existing Non-Interstate Paving Plans. **
Plans are located in the Records Center in the basement of the Central Office.

Existing Non-Interstate Grading Plans. **
Plans are located in the Records Center in the basement of the Central Office.

Existing Bridge Information. Located in the Structure Inventory Abbreviated Master
Listing (Bridge Book) or the Structure Inventory & Appraisal (SIA) Sheets in the Bridge
Division.

Existing Bridge Plans. Plans are located in Bridge Division’s plan files and in the Records
Center in the basement of the Central Office.

Existing Aerial Photos. Located in the Aerial Photography Inventory — Photo Lab in the
Survey and Photogrammetry Section of Design Division.

** |f unable to find at these locations, check with the respective District.

111-01.02 Coordination During Plan Preparation Process

Generally, the following items need to be coordinated by the designer during the preparation of
the plans.

111-01.02.01 Environmental

The designer needs to coordinate with the Engineering and Environmental Section (EES) to
obtain the clearances if there is a 4(f) or 6(f) property on the project. See Sections 11-05.05.02, 11-
05.05.03, and 11-05.05.04.

If any wetlands are filled or otherwise altered, the designer needs to coordinate with the EES to
obtain a 404 permit. See Section 11-05.05.06.

If fill is placed in a floodplain, the designer needs to coordinate obtaining a Floodplain Permit.
See Section 11-05.05.07. If Floodway Authorization is needed, it will be stated in the Solicitation
of Views letter from the North Dakota State Water Commission.


http://mydot.nd.gov/
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If a project lies partially or wholly below the ordinary high water mark of a navigable stream or
waterway, the designer needs to coordinate with the EES to obtain a Sovereign Lands Permit.
See Section 11-05.05.08.

If any work is performed on any bridge, dam, dike, or causeway over or in any port, roadstead,
haven, harbor, canal, navigable river, or other navigable water of the United States, the designer
needs to coordinate with the EES to obtain a Coast Guard Permit. See Section 11-05.05.09.

111-01.02.02 Bridge

The designer needs to coordinate with the Bridge Division if there are bridges and/or box
culverts on the project, and what, if any, improvements will be made to them.

111-01.02.03 Right of Way

Generally in the design of a highway project there is a need for right of way of some type. This
could also be true for a project designed in the district. The designer or the PCR author should
notify the Right of Way Section in the Design Division, by the milestone date or as soon as it is
available, of the right of way (R/W) needs for the respective project. Typically this would
include but would not be limited to the following:

Permanent R/W

Temporary construction easement

Borrow quantity needed

Drainage easement

Relocation assistance if the taking involves an occupied dwelling, business, farm operator or
non-profit organization.

Waste site to dispose of excess material

Maintenance storage site

Stockpile site

Building site

Request estimate of R/W cost.

Check if R/W representative needs to go on the field review.

111-01.02.03.01 Right of Way Width For Urban Projects

New construction or major reconstruction on urban or urban extension systems or in cities with
less than 50,000 population will normally require that adequate R/W is provided for street
hardware, sidewalk and possibly a narrow boulevard. To provide this space will generally
require 8 feet from the face of the proposed curb to the R/W. This should be done according to
the following procedure:

" The Project Concept Report (PCR) should address the R/W needs from the curb to the
R/W line. It should also address any general exceptions to the border width when the
dimension is less than 8 feet from face of curb to the R/W line.

u Existing widths less than 8 feet which are not disturbed generally will be allowed to
remain if there are no identifiable problems.
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u In cases where the border width is reduced to less than 8 feet, the Design Engineer,
Programming Engineer, District Engineers and the representative of the local agency
should review the situation and recommend acquiring additional R/W or requesting an
exception to the 8 foot width.

u The 8 foot width may be reduced at certain locations such as right turn lanes. The area
must still safely provide space for sidewalk and street hardware (lighting, signing, etc.).

" Approval of the PCR by the Deputy Director for Engineering and FHWA, where
appropriate, will constitute approval for all location exceptions identified in the report.
Any deviations to the 8 foot width during design or construction should be coordinated
with the Design Engineer.

111-01.02.04 Traffic Control and Guardrail

Generally, the project will involve traffic control items such as signing, pavement marking,
traffic signals, and lighting. Guardrail may also be required. These items should be coordinated
with the Traffic Section in the Design Division.

111-01.02.05 Utilities

Generally, there are utilities (gas, electric, water, sewer, telephone, etc.) on every project. In
many cases they may be in the way of the proposed improvement. The designer needs to
coordinate this with the Utilities Engineer in the Technical Support Section of the Design
Division to determine the course of action to take. If the utilities have to be relocated or
adjusted, the Utilities Engineer will coordinate this with the respective utility. For consulting
engineers, see section 111-08.04.

111-01.02.06 Airport Clearance

Whenever the project is near an airport, the designer needs to coordinate this with the Utilities
Engineer in the Technical Support Section of the Design Division, who in turn will work with
the Federal Aviation Administration to obtain an Airport Clearance. See Section I11-17.

111-01.02.07 Special Provisions

There are times when the Standard Specifications don’t cover the items to be incorporated into
the project. When this occurs and a plan note will not suitably describe the requirements, the
designer needs to coordinate with the Engineering Services Section of the Maintenance and
Engineering Services Division to have a Special Provision written. See Section 111-20.
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111-01.02.08 Agreements (Preliminary Engineering, Cost Participation and Maintenance)

When a project involves an urban area, generally the local municipality must participate in the
cost of preliminary and construction engineering and do maintenance. The Local Government
Division will develop this agreement for cities with a population greater than 5,000. The
designer for internally developed projects or the Technical Support Contact for consultant
projects needs to coordinate with the Local Government Division and provide needed
information.

For a city with a population under 5,000 the Programming Division will develop the agreement.
The designer for internally developed projects or the Technical Support Contact for consultant
projects needs to coordinate with the Programming Division and provide needed information.

111-01.02.09 Railroad Agreements
When the improvements on a project will take place on railroad right of way, the designer needs
to coordinate with the Right of Way Section of the Design Division to obtain the necessary

document permitting the Contractor to operate on Railroad right of way.

If the proposed work involves a railroad bridge, the designer needs to coordinate with the Bridge
Division.

111-01.03 Mobilization

All plans should include a bid item for mobilization.

111-01.04 Plan Review Checklists

Plan review checklists are located in Appendix 111-01 A through 111-01C and can be found at

http://www.dot.nd.gov/designmanual.html under Reference and Forms or under the pull down
menu for Chapter 3 Section 1.



http://www.dot.nd.gov/designmanual.html
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Detailed Plan Design and Development Checklists
The following checklists are provided:
e Plan Design and Development Checklist - General

e Plan Design and Development Checklist - Traffic Control Design (Signing, Pavement
Marking, Guardrail, Lighting, Traffic Signals)
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PLAN DESIGN AND DEVELOPMENT CHECKLIST - GENERAL
1. Review Reports and Resources
A. Review project concept report, summation and transcript of public hearing
documents, and/or environmental documents (plan sheets should incorporate all
necessary mitigation measures identified)
B. Review traffic operations report
C. Review surface thickness and material recommendations
D. Review linear soil survey recommendations
E. Review drainage report
F. Review 90-1 survey and safety review
G. Gather and review old plans for the proposed project area
H. Obtain and review survey data
I.  Review milestone for critical activity dates
J. Schedule preliminary review, PS&E review, and plan completions dates
2. Coordination
A. Advise other sections, divisions, districts, city, and/or FHWA of changes made in
alignment, drive locations, grades, etc.
B. Review environmental considerations with ETS Division — Environmental Services
1. Army Corp of Engineers Section 404 Permit
a. Wetland mitigation
b. Large stream crossings
2. Review need for erosion control and develop erosion control plan
3. Satisfy flood plain requirements
C. Review coordination of signing, marking, signals, lighting, and guardrail with Design
Division — Traffic Section
D. Review coordination of private utility relocations and adjustments with Design

Division — Technical Support Section, Utility Engineer

1. Submit preliminary plan and profile sheets and cross section sheets
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E. Review coordination of airport clearance with Design Division — Technical Support
Section, Utility Engineer

F. Review coordination of right of way, easements, encroachments, etc., with ETS
Division — Right of Way Services.

G. Review coordination of bridges and box culverts with Bridge Division

H. Review coordination of special provisions (SP) with ETS Division — Technical
Services.

1.  Review need of common special provisions:
http://www.ugpti.org/dotsc/prepguide/index.php

2. Submit required special provisions to ETS Division — Technical Services a
minimum of 4 weeks prior to the PS&E

3. Submit required TERO special provisions to ETS Division — Technical Services
a minimum of 8 weeks prior to the PS&E

4.  SPsto be listed on Basis of Estimate of plans (include SPs from other sections
and divisions)

I.  Review coordination of bench sections and stabilized earth retaining walls with
Materials and Research Division

J.  Review coordination of Preliminary Engineering and Cost Maintenance Agreements
with the Programming Division or Local Government Division

K. Review coordination of railroad crossings with Planning/Asset Management Division
— Railroad Section

1. Submit preliminary plan and profile sheets and cross section sheets

2. Determine if any crossings are to be abandoned or if the number of tracks be
reduced

3. Determine type of crossing: rubber, wood, or asphalt cement (check with city or
district)

4. Determine type of traffic control: signalized, not signalized
5. Determine clearances

6. Determine need for pipe crossings, jacked or bored (need standard drawing and
railroad request forms for permit)

7. Include standard drawings for railroad approach and pavement markings


http://www.ugpti.org/dotsc/prepguide/index.php
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8. Include appropriate standard note(s) 107-111 to 107-115 (depending on Railroad
Company) and pay item to require liability insurance

9. Check for correct railroad names
L. City utilities or city projects (participating funds or city funds only)
1. NDDOT to complete design
2. City to complete design
3. Include in NDDOT plan sheets, separate plan sheets, tied or not-tied contracts
4. Review need for city specifications
5. Review bid items, existing, new, and coordination of similar items
6. Obtain utility certification or disposition of relocations and adjustments
M. Maintain project files (document meetings, telephone calls, decisions, etc)
3. General Plan Development
A. Develop Geometric Design
1. Horizontal alignments (tangents, curves, spirals, superelevation)

a. Check design vehicle
b. Check truck turning radii

2. Vertical alignments (grades, crest and sag curves, sight distances, passing zones)

a. Develop profile grades and Pls (vertical curve lengths calculated from design
speed)

b. Check grade line and topography for hidden intersections or decision sight
distance locations

c. Check grades to fit approaches, driveways, side streets, etc.
d. Check vertical clearance at bridges
e. Check grades to fit right of way constraints
3. Roadway cross section
a. Review recommended base and pavement structure

b. Determine profile grade point and cross slopes
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Determine lane and shoulder widths
Determine foreslopes
Determine ditch sections and profiles

Determine cut and fill slopes and bench sections (bench sections should be
reviewed with Materials and Research)

Determine backslopes

B. Develop Intersection Design

1. Develop intersection layout and/or type (Standard Drawing D 203 6, Type A and

B,

a.

b.

J-

k.

Radial “T”, etc.)

Determine design vehicle and check turning radii
Determine channelization/median requirements
Check lane alignments and skew across intersection

Check sight distances

. Check need for traffic islands

Check need for left turn lanes

Check need for right turn lanes

. Check requirements for tapers and storage lengths

Review location for crosswalks and curb ramps
Review signal locations

Review need for parking restrictions

C. Develop Earthwork Design

1. Determine clearing and grubbing

2. Determine removal of structures

3. Determine classification of excavation

4. Determine subcuts

5. Review borrow
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a. Determine borrow or waste requirements
b. Determine mandatory borrow or mandatory waste requirements

(i) Obtain public interest determination from FHWA for mandatory borrow and
excavation sites

c. Submit requirements to ETS Division — Right of Way Services
Determine need for slope flattening

Determine shrink and swell factors

Balance earthwork and/or determine borrow needs

Compute haul

10. Develop mass diagrams

11. Review need of erosion control and protection

D. Develop Drainage Design

1.

Determine drainage areas, size pipe, and compute quantities for:
a. Culverts (centerline and approaches)
b. Storm drains (pipe, inlets, manholes, castings, etc)

c. Lift stations

E. Develop Right of Way Design

1.

2.

Existing permanent right of way

New permanent right of way

Temporary construction easements
Temporary and permanent drainage easements
Access control requirements

Intersection sight distance requirements



SECTION I111-02 Design Checklist
Page 12 Revised 6/1/09

F. Prepare preliminary and final cost estimates
1. Traffic Section quantities included
2. Right of Way Services Section costs included
3. Bridge Division quantities included
4. Materials and Research Division quantities included
4. Plan Sheet Development
A. Section 001 - Title Sheet

Project numbers (main funding number and secondary funding numbers)
PCN number
Design data (current and forecast traffic, HS bridge live load, pavement design
life, etc.)
Project description (county, project number, location, type of work)
Governing specifications paragraph
Length of project (gross and net miles)
North arrow
Legal Description (section, township, range)
Project data/map (begin and end limits, reference points, stations, equations,
bridges, exceptions, county lines, interchanges, and highways)
Plan completion date and signature block
Mile splits
__ Clearzone distance
Barrier striping diagram and legend
Borrow sites and stockpile sites (may show as separate detail sheet)

B. Section 002 - Table of Contents Sheet

___ Section Number, Sheet numbers, and Description
___ Sheet numbers included for each contract on multiple contract projects
__ List of Standard Drawings (do not number sheets)

C. Section 004 - Scope of Work Sheet

__ Detail showing layout and type of work
__ PE Signature Block

D. Section 006 - Notes Sheets

__Review list of standard notes and write any additional plan notes

__ Check that all incidental items are included in the notes

___ Check that all pay items listed in notes are included on the quantity sheets
__ PE Signature Block
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E. Section 008 - Quantities Sheets

___ Check that the Item Description is exactly as it is written in the Mainframe or
Annual Average Bid Price.

__ Check that totals match plan sheet totals

___ Check that subtotal match totals

__Show funding splits (participating, non participating, city funds only, alternatives,
total)

__ Check to include all quantities from other sections and divisions

__ Check to include all quantities listed in plan notes and special provisions

__ Contract bond, mobilization, railroad insurance, field lab (for tied projects show
on the major project only)

F. Section 010 - Basis of Estimate Sheets

__ Pavement Removal pay items
___ Grading pay items:
___ Summary of quantity breakdown (excavation, embankment, etc.)
___Water quantity for embankment, excavation, aggregate, and dust palliative
___ Topsoil removal (list depth and areas)
___Additional Sheets
__ Base pay items
__Surfacing pay items
___ Pavement marking pay items
___ Erosion control pay items:
___Sodding (list areas)
__ Seeding and temporary cover crop (list areas)
___ Mulching (list areas)
___ Erosion control devices
__List core locations and surfacing thickness data (blended base projects)
__List special provisions (number and description)
__ PE Signature Block

G. Section 011 - Data Tables, Concrete Pavement Repair Locations, Coring Data,
Salvaged Base Summary, Earthwork Summary, Mass Diagram, Borrow Areas,
Alternative Pipe Materials Pipe List Table

___ Crown rates and superelevation tables
__ Concrete Pavement Repair Locations
___ Coring data and locations
___ Salvage base summary
Earthwork
Label locations and quantities of borrow entered into mass diagram
Label locations and quantities of hauled materials from side roads etc. entered
into mass diagram
Label average haul
Label locations and quantities of special excavation and subcut
Label locations and quantities of clearing and grubbing and topsoil removal
Label locations and quantities of topsoil borrow
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__Label locations and quantities for approaches, drives, etc.
___ Borrow areas
__ PE Signature Block

H. Section 020 - General Details Sheets

Review need of common details

___ Grading

__ Slope flattening

___ Subgrade repair areas

Pipe extensions

Underdrain areas and associated drawings
Flared intersection layouts and approach
Bridge end and railroad crossing

Erosion control details

Milling

PCC pavement (dowels, tie bars, joints, reinforcement over pipe, etc.)
Ramp layouts

Edgedrains and headwalls

Edgedrain connection to manhole or inlet
Median and turning lane details

Cross over and ramp connections

Energy dissipater details

Lift station details

Floating manhole casting

__Utility, Trench, Pipe backfill details

__ Stabilized Construction Access

__ Wetland easements

Dimension clarity

Cross referencing of details by sheet heading
PE Signature Block

I.  Section 030 - Typical Sections Sheets (Existing and Proposed)

Dimensions

Location by stations and Reference Points (RP)

Profile and survey location

Crown rates and superelevation

Material classifications

HBP: show aggregate and pavement width, thickness, and areas
PCC: show aggregate and pavement width, thickness, areas, joints, dowel bars,
reinforcing, and tiebars.

Curb and gutter

Edgedrains

Pipe installations

Foreslope, ditch width, and backslope if applicable

___ Geotextile Fabric

___ Excavation limits and/or areas (common, class, subcut, muck)
__ Waste areas (within cross section)
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Sodding/Hydromulching limits

Existing typical section should show patching with a variable depth (for blended
base projects)

PE Signature Block

Section 040 - Removals

Layout of removal limits
PE Signature Block

K. Section 050 - Inlet and Manhole Summary

L.

Drainage details

__ Culvert summary sheets (location, type, size, length)

Hydraulic data for pipe greater than 30 inches (100 yr and design frequency yr)
Storm drain summary sheets (location number, location, description, top elev.,
invert elev., base elev., riser length, casting type, position of incoming lines and
inverts). This information may be shown on plan and profile for smaller projects.
PE Signature Block

Section 055 - Drainage Layouts

Show direction of drainage flows (ditches, culverts, storm drain)
PE Signature Block

M. Section 060 - Plan & Profile Sheets

Dimensional clarity

North arrow

Label businesses

Show and label horizontal alignment control points and ties, curve data and
superelevation rates, etc. (move survey and alignment information to layout sheets
if sheets are too cluttered)

Show and label vertical alignment grades, curve data, sight distance data,
locations and stations of barrier stripes, etc.

Show and dimension existing right of way, proposed right of way, construction
easements, drainage easements, section lines, etc.

Show and label driveway widths, lengths, and locations

Show and label curb ramps

Earthwork

Label mile split quantities

Label locations and quantities of borrow entered into mass diagram

Label locations and quantities of hauled materials from side roads etc. entered
into mass diagram

Label average haul

Label locations and quantities of special excavation and subcut

Label locations and quantities of clearing and grubbing and topsoil removal
Label locations and quantities of topsoil borrow

Label locations and quantities for approaches, drives, etc.
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___ Show and label bypass locations, horizontal and vertical alignments, and
quantities
___ Show and Label all ditch grades and ditch blocks
___ Show and label Riprap foundation fill, erosion control locations, retaining walls,
etc.
__Label and show erosion control (may include in basis of estimate or as detail
sheet)
___ Culverts
__ Label removal and/or plug locations
___ Storm drains (inlets and manholes)
___ Check number of inlets or manholes to match summary and quantity sheets
__ Check type of inlet and casting
___ Check manhole size to accommodate storm drain line sizes
___ Check elevations
__ Check riser lengths to elevations shown
___ Check offset locations (offset distance to center of riser)
___ Check length of storm drain lines
___ Check if city or district want insulation on inlets
__ Check if city or district want a minimum depth for inlets
___ Water and sanitary lines
___ Check with city on location and installation (may be shown on separate plan
and profile sheets)
___ Show and label direction of drainage flow (ditches, culverts, storm drain)
__ Check existing underground utilities for details (elevation and location)
___ Cross reference detail sheets that apply
__List pay item quantities
__ Make sure all changes are corrected on related sheets and quantities
__ PE Signature Block

N. Section070 - Contours Sheets
__ PE Signature Block
O. Section 080 - Layouts Sheets (Survey Data, Fencing, etc.)
___ Survey control point data sheet included in plans
__If the plan and profile become cluttered, it may be necessary to provide separate
sheets for the alignment data, removal data, etc.

___ Dimension clarity
__ PE Signature Block
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P. Section 090 - Paving Layout Sheets (information may be on plan and profile)

Dimension clarity

Show survey and office location designation

Show and label joint spacing, locations, type, tie bars, seal, etc.

Show and label lane and shoulder widths

Show and label pavement reinforcement over pipe

Show and label driveways, sidewalks, curb ramps, median paving etc.
List pay item quantities by page

PE Signature Block

Q. Section 100 - Work Zone Traffic Control Sheets

Develop work zone traffic control note (identify construction phasing,
restrictions, maintenance of access, applicable standard drawings, etc.)
Develop work zone traffic control details and layouts (construction phasing and/or
special considerations, show and label signing, devices, markings, etc.)
Develop “Traffic Control Devices List”

Review need for special signs

Review need for traffic control supervisor

Review work zone speed limits guidelines

Review edge drop off guidelines and notes

Review warrants for portable changeable message signs

Check if detours are required

Check if temporary bypasses are required

Give Traffic Section a copy of plans to review the traffic control

PE Signature Block

R. Sections 110 & 120 - Signing and Markings Sheets

__Advise Design Division Traffic Section of changes and/or revisions

__ Coordinate data for typical section, horizontal and vertical alignment

___ Obtain estimated quantities, spec and code

__ See Also: Plan Design and Development Checklist Traffic Control Design in this
Appendix

__ PE Signature Block

S. Section 130 - Guardrail Sheets

___Advise Design Division Traffic Section of changes and/or revisions

___ Coordinate data for typical section, horizontal and vertical alignment

___ Obtain estimated quantities, spec and code

__ See Also: Plan Design and Development Checklist Traffic Control Design in this
Appendix

__ PE Signature Block
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T. Sections 140 & 150 - Lighting and Signals Sheets

___Advise Design Division Traffic Section of changes and/or revisions

___ Coordinate data for typical section, horizontal and vertical alignment

___ Obtain estimated quantities, spec and code

__ See Also: Plan Design and Development Checklist Traffic Control Design in
this Appendix

__ PE Signature Block

U. Section 160 - ITS Sheets

__ PE Signature Box

V. Section 170 - Bridge and Box Culverts Sheets

___Advise Bridge Division of changes and/or revisions

___ Coordinate data for typical section, horizontal and vertical alignment
___ Obtain estimated quantities, spec and code

__ PE Signature Block

W. Sections 175 & 180 - Soils Boring Logs & Pit Plats Sheets

__Insert soil profile and/or cross section sheets form Materials and Research
__Insert pit plat sheets form Materials and Research
__Included in plans

X. Section 190 - Haul Road Restrictions Sheets

__Insert haul road restrictions sheets
__Included in plans

Y. Section Right of Way Plot Sheets

__ PE Signature Block

Z. Cross Sections Sheets

__Included in plans

AA. Section 200 - Cross Sections Sheets

__If earthwork sheets are not included, add cut and fill quantities to sections

___Run cross sections with marked points for future reports generated by district

___ Show and label inlets and manholes

___ Cross reference to plan and profile

___ Check slopes and grade line to match existing terrain and within right of way
limits
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BB. Standard Drawings Sheets

___Review list of standard drawings and add appropriate drawings

__ Standard Drawings to be listed on Table of Contents of plans (include standards
from other Sections and Divisions)

__Include required Standard Drawings in the back of the original plans only. Print
the required Standard Drawings from the web at
http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm under
Standard Drawings.
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PLAN DESIGN AND DEVELOPMENT CHECKLIST - TRAFFIC CONTROL DESIGN
(SIGNING, PAVEMENT MARKING, GUARDRAIL, LIGHTING, TRAFFIC SIGNALS)

A. Signing

1. Check safety review for recommendations for signs with A-frames and other
substandard signs.

Comment.

2. Compare Sign Locations and Layout information with Sign Summary Sheet.

Comment.

3. Check Junction signing for placement and distance from intersections.

Comment.

a. Stop Conditions, Route Turn Markers across the intersections.

Comment.

b. Check lighting plans to see if signs can be placed on light standards.

Comment.

c. Distance and Destination sign legends to be checked with District Maps from
Operations Section in Planning/Asset Management Division.

Comment.

4. Sign Supports.
a. Check lengths on summary sheets.

Comment.

b. Check breakaway types - round pipe
1. Type A Single Post Signs

Comment.

2. Type B Two Post Signs with post spacing less than 8 feet.

Comment.

3. Type C Two Post or More Signs with post spacing 8 feet or more.

Comment.
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4. Check fuse joint requirements.

Comment.

c. Multi-Direction Breakaway Bases - Round pipe to be used at ramp terminals
where post can be struck in any direction.

Comment.

d. Sign Areas
1. Primary and Secondary Signs.

a. Type 2 - Reflective Sheeting. All sign backgrounds except as listed
inb.

Comment.

b. Type 3a - Reflective Sheeting. Stop Signs, Yield Signs, Do Not
Enter Signs, Wrong Way Signs, All Yellow Warning Signs,
Legends of Green, Blue, and Brown Background Signs.

Comment.

2. Interstate Highway Signs.

a. Check to see if signs have notes on layouts requiring type 3a
retroreflective sheeting for signs.

Comment.

5. Check if standards drawings that are required have been provided.

Comment.
6. Check if special notes for this project are provided.

Comment.

7. Check if Standard Notes are provided. Section 754 Standard Notes can be found on
the web at http://www.ugpti.org/dotsc/prepguide/index.php under Standard Notes.

Comment.

8. Check if cost estimate items and cost are correct.

Comment.
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9. Check sign design layout sheets for station color and area.

Comment.

10. Check special assembly layouts for sign sizes and correct station.

Comment.

B. Pavement Markings

1. Check Pavement Marking Material Selection Chart. The materials shall meet these
requirements.

Comment.

2. The center line for two-lane, two-way roadways shall be yellow.

Comment.

3. The left edge line for divided highways shall be yellow.

Comment.

4. Layouts shall have width and color of line shown.

Comment.

5. The pay items shall be listed on plan layouts showing the material, color, type of line
and quantity. Each width of line shall be totaled. Check totals. Compare line widths
and color with what is shown on layouts.

Comment.

6. Check if Standard Drawings have been provided.

Comment.

7. Check if special notes for this project are provided.

Comment.

8. Check if items and costs are provided.

Comment.

9. Check if Standard Notes are provided. Section 762 Standard Notes can be found on
the web at http://www.ugpti.org/dotsc/prepguide/index.php under Standard Notes.

Comment.
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10. Check if special notes are provided.

Comment.

C. Guardrails
1. Check safety reviews to see if guardrail is proposed.

Comment.

2. Review concept report for guardrail requirements.

Comment.

3. Determine if guardrail embankment is to be placed with grading or a separate item.

Comment.

4. Check to determine if special notes are required.

Comment.

5. Check if Standard Drawings have been provided.

Comment.

6. Check if items and costs are provided.

Comment.

7. Check if standard notes are provided. Section 764 Standard notes can be found on the
web at http://www.ugpti.org/dotsc/prepguide/index.php under Standard Notes.

Comment.

D. Lighting
1. Interim Lighting.

a. Check Layout to determine if permanent lighting will interfere with interim
lighting.

Comment.

b. Check to determine if pedestrians can negotiate around interim lighting and
construction area.

Comment.
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c. Check to see that underground and overhead utilities do not interfere with
placement of poles, anchors, and wires.
Comment.

d. Check that permanent signal will fit while interims are operating.

Comment.

e. Check summary of quantities conduit and cable runs and notes.
1. Items to be bid as each.

Comment.

2. Permanent Lighting.
a. Check Layout to determine if permanent lighting will fit interim lighting.

Comment.

b. Check to determine if pedestrians will be able to negotiate around light poles.

Comment.

c. Check to see if break-away bases are required.

Comment.

d. Check location if in the way of construction.

Comment.

e. Check to see that underground and overhead utilities do not interfere with
placement of poles and mast arms.

Comment.

f. Check if festoon circuit is required.

Comment.

g. Check that pull box locations are shown on the plan layout.

Comment.
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h. Check if stations of layout items agree with quantity calculations and quantity
sheet.
Comment.

i. Check feed point location.

Comment.

J. Check summary of quantities conduit and cable runs.

Comment.

k. Check if special feed point requirements are needed and a layout.

Comment.

I.  Check if note is provided when removed equipment is not to become property
of the state.

Comment.

m. Check if all side street lighting has power provided.

Comment.

n. Check if Lighting Standards have been provided.

Comment.

0. Check if items and costs are provided.

Comment.

3. Check to determine if special notes are required.

Comment.

4. Check if standard notes are provided. Section 770 Standard notes can be found on the
web at http://www.ugpti.org/dotsc/prepguide/index.php under Standard Notes.

Comment.

5. Check if Utility Company Feed Point Letter is Prepared.

Comment.
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E. Traffic Signals
1. Interim Traffic Signal
a. Check Layout to determine if permanent signals are behind interim signals.

Comment.

b. Check to determine if pedestrian signals are needed. If replacing in-place
signals that are in the way of construction, and pedestrian signals are in place,
pedestrian signals are needed in the interim.

Comment.

c. Check to see that underground and overhead utilities do not interfere with
placement of poles, anchors and placement of span wires.

Comment.

d. Check that poles and anchors do not interfere with pedestrians.

Comment.

e. Check so that permanent signals will fit while interims are operating.

Comment.

f. Check note on coiling enough cable for relocation of signal heads during
different phases.

Comment.

g. Check if interim item is placed on the plan layout.

Comment.

h. Check if interim signal heads have 2 signal heads in each direction and have a
dimension of at least 8 feet between.

Comment.

i. Check cable runs with signal head numbers.

Comment.
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J.  Check to see if signal head and traffic volume layouts are shown.

Comment.

k. Check timing, phasing, cam breakout, notes and flashing requirements.

Comment.

I.  Check summary of quantities conduit and cable runs and notes.
1. Items to be bid as each.
2. State furnished items.
3. These items to be wood pole mounted.

Comment.

m. Check if interim signals need to be coordinated.

Comment.

2. Permanent Traffic Signals.
a. Check Layout to determine if permanent signals are behind interim signals.

Comment.

b. Check if near side signals are required.

Comment.

c. Check if the signal standards are within the clear zone.

Comment.

d. Check to determine if pedestrian signals are needed.

Comment.

e. Check location so that signal is not in the way of construction and that
pedestrian signals are in place near crosswalk.

Comment.
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f. Check that lane width and all other street dimensions are shown.

Comment.

g. Check to see that underground and overhead utilities do not interfere with
placement of poles and mast arms.

Comment.

h. Check the need for pedestrian actuation push buttons other than on signal
poles.

Comment.

I. Check if signals have 2 signal heads for through movement in each direction
and have a dimension of at least 8 feet between.

Comment.

J.  Check that signal and pedestrian heads are positioned so they match standard
drawings.

Comment.

k. Check if pedestrian push button sign location number and direction it=s facing
are shown on plan layout.

Comment.

I.  Check that pull box locations are shown on the plan layout.

Comment.

m. Check if emergency vehicle preemption location and number are shown on
plans.

Comment.

n. Check cable runs with signal head numbers and color coding.

Comment.
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0. Check that combination signal and light standards have lighting conductors
only entering the pole base.

Comment.

p. Check to see if signal head and traffic volume layouts are shown.

Comment.

g. Check if stations of layout items agree with quantity calculations and quantity
sheet.

Comment.

r.  Check timing, phasing, cam breakout, notes and flashing requirements.

Comment.

s. Check if emergency vehicle preemption is used and that phasing is shown.

Comment.

t. If existing signals are being removed, show layout and list removed items and
quantity.

Comment.

u. Check if note is provided when removed equipment is not to become property
of the state.

Comment.

v. Check traffic signal cross section to be sure the signal location and stationing
agree with other layouts. Check if street name signs are the same as shown on
signing plans.

Comment.

w. Check controller location and direction of door opening.

Comment.
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X. Check summary of quantities conduit and cable runs and notes.

Internal wiring note.

Emergency vehicle indicator light conductor.
Emergency vehicle detector cable.

Indicate internal wire quantities.

Eal AN

Comment.

y. Check if signal heads on signal poles at cross section are located correctly.

Comment.

z. Check if signs for signal head requirements are same as signing plan layouts.

Comment.

aa. Check if signal progression is required in plans and check progression layout
for content, etc.

Comment.

bb. Check if emergency vehicle preemption needs advance detection.

Comment.

cc. Check to see if interconnect conductor to be placed between intersections.
Interconnect shall be in separate conduit. Pull boxes shall be placed every 500
feet maximum.

Comment.

dd. Check to see if railroad signal interconnect is provided or necessary.

Comment.

ee. Detector loops shall be numbered, showing the number of amplifiers, number
of turns, sizes, type of loop, number of preformed loops, and number of
micro-loops both double and single prop sets.

Comment.

ff. Check if speed monitoring is required.

Comment.

3. Check if special feed point requirements and layout are needed.

Comment.
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4. Check if Standard Drawings have been provided.

Comment.

5. Check if items and costs are provided.

Comment.

6. Check to determine if special notes are required.

Comment.

7. Check if standard notes are provided. Section 772 Standard notes can be found on the
web at http://www.ugpti.org/dotsc/prepguide/index.php under Standard Notes

Comment.

8. Check if the utility company feed point letter is prepared.

Comment.
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Plan Review
The following information is provided:

. Information to be brought Plan Review Meetings
. Plan Design and Development Checklist — Abbreviated
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Information to be brought to Plan Review Meetings

The following checklist is meant to help the designer make sure the appropriate information is
taken to the following meetings: the Preliminary Plan Review (PPR), Plans, Specifications, &
Estimates (PS&E), and the Final Office Plan Review (FOPR). Place a checkmark in the blank as
appropriate, or N/A if not applicable.

PPR PS&E FOPR Information to be brought to the meeting

[] [] Project Concept Report and/or Environmental
documentation (CATEX, FONSI, or ROD)

[] [] Traffic Operations Report

[] [] Surface thickness recommendations

[] [] Linear soil survey recommendations

[] [] [] Design Exceptions

[] [] Drainage Report

[] [] Right of Way Plats

[] [] [] Are there any P-notes that should become standard
notes or standard notes that should be incorporated
into the Spec Book?

[] [] Standard Specifications and Supplemental
Specifications

[] [] [] Plan Sheets (PPR: 25-40%, PS&E: 90-100% and
FOPR: stamped and signed or 100%)

[] [] Bid opening and plan completion dates

[] [] [] Milestone Activities

[] [] [] Engineer’s Estimate, PCR Estimate, and STIP
programmed cost

[] [] Special Provisions (PS&E: draft, FOPR: final) and
list of SPs
[] [] Previous plan review summaries (PS&E:

Preliminary review, FOPR: PS&E review)
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Plan Design and Development Checklist — Abbreviated

The appropriate column should be complete prior to each review which includes: the
Preliminary Plan Review (PPR); Plans, Specifications, & Estimates (PS&E); and the Final Office
Plan Review (FOPR). Place N/A in the blank if not applicable. This checklist should be a living
document throughout the life of this project. Place a checkmark in the appropriate blank as items
are completed or received. The lead designer on the project is responsible for tracking the items
below and keeping them on task. Prior to the completion of the final plans, the Designer should
consider meeting with each section leader of the appropriate section and review their items.
There is a blank at the bottom of this checklist for the designer to sign and print their name
below the blank. Please note not all the blanks will be filled for each review. If your project
does not require a certain item please write N/A in the blank.

PPR PS&E FOPR Bridge - Hydraulics

[] [] [] Drainage Report

[] [] [] Review underground (includes but not limited to
storm (centerline and approach) and sanitary sewer,
water main, inlet and outlet elevations, length, size,
type, inlet and manhole size and depth, etc.)

[] [] [] Adequate drainage in median (if applicable)

PPR PS&E FOPR Bridge - Structures

[] [] [] Preliminary Engineering Meeting, 5% plan
complete, complete and submit to Bridge Engineer

[] [] Calculations (consultants submit to Bridge
Division) 50% plans complete

[] [] [] Design sketches for bridges, 50% plans complete

[] [] [] 90% plan submittal one month prior to PS&E

[] [] ] Checklist for Bridge Plans (SF 17180)

[] [] [] Structural sheets

PPR PS&E FOPR Design

[] [] [] Title Sheet

[] [] [] Note Sheets

[] [] [] Quantity Sheets
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Field Laboratory (type and need)
Basis of Estimate

Special Provisions

Detail Sheets

Typical Section Sheets

Removal requirements

Plan and Profile Sheets
Horizontal and vertical alignments
Label surface of profile

Utilities

Cross Section Sheets

Earthwork calculations (ex. shrinkage, borrow,
earthwork computation summary, checking output
quantities)

Get information to those that need it (i.e.
environmental, materials and research, etc.)

Borrow Requirements
Access Requirements

Stay within project concepts

FHWA approval for changes to PCR or scope of
work

Have other appropriate people look through plans
Detours

Temporary surfacing for winter suspension of work
satisfactory.

All work activities covered by specification,
supplemental specification, special provision, or
plan note.
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All work activities that are not covered by a
standard pay item are included in price bid for
another item.

Bid opening and completion dates

Update milestone activities

Prepare engineer’s cost estimate and compare to
STIP

City cost share and Funding Splits

Disposition and certification of city utilities and
adjustments

Review any unresolved issues

Review any unique situations for this project

Design - Survey & Photogrammetry

Aerial Photos
Right of Way Plats
Additional Survey Required

Survey Transmittal (i.e. survey alignment, tin file,
etc.)

Design - Traffic

Traffic control and construction phasing
requirements, access for residents and businesses
during construction

Work Zone Traffic Control Sheets

Signing, Pavement Marking, Guardrail, Lighting,
and Signal Sheets
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ETS - Environmental

404 - Permit
Floodplain Permit

List Other Permits

Acres of disturbance to Environmental Section for
NPDES

Wetland limits drawn on plan view and cross
sections

Environmental commitments sheet
Erosion control methods included in plans

Final environmental approval (CATEX, FONSI, or
ROD)

Final Wetland Impact Table to Environmental
Section

ETS — Right of Way

Right of Way limits delivered

Obtaining easements

Clear encroachments

Permanent right of way acquisition

Material Source Approval (Spec 107.04)

Material Source Worksheet has been completed and
submitted (SFN 58466). This form is good for six

(6) months.

Environmental and Cultural Resource Clearance:

[ ]Yes [ ]No
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ETS — Technical Services Section

Supplemental Specifications

Special Provisions

Materials and Research Division

Surface thickness recommendation

Linear soil recommendation

Material Source Approval (Spec 107.04)

Material Source Worksheet has been completed and
submitted (SFN 58466). This form is good for six
(6) months.

Environmental and Cultural Resource Clearance:

[ ]Yes [ ]No

Programming Division

Traffic operations report
Cost Participation & Maintenance Agreements
Railroad Agreements

Railroad Survey (to be completed at Field Review)
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As the designer | have done or had direct supervision over the items described above and to the
best of my knowledge the information is correct.

Designer:

Reviewer:

Comments:
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Final Office Plan Review Checklist PCN:

The following items will be covered in the Final Office Plan Review.

Checklist for Plan Design and Development — Abbreviated (Appendix 111-01B)
Avre there any unresolved issues?

Comments:

Additions/Changes to the Documented CatEx (DCE) or scope of work:
DCE Re-evaluation
DCE Addendum

Avre there any design exceptions?

Are there any FHWA certification exceptions?

Avre there any unique items (unusual construction methods, measurements, or basis of
payment; such as earthwork paid by the TON?)

Are there any Sole Source or Proprietary Items?
Public Interest Finding letter

Are there any specified Completion Dates for any portion of the work?

Is any portion of the project within National Grassland Boundaries?

Railroad
Crossings
Signals
Agreements
Utilities
Utility Certifications
City Utility Disposition
Airport Clearance Requirements/Permit
NDDOT Owned Facilities — Contact NDDOT Utilities Engineer
(Only applies to new installation or modification of Lighting, Signals,
Beacons, Digital Message Signs, ATR, WIMS, RWIS, etc. NDDOT
Utilities Engineer to update ND One Call database .)
Earthwork

Shrinkage

State Optioned Borrow — Completed SFN 9683 Borrow Area List?
Contractor Furnished Borrow

Earthwork computation summary (What was done to check earthwork?)
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Environmental

404 — Permit

Floodplain Permit

List Other Permits:

Erosion control methods included in plans
Environmental commitments sheet

Wetland limits drawn on plan and cross sections
Borrow Pits COA: Yes No
Materials Pits COA: Yes No

Final Wetland Impact Table to Environmental Section
(Wetland impacts in Final Plans matches Environmental Section’s ledger)

Right of Way
Right of Way Certification
Relocations

Summary of Estimated Costs:
STIP Estimate:
DCE Estimate:
Engineer’s Estimate:

Are any required Cost Participation & Maintenance Agreements complete?

Special Provisions (SP):

TERO (within 1 mile of reservation boundary)

ITS

Erionite

Other:

SP’s listed in the Table of Contents - Section 2 of the plans

FHWA Project of Division Interest (PODI) indicated on the title sheet if applicable
Are all Structure Numbers shown on the title page?

(Structure Numbers are given to all Box Culverts, Separations, Interchanges, and
metal culverts greater than 8 feet in diameter. See Bridge Listing book)

RIMS Vertical Clearance entered in mainframe system for all structures?

If this project includes the sandblasting and painting of a structure or portions of a
structure, has the Civil Rights Division been notified? This includes items associated
with a structure such as a hand railing.

Review suggested improvements to design features.

Are there any plan notes that should be added to the Supplemental Specifications?

AAReadme file completed for Design?
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The following items will be used as a performance measure:

Was the distribution date for the PS&E Plans met?
If not, explain.

Was enough time given to the reviewers to accurately review your plans?
If not, explain.

Were milestone items completed on time?
If not, explain.

To the best of my knowledge the information given in the plans is correct, current, and ready for
bid. Please print your name below the signature line.

Designer:

Reviewer:

Comments:
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111-03.01 Stationing
Stationing for projects should be according to the Surveys and Photogrammetry Manual.

111-03.02 Horizontal Alignments, Vertical Alignments, Roadway Width, Foreslopes,
Backslopes, Drive Slopes, Ditch Block Slope, Clear Zones, Sight Distance, and
Superelevation

Generally, design two lane highways to eliminate the need for no-passing zone pavement
markings wherever practicable. The requirements for no-passing zone pavement markings are
discussed in Part 3B of the Manual on Uniform Traffic Control Devices (MUTCD). The
minimum passing sight distances required to eliminate no-passing zone pavement markings are
shown in Table 3B-1 of the MUTCD. See the appropriate DESIGN GUIDELINES in

Section 1-06.03 of this manual for other elements of design.

111-03.03 Spiral Curve

Generally, spirals are used on rural highways for all curve radii equal to or less than Table 3-20
of A POLICY, “Maximum Radius for Use of a Spiral Curve Transition”. Curve radii greater than
Table 3-20 shall use tangent curve transitions, as the effect of spiral curve transitions on lateral
acceleration is likely to be negligible for radii larger than Table 3-20. When spiral curve
transitions are used, they shall be designed in accordance to A POLICY.

111-03.04 Interchanges
Interchanges should be designed according to A POLICY.
111-03.05 Intersections

Flared intersections are shown on Standard Drawing D-203-6, and should generally be provided
only on Minor Rehabilitation Sliver Grading, Major Rehabilitation, and New/Reconstruction
projects at locations of State to State highway intersections, and State to CMC (County Major
Collector) intersections. Providing flared intersections at other locations, or on other project
types, will require additional justification for NDDOT approval.

Rural approaches are shown on Standard Drawing D-203-8, and should generally be provided
only on Minor Rehabilitation Sliver Grading, Major Rehabilitation, and New/Reconstruction
projects. Providing rural approaches larger than D-203-8, or on other project types, will require
additional justification for NDDOT approval.

Recovery approaches are shown on Standard Drawing D-203-7. For more information, see
Section 111-03.05.04.



SECTION I11-03 Alignments and Roadway Geometry
Page 44 Revised 8/11/17

111-03.05.01 Turning Lanes

This section addresses design elements for turn lanes. Generally, the need for turn lanes is
addressed in a traffic operations study.

Uncontrolled Turn Lanes

An uncontrolled turn lane is defined as any turn lane in which no traffic signals or signs are used
to control traffic movement within the turn lane. The diagram below shows the design elements
of an uncontrolled turn lane.

Design Distance (L3)

Deceleration Turn Lane
Distance (L2} Taper Distance (L1)

4" Shoulder

Mainline Shoulde? -
- s —
- ' ‘ -
4 3 \ \ ' o “ N
T ‘ n
HetinsShosier |- 7771 Malnline Shoulder | L —————="=""7" Wainline Shoulder
% Mainline Shoulder | Mainline SnoP”
Transition Storage Deceleration Turn Lane Transition
Taper Distance (L5) (L4) Distance (L2) Taper Distance (L1) Taper Distance (L5)

Design Distance (L3)

(Drawing not to Scale)

Taper (L1)
L1 is the straight-line taper to be used to introduce the turn lane bay. Values range from 8:1 to
15:1 and are based on 2011 6™ Edition of the AASHTO Green Book page 9-128.

Deceleration (L2)
L2 is the turn lane bay used for vehicle deceleration. Values based on 2011 6™ Edition of the
AASHTO Green Book page 9-126.

Transition Taper (L5)
L5 is the taper that through traffic is transitioned from centerline in order to introduce or drop
additional lanes. Values based on Figure 3B-5 of the 2009 MUTCD on page 355.
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DESIGN | TURN | TURN LANE STORAGE TRANSITION
SPEED | LANE TAPER DECELERATION | TOTAL (L4) TAPER
TAPER | LENGTH LENGTH DISTANCE EFT RIGHT LENGTH
TURNS TURNS
(L1) (L2) (L3) (L5)
30 8:1 96 75 171
35 12:1 144 100 244 L5=W52/60
40 12:1 144 150 294 L4 > 100’
45 12:1 144 200 344
50 15:1 180 265 445 Traffic Ops Report | L4=0
55 15:1 180 335 515 o Thab'e below. s
60 15:1 180 430 610 (whichever greater)
65 15:1 180 530 710
70 15:1 180 640 820
Storage (L4)

The minimum storage length for left turns is 100 feet. The following table or a traffic operations
report will be used to determine the recommended storage length (L4) for left turn lanes. If a

traffic operations report recommends a storage length that is in conflict with the table below, the
larger value of the two storage lengths will be used.

The existing “average annual daily traffic” (AADT) and the existing “truck annual average daily
traffic” (TAADT) represent 2-way traffic. For right turn lanes, in most cases no storage distance
is necessary since vehicles do not yield to any other traffic movements (L4=0).

Left Turn Lane Storage Distance (L4)
Distance in feet for 2-Lane Highway (4-Lane Highway in parenthesis)

EXISTING MINOR EXISTING MAJOR ROAD VOLUME (AADT)
ROAD TRUCK

VOLUME (TAADT) <5,000 5,000 - 10,000 10,000 - 20,000 > 20,000
<100 100(100) 100(100) 100(100) 150(125)
100-200 100(100) 100(100) 125(100) 200(175)
200-300 100(100) 125(100) 150(125) 250(225)
300-400 125(100) 150(125) 175(150) 350(325)
400-500 150(125) 175(150) 200(175) 450(300)
500-1000 175(150) 200(175) 400(300) 700(500)
1000-2000 275(250) 450(400) 700(600) *
2000-3000 425(400) 650(600) * *
>3000 500(450) 700(650) * *

*A traffic operations study should be done to determine storage length.
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Controlled Turn Lanes

For a turn lane on an approach that is controlled by a stop sign, yield sign or traffic signal, the
traffic operations study will indicate the recommended “full-width length” of the turn lane.
Note: the author of the traffic operations study takes into account the deceleration and storage
distance as part of the recommended full-width length. However, the design of the taper
distances (L1 and L5), should be applied to controlled turn lanes the same as uncontrolled turn
lanes.

111-03.05.02 Truck Acceleration and Deceleration Lanes at Railroad Crossings

At railroad crossings, it can be necessary to provide hazardous trucks with acceleration and
deceleration lanes where they can pull out of the main lane(s) of traffic, stop at the railroad
crossing, accelerate, and merge back into traffic. For deceleration lengths, the values are the
same as the above guidance for turn lanes. For acceleration lengths, the table below should be
used to determine the length. The diagram below shows the basic concept of acceleration and
deceleration lanes at railroad crossings.

—-=— 300 - Acceleration Distance [LB) Deceleration Distanca {L2) —~  Taper{L1)} —=

Slop Bar

SN BE: T

Slop Bar —
—=—  Taper{L1} ~—=— Decelerstion Distence {L2) «——— Acceleration Distance {LE) oot

(Drawing not to Scale)

Acceleration and Deceleration Length for Railroad Crossings

DESIGN DECELERATION | DECELERATION LANE DECELERATION ACCELERATION
SPEED, MPH LANE TAPER LENGTH, FT LANE LENGTH, FT | LANE LENGTH?, FT
(V) TAPER RATE (L1)

(L2) (L6)
30 8:1 9% 75 180
35 12:1 144 100 280
40 12:1 144 150 360
45 12:1 144 200 560
50 15:1 180 265 720
55 15:1 180 335 960
60 15:1 180 430 1200
65 15:1 180 530 1410
70 15:1 180 640 1620

1 Table 10-3 AASHTO, A Policy on Geometric Designs of Highways and Streets, 2011 6th Edition
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111-03.05.03 Radial “T” Intersection Guide

Generally, this type of intersection is used to eliminate tangent approaches at an intersection
located within a horizontal curve.

e Whether or not to use this intersection should be discussed in the environmental
document or decision document.

e Use for section line or county roads that intersect a state highway.

e Where two (2) state highways intersect, the traffic volumes will be reviewed to determine
if the existing curve should be removed and replaced with a regular T or a radial T
intersection.

e Where the Radial T is constructed the following criteria should be used:

o

The desirable superelevation on the curve should not exceed .04 ft/ft with a
maximum of .06 ft/ft.

The horizontal curve should not exceed a curvature of 2 degrees 30 minutes.
The maximum grade on the curve should not exceed 2%.

The maximum breakover between the adjoining road and the curve portion of the
pavement should not exceed 5%.

To improve the visibility of the intersection for vehicles traveling on the low side
of the curve, delineators should be placed along both sides of the adjoining road
including the radii.

The adjoining road should have a 50 foot level space just prior to reaching the
state highway.

The shoulder on the high side of the curve should also be flattened to improve
visibility.
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111-03.05.04 Recovery Approaches
North Dakota Century Code:

24-01-49. Approach or escape road to be built at all dead end roads or intersection of county
and state highways. Whenever any highway on the state or county highway system has an
intersection or dead end, there must be constructed, whenever feasible, an approach or escape
road, and when not feasible other protective devices such as warning signs, rumble strips, or
barricades. This section applies to new road construction and reconstruction after July 1, 1975.

Intersection conditions where the construction of a recovery approach is not feasible must be
discussed in the environmental document or decision document. The determination not to
construct a recovery approach should be a decision item for approval by the Deputy Director for
Engineering. Unfeasible conditions usually involve other roadway hazards such as: recovery
approach that would lead into a lake, wetlands, rip-rap, steep back slope, deep ravine, or when
extreme amounts of fill and right of way are needed. Note that some small wetlands can safely
be traversed by the recovery approach.

Signing and/or rumble strips will be included in the intersection design when the Traffic
Operations Section in the Programming Division has identified a crash problem.

There are 4 design scenarios for T-intersections:

1. A recovery approach will be constructed at all T-intersections of county and state
highways, unless it is not feasible.
2. If a recovery approach is not feasible and a crash problem has not been identified,

the intersection will be signed with intersection warning signs, Two-Direction
Large Arrow sign (W1-7) and the T-Symbol sign (W2-4).

3. If a recovery approach is not feasible and a crash problem has been identified, the
intersection will be signed with intersection warning signs, Two-Direction Large
Arrow sign (W1-7) and the T-symbol sign (W2-4), and rumble strips may be
installed as shown on standard drawing D-760-5.

4. If a recovery approach is feasible and a crash problem has been identified, a
recovery approach will be constructed. The intersection will be signed with
intersection warning signs, W1-7 and W2-4, and rumble strips may be installed as
shown on standard drawing D-760-5.

If a recovery approach is constructed, a 90-1 survey should be conducted to determine what other
safety work should be done to the portion of the approaching county or state highway which lies
within the right of way of the highway being improved (Example: flattening of inslopes,
relocation of pipes out of the clear zone).

Refer to standard drawing D-203-7 for guidance on the width, grade, radius, and location of
recovery approaches in relation to the approaching highway. In addition, see Chapter 111 for
signing requirements for a T-intersection.

The Traffic Operations Section of the Programming Division will provide the crash analysis and
traffic control recommendations.
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111-04.01 Common Excavation

It is the intent to get all the common excavation from within the right of way without impacting
environmentally sensitive areas such as wetlands, easement wetlands, and cultural resource
areas. When all the useable material has been utilized, provisions for additional borrow are
required.

111-04.02 Borrow

Borrow is needed when there is insufficient dirt on the project from common excavation to build
the roadway template. When borrow is required, it will be Department Optioned Borrow or
Contractor Furnished Borrow.

There may be times when NDDOT will want to make the borrow area a mandatory borrow area.
In that event, a public interest finding will be submitted to FHWA if federal funds are involved.

Try to obtain borrow close to where it is needed to keep the hauls as short as possible (desirably
no more than 1 mile).

Generally, the following guide may be used for borrow:

3 < 5,000 C.Y. — Contractor Furnished Borrow

. 5,000-10,000 C.Y. — If needed at multiple locations, such as a guardrail project, the
contractor will furnish. If only needed at one location, consider Department Optioned
Borrow.

. > 10,000 C.Y. — Department Optioned Borrow

A Borrow Site Report is provided on the Design Manual Reference and Forms web page at:
http://www.dot.nd.gov/manuals/design/designmanual/reference-forms.htm

This spreadsheet is used to track how the requirements for borrow are being met. The order of
preference is state option, contractor furnished with clue, and contractor furnished. Once the
Borrow Site Report is complete, it is distributed to the Right of Way Program Manager,
Designer, and Materials & Research as shown on the flow chart for the borrow process.

111-04.02.01 Department Optioned Borrow

For Department Optioned Borrow, the plans shall include bid items for topsoil, seeding, and
erosion control for the borrow areas. The following procedures should be followed for
Department Optioned Borrow on internal developed projects:

1. The designer determines the estimated quantity of borrow required, forwards the quantity
to Right of Way Services Program Manager in ETS, and enters the milestone date for
(BOR).

2. Right of Way Services will locate/negotiate borrow sites and complete SFN 10132
Borrow Option.

3. Right of Way Services will submit SFN 58466 Material Source Clearance Request Form.
The Material Source Clearance Request Form can be found on the web at:
http://www.dot.nd.gov/business/contractorinfo.htm.
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4. ETS Division will send the Certificate of Approval (COA) link to the designer and the
Right of Way Agent.

5. The designer shall complete SFN 9683 Borrow Area List, and attach the COA to SFN
9683. The COA needs to be converted from color to black & white.

6. The designer shall submit the electronic file (Borrow Area List and COA) to the
0:\81 Special Projects\DIP PLANS in the appropriate bid opening folder.

The following procedures should be followed for Department Optioned Borrow on consultant
projects:

1. The consultant determines the estimated quantity of borrow required, forwards the
quantity to the Technical Support Person, and the Technical Support Person enters the
milestone date for (BOR).

2. The consultant will locate/negotiate borrow sites and complete SFN 10132 Borrow
Option. The consultant shall submit completed SFN 10132 to the Technical Support
Person. The Technical Support Person shall submit to Right of Way Services (ETS) for
review and approval.

3. The consultant will submit SFN 58466 Material Source Clearance Request Form. The
Material Source Clearance Request Form can be found on the web at:
http://www.dot.nd.gov/business/contractorinfo.htm.

4. ETS Division will send the Certificate of Approval (COA) link to the consultant and copy
the Technical Support Person.

5. The consultant shall complete SFN 9683 Borrow Area List, and attach the COA to SFN
9683. The COA needs to be converted from color to black & white.

6. The consultant shall send the electronic file (Borrow Area List and COA) to the
Technical Support Person. The Technical Support Person shall submit the electronic file
to the O:\81 Special Projects\DIP PLANS in the appropriate bid opening folder.

111-04.02.02 Contractor Furnished Borrow

For Contractor Furnished Borrow, the contractor will be responsible for all royalty and
restoration negotiations and agreements with the landowner. No department negotiated
agreements will be provided. The contractor will also be responsible for all
environmental/cultural surveys and clearances, permits, and erosion control for the borrow area.
If Contractor Furnished Borrow is used, the only bid item required within the plans will be
“Borrow-Excavation” and a plan note shall indicate that the Contractor must furnish the borrow
material. The topsoil, seeding, and erosion control for the borrow areas shall be included in the
price bid for borrow.

There may be circumstances where borrow area clues may be additionally provided to the
contractor for Contractor Furnished Borrow. Borrow area clues are intended to aid the
contractor in finding borrow area locations for Contractor Furnished Borrow. Examples of
potential borrow area clues are information of any previously contacted or logical adjacent
property owners for borrow areas, and any completed or partially completed cultural surveys,
environmental surveys, or permits. A plan note shall be included to inform the contractor of any
available clue information.
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111-04.03 Waste

Most grading projects are designed with the intent to minimize the excess excavation, and in
some cases can achieve an earthwork gquantity balance for the material and eliminate any excess
excavation. However, some projects may have excess material. There may be projects with a
small quantity of unsuitable grading material designated for waste, or excess excavation within
the projects limits. Some projects may have a large quantity of excess excavation due to
unavoidable circumstances such as terrain or nature of the project such as slide repair projects.

111-04.03.01 Contractor Furnished Waste Area

For a Contractor Furnished Waste Area, similar to Contractor Furnished Borrow, the contractor
will be responsible for all royalty and restoration negotiations and agreements with the
landowner of the waste area. No department negotiated agreements will be provided. The
contractor will also be responsible for all environmental/cultural surveys and clearances, permits,
and erosion control for the waste area.

There may be circumstances where waste area clues may be additionally provided to the
contractor for Contractor Furnished Waste Areas. Waste area clues are intended to aid the
contractor in finding waste area locations for Contractor Furnished Waste Areas. Examples of
potential waste area clues are information of any previously contacted or logical adjacent
property owners for waste areas, and any completed or partially completed cultural surveys,
environmental surveys, or permits. A plan note shall be included to inform the contractor of any
available clue information.

111-04.03.02 Department Optioned Waste Area

It is recommended to locate a State Optioned waste area for projects with large quantities of
excess excavation. For Department Optioned Waste Areas, the plans shall include bid items for
topsoil, seeding, and erosion control for the borrow areas. The following procedures should be
followed for Department Optioned Waste Areas on internal developed projects:

1. The designer determines the estimated quantity of borrow required, forwards the quantity
to Right of Way Services Program Manager in ETS, and enters the milestone date for
(BOR) and notes the quantity of waste designated within the comments area.

2. Right of Way Services will locate/negotiate waste area sites and complete agreement
documents.

3. Right of Way Services will submit SFN 58466 Material Source Clearance Request Form.
The Material Source Clearance Request Form can be found on the web at:
http://www.dot.nd.gov/business/contractorinfo.htm.

4. ETS Division will send the Certificate of Approval (COA) link to the designer and the
Right of Way Agent.

5. The designer shall complete the waste area list document, and attach the COA to waste
area document. The COA needs to be converted from color to black & white.

6. The designer shall submit the electronic file (waste area list and COA) to the
0:\81 Special Projects\DIP PLANS in the appropriate bid opening folder.
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The following procedures should be followed for Department Optioned Waste Area on
consultant projects:

1. The consultant determines the estimated quantity of waste required, forwards the quantity
to the Technical Support Person whom enters the milestone date for (BOR) and notes the
quantity of waste designated within the comments area. The Technical Support Person
will also forward the waste area agreement documents from ETS Division to the
consultant.

2. The consultant will locate/negotiate waste sites and complete waste area agreement
documents. The consultant shall submit completed waste area agreement documents to
the Technical Support Person. The Technical Support Person shall submit to Right of
Way Services (ETS) for review and approval.

3. The consultant will submit SFN 58466 Material Source Clearance Request Form. The
Material Source Clearance Request Form can be found on the web at:
http://www.dot.nd.gov/business/contractorinfo.htm.

4. ETS Division will send the Certificate of Approval (COA) link to the consultant and copy
the Technical Support Person.

5. The consultant shall complete waste area list document (forwarded by the Technical
Support Person), and attach the COA to the waste area document. The COA needs to be
converted from color to black & white.

6. The consultant shall send the electronic file (waste area list document and COA) to the
Technical Support Person. The Technical Support Person shall submit the electronic file
to the O:\81 Special Projects\DIP PLANS in the appropriate bid opening folder.

If a mandatory waste site is proposed, a public interest finding must be prepared.
111-04.04 Haul (rural grading)

Try to keep the haul distances as short as practicable. Calculate the average haul for the total
project. For calculation guidance, see the information on the web at:
http://www.dot.nd.gov/manuals/design/caddmanual/caddmanual-welcome.htm under
“Procedures for Calculating Final Earthwork Quantities”

A mass diagram shall be developed and shown within the plans for grading projects. Earthwork
end area tables shall also be shown in the plans for grading projects.

111-04.05 Topsoil

For most projects, the existing topsoil is to be removed, stockpiled, and then spread over the
disturbed area, except the roadbed. Some projects may have circumstances or restraints where
the existing topsoil cannot be used or only partially used, and may need to use imported topsoil.
The plans should have separate bid items for topsoil and imported topsoil (if needed). The plans
shall have the thickness of topsoil shown within the Basis of Estimate of the plans. For most
projects, 6” of topsoil is the standard depth typically shown within the plans. The District should
be consulted during project development to determine the appropriate topsoil depth to use within
the plans for topsoil thickness.
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Topsoil

_________________

Salvaged Base —

—— 30° Safety Edge

Topsoil

At a minimum, a slope staking report showing the break points and tie points to the top of the
topsoil shall be developed and provided to the field engineer. When ditch profile elevations are
shown in the plans, the elevations shall be to the top of the topsoil.

Cross sections should show the existing topsoil so that the areas of excavation, embankment,
topsoil, etc. can be verified.

111-04.06 Clearing and Grubbing
Generally, this includes the removal and disposal of trees, shrubs, stumps, roots, brush and other

surface objects from the excavation and embankment areas. Include bid items within the plans
whenever this type of work is needed.

111-04.07 Compaction

See Standard Specifications for details concerning embankment compaction items. The
recommendations for the mainline are provided by the Materials and Research Division.

Generally, AASHTO T-180 is used for compaction; however, AASHTO T-99 is used in the Red
River Valley where the engineering properties of the soil indicate that the soil would benefit
from a lower maximum dry density and a higher moisture content range.
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A volume adjustment percentage should be included for shrinkage in earth embankment within
the plans. This is typically shown within the Earthwork Summary plan sheet and also stated
within a plan note, which is available on the PPG website. The designer should consult with the
District to determine an appropriate volume adjustment percentage for the project area.

111-04.08 Seeding and Erosion Control

Erosion control shall be performed for all projects as needed to enhance soil stabilization and
minimize siltation and sedimentation. Typically, this is done through the use of fiber rolls,
erosion control mats, silt fences, ditch checks, mulching, seeding, hydro-seeding, sod, and riprap.

Wetlands and mitigation are shown in Section 75 of the plans, temporary erosion control layouts
are shown in Section 76 of the plans, and permanent erosions control layouts are in Section 77 of
the plans. See the CADD manual for detailed requirements for these sections of the plans.

The designer should consult with the Hydraulic Section in the Bridge Division, ETS Division,
and the Erosion and Sediment Control Handbook to develop sedimentation control for all
projects. The most recent version of the Erosion and Sediment Control Handbook is on the web
at: http://www.dot.nd.gov/manuals/manuals-publications.htm

111-04.09 Engineering Fabrics

The use of engineering fabrics such as Geosynthetic Type R1 and Geogrid should be addressed
in the Materials and Research Linear Soil Survey Report or any other pertinent recommendation.

111-04.10 Widening

When the roadway is not wide enough to place the proposed improvement that meets the
respective minimum roadway width from the DESIGN GUIDELINES, it may have to be
widened. Generally this means widening on both sides, but there may be circumstances where it
would be best to shift the centerline and widen on only one side.

A project is designated as widening when the overall roadway corridor within the scope of the
project is to be widened with grading. Widening is typically done with either Major
Rehabilitation or New/Reconstruction type projects.

Structural Improvement type projects that address isolated grading areas such as adding turn
lanes, flattening approaches, or to correct geometric curvatures are not considered widening
projects, as the overall corridor is not widened.
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111-04.10.01 Minor Rehabilitation (Sliver Grading)

Sliver Grading is defined as minor grading required to correct foreslope, or re-establish the
original traveled-way-plus-shoulders width. Where re-establishing the original traveled-way-
plus-shoulders width is triggered to accommodate an overlay, Minor Rehabilitation may include:
up to 2’ of widening on each side of the roadway or widening to provide 12’ driving lanes with
2’ shoulders on each side of narrow roadways, even if the total resulting width exceeds the
original roadway width. Sliver Grading is required to provide 4:1 foreslopes or flatter within the
clear zone, and the installation of rumble strips.

Examples of Sliver Grading are shown in the Department Shoulder/Slough Guidelines within the
DESIGN GUIDELINES.

e Foreslopes
0 Minor Rehabilitation Sliver Grading projects require 4:1 proposed foreslopes or
flatter within 20 feet of the driving lane. This only applies when sliver grading
foreslopes. All other items for the project will utilize the Minor Rehabilitation
clear zone within the DESIGN GUIDELINES.
e Signing

0 When existing signs are affected within the limits of grading:

= The sign will be reset depending on age (less than 7 years old) and
condition, otherwise it will be replaced (7 years or older).

= The post will be reset depending on length, otherwise it will be replaced.

o0 Signs outside the limits of grading would be treated per the DESIGN
GUIDELINES for Minor Rehabilitation strategy.
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111-04.11 Replacement of Approach and Centerline Culverts

A “stream crossing structure” is defined as a pipe, culvert, box culvert, and structural plate pipe.
All new stream crossing structures must be sized to meet the requirements of Article 89-14
“Public Highway Stream Crossings” (Stream Crossings Standards) as defined in North Dakota
State Administrative Code. The requirements of Article 89-14 also apply for projects that:

*“...regrade, add a lane adjacent to the existing alignment, or do full depth road surface
replacement on an existing highway location.”

These activities occur on NDDOT projects that are of the New/Reconstruction investment
strategy in the following manner:

e ‘“regrade”

0 Means to remove the existing pavement and base section and alter the subgrade
profile.

e ““add a lane adjacent to the existing alignment”

0 Means to add a continuous adjacent through lane to the entire facility. This does
not mean adding incremental auxiliary lanes to the facility such as turn lanes,
climbing lanes, and passing lanes.

o ““full depth road surface replacement”

0 Means to completely remove the existing pavement and base down to the

subgrade. This does not mean reclaiming the surfacing and base in place.

Therefore, all stream crossing structures will be hydraulically analyzed to ensure they conform to
the requirements of the Stream Crossing Standards for all New/Reconstruction investment
strategy type projects. Additionally, the replacement or rehabilitation of stream crossing
structures shall only be addressed when a project falls within the New/Reconstruction investment
strategy.

It is recognized that at times, under other investment strategies, it may be prudent to address a
failed stream crossing structure. A failed stream crossing structure is defined as a stream
crossing structure that:

e has lost capacity due to deformation

e is experiencing significant section loss due to severe corrosion

e isseparated (concrete pipe) to the point that a significant amount of embankment material
has been scoured out resulting in voids that are causing either holes to form in the paved
surface or significant settlement of the area over the pipe.

Under this scenario, the request to perform the stream crossing structural work must be initiated
at the time of Scoping, but completed no later than at the project Field Review. If extenuating
circumstances exist, this request time period may be extended. Other than lengthening of stream
crossing structures (extensions) needed due to grading, the Director of Project Development,
after discussion with the Office Holders, must approve any stream crossing structural work on a
project that is not within the New/Reconstruction investment strategy.
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If approval is granted to address a stream crossing structure in a project that is not in the
New/Reconstruction Strategy, all rehabilitation options must be identified and evaluated to
determine the most cost effective strategy. All rehabilitation options must be exhausted before a
replacement strategy can be considered. If it determined that lining a stream crossing structure is
the appropriate rehabilitation strategy, a hydraulic analysis is only required if:

1. The stream crossing structure’s diameter is 48 inches or less and the thickness of the
lining is greater than one half inch.

2. The stream crossing structure’s diameter is greater than 48 inches and the thickness of the
lining is greater than one inch.

If rehabilitation is not a feasible strategy and replacement of the failed stream crossing structure
is required, a hydraulic analysis will be required to determine the structure(s) size, and to assure
that the Stream Crossing Standards are being met.
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111-04.11.01 New/Reconstruction Culvert Replacement

All existing culverts need to be hydraulically analyzed for compliance with stream crossing
standards.

e Approach pipes
o All approach pipes should be replaced.
e Centerline Pipes

o Existing centerline pipes should be considered for replacement if they have been
in place for 50 years or longer.

o0 All existing centerline pipes and end sections should have a condition survey
done.

o Existing centerline pipes or end sections in poor condition should be replaced or
rehabilitated by other means such as pipe lining.

o If the pipes and/or end sections are in good condition and have sufficient strength
for the proposed fills, the centerline pipes and end sections should be re-laid
and/or extended.

o0 Traversable end sections may be used if applicable.

0 Any existing centerline pipes removed within the project that are in good
condition can be used for new culvert installations if the they have sufficient
strength for the proposed fills. If not, they may be able to be used for extensions
under the foreslope where the fill height is less and within the strength limitation
of the old sections.

e Structural Plate Pipe

0 The Bridge Preliminary Concept will recommend proposed improvements for
existing structural plate pipes that have an associated Bridge Listing #. Structural
plate pipes that do not have a Bridge Listing # will be treated as centerline pipes
above.

e Box Culverts
0 The Bridge Preliminary Concept will recommend proposed improvements.
e Cattle Pass

0 The designer shall determine whether the existing cattle pass structure is being
used for drainage, see centerline pipes above.

0 See Section 2.23 of the Right of Way Manual for information regarding cattle
pass policies.



SECTION I11-04 Earthwork
Page 59 Revised 1/26/16

111-04.11.02 Major Rehabilitation Culvert Replacement

Culverts shall be extended or made traversable as recommended within the Major Rehabilitation
Safety Review. Use the applicable Clear Zone for DESIGN GUIDELINES Major
Rehabilitation.

Existing culverts will not be hydraulically analyzed on these projects. (Only approved culvert
replacements and particular pipe liners as outlined in Section 111-04.11 will be hydraulically
analyzed)

e Approach pipes
0 Approach pipes affected by the grading should be extended. Need approval for
any other stream crossing work as outlined in Section 111-04.11.
0 Relay end sections or provide new end sections as applicable.
e Centerline pipes
o Centerline pipes affected by the grading of the project should be extended. Need
approval for any other stream crossing work as outlined in Section 111-04.11.
0 Relay end sections or provide new end sections as applicable.
e Structural Plate Pipe
o0 The Bridge Preliminary Concept will recommend proposed improvements for
existing structural plate pipes that have an associated Bridge Listing #. Structural
plate pipes that do not have a Bridge Listing # will be treated as centerline pipes
above.
e Box Culverts
0 The Bridge Preliminary Concept will recommend proposed improvements.
Engineering justification and the Bridge Division Engineer approval is required to
extend any box culvert beyond the DESIGN GUIDELINES Major Rehabilitation
Clear Zone.
e Cattle Pass
0 The designer shall determine whether the existing cattle pass structure is being
used for drainage, see centerline pipes above.
0 See Section 2.23 of the Right of Way Manual for information regarding cattle
pass policies.
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111-04.11.03 Structural Improvement Culvert Replacement

Culverts shall be extended or made traversable as recommended within the Structural
Improvement Safety Review. Use the applicable Clear Zone for DESIGN GUIDELINES
Structural Improvement.

Existing culverts will not be hydraulically analyzed on these projects. (Only approved culvert
replacements and particular pipe liners as outlined in Section 111-04.11 will be hydraulically
analyzed)

e Approach pipes
0 Approach pipes affected by the grading should be extended. Need approval for
any other stream crossing work as outlined in Section 111-04.11.
0 Relay end sections or provide new end sections as applicable.
e Centerline pipes
o Centerline pipes affected by the grading of the project should be extended. Need
approval for any other stream crossing work as outlined in Section 111-04.11.
0 Relay end sections or provide new end sections as applicable.
e Structural Plate Pipe
0 The Bridge Preliminary Concept will recommend proposed improvements for
existing structural plate pipes that have an associated Bridge Listing #. Structural
plate pipes that do not have a Bridge Listing # will be treated as centerline pipes
above.
e Box Culverts
0 The Bridge Preliminary Concept will recommend proposed improvements.
Engineering justification and the Bridge Division Engineer approval is required to
extend any box culvert beyond the DESIGN GUIDELINES Structural
Improvement Clear Zone.
e Cattle Pass
0 The designer shall determine whether the existing cattle pass structure is being
used for drainage, see centerline pipes above.
0 See Section 2.23 of the Right of Way Manual for information regarding cattle
pass policies.
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111-04.11.04 Minor Rehabilitation (Sliver Grading) Culvert Replacement
Culverts should be extended to the limits of the proposed sliver grading.

Existing culverts will not be hydraulically analyzed on these projects. (Only approved culvert
replacements and particular pipe liners as outlined in Section 111-04.11 will be hydraulically
analyzed)

e Approach pipes (Generally, sliver grading projects will not affect the existing approach
pipes and will not be addressed within the scope of the project)

o Approach pipes affected by the grading should be extended. Need approval for
any other stream crossing work as outlined in Section 111-04.11.

o0 Relay end sections or provide new end sections as applicable.

e Centerline pipes

o Centerline pipes affected by the grading of the project should be extended. Need
approval for any other stream crossing work as outlined in Section 111-04.11.

0 Pipe extensions will be limited to that required for the extent of sliver grading
only, or to accommodate a standard pipe increment length, whichever is greater.

0 Relay the existing end sections. If the existing end section needs to be replaced,
the end section may then be replaced with a traversable or flared end section.

e Structural Plate Pipe

o Structural plate pipe should only be extended enough to accommodate sliver

grading only.
e Box Culverts

0 Box culvert extensions are only needed if the proposed foreslope results in a slope
that is steeper than 4:1 through the limits of the box culvert.

0 The Bridge Preliminary Concept will recommend proposed improvements.
Engineering justification and the Bridge Division Engineer approval is required to
extend any box culvert beyond the limits of the proposed sliver grading.

e Cattle Pass

o0 Cattle passes should only be extended enough to accommodate sliver grading
only.

0 The designer shall determine whether the existing cattle pass structure is being
used for drainage.

0 See Section 2.23 of the Right of Way Manual for information regarding cattle
pass policies.
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111-04.12 Grade Raises (Closed Basin)

Grade raise projects through closed basins are generally constructed for roadways with imminent
risk of inundation, or roadways that are currently inundated by the adjacent water body or basin.

The grade raise is typically measured from the existing water elevation, unless otherwise
specified in the Detailed Damage Inspection Report (DDIR) or in modification agreed to later.
The grade raise is measured to the roadway centerline of the proposed subgrade on a tangent
section. The grade raise should be: existing water elevation + hydraulic analysis + freeboard* =
centerline of proposed subgrade (see figure 111-04.12).

*Freeboard will vary with the proposed typical section to accommodate riprap to be placed 2’
above the forecasted water elevation and outside the clearzone with no flatter than 10:1
foreslopes. Some basins may require riprap to placed 5’ above the forecasted water elevation to
accommodate larger wave attenuation such as for Devils Lake.

Typically, 3 build alternates are proposed within the DCE for a given grade raise project:

1. Grade Raise above the natural outlet elevation
2. Grade Raise above the 3-year net storage forecasted water elevation
3. 5’ Grade Raise above the existing water elevation

A hydraulic study/analysis (see Section VV-04.10) should be done for the affected area to
determine the natural outlet elevation of the basin, the 3-year net storage forecasted water
elevation, and determine the adequate centerline drainage for equalization and stream crossing
criteria. The riprap shall be placed 2’ above the forecasted water elevation unless the hydraulic
report recommends riprap at a higher elevation. The hydraulic study should estimate the time
forecasted when the storage of the basin will reach the natural outlet and/or exceed the 5* Grade
Raise elevation. Designers can use the forecasted water elevation to determine the grade at the
centerline of the proposed subgrade on tangent section.

Generally, the existing centerline culverts should be extended if possible with the use of
temporary earthen berms and without the use of engineered cofferdams (historically < 8 feet
depth of water). If the existing culverts are not extended, new centerline culverts shall be
installed to a higher invert.

If circumstances potentially warrant the use of engineered cofferdams for any proposed
centerline culverts, a decision item should be included within the Documented Categorical
Exclusion (DCE) or other decision document to address this proposed work with the project.
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Grade raise projects shall follow design criteria for New/Reconstruction within the DESIGN
GUIDELINES. Generally, the proposed typical section for rural roadway grade raise projects
should incorporate:

e The existing roadway paved surface can remain in place if depth of proposed fill is > 1°.

e 2 volume adjustment percentages should be used for earth embankment:

0 A higher volume adjustment percentage should be included for shrinkage and
material loss for earth embankment placed within the water.

o A lower volume adjustment percentage should also be included for shrinkage for
earth embankment not placed in water.

e A minimum foreslope rate of 10:1 within the clearzone to provide adequate drainage.

e The existing foreslope/clearzone should be transitioned to the proposed
foreslope/clearzone a distance of L, (Runout Length) in advance of the riprap. (See detail
on PPG website).

e Riprap placed outside the clearzone at a 3:1 foreslope.

e Riprap placed 2’ below the existing water elevation, a minimum of 2’ above the design
water elevation, and at a 2’ thickness/depth.

e Atemporary earthen berm for existing water depths 8’ or greater. After the riprap has
been placed, the earthen berm should be removed to a depth 1’ below the existing water
elevation. The earthen berm shall be entirely removed at all pipe locations to eliminate
potential siltation within the pipe.

e Geosynthetic Material Type RR fabric underneath the riprap along the 3:1 foreslope to
the bottom of the riprap. The Type RR fabric shall utilize a key at the top of the riprap.
The Type RR fabric shall also utilize a dutch wrap at the bottom of the riprap placement
if earthen berms are utilized.

e When a grade raise is on a curve, add centerline rise to the profile. The elevation of the
edge of the driving lane should be maintained from the tangent section through the low
side of the curve.

e The proposed roadway width shall consist of a minimum 28’ paved surface and the
additional roadway width required as aggregate surface to meet the minimum roadway
width guidelines.

e |f the existing roadway paved surface adjacent to the begin/end project limits exceeds
28’, the proposed paved surface shall match the existing paved surface and the additional
roadway width required as aggregate surface to meet the minimum roadway width
guidelines.

*For example, if the DESIGN GUIDELINES for New/Reconstruction requires a 36’
minimum roadway width and the existing roadway is 30’ paved width, the proposed
typical section should be 30” paved surface with additional 3’ as aggregate surface on
each side to meet the minimum 36’ roadway width guidelines.

*See Figure 111-03.12.01 and Figure 111-03.12.02 Grade Raise on the following pages.
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111-05.01 Aggregate Base Course Cl 5 and Salvaged Base Course

The slough of the aggregate base shall not be steeper than 4:1 when placing hot bituminous
pavement on base for a new section. Steeper base sloughs may be used for placement of
concrete.

Base course provided under the surface course will either consist of totally virgin aggregate
(Aggregate Base Course CI 5), or a mixture of virgin aggregate and recycled/removed asphalt,
concrete, or aggregate (Salvaged Base Course). The bid item quantity for base course within the
plans should generally use TON units.

The decision to use either the Aggregate Base Course Cl 5 bid item, or the Salvaged Base Course
bid item within the plans should be evaluated by the designer and/or district using the following
criteria:

e Salvaged Base Course bid item shall be used if the amount of removed material available
from the project results in a total quantity of Salvaged Base Course being > 50% of the
base needed for the proposed project.

e Consequently, if <50% total is generated, then the Aggregate Base Course CI 5 bid item
shall be used. Coordinate with the District and allow the use of the bid item Salvaged
Base Course as requested.

For example, if a project requires 100,000 TON of proposed base needed to build the project
and:

e There are 12,000 TON of existing bituminous removals, which will create a maximum of
40,000 TON of Salvaged Base Course (30% minimum existing bituminous material,
Section 817-Spec Book).

e There are also 3,000 TON of existing concrete removals, which will create another
10,000 TON of Salvaged Base Course (30% Minimum existing concrete material,
Section 817-Spec Book).

e The total maximum Salvaged Base Course generated is 40,000 + 10,000 TON = 50,000
TON.

e The criteria for using the Salvaged Base Course bid item within the plans has been met
above because the total 50,000 TON Salvaged Base Course generated is > 50% of the
100,000 TON of proposed base required for the project.

However, the designer needs to also consider the project phasing and operations when
calculating the above criteria. If the project phasing does not provide access to removing
existing material for salvaging into proposed base course due to traffic control or operations, the
designer needs to adjust their above criteria calculations. Another consideration that needs to be
adjusted by the designer above is if the removed bituminous material is to be incorporated into
Recycled Asphalt Pavement (RAP).

All assumptions, considerations, and calculations used above shall be displayed within a table on
the Basis of Estimate (Section 10) of the plans to clearly summarize the existing and proposed
materials for the project.
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111-05.02 Permeable Stabilized Base Course

Permeable base is generally not used on NDDOT projects, and the decision for its use will be
evaluated on a case-by-case basis. Materials and Research Division will identify these projects
and would provide the recommendation in their report.

Permeable base is an open graded base that allows water to drain through it at a relatively high
rate (approx. 1500 ft. per day).

The materials used for permeable base treatment are asphalt or cement. An additional 6” width
of permeable base shall be placed on both sides of the mainline pavement for edge drain
constructability. The thickness of the base should be given in the Materials and Research
Division recommendations. The aggregate and cementitious materials are specified in Section
304 of the Standard Specifications.

111-05.03 Full Depth Reclamation

Some existing roadways may have surfacing which is so badly deteriorated that an overlay
would not be appropriate. Where complete reconstruction is not considered an option, full depth
reclamation could be considered.

Generally, full depth reclamation is accomplished by placing virgin aggregate on the existing
roadway and then processing the virgin aggregate, surfacing, and possibly the underlying
aggregate base material with a reclaimer. The virgin aggregate, existing surfacing and the
existing aggregate base are mixed together, in place, to form a blended base. This process is
commonly called “Mine and Blend”. In some cases, a stabilizing agent is also added to the
blended material. These stabilizers can be lime, cement, or asphalt cement; but are typically
cement.

The total depth of blending, the thickness and class of virgin aggregate, stabilizing agent, and
whether the reclaimer can run on the subgrade or must run on the surfacing, will be as
recommended by the Materials and Research Division.

The blending is done on the roadway, or can be accomplished by hauling the materials from the
roadway and blending them off site and then hauling the blended base back to the roadway to lay
and compact.

111-05.04 Edge Drains

Edge drains are perforated pipe systems that allow water to enter and be carried to outlets where
it is emptied into the highway ditch or storm sewer. Edge drains are placed in trenches that are
parallel to the centerline of the roadway and adjacent to the outer edge of concrete. This item
should be covered in the Materials and Research recommendations.

Where there is guardrail, locate the drains so they don’t conflict with the guardrail posts.



SECTION I11-05 Bases, Edge Drains, and Prime
Page 68 Revised 1/30/15

111-05.05 Prime Coat

Prime coat is a thin layer of liquid asphalt and is generally placed on a finished base to protect it
from the elements and to provide a temporary surface until the final surfacing can be placed. The
rate of application may vary, but is normally 0.35 GAL/SY for virgin aggregate and 0.25
GAL/SY for salvaged bituminous material base.

If the primed base will be open to traffic, blotter sand should be provided at the rate of 12 Ib/sy

(generally).
See the DESIGN GUIDELINES in Section 1-06 for requirements for cross slope of the roadway.
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For New/Reconstruction projects:

e The cross slope of the driving lanes range from 1.5% to 2.5%. Typically, the driving
lanes have a cross slope of 2.1%.

e The maximum cross slope on the shoulders is 6%. The cross slope on shoulders for the
Interstate is typically 2.9%. As a cost saving measure, the shoulder thickness should be
reduced to provide shoulder cross slope.

The Materials and Research Division develops the design for the entire pavement section.
Materials and Research Division will only submit a design recommendation if the project
investment strategy is a Structural Improvement, Major Rehabilitation, or New/Reconstruction.
The design recommendations include:

e Thickness and type of base (dense, blended, or permeable).
e Thickness of surfacing (asphalt and concrete).
e Class of HBP to be used.

e Type and percentage of asphalt cement for asphalt pavements.

When centerline profile elevations are shown in the plans, the elevations shall be to the top of the
pavement. If there is an additional surfacing project scheduled for the following year to place
the final lifts of pavement, the signing plans should provide adequate vertical clearance so that
when the final lift(s) of pavement are placed, the signs will have the correct vertical clearance.

111-06.01 Asphalt Pavements

111-06.01.01 Overlays Greater than Three Inches

Investment strategies included with asphalt overlays greater than 3 inches are: Structural
Improvement, Major Rehabilitation, and New/Reconstruction. Asphalt overlays greater than
three inches are intended to extend the useful life of a highway by restoring the pavement
structure. The thickness of the overlay is determined by Materials and Research Division.

111-06.01.02 Overlays Three Inches or Less

Investment strategies included with asphalt overlays 3 inches or less are Preventive Maintenance
and Minor Rehabilitation as follows:

e Preventive Maintenance are asphalt overlays 2” maximum thickness. There is no
allowance for rut filling on Preventive Maintenance projects (2” max overlay). If rut
filling is needed, the quantity should be taken from the overall mainline quantity.

e Minor Rehabilitation are asphalt overlays up to 3” maximum.
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These strategies are intended to slow the deterioration of the pavement and improve ride quality.
The overlay thickness will be determined by the District Engineer. Materials and Research
Division will not submit thickness recommendations for Preventive Maintenance and Minor
Rehabilitation strategies.

111-06.01.03 Milling

Milling is a process where some of the surfacing is removed to correct the typical section or
make adequate room for an overlay without widening.

111-06.01.04 Overlay Transition Tapers

To reduce the chances of the thin sections (ends of bridges, railroad tracks, ends of the project,
away from curbs, etc.) from raveling, the designer should require that the transitions be milled.
Paving transitions placed in the late fall may not adhere to the existing pavement surface and this
treatment allows for a thickened transition section. A plan note may be used to cover this work
requirement. A sample note can be found on the web at:
http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm under “Plan Preparation
Guide”, “Plan Notes”

Generally, a detail is included in the plan sheets.

111-06.01.05 Slough/Shoulder Treatments

See the appropriate Department Slough/Shoulder Guidelines shown in the DESIGN
GUIDELINES in Section 1-06 of the Design Manual for slough/shoulder treatment method
requirements for various project investment strategies.

111-06.02 Portland Cement Concrete (PCC) Pavement
111-06.02.01 New/Reconstruction

This process is used when the PCC has reached a condition where it is no longer cost effective to
repair. The surfacing is removed, the subgrade reworked, the roadway may need widening, the
vertical and horizontal alignment may need to be changed, and new base and surfacing is placed.
The existing surfacing, be it asphalt, PCC, or aggregate, is salvaged and recycled into the base.
Generally, salvaged material is not used in the surfacing.

Concrete pavements could be plain jointed with dowels or continuously reinforced. Materials
and Research will recommend if continuously reinforced concrete pavement should be used.

111-06.02.02 White Topping

White topping is a Structural Improvement where a layer of PCC is placed over an existing
pavement. This can be done as either a bonded or unbonded overlay.


http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm
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111-06.02.03 Concrete Pavement Repair (CPR)

This work consists of repairing spalled joints, broken slabs, stitching, installing dowel bars in
existing joints to re-establish load transfer, and grinding the surface to improve the ride. There
are two strategies for CPR:

e Minor CPR - Preventive Maintenance: Less than 10% of the pavement surface area per
mile is repaired.

e Major CPR — Major Rehabilitation: Greater than 10% of the pavement surface area per
mile is repaired.

When making repairs to continuously reinforced concrete, the continuity of the reinforcing
should be re-established.

111-06.02.04 Expansion, Contraction, WT Terminal, and Tied Longitudinal Joints
Generally:

e Expansion joints should not be used except at bridges.

e Contraction joints are used on all non-reinforced concrete pavements.

e The maximum width of concrete that is tied together is 40 feet.

e Terminal joints are used where continuously reinforced concrete pavement abuts non-
reinforced concrete pavement or a bridge.

111-06.03 Driveway and Guardrail Surfacing Policy

The following driveway and guardrail surfacing policy applies to paving projects, and does not
apply to seal coats and microsurfacing projects.

111-06.03.01 Rural Projects

Generally, the following will govern the surfacing of driveways and under guardrail. There may
be exceptions that can be handled on a case-by-case basis:

e For Structural Improvement, Major Rehabilitation, or New/Reconstruction projects:

o Pave to the ROW for paved section lines, paved county roads, paved street approaches, or
paved private drives.

o Pave to the radius for gravel section lines, gravel county roads, gravel street approaches,
and gravel private drives.

o0 Pave a5’ area of pavement from the edge of driving lane to provide a transition into field
drive approaches.
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e For Preventive Maintenance and Minor Rehabilitation projects:

o Pave to the ROW for paved section lines, paved county roads, or paved street approaches.

0 Pave a5’ area of pavement from the edge of driving lane to provide a transition into
gravel section lines, gravel county roads, gravel street approaches, paved private drives,
gravel private drives, or field drive approaches.

e |f the drive was previously paved and is disturbed during the construction, it will be paved.

e Surfacing is to be provided under guardrail to a point 3 feet beyond the back of the face of
the guardrail.

111-06.03.02 Urban Projects

e Generally, the driveway will be paved to the R/W line or to the limit of the construction
easement that is needed to blend the drive into the adjacent property or connect with existing
surfacing.

e The design used for driveways should be the same as the respective cities use. Driveways
may need to be thickened or reinforced in industrial areas.

111-06.04 Shoulder Surfacing
Generally, the following guidelines will be utilized when selecting to pave shoulders:

e Interstate System
0 Median and outside shoulders are paved, structurally sound.

e Interregional System

0 The shoulders of an Interregional segment that has more than 2,000 ADT should be
paved. For Interregional segments with less than 2,000 ADT, use a 28’ paved roadway
width and gravel shoulders. On four-lane facilities, the paved roadway width would
include the inside shoulder.

o If the guideline for shoulder type results in short segments of an Interregional Corridor
having gravel shoulders and the remaining portions of the corridor within the logical
termini (major roadway to a city or another major roadway) are paved, the PCR should
present shoulder treatment options and not rely solely on the traffic guidelines.

0 The shoulders on the Interregional system roadways that are designated as Congressional
High Priority Corridors should be paved. The corridors with this designation in North
Dakota are: US Highway 85 from the South Dakota border to Williston, US Highway 2
from Williston to the Montana border; US Highway 83 from the South Dakota border to
the Canadian border, and 1-29 from the South Dakota Border to the Canadian Border.



SECTION 111-06 Surfacing
Page 73 Revised 3/2/10

e State Corridor
0 The shoulders of a State Corridor segment that is on the National Highway System
(NHS) and has more than 2000 AADT will typically be paved.
0 The shoulders on State Corridor segments off the NHS, or NHS segments with less than
2000 AADT will typically be aggregate.

e District Corridor
0 The shoulders of a District Corridor segment that is on the National Highway System
(NHS) and has more than 2000 ADT will typically be paved.
0 The shoulders on District Corridor segments off the NHS, or NHS segments with less
than 2000 ADT will typically be aggregate.

e District Collector
o0 Shoulders are aggregate.

111-06.05 Rumble Strips

The purpose of rumble strips is to save lives by reducing head-on and run off the road (ROR)
crashes. Rumble strips are used to effectively reduce shallow angle ROR crashes. These types
of crashes are usually caused by distracted, drowsy, or fatigued driving. The noise and
vibrations caused by driving on rumble strips alert the driver of a near lane departure, allowing
time to make corrections. Rumble strips are not effective for ROR crashes caused be excessive
speed, loss of control, sudden turns to avoid on-road collisions, high-angle encroachments.

Rumble strips will be installed in conjunction with rural highway projects where paved shoulders
are constructed, reconstructed, or overlaid as part of a highway construction contract.

Rumble strips will not be installed across bridge decks and approach slabs, adjacent to guardrail,
and ¥ mile on either side of:

e Highways with posted speeds 45 mph or less
e All urban areas*
e Areas with curb and gutter

*Urban areas are areas within city limits, or reduced speed zones near towns and cities.
111-06.05.01 Bicycle Travel Considerations

The shoulder and edgeline rumble strip pattern for undivided roadways with shoulders 1’ or
greater in width shall provide an intermittent pattern of 40° length of rumble strips with 10” gaps
of no rumble strips to accommodate bicycle maneuvers from one side of the rumble strips to the
other without having to encounter the indentations/grooves.

If the roadway is identified on the United States Bicycle Route System (USBRS), an executive
decision for the installation of rumble strips will be determined during the Environmental
Documentation process.
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111-06.05.02 Maintenance Considerations

Rumble strips must be reinstalled if covered during patching and overlay activities.

The rumble strips may be covered during chip and sand sealing activities. The District Engineer
may limit chips to the travel lanes only and sand the shoulders, or eliminate the chips or sand on
the shoulders altogether.

111-06.05.03 Installation

Installations for rumble strips include shoulder rumble strips, edgeline rumble strips, centerline

rumble strips, and saw slotted rumble strips at intersections. Installations for rumble strips are
shown for various roadway types on the following Standard Drawings:

e Standard Drawing D-760-1
RUMBLE STRIPS INTERSTATE HIGHWAYS

e Standard Drawing D-760-2
RUMBLE STRIPS DIVIDED HIGHWAYS (NON-INTERSTATE)

e Standard Drawing D-760-3

RUMBLE STRIPS UNDIVIDED HIGHWAYS (SHOULDERS 4’ OR GREATER)
e Standard Drawing D-760-4

RUMBLE STRIPS UNDIVIDED HIGHWAYS (SHOULDERS LESS THAN 4°)

e Standard Drawing D-760-5
SAW SLOTTED RUMBLE STRIPS AT INTERSECTIONS

Shoulder rumble strips may also be installed on the right shoulder of Interstate loop ramps.
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Section 217 of Title 23 of the United States Code encourages the development and improvement
of pedestrian walkways and bicycle transportation.

Section 217 (1) of Title 23 provides that no bicycle project may be carried out under this section
unless it is determined that such project will be principally for transportation, rather than
recreation purposes.

Section 217 (g) of Title 23 provides, in general, that bicyclists and pedestrians shall be given due
consideration in the comprehensive transportation plans developed by each metropolitan
planning organization and state. It further provides that bicycle transportation facilities and
pedestrian walkways shall be considered, where appropriate, in conjunction with all new
construction and reconstruction of transportation facilities, except where bicycle and pedestrian
use are not permitted.

Section 217 refers to the Design Guidance called for in Section 1202 of Public Law 105-178
(TEA 21) which identified issues that are to be addressed as follows:

Level and nature of the demand.

Volume and speed of motor vehicle traffic
Safety

Terrain

Cost

Sight distance

111-07.01 Pedestrian Facilities (Sidewalks)

= The need for sidewalks shall be considered on new or reconstructed projects.

= The sidewalks must meet accessibility guidelines.

= When constructing a bridge, sidewalks shall be considered.

= |fasidewalk is placed on the bridge, a canopy over the sidewalk should be considered.

= Separated crossings should be considered where the pedestrian volume, traffic volume and
intersection capacity favor their use. The Traffic Operations Report will normally
recommend it if warranted.

= For design details for sidewalks refer to Standard Drawing D-750-2.

= |f the city already uses reinforcing steel in their sidewalks, it may be installed as a project
cost. A plan note should state that the cost of the reinforcing steel should be included in the
price bid for the cost of the sidewalk concrete. A detail drawing or plan note should be

included in the plans to show the spacing of the reinforcing steel.

= Where a highway abuts or enters a town, curb ramps should be installed or the existing ramps
upgraded through the business district.
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= Where the highway is on the Urban Regional System, the City should include curb ramps at
all intersections where sidewalk is present and update existing curb ramps to current ADA
requirements. See Standard Drawing D-750-3.

= For design details, refer to AASHTO’s “Guide for the Planning, Design, and Operation of
Pedestrian Facilities.”

111-07.02 Bicycle Facilities

= The need for bicycle transportation facilities shall be considered on new or reconstructed
projects.

Bicycle facilities could be stand alone projects.

When considering a bike facility, it should be consistent with the respective city’s bike plan,
if they have one.

The bicycle facilities could be located on the roadway.

The bicycle facility could be a separate facility located away from the roadway.

This lane could be a shared path, which would allow bicyclists, pedestrians, wheelchair
users, in-line and roller skaters, etc. to use the facility.

The separate bicycle facility must meet accessibility guidelines.

For design details, refer to AASHTO’S “A Guide for The Development of Bicycle
Facilities.”

If the city already uses reinforcing steel in their bikeways, it may be installed as a part of the
project. A plan note should state that the cost of the reinforcing steel should be included in
the price bid for the cost of the bikeway concrete. A detail drawing or plan note should be
included in the plans to show the spacing of the reinforcing steel.

111-07.03 Concrete Paving Colored with Brick Pattern

If the city already uses reinforcing steel in their brick patterned colored concrete, it may be
installed as a part of the project. A plan note should state that the cost of the reinforcing steel
should be included in the price bid for the cost of the brick patterned colored concrete. A detail
drawing or plan note should be included in the plans to show the spacing of the reinforcing steel.
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111-07.04 ADAAG Detectable Warnings (Truncated Domes)

Truncated domes are the standard design requirement for detectable warnings for determining
the boundary between the sidewalk and street by visually impaired people. They have a unique
design that can be detected underfoot and with a cane. Truncated domes are the only detectable
warnings allowed by the Americans with Disabilities Act Accessibility Guidelines (ADAAG).
Grooves, exposed aggregate and other designs intended for use as detectable warnings are too
similar to pavement textures, cracks, and joints.

To comply with the American with Disabilities Act (ADA), all state and local agencies are
required to utilize truncated domes on new and existing curb ramps, as follows:

1. Types of work that are considered to be new construction or reconstruction
projects:*
= Grade and Surfacing
= Structures: new, replacement and rehabilitation
= Widening or realignment or a roadway/shoulders
= Traffic Control Devices: Signalization
= Rest Area projects

2. Major and Minor Rehabilitation and Structural Improvement Projects such as:
= Bituminous or concrete overlays and/or milling projects that improve the
structural components of the roadway (greater than 2 inches overlay,
excluding rut filling).
= Major Concrete Pavement Repair/Dowel Bar Retrofit
= Intersection improvements: adding turn lanes
= Safety improvements and/or enhancements

3. Preventive Maintenance projects such as:
= QOverlays less than 2 inches
= Minor Concrete Pavement Repair (less than 10% of the pavement surface area
per mile)

4. All projects where constructing or altering curb ramps or otherwise affecting the
mobility of pedestrians.

Some Preventive Maintenance Projects; such as crack sealing and re-striping, do not require
modifications of curb ramps and/or truncated domes.

! Department of Justice Joint Final Rule on Detectable warnings and suspensions, Nov. 1998.
http://www.access-board.gov pick Publications, under Facilities pick Detectable Warnings: Final Rule.
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Specifications:?

Dome Alignment — Domes shall be aligned on a square grid in the predominant direction of
travel.

Size — Detectable warning surfaces shall extend 24 inches in the direction of travel and the full
width of the curb ramp landing.

Location (see Standard Drawing D-750-3):

1. Curb Ramps and Blended Transitions: The detectable warning surface shall be
located so that the nearest edge is 6” minimum and 8” maximum from the face of
the curb.

2. Median and Pedestrian Refuge Islands: Medians and refuge islands shall have

detectable warnings. Detectable warnings at cut-through islands shall be
separated by 24-in minimum length of walkway without detectable warnings.
Exceptions: Detectable warnings shall not be required on cut-through islands
where the crossing is controlled by signals and is timed for full crossing.

3. Railroad Crossing: Detectable warning surfaces shall be located at the outside of
each group of tracks that cross a pedestrian access route. The detectable warning
surface shall be located so that the edge nearest the rail crossing is 6” minimum
and 8’ maximum from the vehicle dynamic envelope (the clearance required for a
rail vehicle and its cargo overhand due to any combination of lading, lateral
motion, or suspension failure). Where the pedestrian access route crosses the rail
system at grade, the surface of the pedestrian access route shall be level and flush
with the top of the rail at the outer edge and between rails.

2 Guidelines for Accessible Public Rights of Way, http://www.access-board.gov pick Publications, under Public
Right of Way pick Building a True Community: Accessible Public Rights of Way, pick Part I11.
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111-08.01 General

These guidelines apply to all public and private utilities, including, but not limited to, electric
power, communications, cable television, water, gas, oil, slurry, petroleum products, steam,
sanitary sewers, wireless facilities (towers), drainage, irrigation, and similar facilities that are to
be located, adjusted, or relocated within any NDDOT right of way.

The location and design of all utilities within highway right of way must conform to Chapter 23
of the Code of Federal Regulations Part 645, and the NDDOT “A Policy for the Accommodation
of Utilities on State Highway Right of Way”. Subpart A of 23 CFR Part 645 relates to Utility
Relocation, Adjustment and Reimbursement. The Accommodation of Utilities is in Subpart B.

111-08.02 Preliminary Survey

Seventy two (72) hours prior to starting the topography survey, the North Dakota One Call
System (1-800-795-0555) should be contacted to have the underground utilities marked. Each
caller will receive an ID number, and this number should be used for all future locate requests.
Each utility is required to start marking the underground facilities within 72 hours. Should they
be unable to be on the project within this time period, they must contact you to make other
arrangements.

Be prepared to give the attendant each and every 1/4-1/4 section of land within which the survey
will be conducted, along with the section, township, and range. Make sure that the attendant is
given your name, title, and telephone number. The attendant will give you a request or
confirmation number. Record this in the survey book.

You have the option of requesting an onsite meeting with the utilities prior to the marking of
their underground facilities. This could result in reducing the time it takes to locate, mark, and
survey unaffected utilities.

Be sure to record in the survey books each company, the locator’s name and telephone number,
along with the dates of the locating and marking. Attempt to identify the utility name, size of
facility, type of pipeline, and the type of transmittant in the pipeline.

111-08.03 Preliminary Utility Coordination

The Designer or Consultant Project Manager shall meet with the NDDOT Utilities Engineer to
discuss the Preliminary Utility Coordination milestone after the Environmental Document
CATEX has been approved by FHWA. The Designer or Consultant Project Manager will meet
with the NDDOT Utilities Engineer to discuss the alternate selected for the project, any
preliminary potential utility impacts, review any available preliminary survey, information, or
comments from the SOV letters, and discuss future utility coordination. After this meeting, a
Preliminary Utility Coordination Letter shall be sent to all potential impacted Utility Co.
requesting comments, share preliminary information, or further correspondence with Utility Co.
as follows:
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e Design Division, Bridge Division, and District Projects

The NDDOT Utilities Engineer will generate the Preliminary Utility Coordination Letter
and available associated documents and distribute to the Utility Co.

e Consultant Projects

The Consultant Project Manager will generate the Preliminary Utility Coordination Letter
and available associated documents and distribute to the Utility Co. The Consultant
Project Manager shall send a copy to the Technical Support Person, and the Technical
Support Person will forward to the NDDOT Utilities Engineer.

e Local Government Projects (ND and US Highways)

The Consultant Project Manager will generate the Preliminary Utility Coordination Letter
and available associated documents and distribute to the Utility Co. The Consultant
Project Manager shall send a copy to the Local Government Technical Support Person,
and the Local Government Technical Support Person will forward to the NDDOT
Utilities Engineer.

e Local Government Projects (Urban & County Federal Aid Routes, TE, and SRTS)
The local public agency will complete any necessary Preliminary Utility Coordination.
111-08.04 Preliminary Utility Engineering

During the design of the project, the Designer or Consultant Project Manager shall meet with the
NDDOT Utilities Engineer to discuss the Preliminary Utility Engineering milestone. This
meeting is to ascertain the location and extent of any utility relocations necessary to
accommodate the planned project including any state optioned borrow sites, and where feasible
and within acceptable design standards, to avoid relocation or adjustment or major or costly
utilities without changing the scope of the project. The Utilities Engineer or Consultant Project
Manager may at this time request comments, share preliminary information, or further
correspondence with Utility Co.

Each above-ground utility that is to be relocated or lowered will be shown on the plan & profile
sheets with the appropriate symbols.

On grading projects or projects with complex utility impacts, the NDDOT Utilities Engineer may
request a plan note to be put in the plans requiring the contractor to hold a post bid utility
coordination meeting. The contractor shall provide an agenda, tentative construction schedule
for coordinating utility relocations, publish minutes from the meeting, and distribute to attendees.
This plan note can be found on the Plan Preparation Guide (PPG) website.
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111-08.05 Notification to Utility Companies

After determination of the location and extent of utility relocations necessary to accommodate
highway construction including any state optioned borrow sites, each Utility Co. affected is
notified which of its facilities must be relocated or adjusted and which portions, if any, will be
eligible for reimbursement.

The notification to the Utility Co. will include a Notification Letter, a Conflict Summary Sheet,
highway plan sheets, including title sheet, scope of work sheet, plan and profile sheets, and when
necessary, cross section sheets showing the approximate location of its facilities, which must be
relocated or adjusted to accommodate highway construction. These plan sheets will also indicate
which facilities will be reimbursed for relocation expenses, and which portions will not be
reimbursable. Whenever possible, these utility coordination plan sheets will be made available
to the potential bidders prior to the bid letting date via the NDDOT ePlans website. Depending
on the complexity of the utility relocations or adjustments, a meeting may also be held between
NDDOT Utilities Engineer or Consultant Project Manager with the affected Utility Co. and
further correspondence. The Utility Co. is requested to proceed with the necessary field
inspection, preparation of plans, and a cost estimate for the relocation work.

e Design Division, Bridge Division, and District Projects

The NDDOT Utilities Engineer will generate the Notification Letter, Conflict Summary
Sheet, and associated documents/plan sheets and distribute to the Utility Co. and send a
copy to the respective District.

e Consultant Projects

The Consultant Project Manager will generate the Notification Letter, Conflict Summary
Sheet, and associated documents/plan sheets and distribute to the Utility Co. The
Consultant Project Manager shall send a copy to the Technical Support Person and the
respective District. The Technical Support Person will forward to the NDDOT Utilities
Engineer.

e Local Government Projects (US and ND Highways)

The Consultant Project Manager will generate the Notification Letter, Conflict Summary
Sheet, and associated documents/plan sheets and distribute to the Utility Co. The
Consultant Project Manager shall send a copy to the Local Government Technical
Support Person and the respective District. The Local Government Technical Support
Person will forward to the NDDOT Utilities Engineer.

e Local Government Projects (Urban & County Federal Aid Routes, TE, and SRTS)

The local public agency will complete any necessary Notification to Utility Co.
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The availability of substantially completed highway plans in advance of contract letting dates
varies considerably. However, in general, it is NDDOT policy to provide the Utility Co.
adequate lead time to make the necessary field investigation, to prepare a detailed cost estimate,
and to complete the actual relocation work prior to the start of highway construction if possible.
The required lead time will depend upon the extent and complexity of the relocation work and
upon the capability of the particular Utility Co. However, it is the State's policy to notify the
Utility Co. a minimum of three (3) months before the bid opening date, six (6) months is
desirable, and sooner in some cases involving major facilities and projects. If final highway
plans are available, notice may be sent to the Utility Co. a year or more prior to the contract
letting date if circumstances so warrant. For utility permit information, see NDDOT policy “A
Policy for Accommodation of Utilities on State Highway Right-of-Way.”

111-08.06 Utility Agreements

A determination must be made as to who is responsible for the costs of the relocation and
adjustment work. The general rule is those who have prior rights will be reimbursed for the
work. An exception to this rule is contained in Sections 24-01-42 and 43 of the North Dakota
Century Code, which states that any utility that is placed within one-hundred feet of the
centerline of any state highway right of way or within seventy-five feet of the centerline of any
county highway right of way after 1959 must relocate, adjust, or remove the facilities at the
Utility Co. expense.

Reimbursable utility work must be covered with a signed agreement between the NDDOT and
the Utility Co. as follows:

e Design Division, Bridge Division, and District Projects

The NDDOT Utilities Engineer will send the required Agreement, and attach the
Notification Letter, Cost Estimate for Relocation of Utility Facilities (SFN 5700),
associated documents and plans to all Utility Co. that will be reimbursed for their
relocations.

e Consultant Projects

The NDDOT Utilities Engineer will send the required Agreement, and attach the
Notification Letter, Cost Estimate for Relocation of Utility Facilities (SFN 5700),
associated documents and plans to all Utility Co. that will be reimbursed for their
relocations. The Consultant Project Manager must send the Notification Letter and
associated documents and plans to the Technical Support Person to forward to the
NDDOT Utilities Engineer to be attached with the Agreement.
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e Local Government Projects (US and ND Highways)

The NDDOT Utilities Engineer will send the required Agreement, and attach the
Notification Letter, Cost Estimate for Relocation of Utility Facilities (SFN 5700),
associated documents and plans to all Utility Co. that will be reimbursed for their
relocations. The Consultant Project Manager must send the Notification Letter and
associated documents and plans to the Local Government Technical Support Person to
forward to the NDDOT Utilities Engineer to be attached with the Agreement.

e Local Government Projects (Urban & County Federal Aid Routes, TE, and SRTYS)

The local public agency will complete any necessary agreements where local funds are
used to move utilities. If federal aid is used to move utilities, then the Local Government
Division will complete the necessary agreements.

Occasionally, a utility company may not return the Agreement documents on a timely basis, then
a follow-up letter must be sent as a reminder to return the documents.

NOTE: The Utility Relocation Agreement must have the appropriate North Dakota Risk
Management Appendix and Certificate of Insurance from the Utility Co. attached, along with the
other required forms.

Any proposed betterments that the utility company proposes to make, and any cost sharing, shall
be shown on the Cost Estimate form. Betterments are improvements to the company system that
are not eligible for reimbursement. Examples of this would be heavier conductor on an overhead
power line to increase capacity, larger size telephone or television cable, larger pipe size, etc.

Cost sharing is when the Department is only partially responsible for the costs of relocation, as
shown in the plans. An example of this would be when there are four (4) miles of buried cable to
be relocated and one (1) mile is located on highway right of way. If the total cable is of the same
size, the state would be responsible for three-fourths of the cost (3 mile divided by 4 miles), and
the utility would be responsible for one-fourth of the cost (1 mile divided by 4 miles). If the
cable varies in sizes, then a formula based on foot/pairs must be used.

When the signed Agreement is returned to the NDDOT Uctilities Engineer from the Utility Co.,
the documents will be submitted to the Legal Division and NDDOT Director for final approval.

111-08.07 Authorization

The NDDOT Utilities Engineer will forward a request for federal aid to the Programming
Division when it has been determined that a utility is eligible for reimbursement as noted above.

When notification from FHWA is received that the utility work is approved, the NDDOT
Utilities Engineer will make the necessary copies of the Agreement and make distribution, and
the utility will be authorized to start relocation. Any relocation work done by the utility prior to
FHWA or NDDOT authorization date will not be eligible for reimbursement from the NDDOT.
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111-08.08 Certification

A utility certification letter must be sent to Programming for all projects. This utility
certification letter certifies that the plans have been reviewed for utility impacts and notifications
to Utility Co. have been made for all utility impacts for the project.

e Design Division, Bridge Division, and District Projects
The NDDOT Utilities Engineer shall send the certification letter to Programming.

e Consultant Projects

The Consultant Project Manager shall send the certification letter to the Technical
Support Contact Person. The Technical Support Contact Person will forward the
certification letter to the NDDOT Utilities Engineer. The NDDOT Utilities Engineer
shall send a certification letter to Programming.

e Local Government Projects (US and ND Highways)

The Consultant Project Manager shall send the certification letter to the Local
Government Technical Support Contact Person. The Local Government Technical
Support Contact Person will forward the certification letter to the NDDOT Utilities
Engineer. The NDDOT Utilities Engineer shall send a certification letter to
Programming.

e Local Government Projects (Urban & County Federal Aid Routes, TE, and SRTS)

The local public agency will complete any necessary certification and submit this
certification to the Local Government Technical Support Contact Person. The Local
Government Technical Contact Person will forward a certification letter to Programming.

111-08.09 Bid Letting Coordination

Design Division, Bridge Division, District, Consultant Projects, and Local
Government Projects (US and ND Highways)

The NDDOT Utilities Engineer shall correspond with the Utility Co. and District
following the bid opening. The NDDOT Ultilities Engineer shall send a letter to the
Utility Co. and District stating that the project has been let and identify the contact
information for the Utility Co., Field Engineer, and Contractor.

Local Government Projects (Urban & County Federal Aid Routes, TE, and SRTS)

The local public agency or its’ representative shall correspond with the Utility Co. and
District following the bid opening. The local public agency or its’ representative shall
send a letter to the Utility Co. and District stating that the project has been let and identify
the contact persons for the Utility Co., Field Engineer, and Contractor.
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111-08.10 Example Forms and Letters

Sample forms and letters are available on the “Reference and Forms” page of the Design Manual
website at: http://www.dot.nd.gov/manuals/design/designmanual/reference-forms.htm
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111-09.01 Introduction

The preparation of plans for streets and highways depends upon the type of roadway. Sign sizes
depend on the roadway classification. There are many variables that should be considered when
preparing the plans. The roadway type will determine the legend size, which will then determine
the sign sizes. The various conditions will determine what signs are to be used. The MUTCD
will provide the guidance necessary to determine what signs are needed for the site conditions.
The Standard Highway Signs Booklet and the North Dakota Department of Transportation
Standard Signs Supplement will provide the required sign sizes of the signs for the various
classified roadways. Vertical and horizontal clearances will vary depending on the type of signs
and the roadway classification.

111-09.01.01 Different Types of Construction

The type of construction determines how signing plans are prepared. The types are Preventive
Maintenance, Minor Rehabilitation, Structural Improvement, Major Rehabilitation, and New or
Reconstruction.

Preventive Maintenance (PM): Signs will not be required to be upgraded as part of these
projects unless identified by the Statewide Safety Program. Signage not in compliance with the
MUTCD will be updated if engineering judgment indicates that:

e One compliant device in the midst of a series of adjacent non-compliant devices could
potentially be confusing to the road user.

e The anticipated schedule for replacement of the whole series of non-compliant devices
will result in achieving timely compliance with the MUTCD.

All railroad crossings will have adequate warning/protective devices in place or be otherwise
addressed in the State Railroad Crossing Improvement Program.

Minor Rehabilitation (MiR): Signs will not be required to be upgraded as part of these projects
unless identified by the Statewide Safety Program. Signage not in compliance with the MUTCD
will be updated if engineering judgment indicates that:

e One compliant device in the midst of a series of adjacent non-compliant devices could
potentially be confusing to the road user.

e The anticipated schedule for replacement of the whole series of non-compliant devices
will result in achieving timely compliance with the MUTCD.

All railroad crossings will have adequate warning/protective devices in place or be otherwise
addressed in the State Railroad Crossing Improvement Program.

Structural Improvement (SI): All regulatory and warning signs and pavement markings will be
verified to comply with current MUTCD standards or brought up to MUTCD standards if
necessary, and all railroad crossings will have adequate warning/protective devices in place or be
otherwise addressed in the State Railroad Crossing Improvement Program.



SECTION I111-09 Permanent Signing
Page 87 Revised 8/21/13

Major Rehabilitation (MaR): All regulatory and warning signs and pavement markings will be
verified to comply with current MUTCD standards or brought up to MUTCD standards if
necessary, and all railroad crossings will have adequate warning/protective devices in place or be
otherwise addressed in the State Railroad Crossing Improvement Program.

New or Reconstruction: All regulatory and warning signs and pavement markings will be
verified to comply with current MUTCD standards or brought up to MUTCD standards if
necessary, and all railroad crossings will have adequate warning/protective devices in place or be
otherwise addressed in the State Railroad Crossing Improvement Program.

111-09.02 Different Types of Roadways
Tables 111-09.01 — 111-09.07 show standards for signing for different types of roadways.
111-09.02.01  Undivided Roadways

There are several types of roadways that determine the letter sizes, sign sizes, and vertical
clearances. An undivided roadway can have various numbers of lanes: two-lane, three-lane,
four-lane, and five-lane.

For a two-lane roadway that has one lane in each direction, the legend size will be used as shown
in the Standard Highway Signs Booklet and the Supplement.

For a three-lane roadway that has one lane in each direction and a two-way left turn lane in the
middle, the legend size will be used as shown in the Standard Highway Signs Booklet and the
Supplement.

For a four-lane roadway that has two lanes in each direction, the legend size will be used as
shown in the Standard Highway Signs Booklet and the Supplement.

For a five-lane roadway that has two lanes in each direction and a two-way left turn lane in the
middle, the legend size will be used as shown in the Standard Highway Signs Booklet and the
Supplement.

The sizes can be increased if an engineering study has determined that a larger size is needed.

The vertical clearances are as shown on Standard Drawings D-754-1 and D-754-23. These
standard drawings can be found on the web at:
http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm under Standard
Drawings.
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111-09.02.02  Divided Highways
111-09.02.02.01 Expressways with Partial Control of Access

Expressways have two types of access in North Dakota. Access is obtained using either
interchanges or at-grade intersections.

Interchanges should be signed as shown in the MUTCD, Chapter 2F. The letter size for guide
sign requirements are shown in Section 111-09.08.01 and should be used for the signs stated. The
regulator and warning sign legend size should be as shown in the Standard Highway Signs
Booklet for Expressways.

At-grade intersections should have Stop control, One Way signs, and Divided Highway signs
installed at the intersection. Routes should be signed as shown for Conventional Roads, Chapter
2D inthe MUTCD. Where stop or signal controls are used, the route turn assembly should be
placed across the roadway.

The median width will govern whether yield and one-way signs are to be placed. See Figures 1
thru 4A in Appendix 111-09 A.

111-09.02.02.02 Freeways

Freeways are to be signed as shown in the MUTCD, Chapter 2F. Letter size for guide sign
requirements are shown in Section 111-09.08.02 and should be used for the signs stated. The
regulator and warning sign legend size should be as shown in the Standard Highway Signs
Booklet for Freeways.

See Appendix 111-09 B and Appendix 111-09 C for Interchange Numbering, Names and
Classification for I-94 & 1-29 respectively.

The overall dimensions of the regulatory and warning signs shall be as shown in Table 111-09.01,
111-09.02, and 111-09.03 or as shown in the MUTCD in Table 2B-1: Regulatory Sign Sizes, 2C-2:
Warning Sign Sizes, and 2C-3: Minimum Size of Supplemental Warning Plaques.
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Table 111-09.01: Regulatory Sign Sizes (Table 2B-1 in the MUTCD)
Sian MUTCD Section Conventional [Expressway| Freeway | Minimum |Oversized
9 Code Road (in) (in) (in) (in) (in)
Stop R1-1 SB.04 30 x 30 36 x 36 - 24 X 24 48 x 48
Yield R1-2 2B.08 36 x36x36 |48 x48x48 [60x60x60{30x30x30 -
To Oncoming Traffic R1-2a - 24 x12 - - - -
4-Way R1-3 2B.04 12x6 - - - -
All Way R1-4 2B.04 18x 6 - - - -
Yield Here to Peds R1-5 2B11 18 x 18 - - - -
Yield Here to Pedestrians R1-5a 2B.11 18 x 24 - - - -
In-Street Ped Crossing R1-6,6a 2B1.12 12 x 36 - - - -
Speed Limit R2-1 2B.13 24 x 30 36 x 48 48 x 60 - -
Truck Speed Limit R-2-2 2B.14 24 x 24 36 x 36 48 x 48 - -
Night Speed Limit R2-3 2B.15 24 x 24 36 x 36 48 x 48 - -
Minimum Speed Limit R2-4 2B.16 24 x 30 36 x 48 48 x 60 - -
Combined Speed Limit R2-4a 2B.16 24 x 48 36 x 72 48 x 96 - -
Fines Higher R2-6 2B.17 24 x 24 36 x 36 48 x 48 - -
Turn Prohibition R3-1,2,3,4,18| 2B.19 24 x 24 36 x 36 - - 48 x 48
Mandatory Movement Lane R3-5 Series 2B.21 30 x 36 ) ) ) )
Control
Optional Movement Lane Control R3-6 2B.22 30x 36 - - - -
Mandatory Movement Lane R3-7 2B.21 30 x 30 ) ) ) )
Control
/Advance Intersection Lane Control | R3-8,8a,8b 2B.23 | (variable x 30) - - - -
Two-Way Left Turn Only R3-9a 2B.24 30 x 36 i i i i
(overhead mounted)
Two-Way Left Turn Only R3-9b 2B.24 24 X 36 - - - 36 x 48
(ground mounted)
Reversible Lane Control (symbol) R3-9d 2B.25 108 x 48 - - - -
Reversible Lane Control R3-0f 2B.25 30 x 42 i i i i
(ground mounted)
Advar)(;e Reyer_smle Lane Control R3-9g.9h 2B.25 108 x 36 i i i i
Transition Signing
End Reverse Lane R3-9i 2B.25 108 x 48 - - - -
Preferential Only Lane Ahead | pg 10 series | 2B.26 |  30x42 36x60 | 78x96 . .
(ground mounted)
Preferential Only Lane Operation R3-11 series | 2B.26 30 x 42 i 78 x 96 i i
(ground mounted)
Preferential Only Lane Ends . 48 x 84
(ground mounted) R3-12 series | 2B.26 36 x 42 36 x 60 48 X 96 - -
Preferential Only Lane Ahead . 144 x 78
(overhead mounted) R-13 series 2B.26 66 x 36 84 x 48 144 %96 - -
Preferential Only 144 x106
Lane Operation R-14 series 2B.26 72 x 60 96 x 72 144 x 124 - -
(Overhead mounted) 144 x 90
HOV 2+ Lane Ends .
(Overhead Mounted) R3-15 series | 2B.26 66 x 36 84 x 48 102 x 60 - -
Do Not Pass R4-1 2B.29 24 x 30 36 x 48 48 x 60 18 x 24 -
Pass With Care R4-2 2B.30 24 x 30 36 x 48 48 x 60 18 x 24 -
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Sign MUTCD Section Conventi_onal Exprgssway Fre_eway Min_imum Oversized
Code Road (in) (in) (in) (in) (in)
Slower Traffic Keep Right R4-3 2B.31 24 x 30 36 x 48 48 x 60 - -
Trucks Use Right Lane R4-5 2B.32 24 x 30 36 x 48 48 x 60 - -
Trucks Lane XX Feet R4-6 2B.32 24 x 30 36 x 48 48 x 60 - -
Keep Right R4-7,7a,7b 2B.33 24 x 30 36 x 48 48 x 60 18 x 24 -
Keep Left R4-8 2B.33 24 x 30 36 x 48 48 x 60 18 x 24 -
Do Not Enter R5-1 2B.34 30 x 30 36 x 36 48 x 48 - -
\Wrong Way R5-1a 2B.35 36x 24 36 x 24 42 x 30 - -
No Trucks R5-2,2a 2B.36 24 x 24 30 x 30 36 x 36 - 48 x 48
No Motor Vehicles R5-3 2B.36 24 x 24 - - - -
Commercial Vehicles Excluded R5-4 2B.36 24 x 30 36 x 48 48 x 60 - -
\Vehicles with Lugs Prohibited R5-5 2B.36 24 x 30 36 x 48 48 x 60 - -
No Bicycles R5-6 2B.36 24 x 24 30 x 30 36 x 36 - 48 x 48
Non-Motorized Traffic Prohibited R5-7 2B.36 30x24 42 x 24 48 x 30 - -
Motor-Driven Cycles Prohibited R5-8 2B.36 30x24 42 x 24 48 x 30 - -
Pedestrians, Bicycles
Motor-Driven CB)//cIes Prohibited R5-102 2B.36 30x 36 i i i i
Pedestrians and Bicycles
Do bited y R5-10b 2B.36 30 x 18 - - - -
Pedestrians prohibited R5-10c 2B.36 24 x12 - - - -
One Way R6-1 2B.37 36 x 12 54 x 18 54 x 18 - -
One Way R6-2 2B.37 24 x 30 36 x 48 36 x 48 18 x 24 -
Divided Highway Crossing R6-3, 3a 2B.38 30x24 36 x 30 - 24 x 18 -
R7-
No Parking 1,2,2a,3,45,6,| 2B.39 12x 18 - - - -
7,8, 107,108
\Van Accessible R7-8a,8b 2B.40 18x9 - - 12x6 -
No Parking, Bike Lane R7-9,9a 9B.09 12x 18 - - - -
No Parking (with transit logo) R7-107a 2B.39 12 x 30 - - - -
No Parking/ Restricted Parkin 24 x 18
(combinedgsign) ) R7-200 2B.40 12 x 30 i i i i
[Tow Away Zone R7-201,201a| 2B.40 12x6 - - - -
This Side of Sign R7-202 2B.39 12x6 - - - -
No Parking on Pavement R8-1 2B.39 24 x 30 36 x 48 48 x 60 - -
No Parking Except on Shoulder R8-2 2B.39 24 x 30 36 x 48 48 x 60 - -
No Parking R8-3 2B.39 24 x 30 36 x 36 48 x 48 18 x 24 -
No Parking (symbol) R8-3a 2B.39 24 x 24 36 x 36 48 x 48 12x12 -
Emergency Parking Only R8-4 2B.42 30 x24 30x24 48 x 36 - -
No Stopping on Pavement R8-5 2B.39 24 x 30 36 x 48 48 x 60 - -
No Stopping Except on Shoulder R8-6 2B.39 24 x 30 36 x 48 48 x 60 - -
Emergency Stopping Only R8-7 2B.42 30x24 48 x 36 - - -
Do Not Stop on Tracks R8-8 2B.42 24 x 30 36 x 48 - - -
Tracks Out of Service R8-9 8B.09 24 x 24 36 x 36 - 18 x 18 -
Stop Here When Flashing R8-10 8B.10 24 x 36 - - 24 x 30 -
\Walk on Left Facing Traffic R9-1 2B.43 18x 24 - - - -
Cross Only at Crosswalks R9-2 2B.44 12x 18 - - - -
No Pedestrian Crossing R9-3 2B.44 12x 18 - - - -
No Pedestrian Crossing (symbol) R9-3a 2B.44 18 x 18 24 x 24 30x 30 - -
Use Crosswalk R9-3b 2B.44 18 x 12 - - - -
No Hitch Hiking R9-4 2B.43 18 x 24 - - 18 x 18 -
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Sign MUTCD Section Conventi_onal Exprgssway Fre_eway Min_imum Oversized
Code Road (in) (in) (in) (in) (in)
Hitch Hiking Prohibition (symbol) R9-4a 2B.43 18 x 18 - - - -
Bicyclists (symbol
UseyPe . Si(g?]’al ) RO-5 9B.10 12 x 18 - - - -
Bicyclists (symbol
Yie%’d o Pe( d‘g’ ) RO-6 9B.10 12 x 18 - - - -
Keep Left/Right to Pedestrians &
Bicyclists (symbols) - Travel-path R9-7 9B.11 12x 18 - - - -
Restriction
Pedestrian Crosswalk R9-8 6F.12 36 x 18 - - - -
Sidewalk Closed R9-9 6F.13 30 x18 - - - -
Sidewalk Closed, Use Other Side R9-10 6F.13 48 x 24 - - - -
f:'r‘f)es‘;"f‘_"'gr(e:'ose‘j Ahead, R9-11 6F.13 48 x 36 - - - -
Sidewalk Closed, Cross Here R9-11a 6F.13 48 x 24 - - - -
Cross On Green Light Only R10-1 2B.45 12x 18 - - - -
R10-2,
Pedestrian Traffic Signal Signs 2a,3,3a,3b, 2B.45 9x12 - - - -
3c,3d,4,4a,4b
Countdown Pedestrian Sign R10-3e 2B.45 9x15 - - - -
Left on Green Arrow Only R10-5 2B.45 24 x 30 - - - 48 x 60
Stop Here on Red R10-6 2B.45 24 x 36 - - - -
Stop Here on Red R10-6a 2B.45 24 x 30 - - - -
Do Not Block Intersection R10-7 2B.45 24 x 30 - - - -
Use Lane with Green Arrow R10-8 2B.45 24 x 30 36 x 42 - - 60 x 72
Left (Right) Turn Signal R10-10 2B.45 24 x 30 - -
No Turn on Red R10-11,11a 2B.45 24 x 30 - - - 48 x 48
No Turn on Red R10- 11b 2B.45 24 x 24 - - - 30x30
Left Turn Yield on Green R10-12 2B.45 24 x 30 - - -
Emergency Signal R10-13 2.B45 36 x 24 - - - -
Turnlng Traffic Must Yield To R10-15 2B.45 30 x 36 i i i i
Pedestrians
U-Turn Yield to Right Turn R10-16 2B.45 30x 36 - - - -
Right on Red Arrow After Stop R10-17a 2B.45 30 x 36 - - - -
Traffic Laws Photo Enforced R10-18 2B.46 36 x 18 48 x 30 72 x 36 - -
Photo Enforced R10-19 2B.46 24 x 18 36 x 30 48 x 36 - -
MON-FRi (any times) (3 lines) R10-20a 2B.45 24 x 24 - - - -
SUNDAY (any times) (2 lines) R10-20a 2B.45 24 x 18 - - - -
Left Turn Signal - Yield on Green R10-21 2B.45 30 x 36 - - - -
Bike Actuation R10-22 9B.12 12x18 - - - -
Keep Off Median R11-1 2B.47 24 X 30 - - - -
Road Closed R11-2 2B.48 48 X 30 - - - -
. R11-3,33,
Road Closed — Local Traffic Only 3b4 2B.48 60 X 30 - - - -
\Weight Limit R12-1,2 2B.49 24 X 30 36 X 48 - - 36 X 48
\Weight Limit R12-3 2B.49 24 X 36 - - - -
\Weight Limit R12-4 2B.49 36 X 24 - - - -
\Weight Limit R12-5 2B.49 24 X 36 36 X 48 48 X 60
Metric Plaque R12-6 2B.49 24 X9 - - - -
\Weigh Station R13-1 2B.50 72 X 48 96 X 66 120 X 84 - -
Truck Route R14-1 2B.51 24 X 18 - - - -
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Sign MUTCD Section Conventional [Expressway| Freeway | Minimum |Oversized
Code Road (in) (in) (in) (in) (in)
Hazardous Materials R14-2,3 2B.52 24 X 24 30 X 30 36 X 36 - 42 x 42
National Network R14-4,5 2B.53 24 X 24 30 X 30 36 X 36 - 42 x 42
Railroad Crossing R15-1 8B.03 48 X9 - - - -
Look R15-8 8B.16 36 X 18 - - - -
Notes:
1. Larger sighs may be used when appropriate.
2. Dimensions are shown in inches and shown as width x height.
Table 111-09.02: Warning Sign Sizes (Table 2C-2 in the MUTCD)
Description Conventional| Express- | Freeway | Minimum |Oversized
Shape Sign Series Road (in) | way (in) (in) (in) (in)
W1,W2 W7,
Warwies | 30x30 | 36x36 | 48x4s | 24x24 .
Diamond W17-1
W1 Combination,
W3,W4,W5,W6, 36 x 36 48 x 48 48 x 48 30x 30 -
W8-3,W10,W12
W1 - Arrows 48 x 24 - - 36 x 18 60 x 30
W1 - Chevron 18 x 24 30 x 36 36 x 48 12 x 18 -
W7-4 78 x 48 78 x 48 78 x 48 - -
Rectangular W7-4,4c 78 x 60 78 x 60 78 x 60 - -
W10-9,10 24 x 18 - - - -
W12-2p 84 x 24 84 x 24 84 24 - -
W13-2, 3,5, W25 24 x 30 36 x 48 48 x 60 24 x 30 48 x 60
Pennant W14-3 36 x 48 x 48 - - 30 x 40 x 40|48 x 64 x64
Circular W10-1 36 Dia. 48 Dia. - 30 Dia. 48 Dia.
Notes:

1. Larger sighs may be used when appropriate.
2. Dimensions are shown in inches and shown as width x height.

Table 111-09.03: Minimum Size of Supplemental Warning Plaques (Table 2C-3 in the

MUTCD)
. Size of Supplemental Plague (in)

Size of

Warning Sign Rectangular Square
1Line 2 Line Arrow

24 x 24

30 x 30 24 x12 24 x 18 24 x12 18 x 18

36 x 36

48 x 48 30x18 30x24 30x18 24 x 24
Notes:

1. Larger supplemental plaques may be used when appropriate.
2. Dimensions are shown in inches and shown as width x height.
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Table 111-09.04: Minimum Sign Sizes on Low-Volume Roads (Table 5A-1 in the MUTCD)
. MUTCD . Sign Sizes (in)

Sign Code Section Typical Minimum Oversized
Stop R1-1 5B.02 30x30 - 36 x 36
Yield R1-2 5B.02 30x30x30 _ 36 x 36 x 36
Speed Limit R2-1 5B.03 24 x 30 18 x 24 36 x 48
Do Not Pass R4-1 5B.04 24 x 30 18 x 24 36 x 48
Pass With Care R4-2 5B.04 24 x 30 18 x 24 36 x 48
Keep Right R4-7 5B.04 24 x 30 18 x 24 36 x 48
Do Not Enter R5-1 5B.04 30x30 - 36 x 36
No Trucks R5.2 5B.04 24 X 24 - 30x 30
One Way R6-2 5B.04 18 x 24 - 24 x 30
No Parking R8-3 5B.05 18 x 24 - 24 x 30
No Parking (symbol) R8-3a 5B.05 24 x 24 18 x 18 30 x 30
No Parking (plaque) R8-3c,3d 5B.05 24 x 18 18 x 12 30x24
Road Closed R11-2 5B.04 48 x 30 - -
Road Closed, Local Traffic Only R11-3a 5B.04 60 x 30 - -
Bridge out, Local Traffic Only R11-3b 5B.04 60 x 30 - -
Weight Limit R12-1 5B.04 24 x 30 - 36 x48
Railroad Crossbuck R15-1 5F.02 48 x9 - -
Number of Tracks R15-2 5F.02 27 x 18 - -
Horizontal Alignment W-1,2,3,4,5 5C.02 24 x 24 - 30 x 30
One-Direction Large Arrow W1-6 5C.02 36 x 18 - 48 x 24
Two-Direction Large Arrow W1-7 5C.02 36 x 18 - 48 x 24
Chevron Alignment W1-8 5C.02 12 x 18 - 18 x 24
Intersection Warning W2-1,4,5 5C.03 24 x 24 - 30 x 30
Stop Ahead W3-1 5C.04 30x30 24 x 24 36 x 36
Yield Ahead W3-2 5C.04 30x30 24 x 24 36 x 36
Be Prepared to Stop W3-4 5G.05 36 x 36 30 x 30 48 x 48
Narrow Bridge W5-2 5C.05 30 x 30 24 x 24 36 x 36
One Lane Bridge W5-3 5C.06 30 x 30 24 x 24 36 x 36
Hill W7-1,1a 5C.07 24 x 24 - 30 x 30
XX % Grade W7-3 5C.07 24 x18 - 30x24
Next XX miles W7-3a 5C.09 24 x18 - 30x24
Pavement Ends W8-3 5C.08 30x 30 24 X 24 36 X 36
Loose Gravel W8-7 5G.05 30 x 30 24 X 24 36 x 36
Railroad Advance Warning W10-1 5F.03 24 Dia. 18 Dia 30 Dia.
Crossing Warning W10-2,3,4 5F.03 30 x 30 24 x 24 36 x 36
Entering/Crossing W11 Series 5C.09 24 x 24 - 30 x 30
Advisory Speed (plaque) W13-1 5C.10 18 x 18 - 24 x 24
Dead End/No Outlet W14-1,2 5C.11 30x30 24 x 24 36 x 36
Dead End/No Outlet W14-1a,2a 5C.11 36 x9 24 X6 -
No Passing Zone (pennant) W14 -3 5G.05 30x40x40 | 24x36x36 | 36x48x48
Supplemental Distance (plaque) W16-2 5C.09 24 x 18 18x 12 30x24
Ahead (plaque) W16-9p 5C.09 24 x 12 - 30x18
No Traffic Signs W18-1 5C.12 30 x 30 24 x 24 36 x 36
Road Work XX Ft W20-1 5G.05 36 x 36 30x30 48 x 48
Flagger W20-7a 5G.05 36 x 36 30 x 30 48 x 48
Workers W21-1a 5G.05 36 x 36 30 x 30 48 x 48
Fresh Qil W21-2 5G.05 24 x 24 - 30 x 30
Road Machinery Ahead W21-3 5G.05 24 x 24 - 30 x 30
Shoulder Work W21-5 5G.05 24 x 24 - 30 x 30
Survey Crew W21-6 5G.05 30 x 30 24 x 24 36 x 36
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Notes:
1. Larger signs may be used when appropriate.
2. Dimensions are shown in inches and shown as width x height.

Table 111-09.05: Size of School Area Signs and Plaques (Table 7B-1 in the MUTCD)

Sign MUTCD Section Conventi_onal Min_imum Oversized
Code Road (in) (in) (in)

School Advance Warning S1-1 7B.08 36 x 36 30x 30 48 x 48
School Bus Stop Ahead S3-1 7B.10 30x 30 - 36 x 36
Reduced Speed School Zone Ahead S4-5,S4-5a 7B.12 36 x 36 30 x 30 48 x 48
ﬁf:sz‘:; gpee‘j Limit XX When $5-1 7B.11 24 x 48 - 36 x 72
End School Zone S5-2 7B.13 24 x 30 - 36 x 48
Speed Limit (School Use) R2-1 7B.11 24 x 30 - 36 x 48
o S4-1 7B.11 24 %10 . 36 x 18
\When Children Are Present S4-2 7B.11 24 x 10 - 36 x 18
School S4-3 7B.11 24x8 - 36 x 12
\When Flashing S4-4 7B.11 24 x 10 - 36 x 18
Mon-Fri S4-6 7B.11 24 x 10 - 36 x 18
XXX Feet W16-2 7B.08 24 x18 - 30x24
XXX Ft W16-2a 7B.08 24 x12 - 30x18
Diagonal Arrow W16-7p 7B.09 24 x12 - 30x18
Diagonal Arrow (Optional Size) W16-7p 7B.09 21x 15 - -

Ahead W16-9p 7B.08 24 x12 - 30x18




SECTION I11-09

Page 95

Permanent Signing
Revised 8/21/13

Table 111-09.06: Sign Sizes for Grade Crossing Signs (Table 8B-1 in the MUTCD)

. MUTCD . [Conventional - .
Sign Code Section Road (in) Expressway|Freeway |[Minimum|Oversized
. 8.B.06,
No Right Turn Across Tracks R3-1a 106.09 24 x 30 - - - -
8B.06,
No Left Turn Across tracks R3-2a 10C.09 24 x 30 - - - -
8B.07,
Do Not Stop on Tracks R8-8 10C.05 24 x 30 - - - -
. 8B.09,
Tracks Out of Service R8-9 10C.06 24 x 24 - - - -
. 8B.10,
Stop Here When Flashing R8-10 10C.08 24 x 36 - - - -
8B.11,
Stop Here on Red R10-6 10C.07 24 x 36 - - - -
8D.07
No Turn on Red R10-11a 10C.09 24 x 30 - - - -
Highway-Rail Grade Crossing ) 8B.03, ) i i )
(Crossbuck) R15-1 10C.02 48x9
Number of Tracks R15-2 8B.03, 27x18 - - - -
10C.02
8B.05,
Exempt R15-3 10C.10 24 x 12 - - - -
Light Rail Only Right Lane R15-4a | 10C.13 23x 30 - - - -
Light Rail Only Left Lane R15-4b | 10C.13 24 x 30 - - - -
Light Rail Only Center Lane R15-4c 10C.13 24 x 30 - - - -
Light Rail Do Not Pass R15-5 10C.14 24 x 30 - - - -
Do Not Pass Stopped Train R15-5a | 10C.14 24 x 30 - - - -
Do Not Drive On Tracks Light Rail R15-6 10C.12 24 % 24 _ i i )
Symbol
Do Not Drive On Tracks R15-6a | 10C.12 24 x 30 - - - -
Light Rail Divided Highway R15-7 10C.11 24 % 24 _ i i )
Symbol
Light Rail Divided Highway
Symbol R15-7a | 10C.11 24 x 24 - - - -
(T-Intersection)
8B.16,
Look R15-8 10C.03 36 x 18 - - - -
Highway-Rail Grade Crossing 8B.04, .
Advance Warning WI0-1 1 4oc 15 36 Dia. ) i i )
8B.05,
Exempt W10-1a 10C.10 24 x 12 - - - -
Highway-Rail Grade Crossing _ 8B.04, ) i i )
IAdvance Warning W10-2,3,4 10C.15 36 x 36
Low Ground Clearance 8B.17,
Highway-Rail Grade Crossing WI0-5 | 15c 16 36 x 36 ) i i )
Light Rail Activated Blank-out W10-7 10C.17 24 x 24 ) i i )
Symbol
Trains May Exceed (80MPH) W10-8 8B.13 36 x 36 - - - -
No Train Horn W10-9 8B.14 24 x 18 - - - -
No Signal W10-10 8B.15 24 x18 - - - -
Storage Space Symbol W10-11 8B.18, 36 x 36 - - - -

10C.18
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. MUTCD . Conventional L .
Sign Code Section Road (in) Expressway|Freeway |Minimum|Oversized
Storage Space XX Feet Between i 8B.18, ) i )
Tracks & Highway W10-11a 10C.18 30x 36
Storage Space XX Feet Between ) 8B.18, ) i )
Highway & Tracks Behind You W10-11b 10C.18 30x 36
. 8B.19,
Skewed Crossing W10-12 10C.19 36 x 36 - - -
No Gates or Lights W10-13 8B.15 24 x 18 - - -
Next Crossing W10-14 8B.17 24 x 18 - - -
Use Next Crossing W10-14a | 8B.17 24 x 18 - - -
Rough Crossing W10-15 8B.17 24 x 18 - - -
Light Rail Station Symbol 1-12 10C.20 24 x 24 - - -
. 8B.12,
Emergency Notification 1-13 10C.21 30 x 30 - - -
. 8B.12,
Emergency Notification 1-13a 10C.21 30x 18 - - -

Notes:

1. Larger sighs may be used when appropriate.
2. Dimensions are shown in inches and shown as width x height.

Table 111-09.07: Minimum Sign Sizes for Bicycle Facilities (Table 9B-1 in the MUTCD)

Sign MUTCD Minimum Sign Size — (in)
Code Shared-Use Path Roadway

Stop R1-1 18 x 18 30 x 30
Yield R1-2 18 x 18 x 18 30 x 30 x 30
Bike Lane R3-17 - 30 x 24
Bicycle Lane Supplemental Plaques R3-17a,b - 30 x 12
Movement Restriction R4-1,2,3,7 12 x18 18 x 24
Begin Right Turn Lane Yield to Bikes R4-4 - 36 x 30
Bicycle Wrong Way R5-1b 12 x 18 12 x 18
No Motor Vehicles R5-3 24 x 24 24 x 24
No Bicycles R5-6 24 x 24 24 x 24
No Parking Bike Lane R7-9,9a - 12 x 18
Pedestrians Prohibited R9-3a 18 x 18 18 x 18
Ride With Traffic Plaque R9-3c 12 x 12 12 x12
Bicycle Regulatory R9-5,6 12 x 18 12 x 18
Shared-Use Path Restriction R9-7 12x18 -
Push Button for Green Light R10-3 9x12 9x12
To Request Green Wait on Symbol R10-22 12 x 18 12 x 18
Railroad Crossbuck R15-1 24 x4.5 48 x 9
Turn and Curve Warning W1-1,2,3,4,5 18 x 18 24 x 24
Arrow Warning W1-6,7 24 x 12 36 x 18
Intersection Warning W2-1,2,3,4,5 18 x 18 24 x 24
Stop, Yield, Signal Ahead W3-1,2,3 18 x 18 30 x 30
Narrow Bridge W5-2 18 x 18 30 x 30
Bikeway Narrows W5-4a 18 x 18 30 x 30
Hill W7-5 18 x 18 24 x 24
Bump or Dip W8-1,2 18 x 18 24 x 24
Bicycle Surface Condition W8-10 18 x 18 24 x 24
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Sign MUTCD Minimum Sign Size — (in)
Code Shared-Use Path Roadway
Bicycle Surface Condition Plaque W8-10p 12x9 12x9
Advance Grade Crossing W10-1 15 Dia. 15 Dia.
Bicycle Warning W11-1 18 x 18 24 x 24
Pedestrian Crossing W11-2 18 x 18 24 x 24
Low Clearance W12-2 18 x 18 30 x 30
Playground W15-1 18 x 18 24 x 24
Share the Road Plaque W16-1 - 18 x 24
Diagonal Arrow Plaque W16-7p - 24 x 12
Bicycle Guide D1-1b 24 X 6 24 X 6
Street Name D1-1c 18 x 6 18 x 6
Bicycle Parking D4-3 12 x 18 12 x 18
Bike Route D11-1 24 x 18 24 x 18
Bicycle Route Sign M1-8 12 x 18 12 x 18
Interstate Bicycle Route Sign M1-9 18 x 24 18 x 24
Bicycle Route Supplemental Plaques M4-11,12,13 12 x4 12 x4
Route Sign Supplemental Plaques M7-1,2,3,4,5,6,7 12x9 12x9

11-09.02.03 Location
There are two types of locations that will vary the positions of signs.
111-09.02.03.01 Urban

In urban areas, signs are usually positioned nearer the roadway and higher above the roadway,
and at closer spacing.

There may be parked vehicles or pedestrians present in urban areas, therefore the vertical
clearance should be higher.

111-09.02.03.02 Rural

In rural areas, signs are usually positioned further from the roadway and at greater spacing. The
horizontal and vertical placements for both urban and rural highways are shown on the sign
location drawings.

111-09.03 Signing for Rural State Highway Projects (Non-Interstate)

The existing sign locations should be plotted from the sign inventory and PaveTech videos. The
PaveTech videos will give the messages of the various signs. If there is a conflict between the
signs shown on the sign inventory, versus those shown on the PaveTech videos, the videos
should be considered correct.

A check of Stop Control or Yield Control should be made and a determination made if they are
required. The existing signs should also be checked to determine if any are non-standard. See
figures labeled Sign Locations and Stop Sign Location, Wide Throat Intersection in Appendix

111-09 A.
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Curve Signing: The warning signs such as turn sign, curve sign, reverse curve sign, etc., are part
of what is known as the alignment series. See Warning Signs in Section 111-09.04.

Junction Signing should be checked to determine if signs are correctly placed.

1.

If Stop Ahead signs are in place and new grading will change the view of the
intersection, these signs could possibly be removed. The removal of the Stop
Ahead sign should be discussed with the designer and Traffic Operations in
Planning.

If a crossroad is a state-numbered route and is not a county route, junction signing
should be installed.
Distance and Destination (D&D) signs should be as shown on Traffic Operation

Maps.

Route-Turn Route-Marker Assemblies should be placed across the intersecting
roadway where stop or signal conditions exist.

Advance-Turn Route-Marker Assemblies should be placed only at intersections
where the route you are on turns right or left.

The following figures, giving details on junction signing requirements, are located in Appendix

111-09 A.
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Figures A through N show junction signing requirements.

Figure A shows the junction signing required at a T-type intersection where the
junctioning roadway terminates with a through Expressway roadway. A recovery
approach should be installed at the location shown. If the recovery approach
cannot be placed, the Double Arrow sign and the T symbol sign should be
installed.

Figure B shows the junction signing required at a two lane highway that begins, a
second highway that turns, and a third highway that continues through the
intersection. This layout requires a junction sign and an advance turn arrow.

Figure C shows junction signing required where two state highways intersect
with a third through state highway, forming a T-intersection. All are two lane
two-way roadways. A recovery approach should be installed at the location
shown. If the recovery approach cannot be placed, the Double Arrow sign and the
T symbol sign should be installed.

Figure D shows typical intersection signing where two state highways intersect
and the intersection is signalized. Both are two lane two-way roadways.

Figure E shows typical signing at a T-type intersection formed by two state
highways where the junctioning roadway is the through roadway and the other
turns. Both are two lane two-way roadways. This layout requires a junction sign
and an advance turn arrow. A recovery approach should be installed at the
location shown. If the recovery approach cannot be placed, the Double Arrow
sign and the T symbol sign should be installed.

Figure F shows the intersection of a state highway and an important local road.
Both are two lane two-way roadways. An advance warning sign is placed to warn
of the intersection.

Figure G shows the signing requirements for an interchange ramp and a two lane,
two-way county routes.

Figure H shows the signing requirements for an interchange ramp and a two lane,
two-way state highways.

Figure I shows the junction signing required at T-type intersections where a

county road junctions, follows the state route for a distance, then turns. This

layout requires junction signs and advance turn arrows. A recovery approach
should be installed at the location shown. If the recovery approach cannot be
placed, the Double Arrow sign and the T symbol sign should be installed.

Figure K shows the signing for a complex intersection of county highways and a
state highway. Junction signs, turn signs, and advance turn signs may be
required.
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12. Figure L shows the junction signing requirements at the intersection of a county
route and a state route, with a two-way stop on the county route.

13. Figure M shows the junction signing requirements at a T-intersection of a county
route and a through state route and with a stop on the county road. A recovery
approach should be installed at the location shown. If the recovery approach
cannot be placed, the Double Arrow sign and the T symbol sign should be
installed.

14, Figure N is a Radial T-intersection showing the junction of a state route and a
county or township roadway. When the route connecting with the state route is a
county road, the junction sign should be installed. Where the curvature in the
county route or township route is designed for a speed that is less than the posted
speed, an Advisory Speed Plate should be placed below the curve sign. The Stop
Ahead symbol sign should be installed when Stop signs are placed. A recovery
approach should be installed at the location shown. If the recovery approach
cannot be placed, the Double Arrow sign should be installed.

Transition Signing: From a divided roadway to a two lane roadway. This is shown in Figure O in
Appendix 111-08 A.

15.  Figure O is the transition of a divided roadway to a two lane two-way roadway.
The layout shows the required signs and their locations. The pavement marking
and the delineators should also be placed as shown. Where distances between
divided roadway sections is 50 miles or less, two-way signs should be installed at
approximately every 7 miles along the two-way two lane roadway. The two-way
signs should be placed on both sides of the roadway. Where distances between
divided roadway sections is over 50 miles, two-way signs should only be placed
for the traffic leaving the divided highway.

Climbing Lane Signing: Climbing lane and pavement marking for slow moving traffic. This is
shown in Figure P in Appendix 111-08 A.

111-09.04 Warning Signs
Warning signs should only be placed where an existing or potential hazardous condition exists.

Changes in horizontal alignment may have curve warning signs, and where the curve is hidden
by vertical curvature or other conditions, the following should be followed.

Whether or not a particular curve needs to be signed is based on recommended speed at which
the curve may be traversed. This speed may be determined by the use of the curves in Figure I11-
08.04 by the use of the ball bank indicator, or by mathematical computation.

The curves given in Figure 111-08.04 are used when the radius (R) and super-elevation (e) of the
curve are known. The radius and superelevation of the curve may be obtained from actual
measurements or from construction plans for the roadway. The combination of radius and
superelevation giving the lowest speed for the curve should be used.
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The ball bank indicator is a curved level which is used to determine the safe speed around a
curve as indicated by trial speed runs.

A curve with radius of more than 11,450 feet does not need a curve sign.

Where curves have radii of between 3,820 and 11,450 feet, and the sight distance is good, no
curve signs may be needed. Where a curve is hidden by vertical curvature, a curve sign is
needed.

Where a curve has a radius less than 3,820 feet, it should be reviewed to determine if curve signs
are required by one of the methods stated above.

Intersections may be marked when the crossroad has a high volume of traffic and is hidden from
the approaching traffic. An engineering study should be made to determine the need for such
signing.

Reverse turn sign, Reverse curve sign, and winding road sign are intended for use where there
are curves or turns separated by tangent distance of less than 600 ft.
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111-09.04.01  Advance Warning of Control Devices

Converging traffic lanes should be signed using the merge symbol when it has been
determined that merging traffic is unexpected. An engineering study should be made
to warrant this sign, unless it is already in place.

Where the roadway narrows abruptly to a width that two vehicles cannot pass safely
without reducing speed, a Road Narrows sign should be installed.

Where there are changes in the highway design, such as a one lane bridge, beginning
or ending of a divided highway, etc., there should be signs installed warning of such
conditions.

Where down grades have conditions such as length, percent of grade, horizontal
curvature, or other physical features, the Hill sign should be installed.

Where roadway surface conditions change, a Pavement Ends symbol and Slippery
When Wet sign should be installed.

Railroad crossings should have the advance crossing sign installed.

Various other crossing conditions, such as bicycle, pedestrian, deer, cattle, and farm
machinery, may warrant installation of warning signs.

There are miscellaneous types of signs that may be placed to warn motorists of
pending conditions. See the MUTCD for these signs.

When lowering the speed limit for a speed zone, Reduced Speed Ahead signs should
be installed prior to the change in speed limit. Guidelines for advance distance
placement should be determined from Table 111-08.08 (Table 2C-4 in the MUTCD).

The MUTCD provides guidance on the placement of warning signs. Chapter 2C contains Table
2C-4, Guidelines for Advance Placement of Warning Signs.

Table 111-09.08 Guidelines for Advance Placement of Warning Signs (Table 2C-4 in the

MUTCD)
Advance Placement Distance?
Posted or Condition A:
85th- Speed reduction | Condition B: Deceleration to the listed advisory speed (mph) for
Percentile and lane condition*
Speed changing in
heavy traffic? 03 10 20 30 40 50 60 70
20 mph 225 ft N/AS | N/AS - - - - - -
25 mph 325 ft N/A® | N/AS | N/A® - - - - -
30 mph 450 ft N/A® | N/A® | N/A® - - - - -
35 mph 550 ft N/AS | N/A® | N/AS | N/A® - - - -
40 mph 650 ft 125 ft | N/A® | N/AS | N/A® - - - -
45 mph 750 ft 175 ft | 125t | N/A® | N/A® | N/A® - - -
50 mph 850 ft 250 ft | 200 ft | 150 ft | 100 ft | N/A® - - -
55 mph 950 ft 325ft | 275 ft | 225 ft | 175 ft | 100 ft | N/A® - -
60 mph 1100 ft 400 ft | 350 ft | 300 ft | 250 ft | 175 ft | N/A® - -
65 mph 1200 ft 475 ft | 425 ft | 400 ft | 350 ft | 275 ft | 175 ft | N/A® -
70 mph 1250 ft 550 ft | 525 ft | 500 ft | 425 ft | 350 ft | 250 ft | 150 ft -
75 mph 1350 ft 650 ft | 625 ft | 600 ft | 525 ft | 450 ft | 350 ft | 250 ft | 100 ft
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1. The distances adjusted for a sign legibility distance of 175 ft for Condition A. The distance for
Condition B has been adjusted for a sign legibility distance of 250 ft, which is appropriate for an alignment
warning symbol sign.

2. Typical conditions are locations where the road user must use extra time to adjust speed and change lanes
in heavy traffic because of a complex driving situation. Typical signs are Merge and Right Lane Ends.
The distances are determined by providing the driver a PIEV time of 14.0 to 14.5 seconds for vehicle
maneuvers (2001 AASHTO Policy, Exhibit 3-3, Decision Sight Distance, Avoidance Maneuver E) minus
the legibility distance of 175 ft for the appropriate sign.

3. Typical condition is the warning of a potential stop situation. Typical signs are Stop Ahead, Yield Ahead,
Signal Ahead, and Intersection Warning signs. The distances are based on the 2001 AASHTO Policy,
Stopping Sight Distance, Exhibit 3-1, providing a PIEV time of 2.5 seconds, a deceleration rate of 11.2
ft/sec2, minus the sign legibility distance of 175 ft.

4, Typical conditions are locations where the road user must decrease speed to maneuver through the warning
condition. Typical signs are Turn, Curve, Reverse Turn, or Reverse Curve. The distance is determined by
providing a 2.5 seconds PIEV time, a vehicle deceleration rate of 10 ft/sec?, minus the sign legibility
distance of 250 ft.

5. No suggested distances are provided for these speeds, as the placement location is dependent on site
conditions and other signing to provide an adequate advance warning to the driver.

111-09.05 Guide Signs

Guide signs are essential to guide vehicle operators along streets and highways, to inform them
of interesting routes, to direct them to cities, towns, villages, or other important destinations, to
identify nearby rivers and streams, parks, forests, and historic sites, and generally give such
information as will help them along their way in the most simple, direct manner possible.

Guide signs on conventional roads are covered in the MUTCD, Parts 2D.
Cities may be signed by placing city signs on either end of a community.

Historical areas may be signed if an engineering study warrants the installation of such signing.
Service signing may be signed if an engineering study warrants its installation.

The airport Symbol signs shall point in the direction of the airport.

111-09.06 Regulatory Signs

Regulatory signs inform highway users of traffic laws or regulations and indicate the
applicability of legal requirements that would not otherwise be apparent. These signs should be
erected wherever needed to fulfill this purpose, but unnecessary mandates should be avoided.
Some North Dakota laws specify that certain regulations are enforceable only when made known
by official signs, such as special speed limit zones, handicap parking areas, etc.

The MUTCD covers regulatory signing in Chapter 2B.
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North Dakota state laws prescribe the following speed limits:

Speed limit on Interstate routes is 75 mph, unless otherwise posted.

Speed limit on Expressway routes is 70 mph, unless otherwise posted.

Speed limit on US and state routes is 65 mph day, unless otherwise posted.

Speed limit on all highways and streets in business or residential districts is 25 mph,
unless posted otherwise.

These regulations generally result in the need for speed limit signing only at major intersections
or entrances to highways, and at locations where speed limits change or are different than that
specified by law. State law also limits speed limit change increments to a maximum of 20 mph.
Locations where the speed limit changes more than 20 mph, therefore, require intermediate
speed signs.

Speed Limits signs should be located at the point where the limit changes. Speed Limits signs
should also be located at entrances and or boundaries to metropolitan areas.

111-09.06.1 Typical Speed Zone Signing

Rural. When multiple Speed Limits are used to decrease speeds, the signs should be placed at
distances corresponding to the amount of speed change and the initial speed. Table 111-09.09
indicates spacing between successive Speed Limit signs when the speeds are being reduced
based on comfortable deceleration. See Figure R for placement of signs. If the reduction of
speed limits must have more signs than are shown because of State Law, additional signs on both
sides of the roadway will be required accordingly.

The speed limit on projects should be reviewed by opening the RIMS#HP program and the speed
limit signs should be placed at the location shown. If project require the repositioning the speed
limit signs, the new position shall be provided to the Traffic Operations Section, Planning
Division.

Urban. The speed limit on urban projects should be reviewed with the city personnel.
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Table 111-09.09 Minimum Speed Signing Placement

Approach Speed (mph)
70 65 60 55 50 45 40 35 30

65 430

60 720 390

55 1000 | 660 350
50 1250 | 910 600 310
45 1470 | 1140 | 820 540 270
40 1670 | 1340 | 1030 | 740 470 230
35 1850 | 1520 | 1200 | 920 650 410 200
30 2000 | 1670 | 1360 | 1070 | 810 570 350 160

Reduced Speed (mph)

25 2140 | 1800 | 1490 | 1200 | 940 700 480 290 120
20 2240 | 1910 | 1600 | 1310 | 1040 | 800 590 390 230
15 2340 | 1990 | 1680 | 1390 | 1130 | 890 670 480 310

= Distances are rounded to the nearest interval of 10 ft.

= Based on 2 sec of PIEV time, vehicle deceleration/acceleration rate of 2.3 ft/sec? (typical deceleration
in gear braking), and legibility distance of 100 ft.

= Good engineering practice indicates that speed reduction through a speed zone should be signed at
intervals no greater than 15 mph. The gray shaded numbers are speed reductions greater than 15 mph.

State law specifies standard signing and marking for handicap parking, including an advisement
of the fine for the improper use of such parking areas. Also, state law specifies that vehicles may
not be parked on the paved or main traveled portions of any rural highway, so it generally is not
necessary to place parking restriction signs in rural areas unless a special problem exists.

Other mandatory signing are specified by Century Code.

Stop sign usage generally requires Stop signs on all side road approaches to state highways, such
as graded section line roads, township and county routes, city streets, commercial drives, etc.
Generally, field drives and single party private drives carry minimal traffic and do not require
signing. Warrants for other types of regulatory signs are included in the MUTCD and should
generally be followed when determining the need for this type of signing.
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111-09.07 Sign Placement

The typical section should be used to determine the position of signs on the side of the roadway.
Perforated tube supports are placed on the foreslope of the roadway. Standard pipe are placed on
the foreslope, secondary slope, flat ditch bottom, backslope, or original ground. This
information should be obtained for the design of the sign supports. This will be discussed further
in subsequent paragraphs.

111-09.07.01 Lateral Offset

= All Highways — Signs should be 6 feet minimum from the edge of the finished shoulder and
60 feet maximum from the center of the sign to the edge of the driving lane.

= Interstate — Signs should be 6 feet from the finished shoulder for regulatory signs, warning
signs, and route markers. Variable message guide signs are normally placed at 60 feet from
the edge of the driving lane. If the roadside conditions will not allow this placement, place
them on the foreslope 6 feet from the finished shoulder.

= Expressways & Conventional Roadways — Signs should bel6 feet from the edge of the
driving lane.

= Bikeways — Signs should be 3 feet minimum and 6 feet maximum from edge of bikeway.
111-09.07.02  Mounting Height
Standard:

1. Signs installed at the side of the road in rural districts shall be at least 5 feet and a
maximum of 6 feet, measured from the bottom of the sign to the near edge of the driving
lane. Where parking or pedestrian movements occur, the clearance to the bottom of the
sign shall be at least 7 feet and a maximum of 8 feet.

2. Directional signs on expressway and freeways shall be installed with a minimum height
of 7 feet and a maximum of 8 feet. If a secondary sign is mounted below another sign,
the major sign shall be installed at least 8 feet and a maximum of 9 feet and the secondary
sign at least 5 feet and a maximum of 6 feet above the level of the edge of the driving
lane. All route signs, warning signs, and regulatory signs on expressways and freeways
shall be at least 7 feet and a maximum of 8 feet above the level of the edge of the driving
lane. Overhead mounted signs shall provide a vertical clearance of not less than 19 feet to
the sign, light fixture, walkway, or sign bridge, over the entire width of the pavement and
shoulders except where a lesser vertical clearance is used for design of other structures.

3. Where signs are placed 30 feet or more from the edge of the travel way, the height to the
bottom of such signs may be 5 feet and a maximum of 6 feet above the level of the edge
of the driving lane.
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4. Mounting height from the ground-mounted signs on shared-use paths shall be a minimum
of 4 feet and a maximum of 5 feet, measured from bottom edge of the sign to the near
edge of the paved surface.

5. When overhead signs are used on a shared-use path, the clearance from the bottom edge
of the sign to the path surface directly under the sign shall be a minimum of 8 ft.

111-09.08 Sign Face Design

The sign face layouts for standard signs, such as Regulatory, Warning, and Route Markers, are
found in the Standard Highway Signs Booklet and the North Dakota Supplement.

The variable message signs, such as Distance & Destination signs, Services Signing, Weigh
Station Signing, Historical Areas Signing, Recreational Areas Signing, Street Name Signing,
etc., should be designed using the GuidSign Program with the following requirements:

Sign Height: Radius:
0to 24 inches (2 ft) -----------mmmmmmmmmmee- Use 3 inch radius
Over 24 (2 ft) to 48 inches (4 ft) ------------- Use 6 inch radius
Over 48 (4 ft)to 72 inches (6 ft) -------------- Use 9 inch radius
Over 72 inches (6 ft) and over -------------- Use 12 inch radius
Major Lettering Text Height:* Border:
0.0 t0 9.9 inches-----------=------mmmmmmmm e Use 1.25 inch border
10 to 14.9 inches ----------=-mmmmmmmmmmoee Use 2.0 inch border
15 inches and larger ----------------=---m-m---- Use 3.0 inch border

* Exceptions: Exit Panels - Use 1.25 inch Border
Gore Signs - Use 2 Inch Border

All letters on Variable Message Signs should be Clearview Highway Font.

Distance and Destination signs on conventional roads should have 6" Upper Case and 4 1/2"
Lower Case letters.

Variable Message Signs for Expressways and Freeways should be as follows: The in-place signs
should be checked to determine if they comply with the legend requirements in Sections
111-09.08.01 and 111-09.08.02. If not, they should be replaced

111-09.08.01 Expressways

The word messages in the legends of expressway guide signs should be in letters at least 8 inches
high. Larger lettering is necessary for major guide signs. The following table is Table 2E-1:
Minimum Letter and Numeral Sizes for Expressway Guide Signs According to Interchange
Classification, in the MUTCD.

Type of Interchange (See Appendix 111-09 B1 & B2
Type of Sign yp ge ( i ) Overhead

Major Intermediate | Minor
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Category a | Category b

A. Advance Guide, Exit Direction, and Overhead Guide Signs

Exit Plaque

Word 10 10 10 8 10

Numeral & Letter 15 15 15 12 15
Interstate Route Sign

Numeral 18 - - - 18

1- or 2-Digit Shield 36 x 36 - - - 36 x 36

3-Digit Shield 45 x 36 - - - 45 x 36
US or State Route Shield

Numeral 18 18 18 12 18

1- or 2-Digit Shield 36 x 36 36 x 36 36 x 36 24x24 | 36 x 36

3-Digit Shield 45 x 36 45 x 36 45 x 36 30x24 | 45x 36
Cardinal Direction

First Letter 18 15 12 10 15

Rest of Word 15 12 10 8 12
Name of Destination

Upper-Case Letters 20 16 13.3 10.6 16

Lower-Case Letters 15 12 10 8 12
Distance Number 18 15 12 10 15
Distance Fraction 12 10 10 8 10
Distance Word 12 10 10 8 10
Action Message Word 10 10 10 8 10
B. Gore Signs
Word 10 10 10 8 -

Numeral & Letter 12 12 12 10 -

See Section 2E.29, MUTCD, Interchange Classification. The following table is Table 2E-2:
Minimum Letter and Numeral Sizes for Expressway Guide Signs According to Sign Type in the
MUTCD.
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Minimum Minimum
Type of Sign Size Type of Sign Size
(inches) (inches)
A. Pull Through Signs F. Distance Signs
Eestlnatlon ~ Upper-Case 13.3 Word — Upper-Case Letters 8
etters
Destination — Lower-Case 10 Word — Lower-Case Letters 6
Letters
Route Sign as Message Numeral 8
Cardinal Direction 10 G. General Services Signs
1- or 2-Digit Shield 36 x 36 | Exit Number Word 8
3-Digit Shield 45 x 36 | Exit Number Numeral and Letter 12
B. Supplemental Guide Signs Services 8
Exit Number Word 8 H. Rest Area and Scenic Area Signs
Exit Number Numeral and 12 Word 10
Letter
Place Name — Upper-Case 10.6 Distance Numeral 12
Letters
Place Name — Lower-Case 8 Distance Fraction 8
Letters
Action Message 8 Distance Word 10
C. Changeable Message Signs Action Message Word 10
Characters 10.6* I. Reference Location Signs
D. Interchange Sequence Signs Word 4
Word — Upper-Case Letters 10.6 Numeral 10
Word - Lower-Case Letters 8 J. Boundary and Orientation Signs
Numeral 10 Word — Upper-Case Letters 8
Fraction 8 Word — Lower-Case Letters 6
E. Next X Exits Sign K. Next Exit and Next Services Signs
Place Name — Upper-Case 10.6 Word and Numeral 8
Letters
Place Name — Lower-Case . .
L etters 8 L. Exit Only Signs
NEXT X EXITS 8 Word 12

*Changeable Message Signs may often require larger sizes than the minimum. A size of 18 in
should be used where traffic speeds are greater than 55 mph, in areas of persistent inclement
weather, or where complex driving tasks are involved.
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The word messages in the legends of Freeway guide signs should be in letters at least 8 inches
high. Larger lettering is necessary for major guide signs. The following table is Table 2E-3:
Minimum Letter and Numeral Sizes for Freeway Guide Signs According to Interchange
Classification in the MUTCD.

Type of Interchange (See Appendix 111-09 B1 & B2)

Type of Sign Major Overhead
Intermediate | Minor
Category a | Category b

A. Advance Guide, Exit Direction, and Overhead Guide Signs
Exit Plague

Word 10 10 10 10 10

Numeral & Letter 15 15 15 15 15
Interstate Route Sign

Numeral 24/18 - - - 18

1- or 2-Digit Shield | 48x48/36x36 - - - 36 x 36

3-Digit Shield 60x48/45x36 - - - 45 x 36
US or State Route Sign

Numeral 24/18 18 18 12 18

1- or 2-Digit Shield | 48x48/36x36 36 x 36 36 x 36 24x24 | 36x36

3-Digit Shield 60x48/45x36 45 x 36 45 x 36 30x24 | 45x36
Cardinal Direction

First Letter 18 12 15 10 15

Rest of Word 15 12 12 8 12
Name of Destination

Upper-Case Letters 20 20 16 13.3 16

Lower-Case Letters 15 15 12 10 12
Distance Number 18 18/15 15 12 15
Distance Fraction 12 12/10 10 8 10
Distance Word 12 12/10 10 8 10
Action Message Word 12 12/10 10 8 10
B. Gore Signs
Word 12 12 12 8 -
Numeral & Letter 15 15 15 10 -

Note: (/) Slant bar signifies seperation of desirable and minimum sizes.

See Section 2E.29, MUTCD, Interchange Classification. The following table is Table 2E-2:
Minimum Letter and Numeral Sizes for Freeway Guide Signs According to Sign Type in the

MUTCD.
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Minimum Minimum
Type of Sign Size Type of Sign Size
(inches) (inches)
A. Pull Through Signs G. General Services Signs
Destination — Upper-Case Letters 16 Exit Number Word 10
Destination — Lower-Case Letters 12 Exit Number Numeral and Letter 15
Route Sign as Message Services 10
Cardinal Direction 12 H. Rest Area and Scenic Area Signs
1- or 2-Digit Shield 36 x36 | Word 12
3-Digit Shield 45 x 36 | Distance Numeral 15
B. Supplemental Guide Signs Distance Fraction 10
Exit Number Word 10 Distance Word 12
Exit Number Numeral and Letter 15 Action Message Word 12
Place Name — Upper-Case Letters 13.3 I. Reference Location Signs
ilei(t::ré\lame — Lower-Case 10 Word 4
Action Message 10 Numeral 10
C. Changeable Message Signs J. Boundary and Orientation Signs
Characters 10.6* Word — Upper-Case Letters 8
D. Interchange Sequence Signs Word - Lower-Case Letters 6
Word — Upper-Case Letters 13.3 K. Next Exit and Next Services Signs
Word — Lower-Case Letters 10 Word and Numeral | 8
Numeral 13.3 L. Exit Only Signs
Fraction 10 Word | 12
E. Next X Exits Sign M. Diagrammatic Signs
Place Name — Upper-Case Letters 13.3 Lane Widths 5
i:;(t::ré\lame ~ Lower-Case 10 Lane Line Segments 1x6
NEXT X EXITS 10 Gap Between Lane Lines 6
F. Distance Signs 3(tef)rgrt|:z§]ht (up to upper point of 30
Word — Upper-Case Letters 8 Arrowhead (standard “up” arrow) 8
Word — Lower-Case Letters 6 Space Be_tween Arrowhead & 12
Route Shield
Numeral 8

*Changeable Message Signs may often require larger sizes than the minimum. A size of 18 in
should be used where traffic speeds are greater than 55 mph, in areas of persistent inclement
weather, or where complex driving tasks are involved.
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111-09.08.03 Interline and Edge Spacing

Interline spacing of upper-case letters should be approximately 3/4 the average of the upper-case
letter heights in the adjacent lines of letters.

The spacing to the top and bottom borders should be approximately equal to the average of the
letter height of the adjacent line of letters. The lateral spacing to the vertical border should be
essentially the same as the height of the largest letter.

111-09.08.04 Arrows

On all exit direction signs, both overhead and ground-mounted, arrows should be upward
slanting and located on side of the sign where the exit leaves the mainline.

Downward pointing arrows are lane assignment arrows and should only be used on overhead
guide signs to prescribe the use for specific lanes for traffic bound for a destination or route that
can be reached only by being in the lane(s) so designated.

Examples of arrows for use on guide signs are shown on Standard Drawing D-754-9.

111-09.08.05  Gore Sign Location
The placement of gore signs should be as shown on Standard Drawing D-754-1.
111-09.09 Sign Support Design

Sign supports are designed using the requirements of the Standard Specifications for Structural
Supports for Highway Signs, Luminaires, and Traffic Signals.

The type of post used on conventional roads and expressways should be perforated tube, unless
the sign configuration does not allow the use of this type. If the design requirements cannot be
met using perforated tube posts, the sign supports should be standard pipe or W-shape posts.
On Interstate highways, sign supports should be standard pipe or W-shape. Single post signs
should use standard pipe with concrete foundations. Gore signs should use standard pipe with
concrete foundations. All other signs should use two or more W-shape posts on piling.

Conventional highways should have sign supports designed using the sections shown on
Standard Drawing D-754-23.

For information to calculate sign supports, see Appendix I11-09 D or on the web at
http://www.dot.nd.gov/manuals/manuals-publications.htm under Sign Caluclator.

111-09.10 Sign Retroreflective Requirements

The retroreflective material used in the fabrication of sign faces should be either Type IV or
Type XI sheeting.

Type IV reflective sheeting should be used on all signs except the following:

u Type XI sheeting should be used on all regulatory and warning sings (including school
signs).


http://www.dot.nd.gov/manuals/manuals-publications.htm
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Figure 1 - Divided Highway - Traffic Control without turn lane. Roadway Separation less than
30

Figure 1A - Divided Highway - Traffic Control without turn lane, Single Approach. Roadway
Separation less than 30'.

Figure 2 - Divided Highway - Traffic Control with turn lanes. Roadway Separation less than 30'.

Figure 2A - Divided Highway - Traffic Control with turn lanes, Single Approach. Roadway
Separation less than 30'.

Figure 3 - Divided Highway - Traffic Control without turn lane. Roadway Separation 30' or
more.

Figure 3A - Divided Highway - Traffic Control without turn lane. Single Approach. Roadway
Separation 30' or more.

Figure 4 - Divided Highway - Traffic Control with turn lanes. Roadway Separation 30" or more.

Figure 4A - Divided Highway - Traffic Control with turn lane. Single Approach. Roadway
Separation 30' or more.

Sign Locations

Figures A and B - Typical Rural Intersection Signing

Figures C and D - Typical Rural Intersection Signing

Figures E and F - Typical Rural Intersection Signing

Figures G and H - Typical Ramp Terminal Signing

Figure | - State and County Route Intersection Signing

Figure K - State and County Route Signing At Complex Intersections
Figure L - State and County Route Signing At Two Way Stop Intersections
Figure M - State and County Route Signing at T-Type Intersections

Figure N - State and County Route or Twp Road Signing at Radial “T” Intersection
Figure O - Roadway Transitions - Divided Roadway to Two Way Two Lane
Figure P - Climbing Lane Signing and Marking

Figure R — Typical Speed Zone Signing

Figure S — Turning Route Marking

Figure T — Do Not Enter and Wrong Way Signs
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NORTH DAKOTA DEPARTMENT OF TRANSPORTATION

INTERCHANGE NUMBERING ON [-94

April 2001
Interchange

Interchange Name Reference Point Exit No. Classification
Beach 1.849 1 Intermediate
Boys Ranch 7.368 7 Intermediate
Sentinel Butte 10.478 10 Intermediate
Buffalo Gap 18.452 18 Minor

West River Road 23.001 23 Minor

West Medora 24.315 24 Intermediate
East Medora 27.243 27 Intermediate
Painted Canyon 32.963 32 Intermediate
Fryberg 36.861 36 Intermediate
Belfield 42.366 42 Major B
South Heart 51.476 51 Intermediate
West Dickinson 59.485 59 Major B

ND 22 61.476 61 Major B
East Dickinson 64.204 62 Major B
Gladstone 72.253 72 Intermediate
Taylor 78.901 78 Intermediate

ND 8 84.885 84 Major B
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Interchange

Interchange Name Reference Point Exit No. Classification
Antelope 90.110 90 Minor
Hebron 97.188 97 Intermediate
Eagles Nest 102.914 102 Intermediate
Glen Ullin 108.354 108 Intermediate
ND 49 110.367 110 Intermediate
Geck Township 113.389 113 Minor
Dengate 117.197 117 Minor
Bluegrass 120.204 120 Minor
Almont 123.200 123 Intermediate
ND 31 127.662 127 Intermediate
Judson 134.115 134 Intermediate
Sweet Briar 140.148 140 Minor

ND 25 147.183 147 Major B
Northwest Mandan 152.329 152 Major B
Refinery Road 153.988 153 Intermediate
West Midway 155.026 155 Major B
East Midway 156.069 156 Major B

Ward Road 157.344 157 Major B
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Interchange

Interchange Name Reference Point Exit No. Classification
U.S. 83 159.419 159 Major B
East Bismarck 161.439 161 Major B
Menoken 170.519 170 Intermediate
McKenzie 176.501 176 Intermediate
Sterling 182.488 182 Major B
Driscoll 190.110 190 Intermediate
Long Lake 195.090 195 Minor

ND 3 200.760 200 Major B
Robinson 205.071 205 Minor

ND 3 208.702 208 Major B
Tappen 214.126 214 Intermediate
Pettibone 217.145 217 Intermediate
Crystal Springs 221.733 221 Intermediate
Streeter 228.321 228 Intermediate
Medina 230.288 230 Intermediate
Halfway Lake 233.343 233 Minor
Cleveland 238.793 238 Intermediate
Windsor 242.672 242 Intermediate

Oswego 245.191 245 Minor
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Interchange

Interchange Name Reference Point Exit No. Classification
Lippert Township 248.991 248 Minor

Eldridge 251.686 251 Intermediate
Woodbury Township 256.224 256 Intermediate
West Jamestown crossover  257.002 257 Intermediate
US 281 258.055 258 Intermediate
Southeast Jamestown 260.125 260 Intermediate
Bloom 262.361 262 Intermediate
Spiritwood 269.355 269 Intermediate
Urbana 272.369 272 Minor

Eckelson 276.385 276 Intermediate
Sandborn 281.640 281 Intermediate
Rogers 283.139 283 Intermediate
Oakes 288.636 288 Intermediate
West Valley City 290.803 290 Intermediate
Kathryn 292.072 292 Intermediate
East Valley City 294.283 294 Intermediate
Peak 296.741 296 Minor

Cuba 298.746 298 Minor

ND 32 302.712 302 Major B
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Interchange

Interchange Name Reference Point Exit No. Classification
Tower City 307,679 307 Intermediate
Hill Township 310.456 310 Minor

ND 38 314.863 314 Major B
Ayr 317.846 317 Intermediate
Emden 320.837 320 Intermediate
Absaraka 322.827 322 Intermediate
Wheatland 324.821 324 Intermediate
Lynchburg 328.710 328 Minor
Casselton 331.226 331 Major B
Mapleton 338.737 338 Intermediate
Kindred 340.717 340 Intermediate
Raymond 342.721 342 Intermediate
West Fargo 343.803 343 Major B
Horace Road 346.442 346 Intermediate
45" Street 348.581 348 Intermediate
Jct. 1-94 & 1-29 349.584 349 Major A
25" Street 350.586 350 Intermediate

UsS 81 351.590 351 Major B
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NORTH DAKOTA DEPARTMENT OF TRANSPORTATION

INTERCHANGE NUMBERING ON 1-29

April 2001

Interchange
Exit No  Interchange Name Reference Point Classification
1 State Line 0.013 Intermediate
2 Lamars 2.074 Minor
8 ND 11 8.073 Intermediate
15 Great Bend 15.079 Intermediate
23 ND 13 22.583 Intermediate
26 Dwight 26.030 Minor
31 Galchutt 31.038 Intermediate
37 Colfax 37.047 Intermediate
42 Walcott 42.117 Intermediate
44 Christine 44.126 Intermediate
48 ND 46 48.182 Intermediate
50 Hickson 50.186 Minor
54 St. Benedict 54.167 Intermediate
56 Horace 56.249 Intermediate
60 Durbin 60.252 Intermediate
62 32nd Ave. S 62.249 Intermediate

63 Jet 1-29 & 1-94 63.267 Major A
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Interchange
Exit No. Interchange Name Reference Point Classification
64 13" Ave S 64.252 Intermediate
65 US 10 65.252 Intermediate
66 12" Ave N 66.255 Intermediate
67 19" Ave N 67.258 Intermediate
69 North Fargo 69.374 Major B
73 Harwood 72.778 Intermediate
79 Argusville 78.542 Intermediate
86 Gardner 85.826 Intermediate
92 Grandin 92.142 Intermediate
100 Blanchard 100.391 Intermediate
111 ND 200 110.795 Intermediate
118 Buxton 117.987 Intermediate
123 Reynolds 123.001 Intermediate
130 ND 15 130.043 Major B
138 32" Ave 138.146 Major B
140 6™ Ave 140.195 Intermediate
141 usS 2 141.196 Major B
145 North Grand Forks 144,711 Major B
152 Manvel 144,711 Intermediate

157 Johnstown 156.680 Minor
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Exit No.

Permanent Signing

Interchange Name

161

164

168

172

176

180

184

187

191

193

196

200

203

208

212

215

ND 54

Lake Ardoch
Minto
Pulaski

ND 17
Cashell
Herrick

ND 66
Pittsburg
Lincoln
Bowesmont
Carlisle
Jolliette
Bathgate/ Macarther
Neche

Pembina

Reference Point

160.927

163.699

167.722

171.723

175.792

179.876

184.038

186.881

190.955

192.960

196.014

200.243

203.413

208.473

212.717

215.237

1/3/2006

Interchange

Intermediate

Minor

Intermediate

Intermediate

Intermediate

Minor

Intermediate

Intermediate

Minor

Minor

Intermediate

Minor

Intermediate

Intermediate

Minor

Intermediate
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Sign Support Design

Standard Pipe, W Shape Supports, and Perforated Tube Material

The sign supports for ground mounted signs are designed as cantilever beams with uniform loads
on the signs. Single post supported signs include a torsional load applied at 0.15 times the sign
width offset from the center of the sign support.

Programs are written to calculate the support length and sizes for a particular sign. It also
determines the maximum support length for the support selected. Standard pipe posts are used
for single post signs and Gore Signs. Two or more post signs are designed using Standard Pipe
and W-Shape.

The Signs Calculator is a Microsoft 2000 database and can be found on North Dakota
Department of Transportation web site — Click on Manuals — Sign Calculator and follow
instructions.

The program will start with one post and continue until a support will fit the design
requirements.

If you start with perforated tube and the support configuration does not fit the design, it will
indicate the design load exceeds the allowable design requirements and you will have to use the
Round Pipe or W-Shape posts.

Design Requirements:
Formula: Lmax=(CRS x S x N)/Wp

Lmax=Maximum Lever Arm

S=Section Modulus of the support=Cubic inches
N=Number of supports

CRS is <= 1.0 Where CRS=fa/Fa+Fb/CAFb+(fv/Fv)?=PSI

CA=Coefficient for Amplification
fa=Calculated axial compressive stress=PSI
fb=Calculated bending stress=PSI
fv=Calculated torsional stress=PSI
Fy=Specified minimum yield stress=PSI
Fb=Allowable unit bending stress=PSI
Fv=Allowable unit shear stress=PSI

Wp=0.00256(1.3V)2CdChA

Wp=Wind load on signs=Ibs.
V=Wind velocity: 85 MPH

Cd=Length to Width Ratio (L/W)
If L/W <1, then Cd=1.12
If L/IW <2, then Cd=1.19
If L/W <5, then Cd=1.2
If L/W <10, then Cd=1.23
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Ch=Height Coefficent

Ch= 0.8 where the lever arm is<= 180 in.
Ch= 1.0 where the lever arm is > 180 in.
A= Area of the sign = Sq. ft.

Sectional Properties for Round Pipe, W-Shape, and Perforated Tube

Property Standard W Shape Perforated
Pipe Tube
Moment of Inertia (1) 3.14 R3t ** 5.33R3t
Section Modulus (S) 3.14 Rt *x 5.33R?t
Area of Section (A) 6.28 Rt *x 8.00 Rt
Shape Factor (Kp) 1.27 ** 1.12
Radius of Gyration (R) 1) *x 0.816 R

Thickness of Section (t)

1) R is measured to the mid thickness of the wall
*x See Steel Construction Manual

Expressions of Maximum Stress

Stress Standard W Shape Perforated
Pipe Tube
Maximum Bending Stress ( fb) fx2 +fy? fx2 + fy? fx2 + fy?
Maximum Shear Stress due
to Transverse Loads (vb) 2.0 Vs/A 1.5Vs/A 2.25 Vs/A
Maximum Shear Stress
due to Torsion ( vt) Mz/6.28R?t  MzK/8.0bf?tf Mzk/8.0R?t
Where K=(t3x L)/3
Q=Vy
t = Thickness

L = Length of section

Standard Pipe

Fy = 36,000 Fb=0.66Fy Fv=0.33Fy
Fy/E (r/t)<=0.063
Fy/E(r/t)%? <=0.44
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No. Nominal R t Wt/Ft S A RIT Fy/E(R/T)
Dia. —in. in. in. Ibs. in3 in.2
1 35 1.887 0.266 9.11 2.394 2.680 8.349 0.010
2 4 2.132 0.237 10.79 3.215 3.174 8.996 0.011
3 5 2.653 0.258 14.62 5.449 4.300 10.283 0.013
4 6 3.173 0.280 18.97 8.495 5581 11.331 0.014
5 8 4174 0.277 24.70 14.69 7.265 15.069 0.019
6 10 5.236 0.279 31.20 23.42 9.178 18.875 0.023
7 12 6.210 0.330 43.77 38.98 12.88 18.818 0.023
W Shape
Fy = 36,000 Fb=0.60Fy Fv=0.33Fy

Compact Section

W/t < 2050/ Fy?=9.1679
D/t < 20200/ Fy'? = 90.33
D/t > 8120/ Fy'? = 36.3137

No. Nominal Area Web Flange Section Wi/t D/t
Size D t W t Modulus( x-x)
in2 in. in. in. in. in3
1 Wi4x133.83 4.16 0.280 4.060 0.345 5.46 11.8 149
2 W5x164.68 5.01 0.240 5.000 0.360 8.51 139 209
3 W6x205.87 6.20 0.260 6.020 0.365 13.4 16.5 238
4 W8x247.08 7.93 0.245 6.495 0.400 20.9 16.2 324
5 W8x288.25 8.06 0.285 6.535 0.465 24.3 140 282
6 W8x319.13 8.00 0.285 7.995 0.435 27.5 184 28.1
7 W10x39 115 992 0.315 7.985 0.530 421 151 315
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Perforated Tubes

Fy = 55,000 Fb=0.60 Fy Fv=0.33Fy
No. size t wt./ft. Section Area Radius n= t/R Kt Rt
Modulus

in. in. Ibs. in3 in2 in.
1 2 0.105 2.416 0.372 0.590 0.9475 1.49 0.1108 1.187 1.571
2 2.25 0.105 2.773 0.499 0.695 1.0725 1.49 0.0979 1.200 1.242
3 250 0.105 3.141 0.643 0.803 1.1975 1.49 0.0877 1.225 0.980
4 25 0.135 4.006 0.783 1.010 1.1825 1.49 0.1142 1.180 0.781
5 2&

2.25 0.210 5.189 0.871 1.285 1.0200 1.49 0.2059 1.100 0.629
6 225 &

250 0.210 5914 1.142 1.498 1.1450 1.49 0.1834 1.115 0.506
7 2.1875 &

25 0.270 7.438 1.373 1.851 1.1150 1.49 0.2422 1.080 0.402

Foundation Design

Maximum Overturn Moment = Wp x Lmax
where:

Wp = (CRS x S)/Lmax

Wp = Wind Load on the Sign=Ibs.
CRS=Combined Stress Ratio

S= Section Modulus= in.?

Lmax= Maximum Lever Arm

Formula: P/S1= bD?/(237D+2.64H)

Where: P = Load on the sign
D = Embedment Depth of Foundation
b = Width of Foundation
S1 = Soil Pressure
H = Load Lever Arm
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Permanent Signing

Standard Widths of Foundations

Standard Pipe

Post Dia. Foundation Dia.
in. ft.
35&4 b=1'-4"
5&6 b=1-9"
8 b=2-0"
10 b=2-4"
12 b=2-6"

W Shape
Post Size

W4x13

W5x16

W6x20

W8x24

W8x28

W8x31

W10x39

1/3/2006

Foundation Dia.
ft.

b=1-9"

b=1-9"

b =2-0"

b =2-4"

b=2-4"

b=2-6"

b=2-6
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111-10.01 Pavement Marking

Markings on highways have important functions to provide guidance and information for road
users. Major marking types include pavement, and curb markings, object markings, delineators,
colored pavements, barricades, channelizing devices, and islands. They are used to supplement
signing and other devices and they are used alone where other devices can=t achieve the desired
result. Basically, it consists of Long Term and Short Term Markings consisting of Striping and
Messages.

111-10.01.1 Pavement Marking Material

Generally, Paint, Epoxies and Preformed Plastic are used for Long Term markings. The Plastic
may also be inlaid in Asphalt Pavements or Grooved in PCC Pavements. The type of Pavement
Marking to be used may be found in the table, Pavement Marking Material Selection, in
Appendix 111-10 A.

111-10.01.2 Long Term Pavement Marking
Generally, this type marking is covered by Part I11 of the MANUAL OF UNIFORM TRAFFIC

CONTROL DEVICES (MUTCD). These requirements have been standardized in the
following Standards:

1. Interstate Mainline and Ramps D-762-2

2. Rural and Urban two and four lane roads and Interstate. D-762-4

3. Flared Intersections D-762-3

4. Narrow Bridges D-754-84

5. Railroad D-762-1

6. Pavement Messages D-762-1

7. School Message Part VI of MUTCD and D-762-1

8. Left Turn Lane, Stop Bar, and Crosswalk Lines Typical Detail
0. Bicycle Lane Markings Typical Details

These Standard can be found on www.state.nd.us under design division standards.
Note-The Typicals are located in Appendix I11-10 B and Appendix 111B10 C. The Standards are
in the Book of Standards.
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111-10.01.3 Short-TermPavement Marking
Generally, this type pavement Marking is placed in construction zones for up to two (2) weeks.

All Short-Term Pavement Markings, including no-passing zones, should conform to
Chapter 3B, 7C, and 9C, Section 8b.16 of the MUTCD and as follows

" All short-term broken line pavement marking (lane line and center line ) of 2-lane 2-way
roadways should use the same cycle length as Long Term markings and be 10 foot in
length. The cycle length is 40 feet.

" For those short-term situations of 3 calendar days, or less, for 2 or 3 lane roadways, no-
passing zones may be identified by using signs rather than pavement markings.

. For Seal and Paving projects with ADT < 750 short-term pavement marking may be used.
In lieu of markings, “No Center Stripe” and “Do Not Pass” signs may be usedas shown in D-
704-20 type H.

111-10.01.03.1 Paint or Tape Pavement Marking

Short-Term pavement marking paint and beads or pavement marking tape should be applied 4
inches wide and 10 feet in length with an unmarked gap of 30 feet for lane lines and center
lines of two lane two way roadways. When required, no-passing zones should be marked with
a4 inch wide line long enough to cover the no-passing zone with paint or tape.

Short-term pavement marking should be applied to the roadway for the full length of the
surfacing or milled surface before sunset of the same day the work is accomplished.

111-10.01.03.2 Raised Pavement Markers

Raised Pavement Markers (RPMs) may be used without the use of any other pavement
markings. When RPMs are used to simulate lines, it is important they are visible day and
night. The following guidelines should be applied:

(] Lane and Center Lines of two lane, two way roadways- Four (4) RPMs should be used at
3.33 foot centers with a 30 foot gap.

(] Solid Lines- The RPMs should be placed on five (5) foot centers to simulate solid lines.
(] Double Solid Lines - The RPMs should be placed on five (5) foot centers.
There are three situations where RPMs do not provide adequate simulation of solid lines.

When these occur, especially on low speed urban highways, it is necessary to provide these
lines with paint or tape. When the existing surface is to be removed, the markings should be
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painted.
Where the existing surface is to remain in place or is the finished surface, the markings should
be removable tape. The three situations are as follows:

Areas where the RPMs, even at 5 foot centers, become visually separated. This occurs
on low speed urban roadways with sharp curves and short transitions. This also occurs
where there are steep grades and dips.

Areas of high ambient lighting which may diminish the retro reflective capabilities of
the RPMs.

Areas where the traffic control will be in place over the winter.

111- 10.01.3.3 Raised Pavement Marker Types

Type 1- These are acceptable for use on all roadways for short or long term projects.
They may be used to simulate solid or broken lines and should be installed and spaced
as shown on Standard Drawing DB762B6.

Type 2- These markers are acceptable for use where needed for less than 15 calendar
days and where the traffic is less than 3,000 ADT They may be used to simulate solid
or broken lines as shown on DB762B6.

Type 3- These are acceptable on chip and sand seal operations. They are designed to be
placed prior to beginning seal operations. They have a protective cover that is removed
after the application of the seal coat. Generally, these are used to spot the center line by
installing at 200 foot centers and marking the beginning and end of the no-passing
zones.

111 -10.01.3.4 Seal Coat Projects

Pavement marking should consist of Pavement Marking Paint and Beads. Prior to beginning
operations, RPMs should be installed every 200 feet along the center line and at the beginning
and end of no-passing zones.

The pavement marking should be in place prior to sunset each day for the full length of
roadway that received the seal coat that day as follows:

Two-Lane Two-Way - The Yellow Broken Center Line should be 4 inches wide and 4
feet long followed by a 36 foot gap.

Multilane - The White Lane Lines should be 4 inches wide and 4 feet long followed by
a 36 foot gap.

For both types of roadways, the Solid Line Barrier Stripe and No-Passing zones
marking should be 4 inches wide for the length to cover the entire barrier line and no-
passing zone.
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111-10.01.3.5 Edge Lines

Pavement Markings are not required unless there is some circumstance that would suggest
they be used. If used they are limited to a duration of 60 days.

111-10.01.3.6 School Zone

Pavement markings are not required if regulations and warnings are conveyed by other devices
such as traffic signs, beacons, or signals. If it is determined that school zones can=t be
adequately protected with these other devices, pavement marking should be installed.
Pavement markings are limited to a duration of 60 calendar days except this limit should be no
more than 15 calendar days when the Permanent Markings are not installed by August 15.

111-10.01.3.7 Railroad Crossing

Pavement marking is not required, if warning signs and cross bucks are present, unless there
are special circumstances. The pavement markings are limited to 60 calendar days.

111-10.01.3.8 Stop Lines

Pavement markings are not required except in locations where it is determined to be important
to indicate the point, behind which, vehicles should stop in compliance with Stop Signs or
Traffic Signals. These markings are limited to 60 calendar days except this limit will be 15
calendar days if the permanent markings are not installed by September 15.

Markings for Stop Lines for actuated signals may be required because if the stop location is not
indicated, there may be erratic signal operation or traffic movements.

111-10.01.3.9 Crosswalks

Crosswalks should be marked at designated non-intersection crossings if such crossings are
legally permitted. Markings should be provided at intersections where it is determined that
there is substantial conflict between vehicle and pedestrian movements or where there is a
need to guide pedestrians in a proper path. Markings may be omitted at locations where the
above criteria do not suggest usage. These markings are limited to 60 calendar days.

111-10.01.3.10 Word and Symbol Markings and Channelization Lines

Pavement Markings for these features are not required if regulations, warnings, or guidance
are conveyed by other devices. If it is determined that these features are needed they should be
installed. The Markings for these features are limited to 60 calendar days.
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111-10.01.3.11 No-Passing Zone Markings on State Highway System

No-passing zone shall be marked by either the one direction no-passing zone pavements
markings or two-direction no-passing zone pavement markings described and shown in
figure 111-10.3A and 3B.

When centerline markings are used, no-passing zone markings shall be used on two-way
roadways at lane reduction transitions (see figure 111-10.3C) and on approaches to obstructions
that must be passed on the right (see figure 111-10.3D).

Where centerline markings are used, no-passing zone markings shall be used on approaches
to highway-rail grade crossings in conformance with Standard Drawing 762-1.

On two-way, two- or three lane roadways, where centerline markings are installed, no-passing
zones shall be established at vertical and horizontal curves and other locations where an
engineering study indicates that passing must be prohibited because of sight distance or other
special conditions.

On three-lane roadways where direction of travel in the center lane transitions from one
direction to the other, a no-passing buffer zone shall be provided in the center lane as shown in
figure 111- 10.3E. A lane transition shall be provided at each end of the buffer zone.

The buffer zone shall be a median island that is at least 50 feet in length.

The minimum lane transition taper length shall be 100 feet in urban areas and 200 feet in rural
areas.

On roadways with centerline markings, no-passing zones markings shall be used for
horizontal or vertical curves where passing sight distance is less than the minimum necessary
for reasonably safe passing at the 85™-percentile or the posed or statutory speed limit as
shown in table I11-10.3F. The passing sight distance on a vertical curve is the distance at
which and object 3.5 feet above the pavement surface can be seen from a point 3.5 feet above
the pavement (see figure 111-10.3G). Similarly, the passing sight distance on a horizontal
curve is the distance measured along the centerline (or right-hand lane of a three-lane
roadway) between two points 3.5 feet above the above the pavement on a tangent to the
embankment or other obstruction that cuts off the view on inside of the curve (see figure I11-
10.3G).
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Where a segment of highway, with less than 400 feet of adequate sight distance, exists

Marking

between two no-passing zones, the striping should be continuous from one on-passing zone to

the other.

Table 111-10.3E
85th- Minimum
Percentile or Passing Sight
Posted or Distance
Statutory
Speed limit
(mph) (feet)
25 450
30 500
35 55
40 600
45 700
50 800
55 900
60 1,000
65 1,100
70 1,200
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Figure 111-10.3D Example of Markings for
Obstructions in the Roadway
(Sheet 1 of 2)
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Figure 111- 10.3DExamples of Markings for
Obstruction in the Roadway
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Figure 111-10.3E
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Figure [[]1-10.3F Method of locating and determining
the Limits of No—Passing Zones at Curves
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111-10.02 Delineators

Delineators should be installed along the Interstate, divided highway expressways,
interchanges, rest areas, median crossovers, and consideration should also be given to
approaches where local roads or county roads intersect a major roadway.

The request to delineate an approach should come from law enforcement and/or Local
Government. Residential drives and field drives will not be considered for delineation.

The following conditions should be considered when determining if an approach should be
delineated. If any one of the conditions are true, it may warrant delineator installation.

1) Crash history with a countermeasure being the installation of delineators.
2) Decision sight distance for avoidance maneuver.

65 mph, 1050 feet
60 mph, 990 feet
55 mph, 865 feet
50 mph, 750 feet
45 mph, 675 feet
40 mph, 600 feet

mTmooOw>»

Where the decision sign distance is less than the distances shown, the approach in
question should be moved or the addition of a warning sign shall be installed for the
intersection along the state highway. Suggested signs to be used may include W2-1
or W2-2, dependent on the type of intersection.

3) Engineering judgement.
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Introduction

Pavement markings have different life expectancies and costs. Low cost pavement
markings, such as paint, do not last, and must be replaced frequently. Pavement marking
locations and traffic volumes are also determining factors that contribute to the life
expectancy of the pavement marking.

The goal is to provide an appropriate pavement marking for all highways, 365 days per year.
Purpose and Definition

The purpose is to establish a statewide approach for pavement marking installation and
material life.

An acceptable pavement marking is one that conforms in all respects to the principles and
standards set forth in the Manual on Uniform Traffic Control Devices (MUTCD). During snow
and ice operations pavement markings should provide delineation after bare pavement is
attained.

Guidelines

Every effort shall be made to select pavement marking materials that are compatible with the
anticipated life of the surfacing section, before the next surface treatment is performed, or are
compatible with the expected life of the existing pavement marking materials on adjacent
roadway sections. Pavement markings on projects shall be extended, as necessary, so
transitions in material types are logical. For example, a short segment with short life material
should not separate two road segments with longer life markings. Pavement marking portions
of projects should also be extended so termination points of long life materials segments are
logical. Examples include exit and entrance ramps within projects and extension of long life
materials to major intersections or other logical termini. The termini for longer life

markings should be determined on a project prior to Project PS&E . between the
District, Designer. and Design Traffic Safety Engineer.

All pavement marking materials shall be installed according to the manufacturer's
specifications. This may include removal of existing pavement markings and other surface
treatments as recommended by the manufacturer.

Four tables are provided for guidance of pavement marking material selection based on
rural or urban location, type of roadway, and anticipated surface life. If the use of a longer
lasting pavement marking material, than what is shown, can be justified, then it would be
acceptable to install this material.

The type of pavement markings should be determined as follows.
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The designer should determine if the location is rural or urban, type of roadway and
what the anticipated life of the surface pavement will be before the next surface
treatment is performed.

The pavement marking material selected should have an anticipated life expectancy that
is the same or less than the anticipated life expectancy before the next surface treatment

is performed. The Traffic Safety Section would be able to assist in this selection.

Example: The expected life of the new pavement surface on a rural two lane
two way highway is 20 years, but the pavement is to be seal coated in 1 to 4
years, therefore the anticipated life of new pavement is 1 to 4 years before the
next surface treatment. This section of highway has a present ADT of <1500.
Therefore, the pavement marking centerline should be paint and the edgelines
should be paint.

Example: The expected life of a new pavement surface on a rural two lane two
way highway is 20 years and the pavement will be seal coated in 2 to 4 years
and the ADT is 1500 to 4000, therefore the pavement marking centerline should
be epoxy and the edgelines should be paint.

Example: An asphalt surface having an expected life of 20 years on a rural two
lane two way highway and the ADT is 1500 to 4000 is to be seal coated. It is
determined that the seal coat has an anticipated life of 8 years. The centerline
should be grooved epoxy and the edge line should be epoxy. The centerline
could be placed and then have tape with masking placed just before the seal
coat is placed. The masking shall be removed when the seal is completed.
Edgelines should be marked using epoxy after the seal is placed.

Example: The expected life of a new concrete surface on a rural two lane
roadway is 40 years and the pavement will be rehabilitated in 15 years, and the
present ADT is over 4000, therefore the pavement markings that will meet these
requirements is grooved epoxy for both centerline and the edgelines.

Pavement Marking Life Expectancy

Materials ADT
<1,500 | 1,500 - 4000 >4000
Paint 1yr. 1yr. <l1yr.
Epoxy >5yr. 4-5 yr. 3-4 yr.
Grooved Epoxy >5yr. >5yr. >5yr.
Tape > 5 yr. > 05 yr. >5yr.
Grooved Tape >8yr. >8yr. >8yr.
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Rural

Pavement Marking Material Selection

Pavement Marking Goals

Two Lane Two Way Highways

Anticipated Surface Life® (years) ADT
< 1,500 1,500 - 4,000 > 4,000
Edgeline | Centerline | Edgeline | Centerline | Edgeline | Centerline

0-2 Paint Paint Paint Paint Paint Paint
2-4 Paint Paint Paint Epoxy Epoxy Epoxy
4-6 Asphalt Paint Paint Epoxy Epoxy Epoxy Epoxy
Concrete Paint Paint Epoxy Epoxy Epoxy Epoxy

. . Grooved
o Asphalt Paint Paint Epoxy Epoxy Epoxy (A) Epoxy

. . Grooved
Concrete Paint Paint Epoxy Epoxy Epoxy (A) Epoxy

(A) If grooved epoxy and rumble strips coincide, grooved epoxy should not be used and epoxy
should be applied. Shoulder widths of less than 4’, edgeline should have epoxy.

! Anticipated life of the surface is based on the design life of the new pavement or the
anticipated time before the next surface treatment.

Rural

Pavement Marking Goals
Multilane Divided and Undivided Highways

< 1,500 1,500 - 4,000 > 4,000

Edgeline Centerline Edgeline Centerline Edgeline | Centerline

0-2 Paint Paint Paint Paint Paint Paint

2-4 Paint Paint Paint Epoxy Epoxy Epoxy
Grooved Grooved

Asphalt Epox Epox Epox Epox

A6 p poxy poxy poxy Epoxy (A) poxy Epoxy (A)
Grooved Grooved
Concrete Epoxy Epoxy Epoxy Epoxy (A) Epoxy Epoxy (A)
Grooved Grooved Grooved
o Asphalt Epoxy Epoxy Epoxy Epoxy (A) | Epoxy (A) | Epoxy (A)
Concrete Epox Epox Epox Grooved Grooved Grooved
poxy poXy poxy Epoxy (A) Epoxy (A) | Epoxy (A)

(A) If grooved epoxy and rumble strips coincide, grooved epoxy should not be used and epoxy
should be applied. Shoulder widths of less than 4, edgeline should have epoxy.

! Anticipated life of the surface is based on the design life of the new pavement or the
anticipated time before the next surface treatment.
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Urban

Pavement Marking Goals

Two Lane Two Way Highways

Anticipated Surface Life* (years) ADT
< 1,500 1,500 - 4,000 > 4,000
Edgeline | Centerline | Edgeline | Centerline | Edgeline | Centerline
0-2 Paint Paint Paint Paint Paint Paint
2-4 Paint Paint Paint Epoxy Epoxy Epoxy
Paint Paint Epoxy Grooved | Grooved | Grooved
4-6 Asphalt Epoxy Epoxy Epoxy
. . Grooved | Grooved | Grooved
Concrete Paint Paint Epoxy Epoxy Epoxy Epoxy
Paint Paint Epoxy Grooved | Grooved | Grooved
Asphalt Tape Tape Tape
6+
Paint Paint Epoxy Grooved | Grooved | Grooved
Concrete Tape Tape Tape

! Anticipated life of the surface is based on the design life of the new pavement or the
anticipated time before the next surface treatment.

Urban

Pavement Marking Goals
Multilane Divided and Undivided Highways

Anticipated Surface Life® (years) ADT
< 1,500 1,500 - 4,000 > 4,000
Edgeline Centerline Edgeline Centerline Edgeline | Centerline
0-2 Paint Paint Paint Paint Paint Paint
2-4 Paint Paint Paint Epoxy Epoxy Epoxy
Grooved Grooved Grooved
4-6 Asphalt Epoxy Epoxy Epoxy Epoxy Epoxy Epoxy
Concrete Epoxy Epoxy Epoxy Grooved Grooved Grooved
Epoxy Epoxy Epoxy
Epoxy Epoxy Epoxy Grooved Grooved Grooved
6+ Asphalt Tape Tape Tape
Grooved Grooved Grooved
Concrete Epoxy Epoxy Epoxy Tape Tape Tape

! Anticipated life of the surface is based on the design life of the new pavement or the

anticipated time before the next surface treatment.
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111-11.01 Warrants for Highway Lighting

Warrants for highway lighting should follow the NDDOT Lighting Warrant Policy found on the
Manuals and Publications webpage at:
https://www.dot.nd.gov/manuals/manuals-publications.htm.

111-11.02 Plans and Specifications

The plans and specifications for all lighting facilities to be installed on or adjacent to state
highways, including service roads, constructed under an agreement between the state and a local
government agency, are subject to approval by NDDOT.

111-11.02.01 Design Requirements
All new lighting installations shall utilize LED lighting.

Due to the use of dark aggregates in hot bituminous pavement and staining of concrete roadways,
the value for road surface classification as shown in AASHTO’s Roadway Lighting Design
Guide, 2005, should be R3 for both types of roadway surfaces.

The total Light Loss Factor (LLF) is based on luminaire dirt depreciation, lamp lumen
depreciation and equipment factor. For conventional or decorative lighting where location is
close to the roadway, the LLF value should be 0.69. For high mast lighting, the LLF value
should be 0.81.

The specific lighting and traffic signal foundation size shall be shown in the plans for each
foundation installed with the project. Refer to the table on the following page for the specific
foundation diameter and depth requirements for various lighting and traffic signals.


https://www.dot.nd.gov/manuals/manuals-publications.htm
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LIGHTING & TRAFFIC SIGNAL FOUNDATION LIGHTING & TRAFFIC SIGNAL FOUNDATION
TABLE TABLE
(USE FOR SINGLE MAST ARMS ONLY) (USE FOR SINGLE MAST ARMS ONLY)
Footing Footing Footing Footing
Description BEREIE Depth, "D Description Depth, "D Depth, "D
24" & 30" QD | 36" &42" D 24" & 30" QD | 36" & 42" O
(ft) (ft) (ft) (ft)
Light Standard Combination 40° Mounting Height
30-35"  Mounting Height 6 5 0'-25'  Signal Mast Arm 12,12 12,12
36'-44'  Mounting Height 6 5 26'-30"  Signal Mast Arm 13,13 13,13
45'-50"  Mounting Height 8 7 31'-35"  Signal Mast Arm 13,13 13,13
Type I, 11, V, VI, VII Signal Standard 36'-39' Signal Mast Arm 14,14 14,14
4 | 3 40-45'  Signal Mast Arm 16,16 15,15
Type IV Signal Standard 46'-50' Signal Mast Arm 17,16 16,16
0'-25'  Signal Mast Arm 11,11 11,11 51'-55' Signal Mast Arm 18,17 16,16
26'-30"  Signal Mast Arm 12,12 12,12 56'-60' Signal Mast Arm 19,18 17,17
31'-35'  Signal Mast Arm 12,12 12,12 Combination 50" Mounting Height
36'-39"  Signal Mast Arm 13,13 13,13 0'-25'  Signal Mast Arm 12,12 12,12
40'-45'  Signal Mast Arm 16,15 15,15 26'-30'  Signal Mast Arm 13,13 13,13
46'-50'  Signal Mast Arm 16,16 15,15 31'-35"  Signal Mast Arm 14,13 13,13
51'-55'  Signal Mast Arm 17,16 16,16 36'-39'  Signal Mast Arm 15,14 14,14
56'-60' Signal Mast Arm 18,17 17,17 40'-45'  Signal Mast Arm 17,16 16,16
Combination 30" Mounting Height 46'-50' Signal Mast Arm 17,16 16,16
0'-25"  Signal Mast Arm 11,11 11,11 51'-55'  Signal Mast Arm 18,17 17,17
26'-30" Signal Mast Arm 12,12 12,12 56'-60' Signal Mast Arm 19,18 18,17
31'-35"  Signal Mast Arm 13,13 13,13
36'-39'  Signal Mast Arm 14,14 14,14
40'-45"  Signal Mast Arm 16,16 15,15
46'-50"  Signal Mast Arm 17,16 16,16
51'-55'  Signal Mast Arm 17,17 16,16
56'-60' Signal Mast Arm 18,18 17,17
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111-11.02.01 Breakaway Light Standards
Breakaway light standards do not apply to High Mast Lighting.

Breakaway light standards, designed to minimize damage or injury when struck by an errant
vehicle, should be specified under the following conditions:

" All lighting facilities to be used on interstate highways, including crossroad lighting,
unless the light standards will be located behind adequate guardrail or bridge rail.

. All light standards to be installed within the clear zone, as shown is Tables 1 and 2 of
Appendix 3-14B where the speed limit exceeds 25 mph except:

o When the light standard is located near a pedestrian facility where light standards
may fall on the pedestrian facility when impacted. However, an engineering
study of the roadside conditions may warrant the installation of breakaway
standards.

111-11.03 Reference Material and Computer Programs

. AASHTQO’s Roadway Lighting Design Guide, 2005

. National Electric Code
. American Electric Handbook
" Illuminating Engineers Society (IES) publication RP-8-00, Roadway Lighting

. Visual Professional Edition Version 2.05.0000 Program for Conventional Lighting

. Visual Professional Edition Version 2.05.0000 Program for High Mast Lighting and Sign
Lighting

111-11.04 Standard Drawings
There are design features that are used frequently and these have been embodied in the

770 Standard Drawings, which are available on the web at:
http://www.dot.nd.gov/dotnet2/view/stddrawings.aspx
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Traffic control signals are valuable devices for the control of motor vehicle and pedestrian
traffic. Because they assign the right of way to the various traffic movements, traffic signals
exert a profound influence on traffic flow.

Traffic control signals, when properly located and operated, usually have one or more of the
following advantages:

1. They can provide for the orderly movement of traffic.

2. Where proper physical layouts and control measures are used, they can increase the
traffic handling capacity of the intersection.

3. They can reduce the frequency of certain types of crashes, especially the right-angle type.

4. Under favorable conditions, they can be coordinated to provide for continuous or nearly
continuous movement of traffic, at a definite speed, along a given route.

5. They can be used to interrupt heavy traffic at intervals to permit other traffic, vehicular or

pedestrian, to cross.

Even though warranted, if not properly placed, operated, or maintained, the following can

result:

) Excessive delay may be caused.

. Disobedience of the signal indication is encouraged.

. The use of less adequate routes may be induced in an attempt to avoid the signal.
. Crash frequency (especially the rearBend type) can be significantly increased.

111-12.01 Engineering Study

Because there are disadvantages as well as advantages in the use of traffic signals, it is important
to conduct an engineering study of the traffic operations before placing a signal at a particular
location. Generally, this is conducted by the Programming Division and the recommendations
are contained in the Traffic Operations Report.

111-12.02 Warrants

A careful analysis of traffic operations and other factors at a large number of signalized and
unsignalized intersections, coupled with the judgment of experienced engineers, have provided a
series of warrants that define the minimum conditions under which signal installations may be
justified.

There are 9 warrants and they may be found in Part 4 Chapter C of the Manual on Uniform
Traffic Control Devices (MUTCD).
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111-12.03 Design Requirements

If the design speed is 30 mph or less, the signal standard should be placed a minimum of 2’ from
the curb face to the signal standard base.

If the design speed is greater than 30 mph, the signal standard should be placed outside the clear
zone. If the signal standard is placed within the clear zone, it should be shielded from traffic.
Feed points and traffic signal controller cabinets should be placed outside the clear zone.

The specific lighting and traffic signal foundation size shall be shown in the plans for each
foundation installed with the project. Refer to the table below for the specific foundation
diameter and depth requirements for various lighting and traffic signals.

LIGHTING & TRAFFIC SIGNAL FOUNDATION LIGHTING & TRAFFIC SIGNAL FOUNDATION
TABLE TABLE
(USE FOR SINGLE MAST ARMS ONLY) (USE FOR SINGLE MAST ARMS ONLY)
Footing Footing Footing Footing
Description Depth, “D Depth, “D Description Depth, “D Depth, “D
24" & 30" | 36" &42" D 24" & 30" | 36" & 42" O
(ft) (ft) (ft) (ft)
Light Standard Combination 40" Mounting Height
30-35"  Mounting Height 6 5 0'-25'  Signal Mast Arm 12,12 12,12
36'-44'  Mounting Height 6 5 26'-30"  Signal Mast Arm 13,13 13,13
45'-50'  Mounting Height 8 7 31'-35"  Signal Mast Arm 13,13 13,13
Type I, 11, V, VI, VII Signal Standard 36'-39' Signal Mast Arm 14,14 14,14
4 | 3 40-45'  Signal Mast Arm 16,16 15,15
Type 1V Signal Standard 46'-50'  Signal Mast Arm 17,16 16,16
0'-25'  Signal Mast Arm 11,11 11,11 51'-55'  Signal Mast Arm 18,17 16,16
26'-30"  Signal Mast Arm 12,12 12,12 56'-60' Signal Mast Arm 19,18 17,17
31'-35'  Signal Mast Arm 12,12 12,12 Combination 50° Mounting Height
36'-39"  Signal Mast Arm 13,13 13,13 0'-25'  Signal Mast Arm 12,12 12,12
40'-45'  Signal Mast Arm 16,15 15,15 26'-30'  Signal Mast Arm 13,13 13,13
46'-50'  Signal Mast Arm 16,16 15,15 31'-35"  Signal Mast Arm 14,13 13,13
51'-55'  Signal Mast Arm 17,16 16,16 36'-39"  Signal Mast Arm 15,14 14,14
56'-60' Signal Mast Arm 18,17 17,17 40'-45'  Signal Mast Arm 17,16 16,16
Combination 30" Mounting Height 46'-50' Signal Mast Arm 17,16 16,16
0'-25'  Signal Mast Arm 11,11 11,11 51'-55'  Signal Mast Arm 18,17 17,17
26'-30"  Signal Mast Arm 12,12 12,12 56'-60' Signal Mast Arm 19,18 18,17
31'-35"  Signal Mast Arm 13,13 13,13
36'-39'  Signal Mast Arm 14,14 14,14
40'-45"  Signal Mast Arm 16,16 15,15
46'-50"  Signal Mast Arm 17,16 16,16
51'-55'  Signal Mast Arm 17,17 16,16
56'-60' Signal Mast Arm 18,18 17,17
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111-12.04 Span Wire Signals and Flashing Beacons

The maximum span between support poles is shown in the table below for the number of heads
(up to 5 section head) that can be supported. The span calculations are based on %2” — 7 strand
steel cables with a 5% sag, Class Il wood poles for supports, and soil anchors capable of resisting
12,000 Ibs of tension at 30° and 24,500 Ibs of tension at 15°.

Number of Traffic Signal Heads
1 2 3 4
200 FT 185 FT 165 FT 145 FT

Note: Reducing the sag to less than 5% will significantly increase the tension in the wires and
may cause failure.

If signing is required on the span wires, each sign would take the place of one head.
111-12.05 Resources and References

The Traffic Signal Book

Manual of Traffic Signal Design

Traffic Control System Handbook

The Highway Capacity Manual for Timing and Lane Assignments

Manual on Uniform Traffic Control Devices

Standard Specifications for Structural Supports for Highway Signs, Luminaires and
Traffic Signals

111-12.06 Standards and Standard Drawings

The Manual on Uniform Traffic Control Devices (MUTCD) Part 4 covers Highway Traffic
Signals. There are design features that are used frequently and these have been embodied in the
770 and 772 Standard Drawings which can be found on the web at:
http://www.dot.nd.gov/dotnet/standarddrawings/stddrawings.aspx
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Standard Drawings D-764-5A to 17A and D-764-33 to 37 have been deleted and moved to the
Design Manual as Appendix 111-13B. Standard Drawing D-764-2B has been renumbered to D-
764-4. Standard Drawing D-764-2C has been renumbered to D-764-6. Standard Drawing D-
764-2D has been renumbered to D-764-5. Standard Drawing D-764-2H has been renumbered
to D-764-7. Standard Drawing D-764-3 has been renumbered to D-764-9. Standard Drawing
D-764-3A has been renumbered to D-764-10. Standard Drawing D-764-5 has been renumbered
to D-764-11. Standard Drawing D-764-3B has been renumbered to D-764-13.

111-13.01 Introduction

These design procedures should be used after it has been determined that guardrail is warranted.
Standards D-764-1 through D-764-37 should be used to determine the length of need and
location of the guardrail and post spacing. The Standard Drawings can be found on the web at
http://www.dot.nd.gov/dotnet/standarddrawings/stddrawings.aspx These design procedures
should be used to determine the type of guardrail, the length of guardrail, and the position of the
guardrail. The AASHTO Roadside Design Guide has been used for guidance in preparing these
design procedures.

111-13.02 Design Speed

The design speed should be determined according to the roadway classification. Generally, there
are five classifications of roadway; 1) Rural/Urban Interstate; 2) Interregional System; 3) State
Corridor; 4) District Corridor, and 5) District Collector.

The design speed should be obtained from Section 1-06.

111-13.03 Lateral Clearance

The lateral clearance from the roadway centerline to the edge of the obstacle should be
determined.

The distance from the finished shoulder to the roadway centerline should also be determined.
For new surfacing projects, this distance should be determined from the typical section for the
new surfacing.

111-13.04 Obstacle Type

There are several different types of obstacles. The type of obstacle will determine the type of
guardrail to be used. Some of the different types of obstacles are as follows.

111-13.04.01 Bridge Rail Ends

These are near the roadway and should be treated with W-beam guardrail. The bridge rail should
be an acceptable type of design and should have been crash tested in accordance with NCHRP
Report 350.

The following types of bridge rail are acceptable and should have an acceptable end treatment
for guardrail to bridge end connection:


http://www.dot.nd.gov/dotnet/standarddrawings/stddrawings.aspx
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A. Jersey Barriers: The Jersey barrier bridge rail should have the W-beam guardrail
attached to the bridge rail using the standard W-beam terminal connector and
transitioning to the standard W-beam guardrail, as shown on Standard Drawing D-764-3.
Further requirements of this design are discussed in Section 111-13.05.01.A.

B. Double Box Beam Rail Retrofit: Bridges with sloped curb (Code E) bridge rail or
other deficient bridge railings, should be retrofitted with a double box beam bridge
railing, with thrie beam guardrail connection plates.

1. Bridge Rail Retrofit: The retrofit bridge rail should have a thrie beam terminal
connector plate for transition from the retrofit bridge rail to the thrie beam
connector. A 12'-6" thrie beam, with a thrie beam to W-beam transition section,
is installed between the thrie beam connector and the W-beam approach rail.
These sections should be double thickness. The thrie beam to W-beam transition
and connection details are shown in Standard Drawing D-764-3A.

111-13.04.02 Light Standards

These are usually made breakaway by providing a slip base or a frangible transformer base.
High mast poles are usually placed outside the clear zone of the particular highway and need no
safety treatment. Guardrail warrants would be determined by clearances between driving lane
and the pole locations. The offset distance requirement will be discussed later in this design
procedure.

111-13.04.03 Utility Poles

These are usually placed outside the clear zone of the particular highway. Guardrail for any
poles that are within the clear zone will be discussed later.

111-13.04.04 Bridge Piers

These may be placed within the clear zone and may need guardrail. The type of guardrail will
depend on the offset distance between the guardrail and the pier. The type of guardrail required
is discussed in Section 111-13.05.02.

111-13.04.05 Sign Supports

Sign supports are made breakaway or are a yielding type, except overhead sign structures. The
overhead sign structures are treated like piers and will be discussed later.

111-13.04.06 Culverts

A single culvert (or end section) opening larger than 36" or multiple culvert (or end section)
openings larger than 30" within the clear zone are considered obstructions. These culverts
should be extended to the clear zone or guardrail should be installed. The type of guardrail will
depend on the offset distance between the guardrail and the top of the culvert opening.



SECTION I11-13 Guardrail
Page 178 Revised 10/23/07

111-13.04.07 Water

Water is considered an obstacle if it is 2 or more feet deep and within the clear zone. In most
cases, 3-cable guardrail is used to shield water areas.

111-13.04.08 Trees

Trees over 4 inches in diameter within the clear zone should have guardrail if they cannot be
removed. The type of guardrail will depend on the offset from the guardrail.

111-13.04.09 Rock or Rip Rap

Rock or rip rap within the clear zone should be removed or moved outside the clear zone. If
rocks or rip rap cannot be removed or moved, guardrail should be installed. The type of
guardrail will depend on available offset between the guardrail and the rock or rip rap. In some
instances where there is insufficient room to install guardrail because of a narrow roadway
width, it may be necessary to post the area for reduced travel speed.

111-13.04.10 Steep Slopes

Steep slopes are studied during the safety review to determine if guardrail or flattening the slopes
is cost effective. When guardrail is required, 3-cable guardrail is used unless there is another
obstruction on the foreslope that is within 11 feet of the guardrail in which case W-beam
guardrail is required.
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111-13.05 Treatment of Obstacle

111-13.05.01 Bridge Rail Ends

The clear roadway distance is obtained from the bridge plans. The bridge plans will also show
the type of bridge rail that is in place. The two types of acceptable bridge rail have been
specified in Section 111-12.04.01.

A. Jersey Barrier

1.

This type of rail requires a transition as shown on Standard Drawing D-764-3. A
W-beam terminal connector is bolted directly to the jersey barrier for attachment
of the approach guardrail. At each bridge corner where guardrail is required, a 6
inch high curb with height transitions shall be installed. The minimum length of
the curb (including height transitions at each end) is 20 feet, and a maximum
length of 25 feet may be installed. At the end nearest the jersey barrier, the curb
shall transition to match the lower jersey barrier shape. At the end furthest from
the bridge, the curb shall taper from 6 to 0” over a distance of 3 feet. Details of
the required curb are shown on Standard D-764-3. On roadways where curb and
gutter will extend beyond the 20 foot approach curb, the transition curb height
shall taper down from 6” to 3” maximum. On roadways where additional curb is
required beyond the transition curb, the lower 3” curb height shall be provided for
a distance equal to the length of the guardrail embankment area as shown on
Standards D-764-9B through D-764-13. At the location where the 4:1 taper for
the embankment meets the face of curb, the curb height may then be transitioned
back up to a standard 6” curb height. The length of the height transition at this
location should be a minimum of 2 feet in length.

a. Where a bridge approach slab is placed, the Bridge Division will provide
the curb on the slab. If no approach slab is to be placed, the guardrail
designer will provide for the curb in the guardrail plans.

1. Where no additional curb is installed beyond the minimum
20 foot long transition curb, drainage shall be carried down the
foreslope from the curb end, and the foreslope shall have turf
reinforcement mat installed in accordance with Standard Drawing
D-708-4.

a. At locations where the existing foreslope
will not be disturbed, and adequate turf exists to prevent
erosion, consideration may be given to omitting the turf
reinforcement mat.

2. At some locations, inlets may be provided within the 20
foot long transition curb. Where necessary, these must be carefully
sized and located between the guardrail posts, which have a
maximum center to center spacing of 3’-1 %" in the area where the
curb is installed. Drainage from inlets installed at these locations
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shall be carried through underground drains to the bottom of the
foreslope.

3. If inlets are required beyond the 6 tall transition curb, they
must be of a type which has a curb box that is adjustable to allow
installation in the 3" curb required in these areas, or the curb may
be transitioned to a mountable type, and mountable inlets may be
installed.

4. When no approach slab is in place and curb and
gutter is in place, the curb and gutter should be removed, or if
possible, modified to conform to the requirements as shown on
Standard Drawing D-764-3. When drainage is provided by using
drop inlets, the inlets should be treated as discussed in 2 and 3
above.

B. Double Box Beam Bridge Rail Retrofit

Several types of existing bridge rail can be retrofitted with double box beam railing
which has been crash tested in accordance with NCHRP 350. The bridge designer
provides the plans for retrofit bridge railing. The approach rail for the retrofit bridge rail
should start with a thrie beam terminal connector attached to the attachment plate on the
retrofit bridge rail. A double thickness, 12'-6" section of thrie beam is attached to the
terminal connector using splice bolts. The post spacing on this section of thrie beam is
1'- 6 3/4"except the last space (between the 6" and 7™ post) before the thrie to W-beam
transition section is 3'-1 1/2". The next section is a 6'-3" thrie beam to W-beam transition
section with a post spacing of 3'-1 1/2" and is also double thickness. For details, see
Standard Drawing D-764-3A, “Thrie Beam to W-Beam Transition and Connection to
Double Box Beam Retrofit.” The thrie beam to W-beam transition section is connected
to the thrie beam and W-beam with splice bolts.

1. Where a thrie beam to W-beam transition is used in conjunction with double box
beam bridge rail retrofit, as described above, any curb and gutter installed within
the guardrail area, from the end of the embankment taper to the beginning of the
bridge, shall be either curb and gutter having a maximum curb height of 3” or
mountable curb having a maximum curb height of 3” When curb and gutter is
installed, the width of the curb should be modified to 5” maximum, to avoid
conflict with the installation of guardrail posts. If mountable curb is installed, the
location of the curb, and the flow line will require adjustment to avoid conflict
with the installation of guardrail posts. The preferred option is generally the
standard Type I curb and gutter with a modified 3” curb height.

C. Bridge rails may have to be updated temporarily by placing retrofit bridge rail.

1. The guardrail transition for an installation of this type is as described above in B.
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D. Bridge End Treatments with speeds under 30 mph.
1. The type of bridge rail will determine what is required.

a. At design speeds of less than 30 mph, where jersey barrier type bridge
rails exist or are to be used, a 20 foot long transition wall can be provided
which transitions from the 32” jersey barrier shape to a standard Type |
curb shape (6 curb height). This transition is typically provided as part of
a bridge approach slab. If no curb exists, the wall transitions to a height of
4" or less. This treatment is for use only at low speed locations such as
urban areas where site conditions such as pedestrian facilities adjacent to
the roadway, limit the available end protection options.

b. Double box beam bridge rail retrofit does not have an acceptable tapered
down transition for speeds of less than 30 mph. It is recommended that
guardrail be installed. The transition as described in B. above, and as
shown on Standard Drawing D-764-3A should be provided, with approach
guardrail length of need provided in accordance with Standard Drawing
D-764-5A.

2. Reduction in posted speed to 25 mph for the sole purpose of elimination of
guardrail at bridge ends, or other obstructions is generally not recommended. If
the prevailing speeds at the bridge are greater than 45 mph, there should be no
reduction of speed to eliminate guardrail or reduce guardrail length. Motorists
will tend to exceed what they perceive to be over-restrictive speed limits when
these speed reductions are not otherwise consistent with the general roadway
conditions.
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111-13.05.02 Bridge Piers

Bridge piers that are within the clear zone require shielding. Shielding of median piers on
divided highways, where they lie within the clear zone of both roadways may be accomplished
by use of vertical concrete walls or jersey barriers with attenuation devices or crash cushions, or
by installation of guardrail. The type of guardrail which may be used will depend on lateral
clearance from the guardrail to the piers.

A. When piers are less than 1'-3" from the finished shoulder, a Jersey type barrier should be
placed directly against the pier and the Jersey barrier should run from outside of the pier
to outside of the pier, and be 42" in height. The Jersey barrier should then transition
down in 10' to the height of 32". A curb and gutter shall be installed on the approach end
of the Jersey barriers as shown on Standard Drawing D-764-3. The W-beam is bolted to
a W-beam terminal connector, which is bolted directly to the Jersey barrier as shown on
Standard Drawing D-764-3. On non-divided roadways, a height transition, and a curb
and gutter shall be placed in both directions. See Figures 1-3 in Appendix 111-13 A.

B. When bridge piers are between 1'-3" and 3' from the finished shoulder, W-beam guardrail
should be used. The post spacing of the W-beam guardrail should be reduced to 3'-1 1/2"
from 25" in advance of the piers and past the pier area. The last section beyond the piers
should have 6'-3" post spacing and a breakaway cable treatment should be used in the last
6'-3" post spacing section. See Figure 13 in Appendix I11B13 A.

C. When bridge piers are 3' to 11' from the guardrail, W-beam guardrail should be used with
6'-3" post spacing throughout. The last 6'-3" post spacing past the pier should have a
breakaway cable treatment. See Figure 13 in Appendix I11-13 A.

D. When piers are over 11' from the finished shoulder, 3-cable guardrail should be used
because of reduced installation cost and reduced snow accumulations.
The 3-cable guardrail should be placed 9' from the driving lane on the median side of
divided roadways as long as 11' or more minimum clearance can be maintained between
the cable and the face of the pier. The 3-cable guardrail should be placed on a slope of
10:1 or flatter when placed in this position. The 10:1 or flatter slope should be carried 3'
behind the guardrail (measured from the cable). The area outside the 10:1 slope should
be graded to drain away from the piers. Some culvert extension or installation may be
needed.

E. Where there are median piers and both roadways are at nearly the same elevation, one of
the following treatments should be installed:

1. Where piers are set on top of a rectangular footing having a continuous, smooth
face, the top of which is at least 42" above the final finished surface after the
median is filled:

The median should be filled to provide a flat area wide enough to provide a
minimum of 5 feet of flat area (measured perpendicularly from the device toward
the roadway) adjacent to a Type B attenuation device when this type of end
protection is installed. Where a crash cushion will be used to shield the barrier
end, provide a minimum width of 5 feet of flat area adjacent to the median bridge
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pier for the entire length of the median pier protection embankment. From this
point the fill should be placed at a 12:1 or flatter slope to the finished edge of the
shoulders.

Vertical faced transition walls shall be installed at each end of the pier footing,
having a height of 42” or higher at the face of the pier foundation, and tapering
down to a height of 32” above the finished surface, and a width of 24”. The top
of the transition wall shall taper at a rate of 10:1 or flatter slope. The traffic faces
of the transition wall shall have a taper rate consistent with, or flatter than, the
suggested flare rates for barrier design for rigid barrier systems, as given in Table
5.7 of the 2002 AASHTO Roadside Design Guide. The values in Table 5.7 are
given for design speeds from 30 mph to 70 mph. Where a design speed of 75 mph
applies, the taper rate for concrete transition walls shall be 23:1 or flatter. An
additional 2 feet of wall 32" high by 24” wide shall extend beyond the end of the
height transition, and the last 5 feet of the transition wall shall be 24 wide, to
accommodate the rearward movement of crash cushion side panels when
impacted. The barrier walls and transitions shall be reinforced.

The end of these types of transition walls may be shielded by either an attenuating
crash cushion meeting the crash test requirements of NCHRP Report 350 (TL3),
installed on a concrete pad, or a Type B attenuation device, as shown on Standard
Drawing D-704-1. The type B attenuation device when permanently installed
shall be placed on a concrete pad. Permanent installations of this type are
described with pay items “Barrel Attenuation Device Type B-(speed, mph).
Concrete pads for attenuating crash cushions shall be specified to be as
recommended by the crash cushion manufacturer.

See Figures 3-7 in Appendix I11-13 A.

2. Where piers are set on footings below the ground, or where the pier footing is less
than 42" above the final finished surface:

The median should be filled to provide a flat area wide enough to provide a
minimum of 5 feet of flat area (measured perpendicularly from the device toward
the roadway) adjacent to a Type B attenuation device when this type of end
protection is installed. Where a crash cushion will be used to shield the barrier
end, provide a minimum width of 5 feet of flat area adjacent to the jersey barrier
for the entire length of the median pier protection embankment. From this point
the fill should be placed at a 12:1 or flatter slope to the finished edge of the
shoulders.

A 42" high Jersey barrier will be placed from end of pier to end of pier on both
sides of the piers. The 42" high Jersey barrier walls shall be tapered down to a
32” height, and the traffic faces shall be tapered at a rate consistent with, or flatter
than the suggested flare rates for barrier design for rigid barrier systems, as given
in Table 5.7 of the 2002 AASHTO Roadside Design Guide. The values in Table
5.7 are given for design speeds from 30 mph to 70 mph. Where a design speed of
75 mph applies, the taper rate for concrete barrier walls shall be 23:1 or flatter.



SECTION I11-13 Guardrail
Page 184 Revised 10/23/07

The length of the barrier transition will vary depending upon the width of the pier
foundation. The top width of the Jersey barrier face (at the pier) shall be tapered
to 1'-8" near the end of the transition. The barrier then transitions, over a distance
of 7°-6 ¥ to a 24” wide by 32” tall rectangular shape. Two additional feet of the
rectangular wall shape are required at the end of the transition. The barrier walls
and transitions shall be reinforced.

The end of these types of barrier walls may be shielded by either an attenuating
crash cushion meeting the crash test requirements of NCHRP Report 350 (TL3),
installed on a concrete pad, or a Type B attenuation device, as shown on Standard
Drawing D-704-1. The type B attenuation device when permanently installed
shall be placed on a concrete pad. Permanent installations of this type are
described with pay items “Barrel Attenuation Device Type B-(speed, mph).”
Concrete pads for attenuating crash cushions shall be specified to be as
recommended by the crash cushion manufacturer.

See Figures 8-12 Appendix I11-13 A

111-13.05.03 Sign Supports

Sign supports usually are made of breakaway or yielding type material. In some cases, overhead
sign structures are utilized and their end towers and foundations may need guardrails or have
Jersey barrier and crash cushion placed when the end towers and foundations are within the clear
zone. The overhead sign structure end tower and foundation should be shielded by guardrail, or
have Jersey barriers and crash cushions installed, when warranted, using the same criteria as used
for bridge pier protection.

111-13.05.04 Culverts

The location of the culvert end openings will determine the type of guardrail. The same criteria
used for piers will determine the type of guardrail to be used. Single centerline culverts having
openings of greater than 36” in width, or multiple culverts having greater than 30” width
openings that are within the clear zone, will require either extension of the culvert, or the
installation of guardrail. Centerline culvert ends 15 to 36 inches in diameter can be within the
clear zone if they have a traversable end section. Culverts installed parallel to the roadway, such
as those through approaches, can be within the clear zone if they have a traversable end section.
The details for traversable end sections can be found on Standard Drawing D-714-1A on the
NDDOT web site at:

http://www.dot.nd.gov/docs/design/Design%20Standards/D714-01A.pdf

111-13.05.05 Water

Water areas may be shielded by 3-cable type guardrail in most cases, provided that rip rap or
other obstructions are outside the 11-foot deflection distance. W-beam guardrail must be used
where obstructions lie within 3 to 11 feet of the railing.


http://www.dot.nd.gov/docs/design/Design%20Standards/D714-01A.pdf
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111-13.05.06 Rock Outcroppings

The location of the obstacle will determine the type of guardrail to be used. The same criteria
used for guardrail at piers should be used.

111-13.05.07 Steep Slopes

Steep foreslopes warranting guardrail will normally require the use of 3-cable guardrail.
Foreslopes 3:1 or steeper require guardrail. A foreslope steeper than 2:1 will require shielding
with W-beam guardrail because errant vehicles could under-ride the cables of the 3-cable
guardrail system at or near the maximum deflection on slopes steeper than 2:1.

111-13.06 Guardrail Location

A. W-beam guardrail should be placed at bridge ends or barrier walls. The straight sections
should be aligned with the face of the barrier wall or the flat plate of the retrofit bridge
rail.

B. W-beam guardrail installed at locations other than bridge ends should be placed at the

finished shoulders with the front face of the guardrail aligned with the finished shoulder.
In no case should the slope in front of the W-beam guardrail be greater than a 10:1 slope.
Where piers are close to the roadway, and a barrier wall is to be installed, the alignment
should be as stated above for W-beam guardrail placed at bridge ends.

C. W-beam guardrail may be flared away from the roadway at the flare rate shown on the
standard drawings, dependent on the design speed. In all cases, a curved section will
transition the straight section to the flared section. A minimum length of 25 feet of
tangent railing shall be installed in advance of an obstruction, such as a pier, culvert, rock
outcrop, overhead sign structure, steep slope, etc., before the curved rail section and
flared rail are installed. See Standard Drawings D-764-13B through D-764-17A.

D. Some locations may have conditions that will not allow W-beam guardrail to be flared at
the standard taper rates. When conditions such as drainage, right of way, or possible
clear zone violation for opposing traffic lanes (such as at median installations on divided
highways) will not allow the W-beam guardrail to be flared at the taper rates given on the
standard drawings, the guardrail should be installed either straight along the shoulder,
parallel with the traveled lane, or wherever possible, should be flared at a rate flatter than
the standard taper rates. A 50:1 taper rate has been used at many locations by NDDOT to
accommodate unusual field conditions such as those discussed above.

E. Box beam guardrail should be placed at the finished shoulder with the front face of the
guardrail aligned with the finished shoulder break. In no case should the slope in front of
the box beam guardrail be greater than a 10:1 slope. The box beam guardrail shall have
an NCHRP Report 350 crash-tested end terminal installed, such as the Wyoming Box
Beam End Terminal (WYBET). Presently, box beam guardrail is rarely used on North
Dakota highways. It is not currently supported by the NDDOT standard drawings.
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F.

3-cable guardrail should be placed 2' from the finished shoulder, but should be at least 2’
inside of the graded shoulder. Where the roadway slough is steeper than 10:1, fill should
be placed, at a 10:1 slope, from the finished shoulder to 3’ behind the 3-cable guardrail.
On divided highways where piers are protected with 3-cable guardrail, the 3-cable
guardrail should be placed 9' from the edge of the driving lane on the median side, but no
closer than 11' from the face of the pier. In most cases, fill will be required for placement
of the 3-cable guardrail at that point. The fill area between the finished shoulder and 3'
beyond the 3-cable guardrail location should be 10:1 or flatter. Drainage may have to be
modified for installation of the 3-cable guardrail at the 9' offset. 3-cable guardrail will
only be used in the median where the finished elevations of the two roadways differ to
the extent that median protection using either the vertical concrete wall or the jersey
barrier installation cannot be installed. The wide flat area required for the installation of
these systems, especially when attenuation devices are installed, will in some cases
prohibit their use when roadway elevations differ.

111-13.07 Length of Need

111-13.07.01 Bridge End Treatment

A

The W-beam guardrail should be carried 39°- 4 3/4" straight as shown on the layouts for
the various design speeds, on Standard Drawings D-764-5A through D-764-9A. The end
terminal should be one of those shown in Standard Drawings D-764-2B, D-764-2C, or D-
764-2H. The acceptable end terminal type or types will be specified in the plans
depending upon guardrail taper rate, or length of the installation. The criteria for
determining the proper end terminal options at a given location is discussed in section Il1-
13.11.

The bridge end connection will depend on the bridge rail. Jersey barrier bridge rails
should have the W-beam bolted to a W-beam terminal connector which is bolted directly
to the Jersey barrier as shown on Standard Drawing D-764-3.

When the bridge railing is a double box beam rail retrofit, the straight section should
begin on the bridge with the thrie beam terminal connector, which attaches to the retrofit
attachment plate. The thrie beam and thrie to W-beam transition should be installed as
shown on Standard Drawing D-764-3A. The straight section, from the beginning of the
thrie beam terminal connector to the curved section shall be at least 45'-7 %4."

When drainage or other constraints won’t allow the W-beam guardrail to be flared at the
standard taper rates, with the required 10:1 sloped embankment slope, the W-beam
guardrail should be installed either at a flatter than standard taper rate, or straight, as was
discussed in 111-13.06. The length of need should be determined by the traffic volume,
design speed, bridge clear roadway, and clear zone.

When guardrail is to be installed straight (non-flared), the length of need can be
determined from the following equation:
X = (LA -L2)/(LA/LR)
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Where LA is the clear zone because at most bridge structures, steep slopes, water, or other
obstacles lie behind the bridge railing, so shielding to protect out to the clear zone is
necessary. L2 is the clearance between the edge of the travel way and the guardrail. Lris
the runout length.

Traffic Volumes (ADT)

Design Over 6000 vpd | 2000-6000 vpd | 800-2000 vpd | Under 800 vpd
Speed Runout Length | Runout Length | Runout Length | Runout Length
(mph) Lr (ft) Lr (ft) Lr (ft) Lr (ft)

75 520 485 430 395

70 475 445 395 360

65 450 425 370 345

60 425 400 345 330

55 360 345 315 280

50 330 300 260 245

45 260 245 215 200

40 230 200 180 165
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Traffic Volumes (ADT)
Design Over 6000 vpd | 2000-6000 vpd | 800-2000 vpd | Under 800 vpd
Speed Runout Length | Runout Length | Runout Length | Runout Length
(mph) Lr (ft) Lr (ft) Lr (ft) Lr (ft)
30 165 165 150 130

Suggested Runout Lengths for Barrier Design

Design DESIGN FORESLOPES BACKSLOPES
Speed ADT Flatter 6:1 5:1 a1 31 Steeper 31 a1 51 6:1 Flatter
(mph) than 6:1 ) ) ) ) than 3:1 ) ) ) ) than 6:1
Under7so | 7 - 10| 7 - 10| 7 - 10| 7 - 10 ** 7 -10|7 - 10| 7 - 107 - 107 - 10|17 - 10
40 or 750 - 1500 10 12 12 14 ** 10 - 12|10 - 12|10 - 12|10 - 12|10 - 12|10 - 12
less 1500 - 6000 12 14 14 16 o 12 - 14|12 - 14|12 - 14|12 - 14|12 - 14|12 - 14
OVER 6000 14 16 16 18 ** 14 - 16|14 - 16|14 - 16|14 - 16|14 - 16|14 - 16
Under 750 10 12 12 14 * 8 - 10| 8 - 10|/ 8 - 10| 8 - 10 10 12
45.50 |.750-1500 14 16 16 20 * 10 12 12 14 14 16
1500 - 6000 16 18 20 26 ** 12 14 14 16 16 18
OVER 6000 20 22 24 28 * 14 16 18 20 20 22
Under 750 12 14 14 18 * 8 10 10 - 12|10 - 12|10 - 12|10 - 12
55 750 - 1500 16 18 20 24 ** 10 12 14 16 16 18
1500 - 6000 20 22 24 30 * 14 16 16 18 20 22
OVER 6000 22 24 26 32 o 16 18 20 22 22 24
Under 750 16 18 20 24 ** 10 12 12 14 14 16
60 750 - 1500 20 24 26 32 * 12 14 16 18 20 22
1500 - 6000 26 30 32 40 o 14 18 18 22 24 26
OVER 6000 30 32 36 44 * 20 22 24 26 26 28
Under 750 18 20 20 26 ** 10 12 14 - 16|14 - 16|14 - 16|14 - 16
65.70 |.750-1500 24 26 28 36 * 12 16 18 20 20 22
1500 - 6000 28 32 34 42 * 16 20 22 24 26 28
OVER 6000 30 34 38 46 o 22 24 26 30 28 30
Under 750 19 22 24 29 * 12 14 14 17 17 19
75 750 - 1500 25 30 32 40 * 15 17 20 22 25 27
1500 - 6000 32 36 39 49 * 17 22 22 27 29 32
OVER 6000 37 39 44 54 o 24 27 29 32 32 34

Clear Zone Table
For Guardrail Length of Need Determination

The length of need tables in the Standard Drawings for guardrail were developed based upon the
clear zone values given above, for 6:1 foreslope, in all cases. It was found that the weighted
average foreslope rate that an errant vehicle travels across a runout path consisting of a 4:1 slope
in advance of the guardrail embankment area, and the 10:1 foreslope of the embankment in
advance of the guardrail was very nearly 6:1. Therefore, for standardization, the 6:1 values were
used in developing the lengths of need for guardrail. Since a 10:1 foreslope is provided in
advance of flared guardrail, the use of the 6:1 clear zone values, for graphical analysis, when the
Standard Drawings are not used, or not applicable, should provide results comparable to the
lengths of need provided by the Standard Drawings.

111-13.07.02 Obstacles
The treatment of the various types of obstacles will depend on the lateral clearance.

A Objects within 0 to 1'-3" from the roadway finished shoulder should have a barrier wall
installed with the W-beam guardrail as was discussed in 111-13.05.02 A. The guardrail
length of need should be determined from Standard Drawings D-764-5A through D-764-
9A for bridge ends.
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1. On divided highways, the 42" barrier wall should be installed only to the end of
the obstacle on the exiting end.
2. The W-beam should be attached to the 32" barrier wall at both ends on two-way
roadways and on the upstream, approach end on divided highways.
B. Obstacles 1'-3" to 3' from the roadway finished shoulder should have W-beam guardrail

installed with reduced post spacing. The post spacing for the railing in front of, and for
25 feet in advance of the obstruction, shall be 3’-1 % “.

1.

On non-divided highways, the straight portion of the W-beam rail in the vicinity
of the obstacle shall be determined by taking the length of the obstacle, and
rounding this up to the nearest length which is divisible by 12°-6”. An additional
length of 25 feet is added to each end. This total straight portion is installed
symmetrical about the centerline of the obstacle. This is illustrated in the W-
beam guardrail dimension layout, on Standard Drawings D-764-13B through D-
764-17A.

On divided highways, the straight portion of the W-beam rail in the vicinity of the
obstacle shall be determined by taking the length of the obstacle, and rounding
this up to the nearest length which is divisible by 12°-6”. This portion of the
straight railing is installed symmetrical about the centerline of the obstacle, and
shall have 3’-1 %2” post spacing. An additional length of 25 feet of railing, having
3’-1 %, post spacing is added to the upstream, approach end, before a curved rail
section and flared rail with end terminal is installed. At the downstream end, an
additional 12°-6” section with 6’-3” post spacing is installed, just beyond the
obstacle, with a breakaway cable terminal end in the last 6°-3”.

See Figure 13 in Appendix I11-13 A.

C. Obstacles 3'to 11' from the roadway finished shoulder should have W-beam guardrail
installed.

1.

The guardrail along the obstacle should have the length calculated as specified in
B 1 above, except all post spacings may be 6’-3” for obstacles 3’ or more behind
the face of the W-beam guardrail.

The guardrail for divided highways should be as specified in B 2 above, except all
post spacings may be 6’-3” for obstacles 3’ or more behind the face of the W-
beam guardrail.

D. Objects over 13' from the roadway finished shoulder should have 3-cable guardrail
installed.

1.

3-cable guardrail should be placed 2' from the finished shoulder, but not closer
than 2' to the graded shoulder. To ensure the 2' to the graded shoulder, the
distance from the 3-cable guardrail to the finished shoulder could be less than 2'.
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E. On divided highways where median piers are protected with 3-cable guardrail, the 3-
cable guardrail should be placed 9' from the edge of the driving lane on the median side
but no closer than 11' from the face of the pier. In most cases, fill will be required for
placement of the 3-cable guardrail at that point. The fill area between the finished
shoulder and 3' beyond the 3-cable guardrail location should be 10:1 or flatter. Drainage
may have to be modified for installation of the 3-cable guardrail at the 9' location. 3-
cable guardrail will only be used in the median where the finished elevations of the
two roadways differ to the extent that median protection using either the vertical concrete
wall or the jersey barrier installations cannot be installed. The wide flat area required for
the installation of these systems, especially when attenuation devices are installed, will in
some cases prohibit their use when roadway elevations differ.

111-13.08 Guardrail Design

The design of the guardrail for a particular type of obstacle uses each of the above sections to
obtain the proper design. The following information should be obtained for each location.

A. The designer should determine the type of obstacle.

1. Bridge ends: Obtain bridge rail plans.
2. Piers and bridge layout: Obtain bridge layouts and pier plans.
3. Culverts: Obtain plan and profile sheets.
4. Steep slopes: Obtain plan and profile sheets.
5. Water: Obtain plan and profile sheets.
6. Other: Obtain plan and profile sheets.
B. The designer should obtain the design speed for the roadway. Guardrail design speeds

used by NDDOT are: 30 mph, 40 mph, 45 mph 50 mph, 55 mph, 60 mph, 65 mph, 70
mph and 75 mph.

C. Lateral clearance from the roadway centerline to the obstacle should be determined.
Obtain the cross sections of the roadway in the area that guardrail is warranted.

D. The traffic volumes should be obtained from the plan title page or from the
Planning/Asset Management Division.

111-13.09 Design Procedures

The following design procedures should be followed, dependent on the type of obstacle, using
the above information.

111-13.09.01 Bridge Ends
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The designer should use W-beam guardrail at these locations and the length of need should be
obtained from Standard Drawings D-764-5A to D-764-9A, dependent on design speed.

A.

The type of bridge end treatment should depend on whether the bridge has a jersey
barrier rail or a double box beam rail retrofit.

1. Jersey Barrier

a. The requirements for the transition railing, including curb requirements,
were discussed in 111-13.05.01 A, and the transition is shown on Standard
Drawing D-764-3.

2. Double Box Beam Bridge Rail Retrofit

a. The requirements for the guardrail transition railing, including curb
requirements, if curb is needed, were discussed in 111-13.05.01B, and the
transition is shown on Standard Drawing D-764-3A.

The length of need is taken from Standard Drawings D-764-5A to D-764-9A, dependent
on design speed.

1. Entering the table on the appropriate standard drawing with the bridge width and
traffic volume, read across the standard drawing to determine the various
guardrail dimensions for that bridge width and traffic volume.

2. The bridge on a two-way roadway should have the length of guardrail shown on
the approach side and opposite side. The guardrail should have the end terminals
as shown on Standard Drawings D-764-2B, D-764-2C or D-764-2 H. Dimensions
C or C1 give the length of the end terminal.

3. Where an approach falls within this length, the approach should be moved. The
district office should determine if the approach can be moved.

4, If the approach cannot be moved, the guardrail should be broken, with a minimum
of either 39'-4 3," (at bridges with Jersey barrier) or 45’-7 %, (at bridges with
double box beam rail retrofit) straight section and an end terminal, as shown on
Standard D-764-2B, D-764-2C or D-764-2H, installed in the vicinity of the radius
of the approach roadway as a minimum. If additional guardrail can be installed,
then extend the rail with additional straight W-beam rail sections, to place the end
terminal in the vicinity of the approach radius The guardrail length need should be
provided by placing a length of guardrail on the other side of the approach to the
required length, and an end treatment as shown on Standard D-764-2B, D-764-
2C, or D-764-2H shall be installed on both ends of the guardrail. The length of
need shall include the end treatments minus the first 12.5 feet from the end of the
terminal ends that may be hit by errant vehicles. The end treatment at the
approach should begin at a point approximately 5 feet from the vehicle turning
radius. The end treatment shall have the offsets as shown on the standard
drawings. For private drives or field drives, a general rule of thumb is that the
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access opening between the guardrail ends should be approximately 60 feet.
Adjacent land use, skew angle of the approach, and turning movements should be
considered in determining the opening.

On low-volume, low-speed roadways a curved rail may be placed as shown on
Standard Drawing D-764-3B. The speeds on the main roadway shall be 55 mph
or less and the 750 ADT or less.

5. Where roadside constraints, such as drainage, do not allow for flaring the
guardrail at standard taper rates (10:1 for 30 mph to 45 mph, 11:1 for 50 mph,
12:1 for 55 mph, 14:1 for 60 mph, 15:1 for 65 mph and 70 mph, and 16:1 for 75
mph), the guardrail should be installed at a flatter taper rate. Any taper rate which
is flatter than that prescribed for a given design speed is acceptable. The standard
taper rates are maximum taper rates. This means that if right of way restrictions
limit the available guardrail offset, a flatter taper rate could be used to install the
rail. However, the length of the railing would likely require adjustment. This can
best be accomplished by graphical means. Refer to Section 5.6.4 of the 2002
AASHTO Roadside Design Guide. A 50:1 taper rate has been used by NDDOT
at many high speed locations, to allow for a reasonable length of guardrail to be
installed which satisfies length of need requirements. Alternately, straight
guardrail can be installed, which further increases the length of rail required. This
type of installation is not preferred, as increased nuisance hits are likely, and snow
buildup on the roadway may be increased.

If an approach is encountered in this length, it should be treated as stated above.
Wherever possible, approaches should be relocated rather than providing breaks
in the guardrail installation.

6. For length of guardrail needed for double box beam rail retrofit installations, the
straight approach length is revised from the 39.4” shown in the length of need
tables, to 45.65’. This increases the total length given in the table, by 6.25 feet.

C. Flared guardrail (and most straight guardrail installations) will require fill material
provided to place the guardrail on, as shown on Standard Drawings D-764-9B through D-
764-13A. It should be noted that this fill area should be installed from the finished
shoulder to 3' behind the guardrail, and this area should be 10:1 or flatter. The foreslope
in advance of the end treatment should be equal to the foreslope it is matching. The
foreslope behind the guardrail, between the downstream end of the end terminal
(beginning of flared W-beam rail) and the beginning of the bridge may be steepened if
necessary to accommodate the fill.

D. Where guardrail is provided on divided highway bridges, the guardrail length is
determined as stated above. However, the distance from the approach roadway centerline
to the bridge rail face (lowest face of jersey barrier), times two, should be the clear
roadway width used for that side of the roadway. Use this and the traffic volumes. For
example, if an interstate highway bridge has two twelve foot lanes, an outside shoulder of
10 feet, and a passing lane (median side) shoulder of 4 feet, then the clear roadway width
to use for the outside driving lane is: (12 +10) * 2 = 44 feet. The clear roadway width to
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use for the passing lane is: (12 + 4) * 2 = 32 feet. Both of these would be considered an
approach side, because traffic is using both lanes entering the bridge, and length of need
is taken for each side, from the appropriate clear roadway width lines in the length of
need table.
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111-13.09.02 Obstacles

The designer should use the guardrail type, dependent on guardrail offset from the roadway
driving lane, and the clear distance from the obstacle. The W-beam guardrail should be flared, if
possible. All obstacles should have a minimum of 25' of straight guardrail in advance of the
obstruction and 25' past, except on divided highways, the length past the obstacle can be reduced
to 12'-6" when a cable anchor is installed. 3-cable guardrail should not be placed on the inside of
curves with curvature of more than 4 degrees. Intermediate anchors should be installed as
specified on the standard drawings.

111-13.10 Design Procedures For Guardrail On The Outside of Horizontal Curves

The design of W-beam guardrail on the outside of horizontal curves depends upon the degree of
curvature of the roadway.

A For all curves of 1 Degree 15 minutes (R=4583.66) or flatter, the layout of the W-beam
guardrail for the outside of the curve may be established in accordance with the Standard
Drawings for guardrail length of need. Adjustments to the longitudinal dimensions
(measured parallel to centerline of roadway) given by the standard drawings will be
required, to correct for the difference between the roadway curvature and the tangent
lengths given, to allow for proper layout in the field. The offset dimensions determined
from the standard drawings may be used, however the dimension “D” given for the offset
of the approach end of the W-beam guardrail end terminal should be adjusted, to allow
the end terminal to be installed tangent to the downstream flared (or straight) guardrail.
This may be done graphically by establishing the straight tapered portion of the rail
relative to the roadway using the offset dimension “B” given in the standards, and
extending a line coincident with the rail for a distance of 50 feet. The offset measured
from the end of this 50 foot extension, (which is coincident with the end of the end
terminal) to the centerline of the roadway is the appropriate offset dimension to use in
lieu of utilizing the “D” offset dimension given in the standard drawings. In this way, the
end terminal will remain tangent to the downstream guardrail.

B. Guardrail to be installed on the outside of curves sharper than 1 Degree 15 minutes (R <
4583.66°) will require a graphical design procedure to assure that length of need is
provided, and that the anticipated vehicle impact angle with the guardrail does not exceed
10 degrees.

This procedure is largely equivalent to the procedure discussed in the Roadside Design
Guide 2002, page 5-42. The fundamental difference between this procedure and the
Roadside Design Guide method, is that, for most horizontal curves, when using the
method described here, some limited flaring of the guardrail is achieved relative to the
roadway curvature. The use of a shallow flare for the guardrail results in a decrease in
guardrail length of need, as compared to a parallel guardrail installation. The advantages
of this type of installation include decreased snow accumulation and fewer nuisance hits.
The flaring provided by this method shall be limited to provide an anticipated vehicle
impact angle with the guardrail of no more than 10 degrees. Most often, an impact angle
ranging between 7 and 8 degrees has been used by NDDOT. This angle is determined
most easily by simple graphical means. A design example is illustrated below.
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Design Example
See Figure 14 in Appendix 111-13 A

In this example, a bridge is located within a 2 degree 10 minute horizontal curve
(R=2644.42). The roadway inslopes are 6:1. Design speed is 70 miles per hour
and forecast ADT = 1000. The bridge has a clear roadway width of 40 feet.

First, the clear zone is determined. Since the horizontal curve is 2 degrees, 10
minutes, a clear zone correction factor of 1.3 (See Table 3.2, Roadside Design
Guide, 2002, or NDDOT Design Manual) is applied to the value obtained from
Table 3.1 of the Roadside Design Guide or from the Clear Zone table in the
NDDOT Design Guide. Clear zone for a tangent roadway with the above design
values, is given as 26 feet. With horizontal curve correction, the clear zone at this
location is: 1.3 X 26’ = 33.8 feet from the edge of the driving lane, or 45.8 feet
from the roadway centerline.

The method for determining the design runout path is as follows: First, a line is
drawn perpendicular from roadway centerline, at the beginning of the bridge,
toward the outside of the curve, for a distance of 33.8’+12” = 45.8 *. A curve is
drawn or offset 12 feet from the centerline, to establish the edge of the driving
lane in advance of the bridge end. Next, from the end of the perpendicular line, at
the clear zone, a line is drawn upstream to meet the edge of the driving lane on a
tangent. This line is known as the Tangential Runout Path. The distance from the
point of tangency is measured, along the edge of the driving lane, to the beginning
of the bridge. This distance is then compared to the Suggested Runout Length,
given in Table 5.8, page 5-33 of the Roadside Design Guide, 2002, or NDDOT
Design Manual. If the measured distance is less than the Suggested Runout
Length, then the Tangential Runout Path shall be used to determine the guardrail
length of need. However, if the distance measured along the edge of the driving
lane, from the point of tangency to the beginning of the bridge is greater than the
Suggested Runout Length, then the Suggested Runout length shall be used to
determine the guardrail length of need. This is accomplished by drawing an arc
of a length equivalent to the Suggested Runout Length, from the beginning of the
bridge upstream along the edge of the driving lane. From the end of this arc, a
line is drawn to the clear zone point previously established, on the outside of the
curve, adjacent to the bridge end.

Once the runout path has been established, as described above, the approach
guardrail is extended parallel to the roadway for a portion of its length, then
continued on a tangent, resulting in a shallow flare relative to the curving
roadway. The distance that the rail is required to run parallel to the horizontal
curve is determined graphically, by measuring the angle between the runout path
and the guardrail. This angle must be 10 degrees or less. Generally, flatter angles
of 7 to 8 degrees are preferred, and can be achieved without providing excessive
guardrail length.
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In this example, the guardrail was run parallel to the curved roadway for the first
64.4 feet, then continues on a tangent. The angle between the runout path and the
approach guardrail in this example is 7 degrees 45 minutes. Since this is less than
10 degrees, this is would be considered an acceptable design.

The length of the rail is adjusted by 12°-6” rail section increments until the
approach end of the end terminal (last post) is 12°-6” or more beyond the design
runout path. Because the first 12°-6” of the end terminal is yielding, and
redirection takes place beginning at the third post, this portion of the end terminal
is not considered part of the length of need.

The opposite side guardrail for the inside of the horizontal curve is dimensioned
off of the roadway centerline in accordance with the offset dimensions provided
in the standard drawings, and longitudinal dimensions are adjusted to account for
the horizontal curvature.

111-13.11 W-Beam Guardrail End Terminal Installation Requirements

Four W-beam guardrail end terminals are used by NDDOT. These end terminals have varying
site location and guardrail installation configuration requirements. The type or types of end
terminals which may be installed at a given location shall be specified in the guardrail plans.

A.

ET-2000, as shown on Standard D-764-2B: The ET-2000 end terminal shall be installed
on straight guardrail installations, or installations having a flare rate no greater than 25:1
relative to the approaching traffic. Where necessary, the ET-2000 may be installed
straight, tangent to the approach guardrail (and parallel to the traveled way), however it is
preferred, (and typical NDDOT practice) that this end terminal be tapered at 50:1 to
allow clearance for snow removal equipment, and to reduce the likelihood of nuisance
hits.

Flared Energy Absorbing Terminal (FLEAT) as shown on Standard D-764-2C: The
FLEAT end terminal shall be installed with either the 2°-6” or 4°-0 flare as shown on
Standard D-764-2C, when it is installed on the end of a straight (parallel to traveled way)
W-beam guardrail installation. When the FLEAT is installed to the end of a flared
guardrail installation having standard flare rates of 10:1 to 16:1, the end terminal shall be
installed with only the flare rate of the downstream guardrail.

Sequential Kinking Terminal (SKT), as shown on Standard D-764-2D: The SKT end
terminal shall be installed on straight guardrail installations, or installations having a flare
rate no greater than 25:1 relative to the approaching traffic. Where necessary, the SKT
may be installed straight, tangent to the approach guardrail (and parallel to the traveled
way), however it is preferred, (and typical NDDOT practice) that this end terminal be
tapered at 50:1 to allow clearance for snow removal equipment, and to reduce the
likelihood of nuisance hits.

Slotted Rail Terminal (SRT), as shown on Standard D-764-2H: The SRT end terminal
shall be installed with the 4’-0 flare as shown on Standard D-764-2H, whether it is
installed on the ends of straight W-beam guardrail or flared W-beam guardrail. The
Slotted Rail Terminal shall not be installed at locations where the distance from the
upstream end of the end terminal to the obstruction being shielded is less than 175 feet.
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Figure 1 Jersey Barrier at Outside Piers Details

Figure 2 Jersey Barrier at Outside Piers — Reinforcing Details

Figure 3 Jersey Barrier at Outside Piers — Bent Bar Details and Bar List

Figure 4 Median Pier Transition Wall and Attenuation Device Layout

Figure 5 Median Pier Transition Wall Details

Figure 6 Median Pier Transition Wall Details — Reinforcing Steel Layout

Figure 7 Median Pier Transition Wall — Bent Bar Details and Bar List

Figure 8 Jersey Barrier and Attenuation Device Layout

Figure 9 Jersey Barrier Details

Figure 10 Jersey Barrier — Reinforcing Steel Layout

Figure 11 Jersey Barrier Details — Bent Bar Details, Bar List
Figure 12 Barrel Attenuation Device Details

Figure 13 W-Beam Pier Protection End Treatment Details

Figure 14 W-Beam Guardrail at Horizontal Curves Example
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Guardrail Length of Need Details

LENGTH OF NEED TABLE 30 MPH DESIGN SPEED

GUARDRAIL AT BRIDGE ENDS

e

-

@ APPROACH SIDE OPPOSITE SIDE 30 MPH DESIGN SPEED
=
5 =
| i @] @ (@] |z e (@] @] |z
S af aE
Zla D e o
iz|z3 =8 g
cE|ES 23 2&
Bg E- e
] El £ ] =]
o g 2 A B c [ c1 D1 E @ A B Cc D c1 D1 E ®
| seckion
FT [ FT | FT | FT | FT [ FT FTFr [ FT | FT [ FT FT FT 13 50 flared end temina
48 0.00 | 064 | 4998 | 164 | 4979 | 464 | 50 | 394 || 000 | D& | 4998 | 164 @84 | 50 | 84 | 2€- 1 | 315 ,__——4—'\
T I 3. 4% | 128 -
% 000 | 064 | 4968 | 164 | 4679 | 464 | 50 | 394 || 000 | 0e4 | 4999 | 184 484 | 50 | 304 1 [
a 000 | 064 | 4838 | 164 | 4879 | 464 | 50 | 334 || 000 | 064 | 4388 | 10e 484 | w0 | 384 —_— Straight approach length 7% I L
a2 0.00 | 064 | 4980 | 164 | 4079 | 464 | 50 | 294 || 000 | Dad | 4ses | 184 484 | oo | 304 7 i | T
5[ % 0.00 | 064 | 4999 | 164 | 4979 | 464 | 50 | 294 || 000 | oe4 | 4598 ] 164 484 | 50 | 394 il Feoce of bridge barier | c1 i
S 000 | 064 [ 4999 | 164 | 4079 | 464 | 50 | 394 || 000 | 064 | 4999 | lee 484 | 50 | 394 H
HIEE 0.00 | U6+ | 4999 | 164 | 4979 | 464 | 50 | 94 || 000 | Do+ | 4989 | 164 454 | S0 | 9
@ g
e 000 | 0e4 | anvs | tea [aso] ase | 50 | 34 | 000 | ome | 4sss | v6e asa | w0 | sos - W-BEAM GUARDRAIL DIMENSION LAYOUT
B 000 | 064 | 4999 | 164 | 4579 | 46¢ | 50 | 394 || 000 | 06+ | 4999 | 164 464 | 50 | 39 - WITH FLARED END TERMINAL
E 000 | 064 | 4999 | 164 | 4979 | 45% | 50 | 394 || 000 | 06 | 4988 | 164 484 | =0 | 3sa
28 1248 | 126 | 4875 | 623 0 | 51 | 000 | oee+ | <gss | 162 484 | 50 | sse
% 1248 | 126 | 4075 | 623 0| 519 || 000 | 064 | @908 | 164 484 | oo | 394
24 1248 | 126 | 4475 | 623 0 | 519 || 000 | o6 | 4999 | 164 464 | 50 | 304
48 000 | 064 [ 4938 | 164 | 4873 | 454 | 50 | 394 || 000 | &4 | 4998 | 164 484 | 50 | 384 1 e
% 000 | 064 | 4990 | 164 | 4679 | 464 | 50 | 304 | 000 | 0ad | 4999 | 164 464 | 50 | 304 ) i o i Ered fommingl sacticn
a 000 | 064 | 4898 | 164 | 4879 | 464 | 50 | 594 || 000 | 064 | 4888 | 164 464 | 50 | 384 1-3'—1 f T 1 50
[ 000 | 064 [ 4999 | 164 | 4879 | 464 | 50 | 394 || 000 | 04 | 4989 | 1ee 484 | 50 | g8 ] S AR e 1
NI 0.00 | 064 | 4999 | 164 | 4979 | 464 | 50 | 94 || 000 | Do+ | 4998 | 164 454 | s0 | asa - fgnt approz: o \7%
HEE 0.00 | 064 | 4999 | 164 | 4979 | 464 | 50 | 394 || 000 | 064 | 4999 | 184 484 | 50 | 394 |
H oot [ os Twer| ver Tiereser o o | oo oo [ssm |15 [sam| ssv | 5 3o+ e ororge vamer ',
= 000 | 064 | 4998 | 164 | 4979 | 45e | 50 | 394 || 000 | net | 49gs | 164 asa | m0 | 394 H
2
S IE 1248 | 126 | 4975 | 623 10 | 519 | 000 | 064|498 | 182 464 | 50 | 394 2
" = o 7 = W-BEAM GUARDRAIL DIMENSION LAYOUT
30 1248 | 126 | 4375 | 623 0 | 519 | 000 | 0ad | 4998 | 184 484 | w0 | 394 2 -
» 128 | 126 [ an7s | 628 70 | 519 | 000 | 0w [ ssos| 162 et | 0 | sos WITH 50:1 TAPERED END TERMINAL
% 1248 | 125 | 4075 | 623 0 | 519 || 000 | Dad | 4smm | 164 484 | 80 | 3
24 1248 | 126 | 4475 | 623 0 | 519 | 000 | oed | 4999 | 164 464 | 50 | 304
[ 0.00 | 064 | 4898 | 164 | 4579 | 46e | 50 | 234 || 000 | D4 | 48ss | 1oe 454 | a0 | 84
i [ 0.00 | &4 | 4990 | 164 | 4079 | 464 | 50 | 284 || 000 | Da¢ | 4ses | 164 484 | oo | 384
= a4 | 294 | 000 | 064 4999 164 |ag79 ] 464 | 50 | 394 f 000 | 064 | 4998 [ 164 ag4 | 50 | g4 E End terminal section
a2 42 | 294 | 000 | 064 [ 4999 164 | 4079 | 464 | 50 | 394 || 000 | 064 | 4999 | 16e 484 | 50 | 394 L 8- 1% | e e 50"
S|G40 |94 [ o000 ] o6+ [4m9m| 164 [4v79 [ 464 | 50 | o94 | 000 | 064 [ 4988 ] 164 484 | s0 | 384 I 30 4% |, sedton Taperad *‘h_“."———‘[—ﬁ
ol = 4__4_,__’—/(
O\ £ [T36 |04 [ 000 [ oot [awon | 164 [ao79 | aoa | 50 | 994 | 000 | ves [ avos | tes 484 | m0 | 394 Sraight approseh fength e | Fada = R ___3’___,
5 %[ 26 | 294 [ 000 [ 06+ | 4999 | 164 [ 4979 | 46¢ | 50 | 394 || 000 | 064 | 4999 | 168 464 | 50 | 39 — :
Y B T I N S 70 | 519 || ooo | o6e | 4909 | 162 454 | so | ses A Z Face of bridge varier I 53 ” | -
5|8 52 | 0= 1248 | 126 | 4075 628 10 | 518 | 000 | oes | 4ee | 164 454 | =0 | 384 bivke I }
% 30 | 304 | 1248 | 125 | 4975 | 623 70 | 519 || 000 | 0ad | 4998 | 164 484 | 50 | 394 H
i 25 || 204 | 1248 | 126 | 4975 | 623 0 | 519 || 000 | oe+ | 4989 | 164 464 | 50 | 304 &
o 2 | 384 | 1248 | 126 | 4875 | 623 0 | 51 || 000 | b6 | 4388 | 16¢ 484 | 50 | 384 g W-BEAM GUARDRAIL DIMENSION LAYOUT
24 || 294 [2492] 250 [ 4975 ] 748 10 | 644 | 000 | 0sd [ 4998 [ 184 484 | 50 | 384 WITH TAPERED SECTION AND NONFLARED END TERMINAL
45 | 354 | 000 | 064 | 4898 164 | 4879 | 464 | 50 | 534 | 000 | 064 | 4888 | 164 464 | 50 | 84
4% || 84 | 000 | 064 | 4998 | 164 | 4079 | 46e | 50 | 94 || 000 | 064 | 4989 | lee 484 | 50 | 994
44 || 394 | 000 | 064 | 4999 | 164 | 4979 | 464 | 50 | 294 || 000 | D+ | 4998 | 164 454 | s0 | a4
42 ][ 294 | 000 | 064 [ 4999 184 | 4079 | 464 | 50 | 394 | 000 | 064 | 4999 | 164 484 | 50 | 394
5| 40 | 394 | 000 | o6+ [4a98| 164 | 4579 | 46e | s0 394 || 000 | 084 | 4998 | 164 464 | 50 | 394
|28 | 294 [ oo [ oes [as9n | 1es [a97e | a6e | s0 | 394 || 000 | 064 | 4998 | tes asa | =0 | 3wa
8 36 | 204 [ 1248 126 [ 475 ] 62 10 | 519 | 000 | oes |agse| 162 464 | 50 | 394
Y EEN ET PR RECE EENE RS 0 | 519 || 000 | 064 | 4989 | 184 484 | w0 | 394
& 22 384 1248 | 126 | 4975 | 623 10 518 || 000 | 064 | 4989 | 164 464 50 394
30 | 304 | 1248 | 128 | 4075 | 623 0 | 519 | 000 | Dad | 4smm | 164 4sa | 80 | 384
28 | 394 [1248 | 126 | 4875 823 10 | 519 | 000 | 04 | 4988 164 464 | 50 | 394 (@ Does notindlude end terminal section
26 || 384 | 2492 | 230 [ 4875 | 748 10 644 || 000 [ 084 [ 4398 ] 164 454 | 50 | 334 DESIGN F G H R
24 | 204 | 24902 250 [ 4075 ] 7.48 10 | 644 o000 [ oad [a00e] 184 454 | 5o | 394 $PEED @ Thﬂ: -';:3 4'“'5%:‘ ﬂlﬁm |ﬂﬂg: :S’"DU:
98 | @04 | 000 | 064 | 49en | 14 | 4979 | 464 | 50 | 394 | 000 | 064 | 4993 | 164 484 | 50 | asa FT FT FT FT Dri s fransition shown on Standa =g
4 || 294 | 000 | 0ed [ 4999 164 | 4079 | 464 | 50 | 394 || 000 | 064 | 4999 | tee 484 | 50 | 394 30 082 | 1248 | 498 | 12542
3 | 394 | 000 | 054 | 4959 | 164 | 4979 | 456 | 50 | 594 | 000 | ome | seme | 16 4sa | w0 | 954 For the transition shown on Standard
EE T N ) N SN R M BTN I N T E B T Craving 7643, evn s apronc
E 40 | 394 | 000 | 064 4993 164 | 4979 ] 464 | 50 | 394 ff 000 | 084 | 4995 164 464 | 50 | 304
HEN ENEEDRE 0 | 519 | 000 | 06e | 4998 | 16s 4sa | w0 | 394 NOTES: @ Dimensions "8, "0 and "D1" include the
2| 36 [0+ | 1248 126 [4a75] 625 10 | 513 | ooo | o8+ | 4sms | 16 484 | s0 | 38 " (“-:4‘),“‘:9‘""'0’“ m'l ‘WG"{;“ of
& 34 |04 | 1248 | 125 | 4975 | 23 10 [ 519 [ 000 | 064 | 40598 | 164 a5d | 5o | 304 On dividad highways use distance from madway b g o lata e
u W-beam guardrall
= > > r 1 s centariine ta bridge railx 2 and use this as dea
G| 22 | 28e | 1248 | 126 | 4075 | 623 0 | 519 || 000 | o6+ | 4988 | 162 464 | 50 | 364 Toadway width of the bKdge b detemning guemml length.
30 | 364 [1248 | 126 | 4975 | 623 10 | 519 | 0.00 | 064 | 4959 | 16¢ 484 | 50 | 304 FW':"‘W"“W“ using. V“:‘x’:‘m"" shown on
30 | 84 | zesz | 2s0 [wmrs | 7 70 [ o4+ | 000 0wt [sem| e 5 | o [ 0e The contractor shall use Wood posts for W-beam guarorail Slandend Drawdg D T4 subtecknt
2 | 204 | 2402 | 250 | 4075 | 748 0 | 644 || 000 | 064 | 4998 | 164 484 | oo | 304 in offsst from face of guardrail
24 || 384 | 3736 | a7s | 47| 872 10| 76 || 0.00 | 064 | 4g8m | 18e 484 | 8o | asd connection plate.
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LENGTH OF NEED TABLE 40 MPH DESIGN SPEED

®

APPROACH SIDE

OPPQSITE SIDE

GUARDRAIL AT BRIDGE ENDS
40 MPH DESIGN SPEED

z
z
- 2F eF
HA1EF g E37)
sallzd 2 2
4 B za 23
iE|E ] 2
22| & Aa|lB|Cc|D|c1|DI|E|% Al B|lC|DJcCt|DI|E|[Z
e O]
Frlem e[ rmlrr]er|er FT | FT | FT | FT | FT [ FT | FT e 50’ flered ond tarminel section
48 || 394 | 000 | 064 | 4599 | 164 | 4975 | 464 | 50 | 354 | 000 | 064 | 4995 | 164 | 4979 | 464 | 50 «-I i 38" 13 . 37.
4 | 384 | 000 | 064 | 4999 | 164 | 4970 | 464 | 50 | 394 || 0.00 | 064 | 4999 | 154 | 4975 | 464 | 50 — Straight approach length {7%’ | e ® D1
42 | 394 | 000 | 062 | 4599 | 164 | 4979 | 464 | 50 | 394 | 000 | 0.64 | 4905 | 184 | 4978 | 464 | 50 — - T ‘ *
= [T40 || 94 | 000 | 062 | 989 | 164 | 4975 | 464 | 50 | 394 | 000 | 064 | 4985 | 164 | 4978 | 464 | &0 el Faca of bidga barrier I [
S [38 |[594 | oov | oee [eewa| ea | am7e| aes | 5o | o | ooo | oed | ames | red [deve| 4 | @ ® 1
=36 | 394 | 000 | 062 | 4099 | 164 | 4975 | 464 | 50 | 304 | 000 | 064 | 4999 | 184 [4979 | 464 | 50 o
& |3 | 594 [ 000 | wea [#oss | o4 [4n7s| asa | 50 | 54 | om0 | o4 | eome | 154 |ds70] a8a | 0 g W-BEAM_GUARDRAIL DIMENSION LAYOUT
HE ENEE I EE R 10 | 619 || 000 | 084 | 4909 | 184 |4e70 | 464 | 50 e WITH FLARED END TERMINAL
30 | o84 [ 1zas| 126 | eers | 63 10 | 519 | 000 | 064 | 4899 | 164 [d4e7e| <64 | =0
25 | 994 | 1288 126 | 4875 | 623 10 | 519 || 000 | 064 | 4999 | 164 |4e79 | f64 | 0
25 | 394 | 1248 126 | 4975 | 623 10 | 519 | 000 | 08s | 4999 | 164 | 4975 | 464 | s0
20 | 34 | 1208 ] 128 | @975 | 6m 70 | 519 || 000 | 064 | 4999 | 164 4979 | 464 | 50
48 | 394 | 000 | 062 | 4999 | 164 | 4975 | 464 | 50 | 394 | 000 | 0.64 | 4995 | 164 | 4978 | 464 | 50 jE=50
46 | 384 | 000 | 064 | 4989 | 164 | 4978 | 464 | so | 394 | 000 | 064 | 4999 | 164 | 4978 | 464 | S0 ’ i _— ‘ e il s
4 || 394 | 0.00 | 064 | 4069 164 | 4975 | 464 | 50 | 304 | 0.00 | 064 | 4999 | 164 | 4970 | 464 | 50 1 --I | FT B e 3
42 || 394 | 000 | 064 | 4009 | 164 | 4975 | 464 | 50 | 304 | 000 | 064 | 4999 | 164 | 4979 | 464 | 50 I S o g = B e S
| 40 | 394 | 000 | o2 | 4589 | 164 4579 | 464 | S0 | 304 | 000 | 064 | 4999 | 154 | 4979 | 464 | 50 {7% —
5 T D
<38 | 284 [ 000 | 0s4 | #e0a | 164 | 4n7e | 464 | 50 | 384 | 000 | oed | avow | re4 | 4579 | 64 | 50 A T ‘ T5 | ;
2| 36 | w84 | 000 | oes |4omo| 164 | 407 463 | 50 | s394 | oo | 064 | 4999 | 164 | 4979 | 484 | %0 il R S B | c |
o[ 38 e84 [12as] 12 [sa75 | 622 10| 518 | 000 | 084 | 4w0m | 164 [4a78 | <64 | =0 5
€ 1228 | 1 27 1 51 [ 184 | 4979 | ¢ o
el Bl e bk e b VEBEAU GUARDRAIL DMENSION LAYOUT
26 | 94 | 1288 126 | se75 | 63 10 | 519 || 000 | 064 | 4999 | 164 [ 4979 | c64 | 50 | 384 - WITH 50.1 TAPERED END TERMINAL
28 | 394 | 2452 | 250 | 4975 | 748 10 | 644 || 000 | 084 | 4999 | 184 [ 4970 | 464 | 50 | a4
20 | 384 | 2482 | 250 | éw75 | 748 0| 44 | 000 | 064 | 4999 | 164 | 4979 €64 | 50 | w4
45 || 594 | 000 | 068 | 4999 | 164 | 4975 | 464 | 50 | 394 | 0o0 | 064 | 4995 164 | 4975 | 464 | S0 | w94
i 45 | 394 | 000 | 06¢ | 4999 | 164 [ 4975 | a5t | 50 | 304 | 000 | 064 | 4999 | 154 [4979 | 464 | 50 | 94
H 4s | 394 | 000 | 064 | 4989 | 164 | 4975 | a4 | S0 | 394 | ooo | 064 | 4999 | 154 | 4979 | 464 | s | 3aa E End mmms!secum
] 42 | 394 | 000 | 064 | 4599 | 164 | 4979 | 464 | 50 | 304 | 000 | 0.64 | 4995 | 164 | 4979 | 464 | 50 | 304 - a8 g | e -
S |5 [ 90 [ 38 [ oo | oes 4989 164 | 4979 | 454 | 50 | 394 || 000 | 064 | 4988 | 164 | 4978 | 464 | 50 | 2sa -3 -‘| oA | sedtion T .
Q| X738 | 394 | 000 | 06¢ | 4999 | 164 | 4975 | 464 | 50 | 394 | 000 | 064 | 4999 | 184 [ 4979 | 464 | 50 | 304 I . = < /T,’/T/
G |2 56 | 5oa [z ] 125 |som | 68 10 | 519 | 000 | 064 | 4989 | 164 [ 4979 | 464 | s0 | 34 — St copeoech kenalt Ine | ruinc R T—i‘f F B f °
E 2 [ Jsoa [rzas| w26 [aors| 62 10 | 619 || 0oo | 06d | 4905 | 184 [ 4970 | 464 | 50 | 4 A Z Facn o bidge barer F <] i | T 5
S| %[ e84 12| 128 |ae7s| 622 10| 519 | 000 | 064 | a@os | 184 4970 | 464 | S0 | @4 | :
9 30 | o84 | 1288 126 | @875 | 623 10 | 519 || 000 | 064 | 4999 | 164 [ 4979 | 464 | 50 | 34 H
& 28 | 394 | 2482 | 250 | ew7s | 748 10| 644 || 000 | 004 | 4895 | 164 [ 4979 | e6a | w0 | 34 3
2 26 || 384 | 2492 | 250 | 4975 | 748 10 | 644 || 000 | 064 | 4999 | 164 | 4978 | 464 | 50 | 294 z W-BEAM GUARDRAIL DIMENSION LAYOUT
26 | 394 [2482] 250 [ a5 ] 748 10 | 544 f ooo [ 0.64 [4890 | 164 [4979 ] 464 [ 50 [ 304 WITH TAPERED SECTION AND NONFLARED END TERMINAL
48 | 994 | 000 | 064 | 4009 | 164 | 4973 | 464 | 50 | 394 | 0oD | 064 | 4999 | 154 | 4979 | 44 | S0 | @94
48 | 394 | 000 | 084 | 4999 | 164 | 4978 | 464 | 50 | 394 | oon | 064 | 4999 | 154 | 4979 | 464 | S0 | a4
45 | 354 | 000 | 06e | %049 | 154 | 4975 | 464 | 50 | 394 | 000 | 064 | 4999 | 164 [ 4979 | 464 | 50 | 294
42 | 394 | 000 | 064 | 4999 | 154 [ 4979 | 464 | 50 | 394 | 000 | 064 | 4999 164 | 4975 | 464 | S0 | 394
5[40 | 384 | ooo | 0ss | 4999 | 164 | 4975 | 464 | 50 | 394 | ooo | 06 | 4099 | 154 | 4979 | 464 | s0 | 04
) BN XN D) RGN ) D) 10 | 519 | 0.00 | 064 | 4999 | 164 | 4979 | 464 | 50 | 4
S| 36 [ o84 1248 125 [ 4075 628 10 | 519 | oo0 | 064 | 4909 | 164 [ 4979 | 464 | s0 | w4
NEN EX D S EE S 10 | 513 || 000 | 064 | 4985 | 164 [ 4375 | <64 | 0 | 34
S 3 |84 |12a8] 128 | 2075 | 623 10| 619 || 000 | 064 | 4905 | 184 | 4970 | 464 | 50 | w4
30 | 384 | 12a8| 126 | @875 | 623 10 | 515 | 000 | 064 | 4985 | 164 [ 4875 | <64 | 50 | 34
28 || 384 | 2482 | 250 | 4e75| 7.48 10 | 644 | 000 | 064 | 4908 | 184 | 4979 | 464 | 50 | 3nd @ Does netindude end terminal section
26 | 584 | 2482 250 | w75 | 748 10 | 644 || 000 | 064 | 4999 | 164 [ 4879 | <64 | 50 | W4 DESIGN | F G H R
2¢ | 384 | o736 | a7s [ sers] etz 10 | 763 | 000 | 064 | 4mes | 184 | 4875 | 464 | 50 | 394 SPEED @ Tﬂl 39 4 mum 'PP'UE\N‘ length is for usa
46 | 94 | 000 | 068 | #9.99 | 144 | 4979 | 464 | 50 | 394 | 000 | 064 | 4999 | 164 | 4979 | 464 | S0 | 94 FT FT FT FT D_ﬁ,’_& ;8hawn bn ;B ancerd [Drawg
48 || 3.4 | 000 | 06e | 4099 | 164 [ 4975 | a6t | 50 | 304 | ooo | 064 | 4998 | 184 |4979 | 4ea | s0 | 304 0 062 | 1248 | ass | 12542
4 | 394 [ 000 | 064 [#009| 164 | 4979 464 | o0 | 394 [ 000 | 0.64 | 4999 | 164 [4979 ] 464 | 50 | 394 F°' the fransition shown on Standard
P R IEEIED) o T e | neo | o [ amm [ 134 [lars [ 4o | o0 | e Drnang B.164SA reveo st sroch
5[0 | 394 [12a8] 126 | 075 | 600 0 | 519 || 000 | 064 | 4999 | 164 | 4979 | 464 | 50 | 34
S| 38 [ 594 1248 126 [s075| 623 10 | 519 | 000 | 064 | 4999 | 164 [ 4979 | 464 | S0 | w4 NOTES: @ Dimensi "D and "D1" include the
[ 26 | w04 | 1zas| 126 | %075 | 628 10 | 510 | 000 | 064 | 4999 | 164 [ 4579 | 464 | 50 | 394 7" (0.64) offset from the kowrer face of
o I N R N i 10 | 5o | oeo | oes [wees| 1ea [4s75] aei | 0 | @4 On diided highways use distance from o e e o s ST
5| 32 | w4 |24 | 250 |4075] 748 0 | 644 || 000 | 064 | 4905 | 164 4970 464 | 50 | 304 :m;gwm'g“"nfgﬁs And e i g“;ﬁx" Jength. . i
30 || 394 [2492] 250 4075 ] 728 10 | 644 | ooo | 064 | 2999 164 [4979] 464 | 50 | @4 Far instalations using_the transition m on
R ETI R e CRETI I ARCAE T IRCAC IR MET The corteaco hall e wocd s for Whsam g, oo, Sy L gt
26 | 384 |37 375 | 4975 | 872 10 | 760 | 0o0 | 064 | 4909 | 154 [ 4970 | 464 | 50 | a4 obtain offsat face of guardrai
24| 384 | 2978 | 408 | 4e7s | mes 10| 8s4 | 000 | 064 | 49.95 | 184 | 4978 | 464 | 50 | 34 cennection m-
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Guardrail Length of Need Details

LENGTH OF NEED TABLE 45 MPH DESIGN SPEED

GUARDRAIL AT BRIDGE ENDS

@ APPROACH SIDE OPFOSITE SIDE 45 MPH DESIGN SPEED
=
E
s| 6 @] |@ : o] (@] |®] |z
FH B nE aE
SOlIh =2 =9
csles 24 2L
253 i
g E i £ A B c D c1 o1 & E A B C D c1 D1 E §
= |4 5 o} o -
ssl = @ 0] clion
FT FT | FT [ FT [ FT £T - 50 flarad oo tomminel e
a8 | 384 4850 | 164 | 4978 | 484 | 50 | 384 ra -1 |- : 1; -| B ,_J——EY—S’—/—/—\
5979 | 464 - L et
YT i Straight approach length v | reoom———— ‘ @ 1
064 4575 | 464 | 50 | 394 T
g 054 7808 | 463 | o0 | 384 ~1 P of brick baiee f | &1
3 084 | 4599 | 164 | 4979 | 46a | s0 | sed H L !
£ 286 064 | 4999 | 164 | 4979 | 464 | 50 | 394 o
i 1230 064 | s | 163 [#575 | 46¢ | 0 | 394 g‘ W-BEAM GUARDRAIL DIMENSION LAYQUT
5 1248 064 | 4598 | 164 | 4979 | a6e | so | 394 WITH FLARED END TERMINAL
1248 054 | 4559 | 164 | 4979 | 464 | s0 | 384
1248 054 | 4598 | 164 | 4070 | 464 | so | and
24,92 064 | 4580 | 164 [ 4070 | 464 | 50 | 394
24,92 0.64 | 4599 | 164 | 4079 | 464 | 50 | 394
0.00 4988 | 14 | 4nTs | 464 064 | 4598 | 164 | 4679 | 464 | 50 | o84 jf=s0
000 4000 | e+ | 4078 | 464 084 | 4560 | 164 | 4070 | 464 | 0 | s6d : 81 i End terminlsaction
0.00 4999 | 164 | 4979 | 484 064 | 4588 | 164 | 4975 | 464 | 50 | 384 -‘ I T 1 50' 1T
0.00 4999 | 164 | 4970 | 464 064 | 4999 | 164 | 4979 | 46e | 50 | 384 I Ry, 7l
= 1248 4975 | 623 064 | 4993 | 164 | 499 | 464 | w0 | 394 -3
2 s K voa [ 4ssn | rex [ 2075 | 458 | 0 | wms |
g e wT] e 5e4 [esma | Ted |07 ] sea | 80 [ 84 g Face of bridge barrer I c
2 1248 4975 | 623 0.64 | 4599 | 164 | 4979 | 464 | 50 | 394 g
i S| oo ns | Tas ) ETRC R AR WET) g W-BEAM GUARDRAIL DIMENSION LAYOUT
4 & WITH 50:1 TAPERED END TERMINAL
73 4875 | 872 054 | 4558 | 164 | 4975 | 464 | 50 | 384
B 4076 | 672 054 | 4860 | 164 | 4070 | 464 | 50 | sad
979 4975 | 986 064 | 4588 | 164 | 4875 | 464 | 50 | 584
0.00 4958 | 164 | 4aTs | 464 o4 | 4598 | 184 | 4879 | 464 | 50 | 584
w 0.00 4090 | 164 | 4978 | 481 084 | 4eea | 1ea | 4079 | 46 | w0 | a8d
E T Ea R w975 | 623 054 | 4508 | 164 | 4975 | 464 | 50 | 384 : End taminal sesion
E % | 354 | 1288 w75 603 064 | 4599 | 164 | 4979 | 46d | 50 | 384 | 38 1% | e 1= B e
5 5 40 394 | 12.48 4975 | 623 064 | 4999 | 164 | 4979 | 464 50 39.4 I 3943 ‘ W u’____/___/_—- "
O 235 | 394 | 128 4975 | 623 064 | 4599 | 164 | 4979 | abe | so | 394 I = =
L |8 = eelis fonlis N R RN — N - — |°
PR X 4975 | 748 064 | 4500 | 164 [ 4979 | 464 | 50 | 394 [ A ——— T q A T T 2
SB[ | oea |mm 476 | 748 054 | 4550 | 164 | 4070 | 464 | 50 | sad
ol 30 | 384 | 3736 4975 | 812 0.64 | 4999 | 164 | 4079 | 464 | 50 | 384 B ! !
@ El EEES 4975 | 87z 054 | 4598 | 164 | 4975 | 46a | w0 | 384 2
o S 4075 | oo 054 | 4588 | 164 | 4070 | 464 | 80 | 36 z W-BEAM GUARDRAIL DIMENSION LAYOUT
24 § 394 14979 4375] 986 064 {49991 164 14979 | 464 | 50 1 394 WITH TAPERED SECTION AND NONFLARED END TERMINAL
a0 | 534 | 000 4558 | 14 | dare | 464 054 | 4598 | 164 | 4875 | 464 | S0 | 384
% | w4 | 128 4975 | 623 0| s19 064 | 4993 | 164 | 499 | 464 | w0 | 394
2 || 384 | 1288 4975 | 623 10 | 518 || 000 | 084 [ 4598 | 164 | 497 | s6a | s | 384
a2 | 34 | 1288 47| 623 10 | 519 || 000 | 054 | 4559 | 164 4070 | 454 | 50 | 304
5[40 | 34 | 128 4975 | 623 10 | 519 || 000 | 054 | 4599 | 164 [4979 | 46e | 50 | 394
HEE R 4975 | 6.23 10 | 519 || 0.00 | 064 |4us8 | 164 [4078 | 46e | 50 | 304
HIEN EIEE 4975 | 748 10 | 644 || 000 | 054 [ 4899 | 164 | 4970 | 464 | so | ama
EEEN EX1EE] 4875 748 10 | 644 000 | 054 [ 4938 | 164 (4875 | 464 | 50 | 384
I B EE] 4075 | 672 o | 780 || 000 | 044 | 4o | 14 | 4970 | 464 | 50 | 3ad
30 | 384 | 573 4975 | 872 10| 760 || 0.00 | 064 | 4999 | 164 [ 4979 | 464 | 50 | 394
28 || 334 [ 2979 49.75 | 986 10 | 884 [ 000 | 054 |4sse | 164 | 4973 | 464 | 50 | 384 @ Daes notinclude end terminal section
26 || 354 | @are 4975 | 098 10 | 894 || 000 | 084 | 4580 | 164 | 4970 | 464 | 60 | 3 DESIGN F G H R
24 || 304 [ 223 49.75 | 11.21 10 | 1019 000 [ 084 4909 ] 1ea [4979 | a8a | 50 [ 394 SPEED @ The 30.4'straight approach length I for use
48 || 34 [ 1248 4975 | 623 10 | 519 | 000 [ 064 | 4s88 B4 [ 4979 [ 464 50 | 39.4 FT FT FT FT 'g:hsg_‘g fransition shown on Standard Drawing
36 | 354 | 1298 4975 | 623 10 | 519 || 000 | 054 | 4999 | 164 [4979 | 46e | 50 | 394 a5 062 | 1248 | 488 | 12842
24 || 304 [ 1228 4975 | 623 10 | 519 || 000 [ 054 [4s59| 164 [4979] 464 | 50 | 384 For the transifion shown on Standard
N TN ETI RSN T e | oo | oor [ amn| o [aersl e [ 5o s iy BT64 S oo st pproseh
5[40 |34 | 24%2 4975 | 748 10 | 644 || 000 | 064 | 4559 4979 | 464 | 50 | 394
HEE ENEE a5 | 812 10 | 769 || 000 | 0e4 | 48se 4070 | 463 | s0 | s0a Wi @ Dimensions "B", "D" and "D1" include the
HEE R 1575 | 872 10 | 769 || 000 | 084 | 4588 4979 | 464 | S0 | 394 T (0.64) offsat from the lower face of
AN EEE 4875 | 67z 10 | a8 || 000 | 044 | 4558 4575 | 464 | 50 | 394 ©n divided highways use distance from roadway mmmg m"\ne Tem e iorihe
= = centerline to bridge railx 2 and use this as clear
B[ a2 |34 asre 475 | e 10| 94 | 000 | o4 | 4sm G979 | 464 | 0 | a6 Py Wi of 5 Bk To- tiarr: USRS AgH, e )
30 || 554 | 73 4975 | 988 T0 | 894 || 000 | 064 | 4588 2975 | 464 | 50 | 584 e ;&m‘m“‘:‘gﬂJé’:&JAﬂ:mK‘awF on
2 | 84 | 223 4875 | 121 10 | 1010 | 1248 | 128 | 4875 | B2 10| 518 The contractor shall use wood posts for W-beam  guardrail. from the dimensions "8 "D~ and "B1", fo
2 | 384 | 6223 623 | da7a | 1121 10| 019|248 | 126 | 4875 | 623 10| 518 cbiain offsel from face of guardrail
20 || 584 | 7467 | 7as | 4975 1245 10 | ad| Teds | 126 | 4875 | 623 0 | 519 connection plate,
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LENGT! OPPOSITE SIDE
5] APPROAGH SIDE ®
£ @ £
; z
sul & @ B2z )
5).2 =8 e o $63507
EH zE ot | E 50 faret 7y —
I ct : |
gs|E2 e |2 als]|c]|o 38 13 | 12 e ek r o1
=215 :
EElEl Al s |c|ole il A e a L e | B 3 I — g
s = FT L FT | FT L E.r T4 | 4905 | 164 | 4970 ] 463 SE — Straight approach length =
000 RE =
e e}y T e R AR 461 | = 1 o4 bartler |
KRNI N U KT M PR D SRR AR ARE A P e ] Face of bridge bax I
304 | 000 | 06 5 | 264 354 905 | 164 | 4970 uT
:i 394 | 000 | 064 | 4998 | 1864 :: -7:9 464 394 || 000 | O :: :a 96 | 164 [4079 | 484 = ::2 E BEAM GUARDRAIL DIMENSIOMTNIA_CYO
064 | d0u | 164 354 || 000 | 0. 579 | 461 | 50 = W TERI
My [ e Lo [os [aose [1os sl wos | o0 s 4 WITH FLARED END
I ER 64 | 49.78 | 464 064 | 49.08 | 1 i EX &
=] 64 | 4938 | 16 518 |[ 000 L 79| 464 | 50
< 394 | 000 | O 1 999 | 164 | 487
e T Tha s TenT s (AN ETER TN AT PN I T I M
e 8| 120 | 4978 | 573 T 519 || 0.00 | 0.64 = 2978 | 262 50 394
I EEN ETEE 573 054 | 4999 | 164 £
[ s (e imen 11| a4 || 0.00 o1 [ dow [ Toe [amo| 4 | 50 e yE=80
: o - 0. HE
- 30 || 994 | 2493 | 293 |aere | & 11| eaa | 000 4 | 4589 | 104 | 379 | 484 | = nd terminal section T
o4 | 2493 | 293 | 4979 ] 688 B e e B e e I s 50 i
= 94 ]
4979 | 798 3 2 || 000 | o064 aea | 5o | @ - 39- 4% =
Il EOEE zgi e e e B B B e e Z R T Lede ‘Straight approach Tength prw |
48 | 394 | 0.00 4 | 4579 | aea | 0 4 | 4999 | 164 | 29 EX) LN}
4 | asss | 1.4 5 394 || 000 | 06 79| 464 | 50 —_— T
394 | 000 | 064 264 | 50 | 164 | 487
"i 354 | 000 | 064 | 43.98 | 164 | 4978 1| 519 || 000 | o6t :: 59| 154 | 4a79 | 462 | 50 32 ] — e |
= 573 0.4 ERIED
0 | 4478 519 || 0.00 To| 484 | 5
2 || 504 | 1248 | 12 1] % | 164 | 40 3 ouT
£ A RE R 11 [ sto fooo [oed [as a7s | 46t | 5o | med 5 DRAIL DIMENSION LAY
30| 64 | 2a 2950 | 164 o @ EAM GUAR RMINAL
B 4 1248 | 120 [4978 | 573 1| 519 [ ooo | oes 164 | 4979 | 466 | 50 | s 3 W-Bl :1 TAPERED END TE
= 394 TRl T H B T [ 844 || 000 | oed | asee Vor Tears T ae o0 a2 £ WITH 50:
Bl 38 224 7493 | 233 | 4973 | 688 T [ 769 || 000 | 054 [ 8 “i T4 |date | aes | 0 | we
21 . 346 | 4978 | 798 768 || 000 | 0564 | du8 FIRTREERED
s e W T il 000 | 064 | avss | 164 | 4m T T L section
30 | 54 | 3738 | 346 e 1 | sea 000 | 064 | 4588 | 164 | 979 | 462 o T £nd \am; — |
[N N - 3979 | 46e E
28 | o4 | 49 5 04 [ 2999 | 6% T H
KR 1015 || 000 | 0. T a6 | 50 i h—————— s D
394 | 4989 | 48 [ = T64 | 49, 12-8 ction
£ 27 | 573 | 9978 | 1020 50 | 354 || 000 | 064 | 4989 w979 | 464 | 50 | 34 | carved Tapered _section_ S T
24 | 394 | 62 R T e TT T R =i | oos (o064 [ | 152 S ECER T 8 1 | o —
0.00 & [T} 64 | 4ar : = ﬁ——— 8
| wa TR ey N ICEY NN EEREA IR KN O __| f 39- 4% 7% | Radws=R 1 T F
Eo =T 20 [s7a| 575 519 | 000 [ 064 [a0m T PTREE T Straight approach length 1 ! f ©
w ) 394 | 1248 | 1 11 54 | 2995 | 164 | 2078 1 [}
H] ks 204 | 1248 | 120 | 4878 | 573 T | 518 || 000 | 054 TAr T PR R T —_— f A }
2 4989 Z - i
8|, :n 364 | 1248 | 120 | 479 | 573 T | eaa || 000 “:: 4989 | 164 | 4979 | 464 | 50 | 5 A < Face of bridge barer I
=9 3| 233 | 4979 | 686 17 | 632 || 000 | o, w78 | am | 5o | 53 -
o 3 | 384 | 249 m 054 | asms | 16+ ¥ N LAYO
A e e e 5 ITAE TR BT ERET g W-BEAM GUARDRAIL D&%ﬁﬁ_ﬁmn END TERMINAL
b 38| 346 | 487 1| e - 4979 | 464 | s -3 z ND
N EER ] B4 | 4999 | 164 £ 1 TION Al
i e TR A TR = o e e 2 WITH TAPERED SEC
z|* 583 | 450 | 978 1| 94 || 000 | o : s Taral a8t | B
@ 30 | 34 | 4 EX 064 | av0s | 1 EX]
@ 26| 394 | 4863 | 460 | 4878 — 1| 1015 ooo 064 | 48.95 | 1.64 | 4978 | 464 | 50 =2
o] 2% | 3e4 | €227 | 573 4978 | 10 11| tore ]| ooe | o TR TR ey '
1 B RS 000 | ot | a0 MAERE
6227 | 573 | 49 11 | 518 184 | 4979
24 | 394 120 | 4078 | 573 519 || 000 [ o | 4009 | 462 | w0 | 394
48| 3% | 1248 o (| s [ e i 519 || 000 | 064 | 4999 | 164 | 497 462 | 50 | 34
1 7 - 2979
6 || 394 | 1248 RG] 1 4389 [ 164 54
3 o0 | o &
3 | 394 | 1248 | 120 | 4979 - 11 | s || o 54 | 4995 | 164 | 2979 | 464 | w0 e
248 | 120 [ 4978 | 57 11| 644 || 000 | o 2879 | 464 | 50
= e 233 | 4978 | 666 644 | 000 | 064 [ 4995 ] 164 79| aes | 0 | w4
94 | 2493 | 23 11 9.99 | 164 | 49 inal section
[ =i (o i [ an]om 7 | 789 || 000 | oss :m 28 Y I T T (@ Doss notinclude end tami
| N ETS R R T IR T e e e e Tan e T Te ach longth I for use
2| » 3738 | 346 [av7u| 7Ts0 11 | 894 || 000 | ow4 4 [ 7o 46¢ | 50 | 3¢ H R @ The 30.4-atraght epproach |o Standard Drawing
e 4983 | 450 | 4ars | 8z 11 | 854 || oo [ osd [asss | 16 0| 1645, S 1 0 DESIGN | F ¢ with the transition shown
S + 64 | 407 1
HIEE B 280 |73 | a2 1010 || 0.00 | 064 | 4909 IR BN BT SPEED = D-764-3,
30| 384 | 4983 R T ETy 1 5| 000 | 04 [4889 | 164 [ em | 51 FT FT ET the transifion shown on Standard i
e e (O ST KX RN TN & | w0 | wa I 57 | 1248 | 453 | 19788 D 3764 o oo g s
% | 584 | 8227 | 573 CYREET 1 [ 1144 500 o6t [a0es | 1oa Taoms| @ R 50 0 length to 45.65',
6 | 40 = T 519 9.79 | 4864 =
a4 | T472 | 68 4889 | 164 | & 5 "D and "D1" include the
T T TR "; e e B o :Z ® D‘m,".wunfgﬁ?m:‘mg'm"‘?m of
= = HEEE 644 || o.oo 79| 464 | 50 d T4" (0.84] of the
384 | 2493 | 233 " 99 | 164 | 497 5 ier to the rear face
A4 493 | 203 | 4979 | Ge6 11 ] 769 [f 0.00 | 0.4 | 48 4979 464 | so [ a4 ' =y b rarail,
384 | 2 ] 164 TES: £} juar
aa Se [are | T 765 || 000 [ o [a0s AETER BE NO P Wosam g -
5 4 | 3738 11 164 | 4978 al distance from ngition shown
L 53| 346 | 4373 | 78 f1 [ 254 | oo [0 [&m 2979 | aes | w0 | w4 e o e L A e ik T e
ERETREE 450 | 4979 | 9.2 894 || 000 | 064 | 4909 | 164 464 | 50 | s94 canmiis o b'slgfn;an;:ﬂﬁs to determine guardrail length. Standard D'W‘"“l '}%" and 'D1",to
HMEXEars 11 4 | 4993 | 164 | 4079 i vadway widlh from the dimensions "B", aroail
= 954 | 4963 | 460 | 4978 | 912 BN EE EEAEE 2905 | 164 | 4979 | 464 | 50 | lluse wood posts for Webeam  guardrail obtain offsal from faca of gus
gl 4 | 6227 | sis | 4979 | 1028 T [0i5]| 000 | o4 L TN IEE The contractor shall use conmection’ pleta,
g = 324 €227 | 573 | 4873 | 1025 T [ treal| 1248 | 120 | a0 :73 TG
gl 194 7472 | G | 4u7s | 1139 TR FE B eSS o W [tain
E N ETRR SRR E I Y 7Y e B I IGE]
= @737 | 799 | a97e | 1282 11 | 1268 || 1248 | 120 | 40
2 | %8 59 | 4070 | 1252
24 || 384 [ 877 | 1
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Guardrail Length of Need Details

s

LENGTH OF NEED TABLE 55 MPH DESIGN SPEED GUARDRAIL AT BRIDGE ENDS
@ APPROACH SIDE OPPOSITE SIDE 55 MPH DESIGN SPEED
=
4] @ ©] S @ ® 7
2]z EE: Bz
252z g =0
a2 28 28
iz)°g 5 5
el a|AaflB|c|Do|e|D] E |G AlB|lc|Db|or|Dt|E ’G)
FT [ FT [ FT [ FT [ FT [ FT [ FT FT | FT | FT [ FT [ FT [ FT FT 5 Rared end temmina secton
48 || 294 | 000 | 064 | 4099 | 16e | 4879 | 484 | 50 0.00 | 064 | 4999 | 164 | 4679 | 484 | 50 | 394 15" «-I 38- 10 | ;. nE
46 | 3¢ | 000 | 06e [ 4399 | 16e | 487a | 8¢ | 50 000 | 064 | 4935 | 164 | 4878 | 469 | 50 | 34 2043 ] 128 R
a4 | 204 | 0.00 | 084 | 4990 | 164 | 4879 | 484 | 50 0.00 | 06 | 4908 | 184 | 4070 | 484 | G0 | 304 — Swaight approach length 7w | r D1
42 | 394 | 000 | 064 | 4999 | 1be | 4879 | 464 | 50 000 | 064 | 2988 | 16¢ | 4878 | 469 | 50 | 394 | f
5@ | e [ 1eas | 115 | a9es | 501 Tz 000 | 064 | 2998 | 164 | 4979 464 | 50 | 394 -~ Fseof beidge barrey f I il
% 38 394 | 1249 | 115 [ 4983 | 9.3 12 0.00 0.64 | 4999 | 164 | 45.79 | 484 50 394 .E L
L4 36 394 1248 | 115 | 4983 [ 531 12 0.00 064 | 4892 | 1684 | 49.79 | 454 50 39.4 o
N T I T 12 | 644 || 000 | 064 | 5999 | 164 | 4979 | 464 | 50 | 394 g W-BEAM GUARDRAIL DIMENSION LAYOUT
S| 32 |94 [2a95] 219 [ 983 | 635 12 | 644 || 0.00 | 064 | 4995 | 164 [ 4579 | 464 | 50 | 34 = WITH FLARED END TERMINAL
30 || 294 |70 323 |asea | 728 12 | 769 || 000 | 064 | 4998 | 164 4879 | 484 | s0 | 384
28 394 | 4586 | 427 | 4983 | B.42 12 89.4 0.00 064 | 4998 | 164 | 4573 | 454 50 354
26 394 | 4986 | 427 | 4983 | 842 12 894 0.00 064 | 4998 | 164 | 4979 | 464 50 394
24 || 394 | 6232 | 531 | 4083 | 046 12 | 1019 | 0.00 | 064 | 4999 | 164 | 4079 | 484 | 50 | 394
48 394 | 1248 | 115 [ 4883 | 531 12 518 0.00 0.64 | 4588 | 164 | 4578 | 454 50 354 1 E =50
48 394 | 1248 | 115 [ 4983 | 53 12 519 0.00 064 | 4998 | 1684 | 4070 | 464 50 394 n: .
44 |84 | zas | s [ 4883 | 531 1z | 515 || 0.00 | 064 | 2588 | 164 | 4879 | 454 | 50 | 384 -8 -I i ::":g i L mmﬂmmn
22 | 284 | 1249 | 105 | 4980 | 531 2 | 510 || 0.00 | 064 | 2599 | 164 4878 | 454 | 50 | 394 I Sigh. pieach Brgh ]
5 40 394 | 2495| 219 [ 4983 | 6.35 12 644 0.00 0.64 | 4999 | 164 | 45.79 | 484 50 394 —
HEl e ED S 72 [ ena | oo [ o [wwss | ved [as7o | ast [ o [ s |
Bl EREEEIECIEE] 12 | 769 || 000 | 064 | 4599 | 1568 | 4979 | 464 | 50 | 394 u/ PN i v I
o | 34 | 204 [4ses | 227 | a963 | 0z 12 | 69 || 000 | 064 | 4998 | 164 | 4579 | 484 | 50 | 394 5
bd 4 a7 64 | & 4 9 | 4
e bt el b e $ VSEAN GUARDRAL DIMENSION LAYOUT
28 || 294 |e232 | 631 [ 4983 946 2 | 1019 ]| 0.00 | 064 | 4599 | 164 4079 | 484 | 50 | 394 = WITH 50:1 TAPERED END TERMINAL
26 334 T47T | 635 | 49.83 [ 1050 12 1134 §f 000 084 | 4995 | 164 | 4578 | 454 50 354
24 39.4 | 74.77 | 6.35 | 49.83 | 10.50 12 114.4 f 1249 | 1.15 | 49.83 | 531 12 518
38 || 204 | 1248 | 115 | 4083 | 531 12 | 519 || 0.00 | 064 | 2599 | 164 | 4079 | 484 | 50 | 394
w 46 394 | 24893 | 219 [ 48 5‘3 6.35 12 644 0.00 0.64 | 4899 | 164 | 4679 | 464 350 384
= 44 | oes 2485 | ate | 4980 | 638 12 | 644 || 000 | 064 | 4999 | 168 | 4879 | 469 | S0 | 394 e ] E End ws‘g'ﬂ section
= a2 || 394 | 3740 323 | asen | 758 12 | 769 || 0.00 | 054 | 4998 | 154 [ 4579 | 484 | 50 | 394 ;- E
g | N TN E EER T R 72 Tes | oo [ e [mw | ver [wre | de | 5o | e e | T | e T”Mﬁ:/
O 2 [30 [[oe [soe | so7 [ 989 6z 12 | 694 || 0.00 | 064 | 4999 | 164 | 4579 | 464 | 50 | 394 B e —— 7 | Radice :_R'—:_T'::*:’(
E EJEEN [N EXE IR N D 12 | 89 || 0.00 | 064 | 4998 | 164 [ 4579 | 484 | 50 | o4 : T F B
& | 3 [ 204 [6232| 521 |98 | ous 12 | 1019]| 000 | 064 | 4998 | 164 [ 4979 | 484 | 50 | 394 - 2 G
S8 [ | m0e [e232| 531 [0 ] 54 12 | 1019 || 0.00 | 064 | 4598 | 164 | 4679 | 464 | 50 | 384 1 Fwon of bikige bamec f I A | f L+
o 30| 294 | 7477 | 6.3 | 49.83 | 1050 2 | 1144 | 1249 | 1.5 | 4963 | 531 2| 519 H
m 28 394 | 8723 | 735 | 4983 | 1154 12 1269 ff 1249 | 115 | 4983 | 531 12 518 B
B 26 || ave |e72a| 7 | ansa | fies iz | 1288 || 1248 | 115 | 483 | 5af 2 | 518 g W-BEAM GUARDRAIL DIMENSION LAYOUT
24 || 204 | 9966 [ 842 | 4983 [ 1257 12 [ 1304|1248 | 115 [ 4983 [ 531 12 | 519 WITH TAPERED SECTION AND NONFLARED END TERMINAL
48 394 | 2485 | 219 [ 4983 | 6.35 12 644 0.00 0.64 | 4998 | 164 | 4678 | 464 50 384
% || 294 2485 | a1e [ 4980 | 638 2 | 644 || 000 | 064 | 4999 | 164 | 4809 | 464 | s0 | 994
a4 || 94 |70 523 | asen | 708 12 | 769 || 0.00 | 0684 | 4998 | 154 | 4979 | 484 | 50 | 394
a2 || 294 | 3740 325 [ 4983 | 138 2 | 769 || 000 | 064 | @99s | 1od [ 4979 | 464 | 50 | 94
B[ 40 || 394 | 486 | 227 [ 4983 | 842 12 | 894 || 000 | 054 | 4998 | 164 |4s79| 464 | 50 | 394
2 28 | 204 [4see| 227 | 983 | 64z 12 | 894 || 0.00 | 064 | 4998 | 164 [ 4979 | 484 | s0 | 394
2 % | 0% [e22] 531 |ase3| 94s 12 | 1019]| 000 | 064 | 4998 | 164 [ 4979 | 454 | 50 | 394
o[ 24 | [eaaa] 531 [doma] ous iz | 1019l 000 [ 06d [4soe | 164 |ao070 [ 4sa | 0 | 304
& 32 | 204 [7477| 635 | 4983 | 1050 12 | 1144 ]| 0.00 | 064 | 4999 | 164 | 4079 | 484 | 50 | 394
30 394 | 7477 | 635 | 48.83 | 1050 12 1144 § 1248 | 115 | 4983 | 531 12 518
28 | a4 | s3] 738 [aoma | 1w Gz | 2e0) 2an| 195 | ssaa| g3 2| 518 (@ Does notinclude end terminal section
26 | 294 | 9969 | 642 | 4963 | 1257 12 | 1394|1249 | 195 | 4963 | 531 12 | 518 DESIGN F G H R
24 | 38¢ | seoo | o4z [4s83 [ 1257 1z [ 13842405 | 218 [esea| a5 1z_| 644 SPEED @ The 38.4'straight approach length is for Lse
38| 394 | 2455 | 249 | 49.60 | 6.5 2| 644 || 0.00 | 064 | 4999 | 164 | 4509 | 464 | 50 | o4 FT FT FT FT ‘;";‘JE ranean; 2Hiown. on Bland ard Dreeing
a8 || 94 [ 3740 323 | asen | 758 12 | 769 || 000 | 064 | 4998 | 164 | 4079 | 484 | 50 | 394 55 052 | 1240 | 415 | 103
T || 29e | 4see | 457 | 4980 | saz 72 | 694 || 000 | 064 | 4999 | 164 | 4979 | 464 | 50 | 394 Forthe transition shown on Standard
& | [ [ azi [ [ o e T 84 [ oo oot |esm | g [ e [ o [ o | e Drvarg .76 3. rovee sragh approch
I ED 531 | 4983 | 948 12 | 1019]| 000 | 064 | 4998 | 164 | 4979 | 454 | s0 | 394
HEl ED 531 | 4983 | 945 12 | 1019 ]| 000 | 064 | 4998 | 164 | 4979 | 484 | 50 | 394 NOTES @ Dimensions "B", "D" and "D1" indlude tha
I EX 535 | 4953 | 1060 12 | 114 || 000 | D64 | 998 | 164 | 4079 | 464 | A0 | 394 T (“-:42‘“@9‘“:'0"‘ mre m"“fl“e of
[ IEN ED 635 | 4983 | 1050 2 | 1144 || 1248 | 115 | 493 | 531 2 | 519 g‘rngm::ﬂhﬂﬂ:';f‘mlﬁ!: ;:‘:;mﬂm_ ';ﬂ‘z';s; ﬁ",,?,m"gzgm,,_e rear face of the
] 32 38.4 738 | 48.83 | 1154 12 1268 248 | 1.15 | 4983 | 531 12 518 roadway width of the bridge fo determine guardrai length. . ) . .
ElEX 738 [ 4983 [ 1154 12 [ 1269 1248 [ 145 [4983] 531 12 | 518 For installations using the transilion shevin on
28 || 34 842 | 4983 | 1257 12| 1394 || 1248 | 1.15 | 48.83 | 531 1z | 518 The contractor shail uss wood posts for V-bsam  guardral. mﬂwﬂ Igmgnz%.%f:zm% oo
25 || 204 | o 542 | 4983 | 1257 T2 | 1394 || 2695 | 218 | 4983 | 635 12 | a4 oblain cffselfrom face of guardrail
24 | 284 [172.74] sa6 | 4983 | 136t 12| 1519 || 2495 | 219 | 4ss | 625 iz_| ead connection plats.
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LENGTH OF NEED TABLE 60 MPH DESIGN SPEED
GUARDRAIL AT BRIDGE ENDS
@ APPROACH SIDE OPPOSITE SIDE 60 MPH DESIGN SPEED
x
zyl ¢ @ ® 3 @
golst Br
m| Sz £0
s8]5e zt
SE|7E 2
g2| g/ Aa|B|c|pofcDifE Al Blec|bp|ct|m|E
FT | FT | FT | FT | FT | FT | FT FT [ FT | FT | FT | FT | FT : 5o ared end, tormine!$6LEn
T | e | 2an] 108 | anar| tof EE S SR EER 1»-3"~| | 38- 13 | ; E——
45 | 354 | 1249 | 108 | 4987 | 464 12 | 519 || 0.00 | 064 | 4999 | 164 | 4979 | 468 | 50 ! 30- 40 | 125 e ek
34 || o4 | r2a0 | Tos [amer | e 1+ [ 515 || 000 | owt [9s0 | e+ a7 | 4et | — Shright spproach longth 7l I — + o1
42 394 | 2496 | 197 [ 4987 | 553 14 644 0.00 064 | 4999 | 164 | 4979 | 464 50 |
S a0 | 304 | 2496 | 167 | 407 | 553 14 | 844 || 000 | 0.84 | 4909 | 164 | 4879 | 484 | 50 ~ Face of bridge barrier f c1
; 38 384 | 3743 | 286 | 4887 | 642 14 76.9 0.00 0.64 | 4889 | 164 | 4879 | 464 50 g !
.34 38 384 | 4089 | 375 | 4087 | 732 14 89.4 0.00 0.64 | 49.99 | 164 | 40.79 | 464 50 [
B = e [wows o [mer | 72 4 | 694 || 0.00 | 064 | 4888 | 164 | 979 | 4ed | 50 g W-BEAM_GUARDRAIL DIMENSION LAYOUT
5 32 384 | 8236 | 484 | 4987 | B2 14 101.8 | 0.00 0.64 | 48.89 | 164 | 48.79 | 464 50 o W|TH FLARED END TERMlNAL
30 | 384 | 7483 | 553 | 4wer | wio 14 | 17aa]l 000 | 064 | 4989 | 164 | <979 | det | 5w
26 | 4 | 7483 | 553 | 491 | w10 T4 [ 1724][ 000 | 064 | 4969 | 164 | 4979 | 464 | 50
26 | 394 | 8730 | 642 | a7 | 9se 12 | 1269 0.00 | 064 | 4859 | 164 | 4979 | 464 | 50
20 || 384 | 9977 | 792 | 49 e | 1088 Ta_ | 1394 ]| 1249 | 108 | 4987 | 464 I
48 | 394 | 3743 | 286 | 4947 | 64z T2 | 769 || 0.00 | 064 | 4859 | 164 | 4979 ] 464 | 50 yEcs0
46 | 354 | 3743 | 286 | avar | 64z 14 | 769 || 000 | 064 | 4509 | 164 | 4979 | 464 | =0 . .
4 || 394 [ 4989 | 375 |aser| 732 14 | 894l ooo | 064 [4909 ] 164 [297a] 4es | S0 1= -I i z’ ‘13 i Ent WNM(_( 1
42 || 354 | 4989 | 375 | duer | T3 T4 | 694 || 0.00 | 064 | 4969 | 164 | 4979 | 464 | 50 I SO thecah B Tl
5 40 384 | B236 | 464 | 4987 | 821 14 1015 || 0.00 0.64 | 4989 | 164 | 4879 | 464 50 —=
<38 |3ea [ 7483 | 6555 [ 4087 [ om0 14 [ 1144]| 000 | 064 | 4009 | 164 | 4979 | 464 | 50 |
g 36 354 | T483 | 553 [ 4847 | 810 14 1144 || 0.00 0.64 | 4889 | 164 | 4879 | 464 50 'u/ 4 Face: ol ridcga; binar ‘ I
2 34 394 | 8730 | 642 | 4087 | 990 14 1280 |f 1249 | 1,08 | 4087 | 4684 14 H
- 32 354 | 8730 | 642 | 4987 | 999 14 1260 |1 1249 | 1.08 | 4987 | 464 14 4
30 | 94 | s877 | 792 | 4867 | 1088 T | 1994 1245 | .08 | du67 | 4o4 14 2 W\?\E‘IAH SGUﬂA'IF.EFBé\FI!IiEE?mEEIESIT?ENRHmITA?.UT
28 394 | 9977 | 7.32 | 49.87 | 10.88 14 139.4 |f 24.96 | 1.97 | 49.87 | 553 14 %
26 | 54 | 11224] 621 | 4987 [ 1177 T4 | 1519|2496 | 197 | 4867 | 553 14
24 394 | 124.70( 9.10 [ 49.87 | 1268 14 164.4 || 37.43 | 2.86 | 49.67 | 642 14
48 || 994 | 6238 | 464 | 4987 | 620 T4 [ 1019]| 000 | 064 | 4989 | 164 | 4979 | ded | 5w
w 46 394 | 6236 | 4064 | 4987 | 821 14 101.8 || 0.00 0.64 | 49.99 | 164 | 4979 | 464 50
g 44 394 | 7483 | 553 | 4087 | 5.0 14 | 11441249 | 108 | 4987 | 464 14 E End tarminal section
5 42 || 34 [ 7483 | 553 [aser [ 0w 14 | 1144 || 1245 | 108 | 4087 | aea 4 | 38- 10 | g&gd 1 I’Ti‘i— 50 ___—~j v
2|5 40 || 58% | 8730 | 642 | auer | wow 16 | 1266 || 1248 | 108 | 4967 | 464 4 -‘| I A | sechon Tluﬂ_“;;‘ﬂu__r—’—”_’_,:_,_J
0|2 | [wran] o2 [snwr [ o Vo[ ss [ vzen | e | a | aee 0 I Bt e TN A DN (U T e i LI
& |88 [ 38e | o977 | 752 [4aer 1088 14 | 1304 ]| 249 | 107 [ @987 | 553 14 — A7 ———F'F B
E Y E IR R IS T 14 | 1394 ]| 2006 | 107 | 4587 | 553 14| 64t A Z Facn of biidge barier f <] m T ‘ I =
z|® 32 384 | 112.24| 8.21 49.87 | 11.77 14 151.8 || 37.43 | 2.86 | 49.87 | 642 14 TE.8 I 1
a 30 || 384 | 11224] 821 | ver | 1177 < | 1510|3743 | 286 | aver | 4z | 7en -
@ 28 394 | 124.70( 8.10 | 49.57 | 1268 14 164.4 || 49.58 | 3.75 | 49.67 | 7.32 14 69.4 Y
a 26 | 3o | 124.70] 910 | 4987 | 1268 14| 1644|4080 | a5 | auer | 7az IHIED = W-BEAM GUARDRAIL DIMENSION LAYOUT
24 || 394 [137.17] 989 [ 4087 [ 1355 14 | 176.6 | 62.36 | 4.64 | 29.67 | 821 14 | 1018 WITH TAPERED SECTION AND NONFLARED END TERMINAL
a8 384 | 7483 | 553 | 4987 | 8.10 14 1144 0.00 0.64 | 4989 | 1684 | 49.79 | 484 50 394
46 | 354 | 7483 | 555 | et | w1 14 | 1944l 000 | 0684 | 4909 | 184 [ 4979 | 464 | 50 | 394
45| 994 | o730 | 6z | 49 | 998 14 | 1269|1249 | 1.08 | 49,67 | 464 FHIEE]
42 | 354 | 8730 | 64z | 49a7 | 9sm 12 | 1265 | 1245 | 108 | 4567 | aoe 14| s18
5[ 40 | 394 | 977 | 732 | 497 | 1088 14 | 1394 ][ 1245 | 108 | 4987 | 464 EIEE
S| 3 | 394 [s977 | 152 | aas7 [ 1088 14 | 1554 || 2356 | 187 | ase7 | 553 14| 64
2| 3 | 30 [11224] 821 | aver | 1177 14 | 1519|2006 | 107 | 4567 | 553 14| ee4
s 34 394 | 12470 810 [ 49.87 | 1268 14 1644 |§ 3743 | 288 | 4987 | B42 14 TE 8
2 [ 32 | 3e4 [12a70] a0 | 4987 [ 1286 14| 1644 | 3743 | 286 | 48.87 | 642 14| 769
30 | 384 | 13717 889 | 4887 | 1355 19 | 1765|4080 | a7s | aner | 7az 14| mea
28 || 394 [137.17] 960 | 4987 [ 1335 14 [ 1769 [ 6236 | 464 [ 4987 | 82t N EGE] @ Does natinclude end terminal section
76 || 554 | 143.64 | 1088 | 4887 | 1444 14 | 1894 || 6236 | 464 | 4987 | 821 14 | 1018 DESIGN F <] H R
24 | 304 [149.84] 1088 [ d0.87 [ 1444 i4 | 180.alf 7483 [ 553 [ 4087 [ 0d0 14| 1144 SPEED @ The 30.4'straight approach length i for use
36 | 954 | 8700 | 64z | 4wer | vee T4 | 1260 ]| 1249 | .08 | 4967 | 464 IHEE | FT FT FT FT g‘?ﬁ;’g fransition shown on Standard Drawing
46 || 394 | 87.30 | 642 | 49.67 | 998 14| 1268 || 12.48 | 1.08 | 49.67 | 464 14 | 518 a0 045 | 1240 | 358 | 175.30 }
4a_ | 384 | so77 | 70z | aver | 0em 14 | 1504 1243 | 708 | aver | aea I IED : For the transifion shown on Standard
22 || 994 | 9997 | 7.2 | 49.87 | 1088 14 | 1304 || 24.96 | 1.97 | 49.67 | 553 4| 64t gmﬁ"i%&?‘“' revise straight approach
5| 90 | aes [11224] 821 | avsr [ 1177 14 | 1519|2008 | 107 | age7 | 553 14| eas
= |3 | e [n2as] war [asar [1177 14 | 15193743 | 286 | 4567 | 6az 14| 168 NOTES: @ Dimensions "B, "D and "D1" indlude tha
3| % || 394 [12470] 910 | 497 1266 14 | 1624 [ 3743 | 286 | 4967 | Gaz 4 | 68 7" (0.64) offset from the kower faca of
&[5 s [torar] soe [ avar 1+ [ 1700 [ swss | 55 [ asor | vz ERED On dided highways use distance from roadway i e S IS e
= centerine to bridge railx 2 and use this as dear Weoeam guardrail
t=} 32 394 | 13747[ 999 | 4987 14 1769 || 6235 | 464 | 4987 | 82 14 1019 roadway widih of the bridge to determine guardrail lengih. N
30 || 304 [1a964] 1088 | da87 [ 1444 14| 180 ]f 6236 | 464 [ 2007 [ 2t 14| 101g For installations vsing the transition shawn on
28 || 354 | 145.64] 1085 | 49.67 | 1444 1% | 1894 ]| 7463 | 553 [ 4e07 | 610 4| 114 The contractor shall use wood posts for W-beam  guardrail o D ot mbima Ao
26 | 324 | 8211|1177 | weer | 153 s | 2018|7483 | 553 | 4587 | 910 T4 | 11ea obtain offsat from face of guardrail
24| 384 | 82.11] 1197 | 4987 | 1533 14 | 2019|8730 | 642 | 4567 | o99 14| 133 connecton piate.
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LENGTH OF NEED TABLE 65 MPH DESIGN SPEED

GUARDRAIL AT BRIDGE ENDS

Guardrail Length of Need Details

APPROACH SIDE OPPOSITE SIDE 65 MPH DESIGN SPEED
z
=
8¢ @ ©] 3 O] ® z
Z8=d dx .
gz &= g E af
FEAEE g E30
s |E2 24 zE
25| E g g
g 1} A B [+ D c1 D1 E a) A B c D c1 D1
seciion
Frler [P er [P [ FT ] FT e [Fr[Fr ¢ gt 50 fareq snd tenmina!
45 || 394 | 1249 105 | 4ada | 438 5 | 519 | 000 | 064 | 4608 | 184 | 4970 | 464 «-I 301 i . e
36 | 384 | 2456 | 188 | 4888 | 521 15 | 644 | 000 | 064 | 4898 | 164 | 4978 | 454 39- 4% i R
41 | 384 | 2406 | 188 | 4080 | 521 15| &4 | 000 | 084 | 4208 | 184 | 4970 | 464 — Straight approach langth 1% (I
42 || 384 [ 3745 | 271 [4ue0 | sod 15 | 769 | 000 | 064 | 4008 | 164 | 4979 | 464 . T | I

520 |94 [eeer | 350 | ames | eer 15 | @54 | 000 | 064 | 4899 | 16 | 4978 | 464 94 s Faca: of bidd bartar } Loi] {

2 T ) 15 | @9+ || 000 | 0% | %599 | 164 | 4508 | s6% EX] 2

E [ 36 |[ 294 | 6238 | a8 [anea| 770 15 | w9 000 | 064 | 4299 | 164 | 4o | asa 304 2

© RA

B[4 |[324 [ 7405 | 521 [ 4989 853 15 | 1144 | 000 | 064 | 4599 | 164 | 4999 | 464 394 g W-BEAM _GUARDRAIL DIMENSION LAYQUT

S| 32 | 394 [ 485 | 521 |49es | 853 15 | 1144 | 000 | 064 | 4599 | 164 | 4999 | s64 394 = WITH FLARED END TERMINAL

30 || 384 | 8732 604 | avem | aa7 15 | 1269 000 | 064 | 4599 | 164 | 4978 | asa 0.4
25 || 354 | sog0 | 687 | 498w | 020 15 | 1354 | 1245 | 105 | 4588 | 438 HE
26 || 354 | 5980 | £&7 | 40av | 1020 15 | 1394 | 1240 | 105 | 4880 | 438 519
24 || 34 |112.27] 770 | 408w | 1103 15 | 518 | 1243 | 105 | <o6a | 438 513
45 || 384 | @361 | 355 | 4nsn | a7 15 | @84 || 000 | 064 | 45e8 | 164 | 4978 | 464 EX] yeEn 50
46 || 334 | 6238 | 438 | 4080 | 7.70 15 | w18 | 000 | 064 | 4800 | 184 | 4970 | 464 304

L - L 28- 13 | Endterminal saction
44 || 534 [ 6236 | 438 |4mea | 7.70 15 [ mis| ooo | 064 |4e0m | 164 | 4879 | 464 384 —I I A% 1 50 4 T
42 || 394 | 7485 | 521 | 4089 | 65 15 | 1144 | 000 | 064 | 4099 | 164 | 4979 | 464 394 I =

T ‘Straight approach length |7 |

5 [0 |[ 354 | 7405 | 521 | 499 | 853 15 | 1144 000 | 064 | 4299 | 164 | 4948 | 464 EX) -3

2[5 |[oa [ [ oo [man| 5o 75 [ |2 | 105 [4sea | a8 i [s T |

© [ 36 | 394 | 9960 | 6or | 439 | 10.20 15 | 1394 | 1249 | 105 | 4569 | 438 15 | 519 u/ e MERE I

[ 54 | 54 | 5980 | 6er | 45es [ 10w 15 | 1394 | 1249 | 105 | 4589 | 438 5 | s1e g

2

%[ 32 | =ea [11227] 770 | ames | 1102 15 | 18| 2098 | tee | 4ssn | 52 15 | e4d

ek O e 3 WLBEAM GUARDRAIL DIMENSION LAYOUT
28 || 584 |12474] 853 | 49.89 | 1168 15| 644 | 3743 | 271 | 4889 | 604 5| 769 WITH 50:1 TAPERED END TERMINAL
2 | 594 |12474] 855 | 4889 | 1186 15 | 644 [ 3743 | 271 | 4988 | 604 15| 789
24 || 384 |137.21] va7 | 4naw | izes 15| 1763 | 4ne1 | 355 | 4580 | a7 FRIET
48 | 384 | 7485 | 521 | 4989 | 853 15| 1144 | 1249 | 105 | 4889 | 438 5| 519
il 46 || 994 [ o732 | 604 |4mem | 837 15 | mes| 240 | 105 | 4e89 | 438 15 | 518
s 44 || 994 | 6732 | 6.04 | du69 | 937 15 | 1269 | 1249 | 105 | 4069 | 438 15 | 519 E End teminal section
3 22 || 394 | 8960 | 667 | 499 | 1020 15 | 1394 | 1248 | 105 | ss69 | 438 15 | st . S8 15% | e 1= 50
>lg[emiwwl e [wn]we 15| 1394 | 2496 | 188 | 4v89 | 52 HIED I S I g“m““m rwigﬂ_lﬂ_mﬁ-r/‘_,/j -
O 2[5 |[ 304 [11227] 770 [aven | 1703 15 | 1519 | 2496 | 188 | 4969 | 521 644 e — T | Raius u B
[ 2 [ 36 || 394 |11227| 770 | 498 | 1103 15 | 1519 | 37.43 | 271 | 4583 | 604 769 - . TF B T
@& | 34 || 304 [12a7a] 853 [ssa 1186 15 | 1644 f 4991 ] 355 [ 4089 | 687 834 . G !

. A Z Fom o ridge barir = T
5|2 32 |[ea [12a7a] 853 |ames[1ime 15 | i644 | 4001 | 355 | 4580 | 687 ] o I A } <
o 30 || 384 [13721] 637 | dadw | 1268 15 | iTes | 6238 | 238 | 4usa | 770 1018 H
i 25 | 594 [1357.21] 637 | 4888 | 1268 15 | 768 | 6238 | 238 | 4s8a | 770 1018 %

26 || 394 | tses| 1020 | apee | 1352 15 | isaa | 7485 | 21 | 4msa | ama 1144 2 W-BEAM GUARDRAIL DIMENSION LAYOU

24 |[ 364 |14980] 1000 | 4989 [ 1252 15 | 1894 7485 | 521 [ 4089 [ 853 1144 WITH TAPERED SECTION AND NONFLARED END TERMINAL
45 || 994 | o732 | 604 | 4mem | a7 15 | izes| 1248 | 105 | 4869 | 438 HE]

46 || 994 | 9960 | 667 | 4969 | 1020 15 | 1394 [ 1249 | 105 | 4069 | 438 51.9

43 || 354 | 9g0 | 667 | aaem | 1020 15 | 1954 | 1245 | 105 | 4389 | 438 5 | 518

42 || 354 |11227] 770 | asem [ 1102 15 | 519 | 2496 | tee | 4ve9 | 52 CHET

&5 [ 20 |[ 394 [11227| 770 | 4mes | 1103 15 | 518 | 57.43 | 271 | 4s89 | 604 15 | 769

HEN EN PR I 15 | 644 [ 3743 | 271 | 4589 | 604 15 | 769

2 [ 3 | 304 [12a74] es3 | 4ses | 118 15 | 644 [ 4901 | 355 | 4s8n | 687 15 | 84

& [34 |34 [1a72r] a7 [anan | zes 15 | mes | oot | 365 | deen | 667 15| Ead

S [ 32 | sed | 14969] 020 | 4s | 1252 15 | iwad [ 6238 | a38 | 4usa | 770 5 | 1018

30 || 984 |145.68] 1020 | 4888 | 1352 15 | 134 | 6230 | 290 | 4888 | 770 15 | i0is

28 | 384 |162.16] 1103 | 4n.80 | 1436 15 | 2018|7485 | 521 | 4se0 [ am3 15| 1144 @ Does notinclude end terminal section

2 || 934 [162.16) 1105 | 4989 | 1436 15 | 2018|7465 | 521 | 4888 | 853 15 [ 1144 DESIGN F G H R

24| 384 |174.63] 1106 | 4888 [ 1515 15 2144 o732 ] 604 [ 4589 | 937 15_| 128 SPEED @ m: ﬁ“;‘:‘a\%mﬂmm Iang: ;GLWDWB

35 || 994 | 9980 | 667 | 49.69 | 1020 5 | 1304 | 1248 | 105 | 4969 | 435 ERIEE FT FT FT FT Do, o on shown on Blandard Drawing
46 || 54 [11227] 770 | ases | 1103 15 | 1519 | 2495 | 188 | 4889 | 521 15| 644 &5 04z | 1248 | 333 | 187.78

a4 || 394 [11227] 770 | ases [ 1102 15 | 19| 3743 | 271 | 4e69 | 604 15| 769 For the transition shown an Standard

i\ o Tt e Tare e (R K25 EE R 1 g 5,1 . ovee gt asproscn

5[ 40 || 394 [12a74| a3 | 49 | 1186 15 | 644 | 4591 | 355 | 4583 | 687 15 | s84 s

S [ |34 [i3rar] 57 [asea|zes 15 | 1769 [ 4901 | 355 | 4s89 | 687 15 | 84 NOTES: @ Dimensions 8", "D" and "D1" include the

g [ 36 | 334 |ravss| 020 | aves [ 1252 15 | ms4 [ 238 | ase | 4ssn | 770 15 | 1018 Z_’; ‘uf.f'n’«ig'fﬂ";.mmff of

G [ 34 | 504 [r4060[ 020 [4neu| 125 15 | wad [ 6238 | 238 | 4e8a | 770 5 | 1018 Uﬂgm‘ﬂﬂm"mﬁm o :"ﬂmm fﬂmu oo T bicar quardrail

8 [ 32|34 |ie210| 1103 | 48e8 | 1436 15 | 2013|7485 | 521 | 4888 | 853 15| 1144 Tl W of 18 DA 1 G Busak ol TR

> 3 T 5 5 For installalions using the transiion shewn on
30 || 394 [182.16] 1105 | 4a8w [ 1436 15 | 2018|7485 | 521 | 4680 | 853 15 | 1144 il e D i g
28 | 384 [17463| 1186 | 4888 | 1515 15 | 2144 | 8732 | 604 | 4889 | 837 15| 1263 The contractor shall use wood posts for W-beam  guardrail. T b M et
26 || 384 | 174.63) 1186 | 4089 | 1512 15 | 2144 | 9080 | 687 | 4e80 | 1020 15| 1384 obigin offset from face of guardrail
24_|| 384 |187.10] 1269 | dnaw | 1602 15 | 2268 | 90 | eav | 4esn | a0 15| 134 connection plaie.
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LENGTH OF NEED TABLE 70 MPH DESIGN SPEED
GUARDRAIL AT BRIDGE ENDS
@ APPROACH SIDE OPPOSITE SIDE 70 MPH DESIGN SPEED
x
xw f 3 = 1€
8.8 @ @ 2 ©)
feles =
oSz 20
g5l zE
tH B 6"
28 Ela|B|c|D|e || E|Z Al Blec|bp|ct|m|E
FT | FT | FT | FT | FT | FT | FT FT [ FT | FT | FT | FT | FT : 5o ared end, tormine!$6LEn
T | e | 2an] 105 | aen] ta EED SR D EER 1»-3"~| | 38- 13 | ; E——
45 | 34 | 2495 | 186 | 49.89 | 621 15 | 644 || 0.00 | 064 | 4959 | 164 | 4979 | 468 | 50 ! 30- 40 | 125 —”/‘_’___4
4 | o4 |74 [ 27 [me | wos 15 | 765 || 000 | owt [9s0 | 1o+ a7 | 4et | — Shright spproach longth 7l I — + o1
42 304 | 3743 | 271 [ 4989 | 604 15 769 0.00 064 | 4999 | 164 | 4979 | 464 50 |
= a0 || 384 | 4991 | 355 | 4ea | eer 5 | 894 || 000 | 084 | 4009 | 164 | 4079 | 484 | 50 ~ Face of brdge barrer f c1
; 38 384 | 48381 355 | 4989 | 687 15 884 0.00 0.64 | 4889 | 164 | 4879 | 464 50 g !
.34 38 384 | 6238 | 438 | 4080 | TTO 15 101.8 || 0.00 0.64 | 49.99 | 164 | 40.79 | 464 50 o
e I ] 5 | 1724l 0.00 | 064 | 4888 | 164 | 4979 | 4ed | 50 g W-BEAM_GUARDRAIL DIMENSION LAYOUT
5 32 384 | T485 | 521 49.80 | B.53 15 1144 || 0.00 0.64 | 48.89 | 164 | 48.79 | 464 50 o W|TH FLARED END TERMlNAL
30 | 384 | er32 | 604 | 4wes | war 15 | 1269 000 | 064 | 4989 | 164 | 7o | ded | 5w
26 | w4 | 9980 | 667 | 498 | 1020 15 | 1394|1248 | 1.05 | 4969 | 438
26 | 354 | 990 | 667 | 4988 | 1020 15 | 1394 | 1245 | 105 | 4589 | 438 15
20| 384 | 112.27] 770 | 49es | 1103 15 | 1519 ]| 1249 | 105 | 4989 | 438 5
48 | 394 | 4391 | 355 | 4a9 | sar 15 | 894 || 0.00 | 064 | 4359 | 164 | 4979 464 | 50 yEcs0
46 | 354 | 6238 | 438 |asas | 770 15 [ 1019 000 | 064 | 4509 | 164 | 4979 | 464 | =0 . .
44 | 394 | 7485 | 521 | 4ses | 859 15 | 11aa]l 000 | 064 | 4999 | 164 | 4979 | 468 | 50 {5 -I i 2'13 i End "”'M(—( 4
42 || 354 | 7465 | 521 | 499 | 653 15 | 1144 0.00 | 064 | 4069 | 164 | 4979 | 464 | 50 I SO thecah B =T
5 40 354 | 8732 | 604 | 4980 | 837 15 1265 || 0.00 0.64 | 4989 | 164 | 4879 | 464 50 35.4 —= ‘m
<38 | we4 [ers2 | 6oa [ 4980 | 937 15 | 1269 ]| 1249 | 1.05 | 4989 | 438 5| 619 |
g 36 354 | 9980 | 687 | 49.89 | 1020 15 1384 |1 1248 | 1.05 | 4989 | 438 15 51.8 'u/ 4 Face: ol ridcga; binar ‘ I
2 34 394 | 11227 770 | 4988 | 1103 15 1519 |f 1249 | 1,05 | 4989 | 438 15 51.9 H
B e R T B AR LR Ty § W-BEAM GUARDRAIL DIMENSION LAYOUT
) 2 3 5 | 4508 | 116 15 | 16a4 ]| 3743 | 271 | 4868 | 604 5| 168 2 WITH 50:1 TAPERED END TERMINAL
28 384 | 124.74| 853 | 49.89 | 11.88 15 164.4 |f 37.43 | 2.71 49.89 | B.04 7E.9 %
26 | 84 | 13r.21] 897 | 9.9 | 1269 15 | 1769 ]| 4891 | 35 | 4869 | 667 B9
24 394 | 149.69 | 1020 | 49.89 | 13.52 15 189.4 || 49.91 | 3.55 | 49.69 | 687 15 89.4
45| 84 | 6752 | 604 | 4wes | 9ar 15 | 1269 | 1249 | 1.05 | 4969 | 498 BN IEE]
w 46 394 | 8732 | 604 | 4989 | 937 15 126.9 | 12.43 | 1.05 | 49.89 | 438 15 51.9
g 44 394 | 9980 | 687 | 4989 | 1020 15 | 1384 |f 1249 [ 105 [ 4989 | 438 15 51.9 E End tarminal section
2 a2 | 394 | 9980 | 687 | 4a83 | 1020 15 | 1304 || 2496 | 188 | 4089 | 521 5 | 644 | 38 130 | g&gd 1 I’T:.E Ed ___—~j
=|5[® e[| 7o [ 15 [ 1519 2496 | 1.88 | 49.69 | 521 ED -—| I pr | sacton Tuﬂ_";/u__r—’—”_:_;f ir
8| 2 [T e [rzar| w0 [wom s - T T T 1 il e DR 5
G| %[ 3 | 304 [12474] 655 | 4989 [ 1186 15 | 1644 | 57.43 | 271 | 4989 | 604 5 | 769 — Ll ———F'F B
g NEl ENEDEEET S 15 | 1644|4091 | ass | 4889 | 57 15 | mes | Z Fae o bikige barer f fc] T ‘ T
z = 32 389.4 | 137.21| 9.37 | 49.58 | 1268 15 176.9 || 49.91 | 3.55 | 49.89 | 687 15 85.4 I A 1 ]
g 30 | 384 | 137.21] 937 | 49,89 | 1269 15 | 1769 ]| 6238 | 438 | 4989 | 770 15| 1019 -
& 28 39.4 | 149.68 | 10.20 | 49.88 | 13.52 15 169.4 || 62.38 | 4.38 | 49.89 | 7.70 15 101.9 Y
a 26 | 354 | te2.18] 1103 | 4988 | 1438 15 | 2010|7485 | 521 | a0ee | e53 15| 1144 = W-BEAM GUARDRAIL DIMENSION LAYOUT
24 || 394 [162.16] 11.03 [ 49.89 [ 1438 15 [ 2019 |l 87.32 | 6.04 | 49.88 | 057 15 | 1268 WITH TAPERED SECTION AND NONFLARED END TERMINAL
a8 384 | 8732 | 6.04 | 49.80 | 0.37 15 126.9 |f 12.49 | 1.05 | 49.89 | 438 18 51.9
46 | 354 | s9e0 | 667 | 4vem | 1020 15 | 1394 | 1249 | 105 | age0 | a3m 15 | 518
35 | 394 | 1227 770 | 4969 | 1103 15 | 1519 24.96 | 186 | 49.69 | 521 EED
42 | 354 | 11227 770 | 4988 | 1109 15 | 1515|249 | 188 | a5 | 521 15 | 64
B 40 394 | 12474 853 | 4989 | 1185 15 1644 || 3743 | 271 49.69 | 604 15 769
S| 3 | 94 [12a7s] 855 | 988 1188 15 | 1644 57.43 | 271 | 4869 | 604 15 | 768
2| 3 | 394 [137.21] 957 | ases | 1269 15 | 1769 || 091 | a5 | 4589 | 567 894
M EE EEE SRR R 15 | 1780 | aa o1 | 255 | anes | 67 894
2 [ 32 | se4 [1es60] 1020 | 4989 [ 1382 15 | 1894 ]| 62.38 | 438 | 48.89 | 7.70 1018
30 384 | 162.16 | 11.03 | 49.88 | 1435 15 2018 |f 7485 | 521 4988 | B53 114.4
28 || 394 [16216] 1103 | 4980 [ 1438 15 [ 20197485 | 521 [ 4989 | 853 144 @ Does natinclude end terminal section
26 || 554 | 174.63| 1166 | 48.88 | 1519 15 | 2124 || 6732 | 6.04 | 4983 | 837 1263 DESIGN F <] H R
24 | 304 [i74.63] 1188 | 40.80 [ 1549 i5 | 21aalf87.32 [ 604 [ 408 [ 037 15| 1269 SPEED @ The 30.4'straight approach length i for use
36 | 984 | 112.27] 770 | 4989 | 1103 T5 | 1519 ]| 249 | 188 | 4989 | 521 5 | 6ad | FT FT FT FT &I;s.:hf franstion shewn on Standard Drawing
46 || 394 | 11227] 700 | 49.89 | 11.03 15 | 1518 || 2496 | 1.88 | 49.89 | s.21 15 | 644 70 042 | 1240 | 323 [ 1e778 }
41 || 994 | 12a7a] 655 | aves | 1ies 15 | teaa || 3743 | 271 | a9es | 6os 5 | e : For the transifion shown on Standard
22| 394 | 124.74] 053 | 49.69 | 1186 15 | 1644 || 37.43 | 2.1 | 49.69 | 604 5 | 6.8 g;\amkr:"%o %57;3‘“ revise straight approach
5| 40 | 394 [157.21] ao7 | avem [ 12e9 15 | 1769 || s9.01 | 555 | ages | sa7 15 | 894
H EN EXEX EEA T 15 | 1769 ][ as 01 | 355 | 4989 | se7 15 | s9s NOTES: @ Dimensions "B, "D and "D1" indlude tha
2| 3 | 304 [1a969] 1020 | 498 | 1352 15 | 189 |l 6238 | 438 [as9 [ 770 1019 TH (ﬂgl:‘) 0"5‘"'1:“' lhf M'ftf:ﬂﬂ of
1 El T R 15 | 2010|7488 | 521 | awee | 855 ERET O e o o e oy Woneam guarra, e o
8 32 394 | 162.16[ 1103 | 4988 | 1435 15 2019 || 7485 | 52 4989 | 853 15 1144 roadway widih of the bridge to defermine guardrai lengih. B
30 [ 304 [17463] 1186 | 09 [ 1519 15 | 2154 |l a7 32 | 64 [a0e0 [ 037 15 [ 1269 For inatallations uging the transiion shown on
28 || 354 | 174.63] 1186 | 49.68 | 1518 15 | 21aal[ 6730 | 604 [ 4989 | 637 EEEE The contractor shall use wood posts for W-beam  guardrail o D ot mbima Ao
26 | 394 | 87.10] 1269 | 19w | 1802 15 | 2260|980 | 687 | 498 | 020 5 | 1394 obtain offsat from face of guardrail
24 | 394 | 10a57] 1552 | 4080 | 1588 15 | 2304 f11227] 7.70 | 4988 [ 11.00 15| 1519 <connection plats.
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Guardrail Length of Need Details

LENGTH OF NEED TABLE 75 MPH DESIGN SPEED GUARDRAIL AT BRIDGE ENDS
@ APPROACH SIDE OPPOSITE SIDE 75 MPH DESIGN SPEED
*
. 5 e 5 =
it (@ (@ i o i
fE|S2z 5 2z
gxl28 it 3
55|63 g £=
2B g A B c D c1 D1 E 2 A B (o] D c1 D1 E 2
EH @ O] .
Tl rrlemler [FT[FT Al Il RN N N FT S 50 fared end temine! nciEn
%5 | w94 | 744 258 | <990 570 16 | 789 | 000 | 06 | 4568 | 164 [4979| 484 | 50 | 394 m"«-l 38 1% | 318 —
T [ s [srm] 2 [m] om0 16 [ 7e0 | oo | 0w+ | o [ vor [wera| ae | w0 | s .40 | e
41 || 4 | 4802 | 338 | 40.00 | 648 16 | @94 || 000 | 084 | 4800 | 164 | 4670 | 484 | 50 | 394 e Streight approach length |1 I ———_‘—)—_——" & D1
w2 | 394 |e239| 414 | <000 726 16 | 018|000 | ves | 4900 | ves |suru| 46z | 50 | 392 }
S e [erm o (o] 7 6 T wis ] D00 [ ve [awms [ Ter [were | de | 50 [ e ~] Faoe of bridge barrier | 1
5[0 | 3ed [7aer | 42 [0 v 16 | 1143 | 000 | 0ee | 4999 | 1+ | esa9| 46t | %0 | 392 B ! !
& 36 394 | 8734 | 570 | 49.80 | 8.82 16 1263 || 0.00 064 | 4559 | 164 | 4579 | 484 50 394
§ =i e [oea ] 5r0 [7os0 [ sm2 15 | 265 | o0 | wet [sems | Ter [ws7a | st | 0 [ wee ] W-BEAM GUARDRAIL DIMENSION LAYOUT
23 | a4 || 648 | 4000 50 16| 194 1243 ] 103 | 4950 | 418 6 | 518 l WITH FLARED END TERMINAL
50 || 394 [1i230| 728 | 4080 | 10.58 16 | i51s|[ 1248 | 103 | a0 | 414 16 | sie
28 || 384 |11220] 728 | 2990 | 1038 16| 1518 1zas| 103 | 490 | a1e [ EE
26 394 |124.77]| 804 | 49.90 | 11.16 16 164.4 || 24.97 | 1.61 | 49.90 | 492 16 B4.4
21 || 384 |1372s| sz | 4990 | 1154 16| 1769 | 3744 | 258 | 4990 | 570 16 | s
35 || 384 | 6734 570 | 4ee0| 862 5| 1269 || 000 | oed | 4eee | it | de7w | aei | 0 | 994 50
48 394 | 8734 | 570 | 49.80 | 882 16 1269 || 1249 | 103 | 4890 | 414 16 518 &
T ETEE T R, 6 | 5 | iz | s [ o [k TRET v | S | End mpslsecin
w2 | w4 |owe2| 648 | 000 | 960 16| 1394 | 1240 | 103 | 4800 | &1k 16 | 518 b o Nm':_fm e =1
5 40 384 |112.30| 7.26 | 49.80 | 10.38 18 151.8 || 24.97 | 1.51 | 48.0 | 482 16 64.4 — aht 2pp Ll II%
; 38 304 |124.77| 8.04 | 49.80 | 11.18 16 1644 || 2497 | 1.81 | 48.90 | 482 16 E4.4 ' ‘
B[ 3% | 94 |12477] 604 | 250|111 6| 1644 || 3742 | 256 | 4990 | 570 6 | 768 “/ Fade of Gikdge; bairiat ‘
E‘ 34 394 |137.25| 882 | 49.90 | 11.94 16 176.9 || 49.92 | 3.36 | 49.90 | 6.48 16 89.4 &
N TR IR T R TR T IR BT — g W-BEAM GUARDRAIL DIMENSION LAYOUT
- . e E e e & WITH 50:1 TAPERED END TERMINAL
28 394 | 16220 10.38 | 48.80 | 13.50 16 2018 | 6238 | 414 | 4880 | 728 16 1018 i
26 304 |16220] 10.38 | 4000 | 13.50 18 2018 || 7487 | 492 | 4090 | 804 16 1144
24| 394 |1raer| 1116 | 990 | 1428 16| 2144 ] 8730 | 570 | 490 | see [Cl RET)
48 394 |112.30| 7.26 | 49.80 | 10.38 18 151.8 || 24.97 | 1.51 | 48.90 | 492 18 644
w 4 | 394 |11230] 726 | 4590 | 1038 16 | 1518 374 | 258 | 450 | 570 16 | 7es
% 49 384 [12477] 804 [ 4880 1116 16 | 1644|3744 ] 258 | 480 | 570 16 76.8 E End terminal section
o 42 384 [12477] s0a [ 4000 1116 16 | 1644 ] 4092 335 | 4000 | can 16 | 894 e 12-8" 10— 5[_/_/—4-‘1
ol — I 38 1% | curved e SECHON ————
> g[o mawras] e (sl 16 | 1768 || 4952 | 396 | 4090 | 648 [N ED —1 I T | Secion Topered S e —
E g 38 394 |148.72| 960 | 49.80 | 12.72 18 1394 || 6238 | 414 | 4880 | 7.26 18 1018 I ‘Straight approach length ‘ g—Ti —Ax’_i —/—44
% HI 38 394 |149.72| 9.60 | 48.80 | 12.72 18 189.4 || 82.39 | 4.14 | 48.80 | T.26 18 1018 T F B
E % 34 334 |18220] 1038 | 49.90 | 13.50 18 2018 || 7487 | 492 | 4990 | 804 18 144 ] Face of bridge barrier ¢ 1 =
S| 8 [Tz | 394 |te2z0] 1038 | 4590 ] 1350 16 | 2018|8734 | 570 | 4s0 | ez D | |
o 50 | 354 [Traer| 1176 [ w50 2o 15 [ zaa ] o5t [ 570 [9%0] eez 6 |79 H
@ 28 || 394 | 17467 | 1116 | 2900 | 1428 16 | 2144 || 9862 | 648 | 46.50 | 060 6 | 1394 3
o 25 || 384 |167.15| 1194 | 4990 | 15.08 16| 2260 | 962 | 640 | 4850 | 660 16 | 1394 2 W-BEAM GUARDRAIL DIMENSION LAYOUT
20| @84 |1e7.05| 1194 | avo0 | 1508 16| 2268 |[112.30] 726 | avs0 | 0ze & | 510 WITH TAPERED SECTION AND NONFLARED END TERMINAL
58| 24 | 12477 804 | 2000 | 1116 16| 1644 || 2ras | 258 | 4000 | 570 [E I
45 || 384 [12477| s0a | w90 | 1116 16 | 1644 || 2741 | 258 | 480 | 570 6 | res
50| 994 | 13725 82 | 090 | 1184 16 | 1769 || 4992 | 396 | #9.90 | 68 6 | e9e
32 || 394 |1a972| 60 | 2s50 | 1272 16| 1294 4952 | 536 | 4990 | 6as 16 | ess
5 40|38 [1ae72| se0 | sss0 | 1272 16| 1894 | 6238 | 414 | ave0 | 725 16 | ote
: 38 384 |16220] 1038 | 45.90 | 1350 16 2019 || 7487 | 492 | 4990 | 804 16 1144
258 | s |1e2z0] 1038 | 40.80 | 1350 16 | 2018 |[7eer | 202 | a0 | sos 16 | 1144
g [5a | oma [wraer| 1176 | @960 1428 6 | 2144 6732 | 570 | 450 | see % | %9
5 32 394 [ 174.67] 11.16 | 45.90 | 14.28 16 2144 || 87.34 | 5.70 | 49.90 | 8.82 16 1268
30| 384 [teri5| 1194 | 4990 | 15.06 16| 2269 | 9962 | 64 | 4990 | 60 6 | 1394
28 || 384 |19962| 1272 | 4000 | 1584 16| 2294 |[112.30] 726 | 4000 | 1038 16 | 1519 @ Does notinclude and terminal section
26 | 394 |19962] 1272 | 2990 | 1584 16| 2394 |[112.30] 726 | 4990 | 1038 16 | 1519 DESIGN F G H R
24 | 384 [212.10] 1350 | 4580 [ 1662 16 | 2518 |[124.77] s0s | a880 [ 1178 16 | 1644 SPEED @ The 30.4'straight approach length is for use
78| w94 | 13725 882 | 2600 1164 T6 | 1760 | 4902 | 536 | 4500 | 648 6 | 892 FT FT FT FT Bl RGO I i g
46| 384 |148.72] 860 | 4880 | 1272 16| 184 | 6238 | 214 | 4880 | 728 [ ECIE 75 039 | 1249 | 342 | 20028 )
44| 384 |1e2.20] 1038 | 45.90 | 13.50 16 | 2018 |[ 7487 | 492 | 4s80 | 804 18 | 1144 - For the transition shown on Standard
G2 | 594 |1220] 1098 | 080 1950 16 | 2005 | 7267 | 292 | 4850 | 604 % | 1aa ‘E;nmgu;-‘n%nlﬂ?é_m.m straight approach
5 [30 | 394 [t7aer] 1116 | #9.90 | 1228 16 | 2144 | 6738 | 570 | 4990 | see 6 | %9
2 [38 | 394 [17467| 1176 | ss50 | 1228 16| 2144 | 8734 | 570 | a8 | soz 16 | 1289 NOTES: (@ Dimensions "B, 'D" and "D1" inchude: the
8 [ 58 | 384 [187.15] 1192 | 5880 | 1508 16 | 2269 | 9962 | 648 | 49.50 | 960 16 | 1384 7% (0.64) offeat from the lower face of
¥ 3¢ | 84 [tsmee| 1272 | 4o0] 1564 16 | 7904 |[11230] 726 | 4050 | 1038 (N EEE On divided highways use distance from roadway e I ol e
e = centerine to brigge railx 2 and use this as clear W-baam  guardrail.
32 304 | 19062 1272 | 40.00 | 15.84 18 2394 |[112.30| 726 | 4990 0.38 16 1519 roagway wiith of the bridge to detarmine guarcrail langth. . .
30 || 384 |212.10] 1350 | 48.00 | 1862 16 | 2518 | 124.77] 602 | 4880 | 1116 18| 1844 For installations using the transiion shown on
28 | 284 [212.10] 1350 | 48,00 | 1662 16 | 2619 | 124.77] 804 | 4860 | 1118 16 | 1eta The contractor shall use wood posts for Webeam  guardrall ?:m"“mms 3;::.:35'?:9#%_.::%3.‘?:]
28 || 394 |22458| 1420 | 990 | 17.40 16| 2644 |[137.25] sz | 40 | 11¢ 16 | 1789 obtain offsetfrom face of guardral
20_|| 384 |22458] 1428 | 49.00 | 17.40 16| 2644 | 137.25] 882 | 4900 | 1194 16 | 768 cannection plate.
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GUARDRAIL AT OBSTRUCTIONS
LENGTH OF NEED TABLE 30 MPH DESIGN SPEED 30 MPH DESIGN LENGTH OF NEED TABLES
APPROACH SIDE OPPOSITE SIDE TOTAL W-BEAM LENGTH (1)
fE|5e|5E|Te g8 fs B85
24 T|leg | 5 |ug| 5|es| 5|las
i SIEHEHEEHEHEH
g8l a|B|lc|D|ct || E]Aa|B|C|D|Ct|D1]|E EITE|CE|CE|CE| Z|TE|"E
4 8| 8| 8| 8| 8| 8| 8| 8
2 [Frle e e[ Frle Frl e | Fr [ FT [ FT [ FT Fr | Fr [ Fr [ FT [ FT | FT | FT | FT
12 | 000 | 000 | 4999 | 100 | 2079 | 400 | 50 || 000 | 060 | 4099 | 100 | #679 ] 400 | %0 | 825 | 750 | 875 | 1000 | 1125 | 1250 | 137.5 | 1500
11 | 000 | 000 |4ege| too [4eve| ¢00 | 50 || 0.00 | ooo [ 4200 100 | 467e| 400 | 50 | 626 | 750 | 75 | 1000 1125 | 1250 | 1376
10 || 000 | 000 [ 4009 | 100 [ 4679 | 400 | 50 || 000 | oo | 4090 to¢ | 4879 | 400 | %0 | 625 | 750 | 676 | 1000 | 1125 | 1250 | 1375 01, tieinec il Sovryinal 051 Apeeed, sl tamira)
9 | ooo | 000 [asos| 100 [=979 | 400 | 50 |l 000 | oco | 4509 | 100 [ 4879 200 | s | 6es | 750 | &7s | 1000 | 115 | 1250 | 1375 Rear face of S e
[ B | 000 | 000 | 4009 | 100 4670 400 | 50 || 0.00 | 0.0 [46.99 | 100 | 4679 ] 400 | 50 750 | &765 | 1000 | 1125 | 1250 | 1375 D 1 e——— D Reer feca of
27 |ooo [ ooo |ases| 100 [as7s | aon | 5o || ooo | oo [ases | voo | 4ere| a0 | = 750 | 675 | 1000 | 1125 | 1250 | 1975 i i e et
& [ooo [ ooo | #0e0| 100 | #e70 | 00 | 50 || 000 | oo [4ee | oo | 487w | s00 | 50 || e2s | 750 | &v5 | 1000 | 1125 | 10| 1375
% 5 || 000 | 000 (4909 100 [4070| 400 | 50 |l 000 | ueo [4e00| 1.00 [ 4670 | 400 | 50 || e25 | 750 | 675 | 1000 | 1125 | 1250 | 137.5 } < 25 25 ¢ |
S|« |[rza8] o6z | 4875 | se0 10 || 000 | 0o [4e99 | 100 [ss79 | 400 | w0 || 750 | 875 | 1000 | 1125 | 1250 | 1375 | 1500
3 | 1248 | 062 | 4075 | 560 10 || 000 | 6o [ 4688 | 100 | 4678 | 400 | 50 | 750 | 875 | 1000 | 1125 | 1260 | iars | 1500
2 | 248 | ooz | 4075 | seo 10 [ 000 | oo [ 4000 100 | 4678 | 400 | 50 || 780 | 675 | 100 | 1125 | 1280 | iar.5 | 1500 | 1620 BReactiom of ———
T [ 7248 | 062 | 4975 | se0 70 || 000 | w0 |aces | 100 | ae7o| 400 | 50 || 750 | 875 | 100 | 1125 | 1250 | 1375 | 1500 | 1625 { Fared and toming Flared end wrminel | tangent guarral
o (1240 | ez | wows | sw0 10 | 000 | woo [ 009 | voo [ w60 | w00 | 50 | 750 | v [ w00 1128 | 120 | ors | 1900 ] twes ki aneee — RRFPEPR PR )
B @00 | 4999 | 100 | 4679 | 400 | 50 || 000 | e |4eee | 100 | 4879 | 400 | S0 | 625 | 750 | 6r.5 | 100.0 | 1125 | 1250 | 137.5 | 1500 ‘ Obstruction ‘
| 000 | 4595 | 100 | 979 | 400 | 50 || 000 | oo |4s99 | 100 | 479 | 400 | %0 || 625 | 750 | &7.5 | 1000 | 1125 | 1250 | 1375 | 1500 c1 25 width 25 <1
i | .00 | 49.08 | 100 | 679 | 400 | 60 | 000 | e | 4509 | 1.00 | 4e70 | 400 | 50 | 626 | 750 | 676 | 1000 | 1125 | 1250 | 13%.6 | 1800 T "E(g“
] 500 [ e | w0 [7a] zoo | =o || ooo | oo [@ese [ v [sre] woo | s | w25 | 750 | w75 [ 000 [ vizs | vmo ] 1975 | wsan . giod) e , E
or o0 [ o [ w5 [ oo |4 | = oon | woo [ woss | oo [ o | oo | 50 | ows | 0 | ovs [sooo| vuss | vmo [ 1ors | o e i U R I — LW e —
== 0.00 | 45.68 | 100 | 679 | 400 | 50 || 000 | 600 | 4569 | 100 | 4875 | 400 | 5 || 625 | 750 | 675 | 1000 | 1125 | 1250 | 1375 | 1800 B —— Ly N [0] N
i o6z | %75 | 580 10 | 000 | weo [ o8 | oo [4sre| 400 | % 575 | 1000 | 1125 | 1260 | 1375 ] 1500 | 1625 ] ; T
N o2 a5 | 50 10 | 000 | om0 [es | oo [ws7e | a0 | 575 | oo | 1125 | zs0 | 175 | 1500 | 25 le.] Le. i
2 062 | 4075 | 660 10 [ 000 | veo [4ee0| too | 4e7e| 400 | %0 87.5 | 1000 | 1125 | 1260 | 1376 | 1500 | 1626 ¢ A | Minimum_lengty 825 A c
3 062 | 4875 | 560 10 || 000 | oeo [ 4sss | 100 | 487e | 400 | 5o 875 | 1000 | 125 | 1250 | 1375 | 1500 | 1825 Norfared end Bl 83" postspacing Nonfiared snd termnal
2 002 | 4575 | 560 10 [ 000 | 0o [ 4680 | 100 | 4679 | 400 | %0 | 750 | 875 | 1000 | 1125 | 1260 | far.s | 1500 | 1625 of 314" post spacing
1 o7 | 495 | eed 10 || 000 | 000 [ 4999 | 100 | 487w | 400 | 50 || 675 | 1000 | 1125 | 1250 | 175 | 150.0 | 1625 | 1750 Ao tecstet e el See Nota D Edge of driving lane
[ 87 | w075 | eat 70 |[ 000 | teo | 45ee | too | 4svo| 400 | w0 | 676 | 1000 | 12| 1250 175 | 1500 | 1626 | 1750
12 .00 | 4958 | 100 | 79 | 400 | 50 | D00 | 000 | 4509 | 100 | 4u7o | 400 | 5 || 825 | 750 | Grs | 1000 | 1125 | 1250 | 1375 | 1500
' [ 500 | #ows | 100 | se79 | 40 | 50 || voo | veo |4ees | 100 | sero| 400 | w0 | 525 | 750 | 875 | 1000 | 1125 | 1250 | 1375 | 1500 W-BEAM GUARDRAIL DIMENSION LAYOUT
= 0 0.00 | 458 4979 | 400 | 50 | 000 | ooo |4ses | 100 | 487e | 400 | 50 | 625 | 750 | 675 | 1000 | 1125 | 1250 | 1575 | 1560
3 o | 000 | 4sm | 79| 40 | % |0 w50 w40 | @ | e | &75 | 1000 | 1125 | 1250 | 137.5 | 1500
2ls = 500 [ wrs | o | %0 5o 579 ] 400 | 0 || ees | 750 | a75 [ 1000 | nzs | 1z0 [ 1375
ozl 062 | 4975 10 45.99 4575 | 400 | 50 | 750 | 875 | 1000 | 1125 | 1250 | 1375 | 1500
|8 [ 06z | 4575 10 [ 000 | oeo | ases 457e| 400 | 5 | 730 | 675 | 1000 | 1125 | 1250 | 1375 | 1500
4 FYE 06z | 075 10 |[ 000 [ oeo | aese %579 | 400 | 50 | 750 | 875 | 1000 | 1125 | 1250 | 1275 | 1500
S1E ] 7 30 7o [ 000 [oeo [aese 7o | 900 | wo || 720 | 875 | oo | 1128 | 1259 ] 137 [ 1500
a 3 | 062 | 0.75 10 |[ 000 | veo | 4ne 4079 | 400 | 50 | 750 | 875 | 1000 | 1125 | 1260 | 1375 | 1500
2 2 o7 |0 10 | 000 [ oeo |wss 4875 | 400 | % | 825 | 1000 | 1125 | 1250 | 1375 | 1500 | 1625
0 i 167 | 4875 10 |[ 000 | 0o | 4 4875 | 400 | 50 | 675 | 1000 | 1125 | 1250 | 1375 | 1500 | 1025
[ 311 | s 710 |[ 000 | veo | aese %879 | 400 | 50 | 1000 1125 | 1250 | 1375 | 1500 | 1825
B 000 | e %570 | 200 | 50 || 000 | oo | 4vee %679 | +00 | %0 | 626 | 750 | &75 | 1000 | 1125 | 1250 | 1375
K ] 4973 | 400 | 0 || 0oo | oeo |4ses | 100 | 4870 | 400 | S0 | 625 | 750 | &rs | 1000 | 1128 | 1250 | 1308
[ 000 | a8 2573 | a0 | 50 || 0oo | oo |ases | 100 [ 4879 ] 00 | =0 | 625 | 50 | 675 | 1000 | 1125 | 1250 ] 1575
[ 0.00 | 45.08 4579 | 400 | 50 || 0.00 | 000 [ 4990 | 100 | 4679 | 400 | %o | 626 | 750 | 675 | 1000 | 1125 | 1250 | 1375
== 500 | %658 w70 | 400 | 50 || 000 | 0o |4ees | oo | 4sro| 400 | | 825 | 750 | &7 | 1000 | 1125 | 1250 | 137.5 pEsieN | F [ H R
s 062 | 075 10 || 000 | 0oe [4999 | 100 | 487w | 200 | =0 || 750 | 6vs | 1000 | 1125 | 1280 | 1a7s | 1500 SPEED
[ 6 |[r2ae] ooz | %07 10 || 000 | oee |4ee0 | 1o | 4e7e| 400 | S | 780 | @75 | teoo | 1125 | 1260 | 1375 | 1500 FT FT FT
2[5 290 ooz w1 10 | o0 | weo |46 | roo | sw7e| 400 | w0 | 750 | evs | toon | 1res | 120 175 | 1508 5 TR e
® | 4 1248 062 | ag7s 10 000 | oo |dsos | 100 | 4s7e| 400 50 750 | 875 | 1000 | 1125 [ 1280 | 1375 [ 1500
3 | 2482 187 | av7s 10 [ 000 | oo [ 4880 | 100 | 4678 | 400 | 5o | 675 | 1000 | 1125 | 1250 | 1375 | im0 | 1928
7 | ez | 167 |k 70 || 000 | teo |45ea | 100 | 467e | 400 | %0 | 675 | 1000 | 1925 | 1250 | 175 | 1500 | 1625
[N EE2 I S 10 [ 000 | 0o [ 4699 | 100 | 4679 | 400 | 5 | fono | 1125 | 1250 | 1375 | 1500 | 1625 | 1750
0 |[37an| s | e 10 || 000 | oco | o0 | 100 | 487w | 400 | 50 | 1000 | 1125 | 1250 | 1375 | 1500 | 1625 | 1750
12 | 000 | 000 | eses @575 | 400 | 5 || oo | 6o | 4509 | 100 [ 4879 | 00 | w0 | 625 | 750 | &75 | 1000 | 1128 | 120 1575 MOTES;
i1 | oo | ooo | 4ves 4070 | ¢00 | 50 | 000 | 060 | 4980 | 100 | 4679 | 400 | 5o | 626 | 750 | 675 | 1000 | 1125 | 1250 | 1370 The shallyso wood posts for tha Wbaam
10 | ooo | ooo | e 4979 | 400 | 50 || 0.00 | 000 [ 4099 | 100 | 4e7e | 400 | 5o | 625 | 750 | ar5 | 1000 | 1125 | 1250 | fa%.5 quardrailand eng tarmingl section.
o | 248 | oez | 4875 10 || 000 | oo | 4888 | 100 | 467e | 400 | % | 750 | 875 | 4000 | 1125 | 260 | 1275 | 1500
5[ 8 | 1248 o6z | %75 10 || 000 | neo | 4559 | 100 | 4675 | 400 | 50 | 750 | 675 | toao | 1125 | 1250 | 1375 | 1500 @ Dosa notingilide end tamninal saction
HEE A S 10 || 000 | oco |4ee0 | roo [ 4s7w| 400 | = G875 | 1000 | 1125 | 1250 | 1375 | 1500
S 8 [z oez [ 10 |[ 090 | oco [ 4999 | 100 | 4879 | 200 | w0 | 780 | 875 | 1000 | 1125 | 20 | 1575 | 1500 @ The width of the cbstruction shallbe rounded up to
G 5 | 1248 062 | 4075 10 || 000 | eeo [4000 | 100 [ 4070 | 400 | 50 f 750 | 875 | 100 | 1125 [ 1260 | 1375 | 1500 the nearest 124" length
& [ 4 |[zam| 1e7 |aess 10 || 000 | oo [asse | 100 | 4s7e| 400 | 5o | 675 | 1000 | 1925 | 1250 | 1375 | 1500 | 1625
3 | 2402 | 187 | 4075 10 000 | 600 | 4800 | 100 | 4670 | 400 [ &0 £75 | 1000 | 1125 | 1250 [ 1375 | 150.0 | 1625 @ Whers distance from rear face of Ybeam railing to
2 |25z 167 | se7s 10 [ 000 | oo [asea | too | 4e7e | 400 | 5o | 679 | 1000 | 1125 | 1250 | 1375 | 1.0 | 10ag a flxed objectls 3'or more, post spacing In this area
N B 10_|| 000 | 6oo | 400 | 100 | 4879 | 400 | 50 | 1000 | 1125 | 1250 | 1275 | 1500 | 1626 | 1750 shall ba 83"
0 || a1 |devs]| ans 10 [ 000 | 0o | 4600 100 | 4679 ] 400 | 50 | 1000 | 1126 | 1250 ] 1275 | 500 | i625 | 1750 \Where distance from rear face of Websam raiing 1o
a fixed objectis leas than 3, postspacing in this area
shallbe 3-1%4"




APPENDIX 111-13 B Guardrail Length of Need Details
Page 222

GUARDRAIL AT OBSTRUCTIONS
LENGTH OF NEED TABLE 40 MPH DESIGN SPEED 40 MPH DESIGN LENGTH OF NEED TABLES
APPROACH SIDE QOPPOSITE SIDE TOTAL W-BEAM LENGTH @
B 2 |nE|ai|pgi|laz|ei|al
54 25|V |55 85|75 k5
géla|B|c|pfct|m|Efa|[B]c|D|et|pt|E] E| 82| E|"E["2 "2
|4 8| 8| 8| 8| 8| 8| 8
E
O [Pl eer[FeT | Fr[er FT | /T | FT [ FT | BT | FT FT | eT | FT | FT | FT | FT | ET [ FT
12 | 000 | 000 | 4999 | 100 | 4979 | 400 | 50 | 000 | beo | 4ses | 100 | 4878 | 400 | 50 | 625 | 750 | 675 | 1000 | 1125 | 1250 | 157.5 | 1500
11 | 00 | 000 | 4008 | 100 | 4670 | 400 | 50 || 0.00 | 0co | 4690 | 100 | 4679 | 400 | 50 | 825 | 750 | 675 | 1000 | 1125 | 1250 | 1375 | 1560
19 | 000 | 000 | 4vee | 100 | a7e| 400 | 50 || 000 | oo | wee | too | eerw | «oo | to | oas | 750 | &5 | 1000 | 1125 | 12w | 1975 | oo BO:Y) taperad, el Jourinl #0c] Rpomd, Gri Somini]
9 | ooo | 000 |aee9| 100 | #e70 | 400 | 50 || 000 | 000 |4son | v00 | 4e7w| 400 | 50 | 625 | 750 | &7s | 1000 | 1125 | 1250 | 1375 | 1500 Rear fece of g .
5 [8 [ oo | 0w [wows]| oo [ w070 | 400 | 50 [ 000 | voo [wwwn]| 1o |swrw ]| so0| w | ees | 50 [ ars | 1000 s | 20| 1ars | w00 o £B el B D Rerfaad
=7 |[ooe | coo | #eee| too |4e7e| 400 | 50 || 000 | Geo [4eee | 100 | +wse | 400 | 5 | 625 | 750 | 675 | 1000 | 1125 | 1250 | 157.5 | 1500 1 } Ll
“{ 8 | ooo | ooo|asss| 100 2979 so0 | 50 [ ooo | oeo [asos| 100 [4s7e| avo | s | &2s | 750 | 75 | 1000 [ 1125 [ 1250 [ 1375 | 1500
55 |z | ooz | w75 | seo 10 [ 000 | ooo [4eoe| 100 [4e70| 400 | 50 | 750 | 875 | w00 | 1125 | 1250 | 1375 | 1500 | 1625 < 25 25 c
S[% |[vza8 | ooz |5 | sw0 70 || 000 | teo | 4598 | 100 | 4879 | 400 | %0 || 750 | 675 | 100 | 1125 ] 1250 | 1375 | 1500 | w625 ’ k
3 | 1248 | 062 | 4075 | 560 10 [ 000 | 6o [ 4600 | 100 | 4670 | 400 | 50 | 750 | 875 | 1000 | 1125 | 1260 | fars | 1500 | 1625
2 | 248 | ooz | 4075 | seo 10 ][ 000 | 00 [40.60 | 100 | 4679 | 400 | 50 | 750 | 675 | 1000 | 1125 | 1280 | 1375 | 1500 | 1620 'Tla:::ﬂ?h” # i —
1 | 2492 | 187 | 4035 | 684 10 000 | voo Jacos | 100 [4s7e| 400 [ so | a7s [ 1000 [ 1925 [ 1250 | 1375 | 1500 | 1625 [ 1750 { 'ared and terming Frared end =M { tangent guardrall
o [zas2 | ot [ aows | eua 10 |[ 000 | woo [ 009 | voo [ w60 | w00 | 50 | ers | 000 | vizs | 1250 1ars | 1500 | 1625 | 1150 2 l%j b D= S | AR 31 g
12 || 000 | 000 | 4989 | 100 | 4879 | 400 | 50 || 000 | e |4see | 100 [ 4879 | 400 | S0 | 625 | 750 | 6r.5 | 1000 | 1125 | 1250 | 137.5 | 1500 ‘ Obstruction ‘
11 | 000 | 000 | 4999 | 100 [2979| 400 | 50 | 0.00 | 060 [ 4999 | 100 | 4579 | 400 | =0 | 825 | 750 | 675 | 1000 | 1125 | 1250 | 1375 | 1500 c1 2 width 25 <1
10 | 000 | 000 |4e0a| toe [4eve| €00 | 50 || 0.00 | ooo [ 4200 100 | 4670 | 400 | 50 | 626 | 750 | 675 | 1000 | 1125 | 1250 | 1376 | 1500 4 "?éa-“
9 | 000 | 000 | 4999 | 100 [ 4879 | 400 | 50 || 000 | veo [ds98 | 100 | 4579 [ 400 | 50 | 625 | 750 | 675 | 1000 | 1125 | 1250 | 1375 | 1500 E curved sl . E
5| 8 |[0o0 | ooo | ases| 100 [4svs| 400 | 50 |[ 000 | oeo [ases | 100 [4s7e| 400 | s | @25 | 750 | e7s | 1000 | 1125 | 1250 1575 | 1500 = —=———T 4 sl y ol f sechion E=— —n&
2 [7 |lzas] ooz [ | sa0 10 || 000 | 6o [ 4880 | 100 | 4679 | 400 | 50 | 780 | 7.5 | 1000 | 1125 1260 | fars | 500 | W25| D ‘|+ SN Fg @
G 6 |[rzan| oz [ 975 ] se0 710 || 000 | oo |aeea | 100 | 4e7e | 400 | %0 || 750 | 675 | tooa | 1125 ] 1250 | 1375 | 1500 | w625 T T T
%[5 248 vsz [ses] s 10 | 000 | oo [ 095 | 100 [ w579 %00 | 50 | 750 [ 75 [ 10| Tizs | vzwe [ars Le. F
&[4 |28 | oez | aes | sea 10 |[ 000 | ceo |aeee | 100 | 4m7e | oo | 5o | 750 | 875 | 1eoo | 1125 | 1280 | 1378 c A Minimum_length 2.5 A c
3 | 1248 | o6z | 4975 | se0 10 || 000 | oo [ 4099 | 100 | e79| s00 | s | 750 | 75 | 1000 | 1125 | 1250 | 1378 Norfared ond g 53 prmpaory Norfiared ond el
2 | 2ie2 | 67 | 4875 | ead 10 || 000 | eeo [4eee | 100 | 467e | a0 | S0 | 676 | 1000 | 1125 | 1250 | 1375 | 1500 Rear faca of tangent gusrdrail or 314" post spacing
1 | 2162 187 | 4075 | ead 10 || 000 | oo [4000 | 100 | 467w | 400 | 50 | e7s | 1000 | 1125 | 1250 | 1378 | 1500 see Not= @ Edge of driving lane
0 | 3738 | 311 | 4975 | aus 10 [ 000 | 0o [ 4999 | 100 | 4e79| 400 | 50 | 1000 | 1125 | 1250 | 1375 | wm0n
12 | 000 | 000 | 4809 | 100 [ 4870 | £00 | 50 || 0.00 | Geo | 4608 | 100 | 4678 | 400 | &0 | 626 | 750 | 75 | 1000 | 1125 | 1250
i 11 || 000 [ 000 [4s8s| 100 [ 2873 400 | 50 || 000 | oo [ 4598 | 100 | 4575 [ 400 | 50 | 525 | 750 | 675 | 1000 | 1125 ] 1250 W-BEAM GUARDRAIL DIMENSION LAYOUT
§ 10 | ooe [ coo [4009| 100 | 4979 | 400 50 000 | coo 4000 100 [ 4870 400 [ 50 | 626 | 750 | 676 | 1000 | 1125 | 1250
=] 5 | ooo | ooo | asea| 0o | <v7e | 400 | =0 || 000 | oco | 4w08 | roo | 487w | 400 | 50 | 625 | 750 | 675 | 1000 | 1125 | 1250
Q5[5 | za8] ooz [ | 50 i |10 || 000 | oo [4ewe | 100 | se7e | s00 | s | 750 | 875 | 1000 | 1125 | 1250 | 1278
O3 [ |fzas | oe2 [ais | a0 10 || 000 | 6o [assa | 100 | 4e7e | a0 | 50 | 750 | 875 | 100 | 1125 w280 | 1ars
E|& & | 248 | oea | aars| se0 10 || 000 | ceo |aeee | too |4mve| 4o | &0 | 70 | 876 | ieoo | 1128 | 1260 | 12k
F B 2 w5 | s 10 | 000 | weo {460 | voo | ss75] 500 | s | 750 | ev5 | oo | v1zs| v | vars
o2 [ e 4075 | se0 10 || 000 | 6o [46ea | 100 | 467a| a0 | % | 750 | 875 | 1o | 1125 | 280 | jars
a Bl EX3 4975 | 004 10 || 000 | 0o [ 4688 | 100 | 4678 | 400 | 5o | 670 | 1000 | 1125 | 1250 | 1375 | 100
B B w75 | et w0 | 000 | [weoe | 100 [ sere| 400 | = | s |00 vies [ tes0| wars ] im0
& [l EXD 4975 | aus 10 | 000 | 0eo [ 4698 | 100 | 4679 | 400 | 5 | fono| 1125 | 1250 | 1575 | 1500 | te2s
[N B 3075 | ats 10 || 000 | oo [ 4988 | 100 | +e7e | 400 | %0 | ton0 | 1125 | 1250 | 1275 | wo0n | te2s
2 | oo %999 | 100 | 979 | 400 | 50 || 000 | 000 |4wo0 | 100 | 4879 400 | %0 | 625 | 750 | &5 | 1000 | 1125 | 1m0
11 | ooe 4998 | 100 | w79 | a0 | 0 | 000 | ueo |ases | roo | amre | aoo | so | e2s | 750 | ers | 1000 | 1125 | 250
o | oon 3593 | 100 | 2979 | 400 | 50 || 000 | woo |ave9 | 100 [ 487w | 400 | 0 | 625 | 750 | 675 | 1000 | 1125 | 1250
9 | ooo 4999 | 100 | 079 | 00 | 50 || 000 | 000 | 400 | 100 | 487w | 400 | 50 | 26 | 750 | &5 | 000 | 1125 | 250
=5 e w75 seo 75 | 000 | meo | 4esa | 100 | 487a] 400 | % | 720 | 875 | teo| 1i2s| o] 1375 ] 1500 ] pEsieN | F e H R
HEl 3975 | 560 10 || 000 | oo | 4699 | 100 | 4879 | 400 | 50 || 750 | 875 | w000 | 1125 | 1250 | 1375 SPEED
8 8 |[rzam 4075 | sen 10 || 000 | ceo [aeee | 100 |4e7e| 4o | S0 | 750 | 876 | 1eoo | 1128 | 1260 | 138 T FT FT FT
2[5 [z a7 | se 10 | o0 [weo |aess | roo | 4s7e| 400 | s | 720 | evs | tena | 1res| wmso| 17s = o | e | 2% | 12
| 4 [[2a92 4975 | 684 10 000 | 000 | 4999 | 100 | #4579 | 400 [ so fl 675 | 1000 | 1125 | 1250 | 1375 | 1500
3 |2t 4075 | sad 10 || 000 | oo |4een | r0o | 4erw| 400 | S | &7 | 000 | 1125 1260 | 1376 | 500
Bl EED 4575 | 808 10 || 000 | veo [4eea | 100 | 4m7e| 400 | so | jono| 1125 | 1250 | 1575 | 1500 | jees
[l EED 4075 | a0s 10 |[ 000 | 6o [ 4688 | 100 | 4670 | 400 | 50 | io00 | 1126 | 1250 | 1275 | 500 | i625
0| s7s 4975 | 833 10 [ 000 | oeo [asea | 100 | 4s7e| 400 | S0 | 1925 1250 | 1575 | 1500 | w25 | 1750
2 | ooo %599 | 100 | 979 | 200 | 50 || 000 | 000 | 490 | 100 | 4879 | 400 | %0 | 625 | 750 | &5 | 1000 | 1125 | 1250 HOTES
1 | eoe 4908 | 100 | w79 | o0 | S0 | 000 | Goo | ases | oo | 4ere| 400 | so | e2s | 750 | ers | 1000 | 1125 | 1250 The shelluse wood posts forthe W-beam
10 | 1248 4875 | sen 10 || 000 | ceo |4eee | 100 | 4m7e| oo | s | 750 | 875 | 1ooo | 1125 | 1280 | 1ar and
9 | zam 975 | 560 10 |[ 000 | 0eo [ 4099 | 100 [ se79| 400 | =0 | 750 | 675 | 1000 | 1125 | 1250 | 1378
| BN XD 475 | sen 10 || 000 | oo [4eee | 100 | 467e | 00 | 50 | 7E0 | 875 | oo | 1128 | 280 | iars () Does notinclude and taminal section
SN 4975 | 560 10 || 000 | oo [4e99 | 100 | 4e7e | 400 | 5o | 750 | 615 | 100.0 | 1125 | 1250 | 1975
§ & | 2492 4075 | B84 10 || 000 | 6eo [4808 | 100 | 4679 | 400 | 50 || 675 | 1000 | 1425 | 1250 | 1375 | 150.0 @ The width of the obstuction shall be rounded up to
I EE 4575 | 004 10 |[ 000 | oeo [aeea | 100 | 4e7e | 400 | S | 675 | 1000 | 1125 | 1250 | 1375 | 10 the nearest 124" length,
B[« [ 2075 | ate 10 || 000 | oo [4eee | 100 | se79 | 00 | % | 1000 | 1126 | 1250 | 1295 | w500 | te2s
XS A ) 10 | 000 | weo |aeve | roo | e7e| 400 | = | iono| mzs | izm0 | 1ars | w0 | wees @ Where distance from rear face of Wbeam riling to
z |[4s78 4375 | 833 10 || 000 | oeo [asea | 100 [ 4s7e | 400 | 50 | 1925 1250 | 1575 | 1500 | 625 | 1750 a fixed object s ¥'or more, post spacing in this area
1| e 2075 | s33 10 |[ 000 | oo [ 4090 | 100 | se79| 00 | %0 | 1125 | 1250 | 1275 | 1500 | 625 | 1750 shallbe 8.3
0 | e2za 4975 | 087 10 J[ 000 | 0eo [ 4000 | 100 | se79| s00 | =0 | 1250 1375 | 1500 | 1625 | 1750 | ters Where distance from rear face of Wbsam miing to
a fixed objectis less than 3, postspacing in this area
shall be 3-1%%"
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GUARDRAIL AT OBSTRUCTIONS
LENGTH OF NEED TABLE 45 MPH DESIGN SPEED 45 MPH DESIGN LENGTH OF NEED TABLES
APPROACH SIDE OPPOSITE SIDE TOTAL W-BEAM LENGTH (1)
I R I A
24 HEF RS IR TR AR - A R A B
3] g |YE|%g|FE |78 ¥E|"E|=8
S8l a|B|lc ||| Ef|a]B]c|D|cr|Dr|E EITE|CE|CE|CE|CE|TE|TE
4 8| 8| 8| 8| 8| 8 8| 8
B [Frle el e e[ e Fr | Fr | Fr [ FT | FT [ FT Fr | er [ Fr [ FT | FT | FT [ FT | FT
2 |[ 000 | 000 | 499 | 100 | 4979 400 | 50 || 000 | 000 | 4899 | 100 | 4975 | 400 | % | 625 | 750 | B75 | 1000 | 1125 | 1250 | 1375 | 1500
11 || 000 | 000 |49 | 100 | 4079 | 400 | &0 | 000 | 000 |4eeo| 100 | 4eve| 400 | 5o | 28 | 7so | &7s | 1000 | 4125 | 1256 | 13756 | 1500
10 || 0e | 000 | @ | 100 | 4970 | 400 | 5o | 000 | 000 |4eeo | 100 | 4878 | 400 | % | e2s | 750 | &7 | 1000 | 1125 | 1250 | 1375 | 1600 Y, tapinec ] toryinal B tapaend, and) tammial
9 | 000 | 000 [ase9| 100 [ 4579 | 200 | =5 | o0 | 000 [4sea| 100 | 4579 ] 200 | w0 | ses | 750 | 875 | 1000 | 1125 | 1250 | 1375 | 1500 Rear face of Sty R
[ & |[000 [ 000 [ 88| 100 4878 | 400 | &0 | boo | 000 |48 | 100 | 4878 | 400 | 5 | @26 | 750 | 675 | 1000 | 1125 1250 | 1375 | 1800 D | e— o Rear faca of
27 |zan | ve2 [a975] se0 0 || 000 | 000 [4sea| 100 | 4s7e] 400 | % || 750 | 875 | ioon | 112 | 2s0 | 1375 | ison | e2s 1 i et ppariced,
2] 8 |[1248] oe2 | 4875 | 560 10 | 0oo | ooo [4ssa| 100 4879 | 400 [ s0 | 750 | 875 | 1000 | 1125 | 1250 [ 1375 | 1500 | 1625
% 5 |[1248 | 062 | 4975 | 560 10 || w00 | 0.00 | 4080 [ 100 [ 4870 | 400 | 50 | 750 | 675 | 1o0.0 | 1125 | 1260 | 1376 | 1500 | 1628 | < 25 c |
S [« |[1=e8] o6z | 475 | 580 10 | o0 | 000 [4s=a| 100 4579 | 400 | w0 || 750 | 875 | 1000 | 1125 | 250 | 1375 | 1500 | 1825
3 | 7402 | 87 | 4875 | 684 0 | 000 | 000 [ 4680 | 100 | 4675 | 400 | 50 | 676 | 1000 | 1125 | 1260 | 1875 | 1600 | iea | 1750
2 | 292 67 | 4875 | sed 10 | 000 | 000 [4ee0| 100 | 4678 | 400 | 50 | 676 | 1000 | 1925 | 1260 | 1875 | 1500 | ieab | 1750 e face. o [———
T |[3738 | 311 | ao7s | aon 0 || 500 | oo |asoa | 100 [ 4875 ] 400 | 50 | 1000 | 125 | 1250 | 1375 | 1500 | 1625 | 1750 | 1875 { Flared and temming; Flared and torminal ¥ tangent guarral
o [arse] a1 [wems | eoo 70 | 000 | voo [ asom| o0 [ 4670 w00 | 0 | 1000 1128 | 1250 vors | w00 [ vezs | 780 | wers kMo SRR AR oy
12 || 000 | 000 | 4999 | 100 | 4979 | 400 | 50 | 000 | 0.0 |4eg | 100 | 4878 | 400 | 5 | 625 | 750 | 75 | 1000 | 1125 | 1250 | 1375 | 1500 | Obstruction |
17 || 000 | 000 | 4999 | 100 | 4579 00 | 50 || 000 | 000 | 4858 | 100 | 497 | 400 | s | 6es | 750 | &vs | 1000 | 1125 | 1250 | 1375 | 1500 c1 2 width 2 4]
io |[7248 | o2 | 4e75 | 580 10 | 000 | 000 [4es0| 100 |4e7e| 400 | 50 | 750 | €75 | iooo | 1125 | 1260 | 1374 | (500 | 1628 S Vﬁé"-‘
o |[2an | oea 75 | se0 o | 000 | oo [@ema | 700 || 200 | o | Te0 | 575 | wa| 1125 |z | 5rs | 1500 | ez . ol ze , E —f—H ;
5| 8 | 1248 | os2 |ae7s| se0 10 || noo | oo |4som | 100 | 4879 | 400 | 5o || 750 | 875 | 1o0a | 1125 | 4250 | 1375 | 1500 | 125 —— 1 F"ﬂ“’” P i [—= ﬂ-& .
S|z |zsn] 0w | w7 ] so0 10 | 000 | 000 [ 4888 | 100 | 4878 | 400 | 50 | 750 | 875 | 1000 | 1125 | 1250 | 1378 | 1500 | 1025 IS e ,3'. (Ol —LM BB
Z[ 6 |[o40a] o7 [075] 6Ba 0 || D00 | 000 |4ses | 100 | 4878 | 400 | % | 675 | 1000 | 1925 | 1250 | 175 | 1500 | 1625 | 1750 i T T
i P T O 70 | 090 | oo [ 559 | 700 [ 4570 | w00 | 5o | w5 [ 000 | vizs [12sn | ers [ 100 | Tezs [ Ts0 ls_] le.| F Offset distarce
£ T4 |[oaa| 17 | %ers | eed 10| 000 | 000 [ 4080 100 | 4670 | 400 | 50 | 675 | 1000 | 1125 | 1260 | 1575 | 1600 | 1626 | 1750 c A | Minimum length 625 A c
3 |[3738 | 311 | 4975 | 808 10 || 000 | 000 | 4558 | 100 | 4879 | 400 | 50 | 1000 | 1125 | 1250 | 1575 | 1500 | 1625 | 1750 | 1675 Nomtares end rminal 53 posLepacing Nortiarsd end teminal
2 |36 | a1 | 4875 | s0o 10 | 000 | 000 [4sea| 100 | 4678 | 400 | 50 | 1000 | 1126 | 1260 | 137.5 | 600 | 1625 | 1780 | 1875 " of 314" post spacng
1 |[4e79] 435 [4e75] 033 10 | 000 [ ooo [aeea] 100 [4e79] 400 [ 0 | 1125 [ 1250 [ 1375 ] 1500 | 1625 [ 1750 [ 1875 | 2000 Bt etimesauene] see Nots @ Edge of driving lane
0 |[e78 | 4e5 | we7s | eas 70 |00 | o0o | ases | 100 | 45 7o | 400 | ® | 1125 | e | 1375 | 1500 | 628 | 1550 | 1a7s | 2000
12 |24n ]| oe2 | 4875 | 580 0| D00 | 000 [asea| ioo | 4s7e| 400 | w0 B7.5 | 1090 | 1125 | 1250 | 1375 | 1500 | 1625
" 1 |[12e8 | oez [ @75 | 560 o || 000 | oo [4ese | 100 |4e7e | 400 | 50 || 750 | 875 | ieon | 1125 | 1250 | 1e7s | 1500 | 1625 W-BEAM GUARDRAIL DIMENSION LAYOQUT
= 10 | 1228 | 062 | 4875 | 560 10| 000 | 000 [4sea| 100 | 4879 | 400 | %0 575 1125 | 1250 | 1375 | 100 | 1625
2 9 |[1z48 | o2 | 4875 | 560 10 || 000 | 000 | 4080 | 100 | 4878 | 400 | %o || 750 | 78 1125 | 1260 | 1375 | 1500 | 1025
&5 e e ose [mm] =e0 70 | 000 | oo [assa| voo [as7e| w00 | 50 | 70 | wis 125 | 250 | 1375 | 1500 | 1628
& FH Bl EEREA EXA T 10 | 000 | 000 [46ea| 100 | 4579 400 | s | 875 | 000 1250 | 1375 | 1500 | 1825 | 1750
o B B A I N A 10 | 000 | 000 [asea| joo | 4872 ] 400 | so | 679 | 00 1500 | 1825 | 1750
4 FY 317 | 475 | 800 10|00 | 000 [4ses| 100 |4e7e| 00 | %0 | 1000 | 1128 127.5 | 1500 | 1625 | 1750 | 1875
= 501 [aers | a0 o || 0o0 | oo [asea | 100 |4e7e | ao0 | so | om0 | nes 1575 | 500 | e2s | 7a0 | ers
a 3 || 736 | a1 | 4875 | 800 10| 000 | 000 [4ee0| 100 | 4678 | 400 | S0 | 1000 | 1126 137.5 | 1500 | 1625 | 1760 | 1876
2 = |[e7u| a2 |75 | e 70 || w00 | oo |asea| o0 |47 w0 | mo | 1izs | mew 1500 | w25 | 1750 | 1875 | 2000
2 1 || 479 | 435 | 4875 | w33 10 | 000 | 000 [ 4888 | 100 | 4575 ] 400 | 5 | 1125 | 1250 1500 | 625 | 1750 | 1875 | 2000
0 |[ezz3 | 560 | ae7s | 057 0 |[7ze6 | o2 | 4875 ] 560 w0 |27 | son 1750 | 1675 | 2000 | 7125 | 2050
12 |[1248 | 062 | 4875 | 560 0| 000 | 000 | 4sea | 100 | #e79] 00 | % || 780 | 678 1125 | 1260 | 1274 | 1500 | 1626
11 1248 | ve2 | as7s | se0 10 | oo | ooo |4see | too | 4e7e| a0 | %o || 750 | 78 1125 | 1250 | 1375 | 500 | 1628
10 |[7248 | 062 | 4875 ] 560 0 | oo | ooo |4sea| 100 | 4879 ] 00 | %o || 50 | 875 1125 | 250 | 1375 | 1500 | 1625
1248 | 062 | 4875 | 560 10 | 000 | 000 [4sea| ioo | 4878 | 400 | % || 780 | 818 1125 | 1260 | 1378 | 1500 | 1026
5[ & |[2492] 187 |5 | sea 0 | o0 | oco [ases| 100 |4s7e| 400 | % | 5 | 0w 1250 | 1575 | 1500 | 1825 | 1750 | DESIGN F G H R
Il EX NG B 0 |[ 000 | 000 [48s8 | 100 | 487w | 200 | =0 | evs | wo0m 1250 | 1575 | 1500 | 1625 | 1750 SPEED
%[ 6 |[o4e2] 17 | %e7s | sed 10 || 000 | oco [4e80| 100 | 4e7e | 400 | 5 | 676 | 1000 | 1925 | 1250 | 175 | 1600 | 162 | 1750 FT FT FT
2[5 (o730 a1 [ ] ee 70 || o0 | oo |4sea| 100 | 479 | 400 | o | 1000 | 1125 | 1250 | 175 | w00 | vees | 1750 1875 m TR T
" « |[a738]| 311 |4a75| aos 10 | ooo | ooo |assa| 100 [as7e| aoo | 50 | 1000 | 1125 [ 1250 1375 | 4500 [ 1625 [ 1750 | 1875
3 | 4870 | 435 | 4875 | w33 10| 000 | 000 [4s80| io0 | 4678 | 400 | 5o | 1125 1260 | 1375 | 150.0 | 625 | 1750 | 187.5 | 2000
2 |[4s78 | 435 |ae7s | eas o || o0 | 000 |4se8 | 100 | 4579 400 | 50 || 1925 | 1250 | 1375 | 1500 | 7625 | 1750 | 1675 | 2000 |
1 | #223 | 560 | 4875 | 08T 10 || 000 | 000 [ 4598 | 100 | 4579 | 400 | 50 | 1250 | 1375 | 1500 | 1625 | 1750 | 1878 | 2onn | 2125
0 |[ez23 | 560 | ae7m | 1057 10| 1z+6 | o6z [ 4875 | 560 70 |[727.5 | 1500 | 1625 | 1750 | 875 | 2000 | 2128
12 |[12e8 | 062 | 975 ] 560 70| 000 | 000 | 4553 | 100 | 4575 00 | %0 | 750 | 675 | 100 | 112 | 1250 | 1375 | o0 | 625 WOTES:
i1 |29z | 187 | 4a75 | sed 10 | 000 | 000 [4eeo| ioo | 4078 | 400 | 5o | 675 | 1000 | 1125 | 1260 | 1875 | 1500 | ieas | 1750 The sbityou sl posts for-lia Weiioan
1o |[249z | 187 | 4075 | cea 10| 000 | 000 [4ee9| 100 | 4e7e| 400 | 50 | 875 | 1000 | 1125 | 1250 | 1575 | 1500 | 1625 | 1750 guardrailand end farminlsaction
9 | 736 | a1 | 4875 | 800 0 | 000 | 000 |4eea| 100 | 4675 | 400 | 5 | 1000 | 1126 | 1250 | 1375 | 4600 | 1624 | 1760 | 1676
5 [ 8 |76 317 |75 ] 808 10 |[ 000 | 000 | 458 | 100 | 4578 | 400 | 50 | 1000 | 1125 | 1250 | 1575 | 600 | 1625 | 1750 | 875 @ Doss notindlude snd femninal saction
HE EEIEN EEE RS T0 || Do0 | 000 |4sew| 100 | 4879 | 400 | %0 | 1000 | 1125 | 1250 | 12r5 | 1500 | 162% | 1750 | 1675
S & [[4o78| 435 [ | o35 o || 990 | o0e |48 | 100 | 4878 | %00 | w | 1125 | 20 | 1375 | 1500 | 25 | 1750 | 1675 | 2000| (@ The width of the obsiruction sheilbe rounded up fo
G 5 |[4o70] 435 | 4075 | 033 10 || 000 | 0.00 | 489 | 1.00 | 4978 | 4.00 | 50 | 1125 | 1260 | 137.5 | 1500 [ 1625 | 175.0 | 1875 | 200.0 the neerest 12'-§" length
& [ 4 |[ezzz| 560 | aa7s | 1057 10 || oo | o0o [4sea| 100 | 4879 | 400 | 50 | 1250 | 1378 | 1500 | 1625 | 1750 | 1875 | zonn | 2125
3 ||ec2a| 560 | 4975 | 1057 10 |[1245 | 06z | 4875 | 860 10 || 1375 | 1500 | 1625 | 1750 | 1875 | 2000 | 2125 | 2950 @ Wnere distanca from rear face of W-beam railing to
7 |[7a87 | oed | ae7n | miez To|[1ze8 | oez | 4875 | 560 70| 1500 | tezs | 750 | 1675 | 200 | 2r2s | zmsa | zars a foed objectls 3'or more, post spacing In this area
|| 7467 | ses | m7m | ez 10| 1246 | o6z | 4875 | 560 70| 1500 | 1625 | 1750 | 1875 | 2000 | 2125 | zes0 | 2375 | shallba 8.2,
0 | 7457 | sed | 4e7s | 16z 0 | iz45 ] of2 | 4678 | 560 10 | 1500 | 1625 | 750 | 187.5 | 2000 | 2125 | 2260 | 2378 Wnere distancs from rear face of Websam raiing 1o
& fioed objectis leas than 3, post spacing in this Grea
shallbe 317"
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GUARDRAIL AT OBSTRUCTIONS
LENGTH OF NEED TABLE 50 MPH DESIGN SPEED 50 MPH DESIGN LENGTH OF NEED TABLES
APPROACH SIDE OPPOSITE SIDE TOTAL W-BEAM LENGTH (1)
I R I A
24 HEF RS IR TR AR - A R A B
3] g |YE|%g|FE |78 ¥E|"E|=8
S8l a|B|lc ||| Ef|a]B]c|D|cr|Dr|E EITE|CE|CE|CE|CE|TE|TE
4 8| 8| 8| 8| 8| 8 8| 8
B [Frle el e e[ e Fr | Fr | Fr [ FT | FT [ FT Fr | er [ Fr [ FT | FT | FT [ FT | FT
2 |[ 000 | 000 | 499 | 100 | 4979 400 | 50 || 000 | 000 | 4899 | 100 | 4975 | 400 | % | 625 | 750 | B75 | 1000 | 1125 | 1250 | 1375 | 1500
11 || 000 | 000 |49 | 100 | 4079 | 400 | &0 | 000 | 000 |4eeo| 100 | 4eve| 400 | 5o | 28 | 7so | &7s | 1000 | 4125 | 1256 | 13756 | 1500
10 || 0e | 000 | @ | 100 | 4970 | 400 | 5o | 000 | 000 |4eeo | 100 | 4878 | 400 | % | e2s | 750 | &7 | 1000 | 1125 | 1250 | 1375 | 1600 Y, tapinec ] toryinal B tapaend, and) tammial
9 | 000 | 000 499 | 100 [ 4579 | 200 | =5 | o0 | 000 [4sea| 100 | 4579 ] 200 | w0 | ses | 750 | 875 | 1000 | 1125 | 1250 | 1375 | 1500 Rear face of
5[ 8 [1248] 067 |47 [ 508 11 |[ 000 | 000 | 4858 | 100 | 4675 | 400 | 50 | 750 | 875 | 1000 | 1125 | 1250 | 1375 | 1500 | 1625 D B £ |.;'; o} Rear faca of
27 |zan | 057 4979 ] 508 1 || o0 | 000 [4sea| 100 | 4s7e] 400 | %0 || 750 | 875 | ooa | 11as | 250 | 1375 | ison | e2s 1 i et ppariced,
£ 8 |[1248] 057 | 4879 | 509 11 | 0oo | ooo [4ssa| 100 4878 | 400 [ s0 | 750 | 875 | 1o00 | 1125 | 1250 [ 1375 | 1500 | 1625
% 5 |[1248 | 067 | 4e.79 | 509 1 || 000 | 0.00 | 4080 [ 100 [ 4870 | 400 | 50 | 750 | 875 | 1000 | 1125 | 1260 | 1375 | 1500 | 1626 | < 25 c |
S|« |[za93] 170 |@mme| a2 11 | o0 | 000 [4s=a| 100 4579 | 400 | w0 | 875 | 1000 | 1925 | 1250 | 1575 | 1500 | 1e2s | 1750
3 |[z0a] 170 |79 622 1 | 000 | 000 [4sea| 100 | 4675 | 400 | 50 | 676 | 1000 | 1125 | 1260 | 1875 | 1600 | ie2 | 1750
2 | a7as | ze3 |4e7v| 730 1 |[ 000 | 000 [4ee0| ioo | 4678 | 400 | 50 | 1000 | 1126 | 120 | 137.5 | 600 | f628 | 760 | 1870 e face. o [———
T |[3738 | 283 | aera | 736 T1 || noo | oo | assm | 100 | 4975 | 400 | 50 || 1000 | 125 | 1250 | 1375 | 1500 | 1625 | 1750 | 1875 { Flared and temming; Flared and torminal ¥ tangent guarral
o [as9] 308 | aemo | e 1 | 000 | oo [asom| o0 {4670 w00 | 50 | 1125 | 1200 | 1375 | 1500 | wes [ 1m0 | evs | 2000 kMo SRR AR oy
12 || 000 | 000 | 4989 | 100 | 4979 | 400 | 50 | 000 | 0.0 |4egs | 100 | 4878 | 400 | 5 | 625 | 750 | 75 | 1000 | 1125 | 1250 | 1375 | 1500 | Obstruction |
11 |[228 | 057 | 2979 | 509 11 || o0 | 000 [ 4553 | 100 4579 | 400 | 0 || 750 | 675 | 1000 | 1125 | 250 | 1375 | 1s0m | 1825 c1 2 width 2 4]
io |[7248 | 087 | 4e7e| s00 11 | 000 [ ooo [4es0| 100 |4e7e| 400 | 50 | 750 | €75 | iooo | 1125 | 1260 | 1374 | 1500 | 1628 S Wé’-‘
5 |[2an | 057 [e7a | s0s T 000 [ oo [@sa | o0 || 200 | o | Te0 | 575 | 'ma | 1125 | zso | ers | 1500 | ez . ol ze , E —f—H ;
5| 8 | 1248 | os7 |ae7a| s0e 11 || noo | oo |4som | 100 | 4879 | 400 | 5o || 750 | 875 | 1o0a | 1125 | 4250 | 1375 | 1500 | 162 —— 1 F"ﬂ“’” P / i [—= ﬂ-& .
é 7 (2493 ] 170 | 79| 622 11 |[ 000 | 000 | 4888 | 100 | 4879 | 400 | 50 | 675 | 1000 | 1125 ] 1250 | 1a75 | 1500 | 1825 | 1750 P e ES a 13‘“” [©] F— .M | 8 |
E[ 6 |[o40a] 170 [ ] 622 1 || 000 | 000 |4ses | 100 | 4878 | 400 | % | 675 | 1000 | 1925 | 1250 | 175 | 1500 | 1625 | 1750 i T T
2[5 a0 2m [ 7o 1| 090 | o0 [s5w | 700 [ 4579 | w00 | 50 | To00 [ 1zs | 1250 [ 1ors | w00 [ vezs | 70 [ ers le.] le_| i Offsot distarce
£ T4 [erae | 2es | %o | 738 1 | 000 | 000 [4ee0| 100 | 4670 | 400 | 50 | 100.0 | 1126 | 1260 | 137.5 | 1600 | 1625 | 1760 | 1876 c A | Minimum length 625 A c
3 |[4983 | 356 | 4979 | ses 11 | 000 | 000 [ 4558 | 100 | 4879 | 400 | so | 1725 | 1250 | 1375 | 1500 | 825 | 1750 | 1675 | 2000 Nomtares end rminal 53 posLepacing Nortiarsd end teminal
2 | 4883 | 200 | 4879 | 8o 1 | 000 | 000 [4sea| 100 | 4678 | 400 | 50 | 1126 | 1260 | 1378 | 1500 | 625 | 1750 | 1876 | 2000 " of 314" post spacng
1 |lez27] 509 [4e7e] 062 i1 | @00 [ ooo [4eea] 100 [4e79] 400 [ 0 | 1250 [ 137 | 100 1625 | 1750 [ 1875 [ 2000 | 2125 Bt etimesauene] see Nots @ Edge of driving lane
0 |[eeor | 500 | were| eee "1 |00 | 000 [ 4ses | too | 45 7o ] s00 | w0 | 1250 175 | 1m0 | 162 | 17s0 | tavs | 2onn| 212
12 248 057 | ae7e | 508 1 |(Doo | voo [asea| ioo | 4s7e| 400 | s B7.5 | 1090 | 1125 | 1250 | 1375 | 1500 | 1625
" 1 [ 1298 | 057 [0 | 509 T | 000 | oo [@ese | 100 |4e7e | s00 | 50 || 750 | 875 | ieon | 1125 | 1250 | 1e75 | 1500 | 1625 W-BEAM GUARDRAIL DIMENSION LAYOQUT
= 10 | 1248 | 057 | 4873 | 508 11 | 000 | 000 [4sea| 100 | 4s7e| o0 | =0 575 | 1000 | 1125 | 1250 | 1375 | 1500 | 1625
2 9 |[1z48 | o5 | 4879 | 509 11 || 000 | 0.00 | 4680 | 100 | 4e7e | 400 | 50 || 750 | &7 | 100 | 1125 | 1260 | 1375 | 1500 | 1026
Cls T men [en] o 1| 000 | oo [assa| w00 [4s7e| w00 | 50 | ars [ woou | 125 veso | 13s [ 1s00 | vezs | w50
& F Il EE R B 11 | 000 | 000 [ 4598 | 100 | 4579 | 400 | 50 | 675 | 1000 | 1925 | 1250 | 575 | 1500 | 1825 | 1750
L& [ o] ze [wm ] 70 11 | 0o0 | 000 [asea| joo | 4s7e| 400 | s | 000 | 1125 | 1zsa | I 625 | 1730 | 1675
¥|g [ [z 2o [wm | 708 71 |00 | 000 |4ses | 100 | 4279 | 400 | %0 | 1000 | 1125 | 1250 | 1275 | 1500 | 1625 | 1750 | 1875
| B[ [ees| ses [were | sen 7 || 090 | oos [4sea | 100 |4s7e | 00 | so | 1125 | 1250 | 1375 | 1500 | was | 1750 | 1evs | 2000
a 3 | 4883 | 206 | 4870 | sag 1 | 00 | 000 [ 4680 | 100 | 4678 | 400 | 50 | 1126 | 1260 | 1375 | 1500 | 625 | 1750 | 187.6 | 2000
) 2 |[ez2r | 508 |asra| ee2 11 | o0 | oco [4ssa| 100 | 4s7e| 400 | 50 | 1250 | 1375 | 1500 | 1625 | 1750 | 1874 | 2000 | 2125
2 1 |[e227 | 508 | 487w | woz 11 | 000 | 000 [ 4888 | 100 | 4878 | 400 | 5 | 1250 | 1374 | 150.0 | 1625 | 1750 | 1878 | 2000 | 2125
0 |[7a72 | 822 |aerw | 075 1 |[7zes | 057 | 4e78 | 508 77 |[7500 | 1625 | 1750 | 1875 | 2000 | 2125 | 2380 | 2375
12 | 1248 | 067 | %78 1 |[ 000 | 000 | 46ea | 100 | 4675 ] 00 | %0 || 750 | 675 | 100 | 1125 | 1260 | 1375 | 1500 | 1626 |
11 | 1248 | os7 | aere 1 | 000 | ooe [4sea | too | 4e7e| 400 | 5o || 750 | 675 | 1ooo | 1125 | 250 | 1374 | is0n | ez
10 | 7248 | 057 | aerm 1 | oo | 000 [4sos| 100 | 4879 ] 400 | 50 || 750 | 875 | to0a | 1125 | ws0 | 1375 | 1s00 | 625
2493 | 170 | 47w 1 | 000 | 000 [4sea| ioo | 4678 | 400 | 50 | 676 | 000 | 1925 | 1250 | 1375 | 1500 | i62s | 1750
5[ & |[24s3] 170 [awre 1 | o0 | oo |4see| 100 | 4878 | 400 | % || 675 | 1000 | 1925 | 1250 | 1575 | 1500 | 1625 | 1750 | DESIGN F G H R
HEE EEXEE S 11 || 000 | 000 [48se | 100 | 487w | 400 | =0 || om0 | 1128 | 1260 | 1375 | 800 | fe2s | 1750 | w75 SPEED
& [ 6 |[eree| 2es | ae7e 11 || 000 | oco [4es0| 100 | 4e7e | 400 | 5 | 1000 | 1126 | 1250 | 1376 | 1500 | 1624 | 1760 | 1876 FT FT FT FT
2[5 |83 2s0 [ 11| o0 | oo |4ea| o0 | 479 | 400 | m | 125 | @s0 | 1375 | 1500 | wes | 1o | 1875 | 2000 o 5ot | an | a0 | arm
R 4 ||4983] 366 |as70 1 000 | 000 | 4990 100 [497a| a00o [ s0 1125 [ 1250 [ 1375 | 1500 | 1525 | 1750 | 1875 | 2000
3 | 6227 | 509 | 4ere 1 | 000 | 000 [4sea| ioo | 4678 | 400 | 5o | 1250 | 1376 | 1m0 | 1625 | 1750 | 1875 | 2000 | 2128
7 |[7a7z| 622 |amre 1 | 000 | 000 |4se8 | 100 | 4878 | 400 | %0 | 1275 | 1500 | 1ees | 1750 | 675 | 2000 | 2128
1| 7a7z| 822 | 87w 11| 1248 057 [ a87a | 500 1| 1500 | 1825 | 1750 | 187.5 | 2000 | 2125 | 2280
v (a7 7% |wr 1 |[7z+8 | 057 |as78 | 509 71 |[7625 | 1750 | 175 | 2000 | 2125 | 2250 | 2378
B =S 1 | 100 | 000 | 4553 | 100 | 4575 ] 00 | %0 | 875 | 1000 | 1925 | 1250 | 1575 | 1500 | iezs WOTES:
i1 | aras | ze3 | 4eTe i1 | 000 | 000 [4eeo| ioo | 4678 | 400 | 5o | 1000 | 1126 | 1260 | 137.5 | 1500 | 1628 | 780 | 1876 The sbityou sl posts for-lia Weiioan
1o |[a738 | zes | 4ere 11 | 000 | 000 [4ee9| 100 | 4e7e| 400 | 50 | 1000 | 1125 | 1250 | 1275 | 500 | fzs | 1750 | 1875 and
o |[4583 | aee | aere 1 | 000 | 00o |4eea| 100 | 4678 | 400 | 50 | 1925 | 1250 | 1375 | 1500 | 4625 | 1750 | 1675 | 2000
5[ 8 (4883 366 |78 11 | 000 | 000 [4sea | 100 | 4878 | 400 | m | 1125 1 1375 | 1500 | 625 | 1750 | 1875 | 2000 @ Doss notindude snd taminal section
HE A RS 1 |[ 000 | 000 | 4see | 100 | 4579 | 400 | %0 | 1250 | 1375 | 1m0 | 1625 | 1750 | 1875 | 2000 | 2126
E [ 8 |[e227| 509 |4mre | 962 11 || 900 | 000 [ 4898 | 100 | 4579 | 400 | 0 | 1250 | 1375 | 1500 | 1625 | 1780 | 1675 | 2oua | 2125 @ The width of the obsiruction shallbe rounded up to
G 5 |[7472| 822 | 4070 | 10.76 11 || 1248 | 057 | 4070 | 500 11 |l 1500 | 1625 | 175.0 | 187.5 | 2000 | 2125 | 2350 | 2375 the neerest 12'-§" length
& 4 |[7arz| ez |4ar | 105 11 |[12e8 | 057 |as7a| so 1 |[ 1500 | w25 | 1750 | 167.5 | 2000 | 2125 | 2280 | 2375
3 ||a7i7| 736 | 4870 | 1188 11 |[1248 | 057 4870 | 508 41 | 1625 | 1750 | 1875 | 2000 | 2125 [ 2050 | 2375 | 26500 @ Wnere distanca from rear face of W-beam railing to
7 |[a77 | 736 | aere | niee T |[ze8 | 057 |4ea ] s0w 71 | ez | 170 | 1ers | 2000 | 2125 | 2250 | zavs | 2m0e a foed objectls 3'or more, post spacing In this area
T || o6z | aeo | 470 | 1ot T | ztoa | 170 [4e7e | eo2 71 |[7e75 | 2000 | 2125 | 2250 | 2575 | 2800 | 2625 | 2750 shallba 8.2,
0 |[ees2 | seo | 879 1301 T |[e4ea] i70 | 4sva| sz 11| 675 | 2000 | o125 | 2260 | 2ars | 2800 | 2825 | 2780 Wnere distancs from rear face of Websam raiing 1o
& fioed objectis leas than 3, post spacing in this Grea
shallbe 317"
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GUARDRAIL AT OBSTRUCTIONS
LENGTH OF NEED TABLE 55 MPH DESIGN SPEED 56 MPH DESIGN LENGTH OF NEED TABLES
APPROACH SIDE OPPOSITE SIDE TOTAL W-BEAM LENGTH @
=3 | g¥ 5% o3 2 %
Sg a5 "5|58|%8 |98 55
2z S8 | 82| gE |58 gt @2
E¢l ale|c|lolalom|lelalelc|ole|om|e|"8|%F %E|PE|"E e
z 8| 8| 8| 8| 8 g
S Imlemleler e[ e I Bl I = FT | FT | FT | FT | FT T
72 | oco | 000 | 4ees | ruo | 47a] aco | S0 || oo | ooo | 4ssa| 100 | 4978 ] 400 | E || e25 | 750 | 675 | 1000 | 1125 | 1250 1375
1 | 000 | 000 | 4ese | oo | ss79| 4co | s0 || 000 | 000 |49 | 100 | 4979 400 | s || e25 | 750 | &vs | 1000 | 1125 | 1250 | 1375 | 1500
0 | 1249 | 052 | aves | 467 12 || 000 [ 000 | 4eea| 100 [ 4979 | 400 | s || 750 | 675 | 1000 1125 | 1260 | 1375 | 1500 | te2s BEC1 faperd el lsatinal 80:1: tapsipd, éad. earsinal
© | 124a | 052 | aees | asr 12 || 000 | 00 | 4889 ] 100 | 4e7e | 400 | S0 | 750 | 7.5 | 1000 | 1125 | 1250 | 1375 ] 1500 | 1628 Rear face of
58 | zes] 0o [wen] 4w 12 || 000 | 000 | 4999 | 100 | 4579 | 200 | 0 || 750 | 875 | 1000 | 1125 | 1250 | 1375 | 1500 | w25 D BN 4 1 =50 O o L
27 |as| os2 | aees| aer 72 || 000 | 000 | 46ea | 100 | 4ura| 400 | S0 || 7e0 | &7 | 1000 | 1125 | 1250 | 1378 | 1500 | w25 L ' il as
€76 |[zems w8 | 57 2 || 000 | 000 | 499 | 100 | 4979 | 400 | 50 | ers | 1000 | 1125 | 1250 | 1975 | 1500 | 1625 | 060
E[ 5 |oams @ | &1 12 || 000 | 000 | 4508 | 100 | 4579 | 400 | &0 || &75 | 000 | 1925 | 1250 | 1375 | 1500 | 1625 | 1760 c il 5 c
N B @ | ars 2 || 000 | ooe | 450 | 100 | 4a7e | <00 | %o | wap | 1125 | 1250 | 1375 | 1600 | 1625 | 1750 | 1ens
3 486 we | 779 72 || 000 | ooo | 4859 100 [4e.79 | 400 | S0 | 1125 | 7250 | 1575 [ 1500 | 1625 | 1750 1875 | 2000
z | asss ) 12 || 000 | 006 | 4608 | 100 | 4o7a| 400 | S0 || 1125 | 250 | 1575 | 1500 | 1625 | 1750 | 1675 | 2000 Rear faca of
T |[e awE 12 || 000 | 000 | 4080 | 100 | 4670 | 400 | & | 1amo | 1375 | 1500 | 1625 | 1760 | 1875 | 2000 | Flared ang teming Flanad end termindl i il
o e e 12 o0 599 | 100 [ o3| «o0 | 50 | 1250 1575 | 1500 1625 | 1750 1675 ] 2090 b P A PRAINE oo i
Sk T R 3E IBTEC LRI N B e b T LR iE e J—'iﬂ n— HJ—[
A1 [ 1248 2883 000 4698 | 100 4.00 750 | 675 125 [ 1250 | 1375 [ 1500 1 28 width 2 hed
BT ) T i 12 || ooa 000 | 100 [ 4879 | 400 875 | 1000 | EXEES EDEES T verla,
s | 2085 983 000 | 000 | 4859 | 100 | 4979 | 400 a5 | 1000 1250 | 1375 | 1500 | 1825 E cuved ;Evg’ . E - ,__,__. r
N EZD 4583 000 | 000 | 4858 | 100 | 4878 | 400 | S0 | 000 | 1125 | 1250 | 1375 | 1500 | 1625 | 1750 B 11 Facon + secion e b
27 7 w083 12 || 000 | 000 | 49.89 | 100 | 4579 | 400 | 50 || 1000 | 1125 | 1350 | 1375 | 1500 | 1625 | 1750 ) TL L._‘Lfl* o) e
o[ & |[4nes 4083 12 || 000 | 000 | 40.60 | 1.00 | 46.79 | 4.00 | 50 || 1125 | 1250 | 137.5 | 1500 | 1625 | 175.0 | 1675 LL _G_l F Offset distance
B o= o 12 | o0 | o0 [ s8] 100 [#57a] 00 | = |meo | ias | 1o | tezs | wen | ars | mao . W T @ &
3 |[7ar7| 571 | aeme 12 || 000 | 000 | 400 | 100 | 4679 | 400 | &0 | fars | 1500 | 1625 | 760 | 1875 | 2000 | 2125 Nonflared ond Temingl o2, ponspeong ‘Nonflared end frrinal
2 |[7a77| 571 | 4883 12 | 000 | oo [ 4858 | 100 4879 | 400 | 50 || 1375 | 1500 | 1625 [ 1750 | 1675 | 2000 | 2125 Fedr fuce of tangent guardrail or ¥-1%" post spacing
1 |[e7za | 675 | 983 | 1080 12 || 1249 | ose | s3] ae7 12_|[ 1625 | 1750 | 1675 | 2000 | 2125 | z250 | 2375 8ee Note 3) Edge of drving lane
(8723 ] 675 | @0ea | oon 12 || 1240 | a2 | s3] 67 12_|[1625 | 1750 | 175 | 20a0] 212 2375
T2 |[2e85 | 156 | @ses | 571 12 || 000 | oo | esea| 100 | 4579 | 400 | w0 || s | 1000 | 1125 | 1250 | 1375 | 1m0 | tezs
1 1 || ar40 | 260 | e | 75 12 || 000 | 000 | 4980 | 100 | 4979 | 400 | 60 || 1000 | 1125 | 1250 | 1375 | 1600 | 1625 | 1750 | 1875 | W-BEAM GUARDRAIL DIMENSION LAYOUT
% 10 || 3740 | 280 | 4083 675 12 000 | 000 | 4950 | 100 | 4979 | 400 50 |[ 1000 | 1125 | 1250 [ 1375 | 1500 | 1625 | 1750 | 1875
] o |[4986 | 363 | a3 | 778 12 || 000 | 00 | 4889 100 [ 4079 | 400 | S0 | 1125 1850 | 157.5 | 1500 | 1625 | 1750 ] 1875 | 2000
Q|58 |[4wes | 565 [was] 710 72 | 000 [ om0 | sea | 100 | 4570 | %00 | s || 1125 | 250 | 1375 | 1500 | 750 | 1875 | 2000
Q| = [77 |[ezan | a7 | a0 | ama 12 || 000 | 000 | 4660 | 100 | 4679 | 400 | &0 | 250 | 1a7s | 160.0 | 1626 | 1760 | 1676 | 2000 | 2128
| & [ oz | w7 [ e | ez 12 || 000 | 000 | 4899 ] 100 | 4079 | 460 | S0 | 1250 1575 | 1500 | 1625 | 1750 | 1675 ] 2000 | 2125
| B[ 7o [ eni | was | ses 12 || 1240 | 0s2 | wes | aev 12 | 1500 | 1525 | 1750 | 1875 | 2000 | 2126 | 2250 | 275
o} 3 |[e723 | 675 | 4983 | 090 12 || 1249 | 052 | 4983 | 467 12_|[ 1825 | 175.0 | 167.5 | 2000 | 2125 | 2250 | 2375 | 250.0
i 2 |[&723| 675 | a0es | wen 12 || 1240 | a2 | 3| aev 12_|| 1825 | 1750 | 1675 | 2000 | 2125 | 250 | 2375 | 2500
=] T |[mee | 7o | wwea | 1ee 12 || 2495 | 1o | w3 | o7 2 2125 | 2250 | 2975 | 200 | 2625 | a0
B ERED R EE 12 || 2485 | 16 | 4883 | 571 2 2725 | 2050 | 2375 | 2500 | 2625 | 2760
42 | 2485 | 156 | a0ma | 571 12 || 000 | 0o | 4868 | 100 [ 4070 | 400 | & | &vs | 000 | 1125 | 1250 | 1375 | 500 | 1625 | a0
i1 |[aree | 260 |asar]| ars 12 || 000 | 000 | 4ese| 100 [ 4879 | 400 | @ | 000 | 1125 | 1250 | 1375 | 1600 | 1828 | 1750 | 1ens
70 | o740 ] 260 | s3] 615 72 || 000 [ 000 | 4eea] 100 | 4570 | 400 | w0 | 000 | 1125 | 1250 | 1375 | 1500 | 1625 ] 1750 | 1678
© |[ames | ses |sas| 77e 12 || 000 | oo | 4eea| 100 [4m7e| 400 | =0 | 1125 | 250 | 1378 | 1500 | w828 | 1780 1875 | 2000
i5 | e ||ezaz| <67 | aee3 | eez 2 || 000 [ oo0 [4v90 | 100 | 479 | 200 | s0 | 1250 | 1375 | 1500 | 1625 | 1750 | 1875 | 2000 | 2125 DESIGN F G H R
S 7 |[ezsz| asr | avas | aaz 12 || 000 | 000 | 466a | 100 | 4578 | 400 | S0 || 1250 | 1575 | 1500 | 1625 | 1750 | 1675 | 2000 | 2125 SPEED
2 [ |[rerr| o7t | avez | eee 2 || 000 | ooe | 50| 100 | 4a7e | <00 | %o | 1375 | 1500 | 1625 | 1750 | 1975 | z0an | 2125 | 2260 FT FT FT FT
2[5 |[rem | sn1 || sue 12 || 1249 | 0sz | 4sea| 67 12| 1500 | 1625 | 1750 | 1875 | 2000 | 2125 | 2250 | 275 5 052 | 1248 | 4415 | 15035
R[4 |[er2a] 615 | a0es| 1080 12 || 1240 | 02 | 83| aev 2 |[ 1625 | 4750 1875 | 2000 | 2125 2500
2 |[er23] 075 | a0es | wao 2 |[7zes | om | waa| ae 12_|[ 1625 | 1750 | 1875 | 2000 | 2125 | 2260 | 2375 | 2600
2 |[9a6a | 749 | 4ees | 1194 2 || 1249 | osz | 403 ] a67 12_|[ 1750 | 1675 | 2000 | 2125 | 2250 | 2375 | 2580 | 2625
T |[smeo | 7o | swea| 1ee 12 |[2485 | 186 | 83| B71 12_|[ 1875 | 2000 | 2125 | 2250 | 2375 | 2500 | 2625 | 2780
o |[112.14] vz | #e3 | 1zom 12 |[ 2285 | 156 | 883 | 5 12_|[2000 | 2125 | 2250 | 2575 | 2500 | 2625 | 2750 | 2875
72 | 3740 ] 280 | e | 675 72 || 000 | 000 | %99 ] 100 | 4979 ] 400 | 50 || 100 | 1125 | 1250 | 1375 | 1600 | 1625 | 1750 | wr5 NOTES
1 |4 | ses | aeas| rre 12 || 000 | ooo | 4sea| 100 [4a79 | 400 | 50 || 1125 1250 | 157.5 | 1500 | 1625 | 1780 | 1875 | 2000 The contractor shalluse wood posts for the WW-beam
o | 2805 | 303 | ase3| 77w 12 || 000 | oon | 4eea | 100 | #a7a | 400 | =0 || 1125 | 1250 | 1575 | 1500 | 1625 | 1750 | 1875 | 2000 o ,
o |[ezaz| s67 | wes| sez 12 || 000 | 000 | 4999 | 100 | 4979 | 400 | E0 || 1250 | 1375 | 1500 | 1625 | 1750 | 175 | 2000 2125
é a | o232 | 457 | as3 | amz 12 || 000 | 000 | 4999 | 100 [e7e | aco | so || 1250 1375 [ 1500 [ 1825 [ 1750 [ 1675 | 2000 | 2125 (1) Does notinduda end terminal section
S [7 [ [ sn | e | see 12| 1249 | 052 | 49ea | 467 12 | 1500 | 1625 | 1750 | 1875 | 2000 | 2125 | 2250 | 275
S & |[er23] 675 | %803 | om0 12 || 1249 | o5z | 4883 | a67 12_|| 625 | 1750 | 1675 | 2000 | 2125 | 2250 | 2375 | 2500 @ The width of the obstruction shall be rounded up to
MBS EE T 12 |[12e0| 052 |83 | amr 12_|[ 1625 | 1750 | 1875 | 2000 | 2125 | 2260 | 2a75 | 2600 the nearest 12-6" length.
G a | wee| 70 | e | 1ime 12 || 1229 | 05z | 83| a6v 12_|[ 1750 | 1875 | 2000 | 2125 | 2250 | za75 | 200 | s
5> |[o9ea | w0 [aves | miea 12 2405 | 156 | w03 | 571 12 || 1875 | 2000 | 22 | 7250 | 775 | zann | sz | ziso| @ Where distance from rear face of Webeam raiing to
3 |tizie] 882 | s0ee | 20w 12 || 2405 | te | 4083 ] &7 12| 2000 | 2125 | 225.0 | 2375 | 2600 | 2626 | 2750 | 287.5 8 feed objectis ¥ or more, postspacing In this area
T |[11214] 5oz | ases | 128 12 |[ 3720 | 260 | 883 | 675 12_|[2125 | 2250 | 275 | 2500 | 2625 | 2750 | 2075 | %000 amilbe T,
o |[12«80] o6 | s083 | w0t 12 || 5740 | zep | se3] 675 12| 2250 | 2975 | 200 | 7625 | 2750 | ze7s | 3000 | 3125 Wi e .o fan i Webaaie, il 15
a fixed objact is less than ¥, post spacing In this area
shellbe 3-1%".
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GUARDRAIL AT OBSTRUCTIONS

LENGTH OF NEED TABLE 60 MPH DESIGN SPEED 60 MPH DESIGN LENGTH OF NEED TABLES
APPROACH $IDE OPPOSITE SIDE TOTAL W-BEAM LENGTH (1)
g sl 5| s| 35| 5|.3
BB THBIBIE
g2l alB|c|Do|ci|pi|E]aAalB o | ot e |° A P8 |%5| %8| Re|5g
g 8| s| 5| 8| 8| &
e FT | FT | FT | FT | FT FT | F7 | FT | FT | FT | FT FT | FT | FT | FT | FT [ ET | FT
2 045 | 45.67 | 401 14 | 00 | 000 |4e98 | 100 | 487w | 400 | B0 | 750 | e75 | 100.0 | 1125 | 1250 1500
i 045 | anar | 401 14 || 000 | 000 |4see | 100 |487e | 00 | s | 760 | avs | 1000 | 1125 | 120 1500
1o 134 | 4087 | 480 14 | 00 | 000 |4eea| 100 | 4970 | 400 | 5o | evs | teoo | 1125 | 1250 | 1275 1625 BRi1 Mpared jered temined 011 Minared ént; emiinel
s 225 | aaar | sia s | ooo | 000 |assa| o0 |awre | oo | so | 000 | nizs | 12s0 | 1ars | 100 750 Rear face of
5L g 223 | 49.87 | 579 14 || c00 | 000 [ 4000 | 100 4970 400 | 60 | 1000 1126 [ 1250 [ 1375 | 1500 1750 E-®_, 1 B D E!arlm % .
5 AL AR e e e { { | reigu
e 401 | 407 | 787 14 | 00 | 000 | 4898 | 100 | 4870 | 400 | s0 | 250 | 1375 | 100 | 825 | 1750 2000 1
IS 401 | 49.87 | 757 14 || 0oo | 000 |4ee9| 100 | 4978 | 400 125.0 | 1375 | 150.0 [ 1825 | 1750 200.0 ¢ 2% 25 c
S we0 | e | ads 74 | 800 | 000 |4eee | 100 | 4ee | 400 7375 | 1500 | 125 | 1750 | @75 2125 ' :
3 4% | e | 8en ¢ || 000 | 000 [48ea | 100 |487e | 00 | w0 | 7375 | 1500 | 1625 | 1750 | w75 2125
2 579 | ae7 | 805 72 || ooo | 0o [ 4888 | 100 | 487e | 00 | so | 500 | t2s | 1750 | ters | 200 2250 . e
1 869 | 40.67 | 1024 14 | 1249 | 045 | 4087 | 401 & | 750 | 1075 | 2w | 2125 | 250 2500 Fuared ond terwing! 1 tangent quardrail
0 |[oerr | wes | amer | 0ok T4 || 1za8 | 045 | amer | st 75| 750 | wrs | 200 | mizs | mmo 2500 ' AN e
R I PR T (T SN B I I e N I B N B a | Ovetucton |
1 | 088 | 312 | 407 | see 14 | 000 | 000 | 4wea| 100 | 4070 | 400 | w0 1250 | 1375 1878 Ll 2 26! B
0 | 6236 | 401 | ae7 | 787 4 || 000 | 000 [4eee | 100 |4s7e | 00 | %o 1375 | 1500 2000 . “sé')”
5 |[ozse | a1 [mar | 77 T4 | ooo | oo [ee8 | 700 [#e7e | a0 | w0 75 [ 1300 2000 c by 2.8 E e
= 8 |[r83] 490 | 4087 | 828 14 || ooo | 000 |4ses | 100 |487e | 400 | so 1500 | 162.5 2125 i e ection ?an’:% 1 L—=— H
5 E — ;_ [ F— /
3 N YN N A 14 || ooo | 000 | 4ssw| 100 [ 4879 | so0 | s 1500 | 1625 2128 0 "_‘i;;i g, e L M L
8% |[srac| 6m | ser | eas T4 || 1za0 | 045 | amar| a0t = 750 | 1875 275
o[ 5 |[s977 | oo0 | wser | 024 4 1225 | oas [ase7 | 4ot T2 | 750 | s | 20 2500 ' ! s ] f le.| Le Offsst distance
el es Tom e £ EE T T A T R R T T & i ik A i .
3 |[vi2ae| &7 | amer | e 4 || 2a08 | ter | asar | 480 & | 2000 | 2128 | 20 250 ‘Nonflared e Tarminal a1 pont oy ‘Nonflared ond Terriral
2 |[12ze| 757 | sser | 1115 s | 2498 | 13 [ 067 | s30 1 | z00] 2125 | 230 750 o faca:oF g eaingd or 311 poet spacin
124.70| 845 | ag87 | 1202 13 ['s7a3| 223 | ass7| s7a 1a_|[z250 | 2575 | 250.0 500.0 See Note (3 Edg5 of-arivmg lana
o |1za70] san | swer | 120z 19 |[4989 | 20z | 4mer| 0on 7&_| 2375 | 200 | w25 3125
Mz || 7483 | 400 | 497 | 46 4 || o00 | 000 | 468 | 100 | 4878 | 400 | 50 || 376 | 1560 | 125 2125
o 1 | 7a83 | o0 | amer | sde 14 || zas | oas | aser 5| 7500 | wmzs 1750 2250 W-BEAM GUARDRAIL DIMENSION LAYQUT
= W | 670 | 579 | 47 | e 14 | 1249 | 0as | 4mer 15| t6zs | 1750 | 1875 2975
= 5 |[era0| 570 | wear| eas || 1248 | 045 | awer 14| v625 | 1750 | a75 275
g 5 & | 877 668 | 4987 | 1024 14 || 2498 [ 134 | 4587 12 | 1875 | 2000 [ 2125 2625
O| 277 [oa77 | 568 | #087 | 1028 14 || 2408 | 134 | 4mer & | 1875 | 2000 | 2125 EH 2625
Y | B L e A 4 || aras | 223 | 4mer 5| 2128 | 250 | 215 05 ER
|8 a |[12a0] a5 | aser | 202 13 |ws6s| 52 | 4ser | 6o 1a | 275 | 200 | ze2s 75 125
o 3 |1z470] 840 | smer | 20z 14 |#0s0 | 2oz | 4ee7| bes 76| 2375 | 200 | 225 =15 3125
i} 2 |[13747] 935 | 4esr | 2a1 4 || ez3e | ao1 [ 4eet | 757 14| 2625 | 7750 [ 2875 3125 375
H T || 9 | aer | 2o 1% |52se | ao1 |4es7 | 757 B B B2 3125 3375
0 |[14e5¢| 1003 | sa87 | a0 14| Tase 4657 | 840 1¢_| 2876 | s | 3125 3375 | 3600 | 3026 | areo
iz 570 | 4087 | 9.5 Ta_|| 1za9 087 | a0t 12 | 1625 | 1750 | 1875 2125 | 2250 | 2075 | 2500 |
0 570 | w0 | oas T4 || 1zan AT | 401 14| 625 | 1750 | ers 2125 | 2260 | 2375 | o8
10 668 | 40.87 | 1024 % | 12en ae87 | 401 12| 1750 | 1875 | 2000 2250 | 2375 | 2500 | 225 |
s ses | aner | 024 14 || zams 4a7 | 480 5| ers | 2mma | 22 2375 | 2s00 | 2825 | arae
HIB 757 | 487 | 1118 14| 2208 587 | 490 12| 2000 | 2125 | 2250 2500 | 2625 | 2750 | 76 DESIGN F G H R
=7 757 | 4967 | 1112 T4 || 3743 4887 | 579 15 || 2125 | 2280 | 2375 2625 | 2750 | 2876 | 2000 SPEED
g s B35 | w87 | 1202 I B2 ®ET | 578 72250 s | 20 2750 | 2675 | s000 FT FT T T
i was | assr | 120n T |ases et | ees 1 | 275 | 00 [ ams 5875 | sowo | 5128 = o |2 | e lves
S 4 935 | assr | 1291 14 || asae 4257 | 68 14| 2500 | 2625 | 2750 3000 | 3125 | 3250
T |[1054] 1024 | saer | a0 |2z a7 | 787 & | zrs0| 275 | w0 250 | 3375 | 3600
2 |[1495¢| 1024 | @047 | 1360 74 ez w87 | 757 s | 2750 | 275 [ swo 3250 | 3375 | 3500
16211 11.13 | 49.87 | 1469 14 | 7483 4257 | 848 5| w00 3125 | 3250 300 | 3825 | 3750
0 |[1e211| 1113 | 4087 | 146 74 | a70 487 | 935 B e 3635 | 5750 | 3875 | 4000
7 |[s977 | 8ee | @er | 078 N wer | %o T | e | s | 200 50 | 275 | 200 | w2 NOTES:
1| 0077 | a6e | 4ner | 1024 14| 2400 4887 | 400 16| 1875 | 2000 | 2125 275 | 2800 | 2026 | 750 The contractar shallyse wood posts for the Wipeam
0 |[11zze| 767 | aeer | 113 14 || 2690 4587 | 490 6| 2000 | z125 | 7m0 2500 | 2025 | Zis0 | i i 3
o |[1122¢] 757 | 4087 | 1112 I B2 4687 | 570 15| 2125 | 2250 | 2315 2505 | 275.0 | 2675 | 000
B a8 |[12470] 845 | aver | 1202 14| 5743 4837 | 578 14 | za50| 2375 [ 2500 2750 | 2875 | 3000 | 3125 (D Does notinclude end terminal saction
Z 7 |zem0] 840 | aeer | 1202 14 | 408 4857 | 668 & | 2375 | 2500 | w5 2875 | 3000 | 3125 | 3250
8 e e es e ae [N ) a7 | aae 7a | zs00 | 2628 | 2750 2000|3128 | 250 | 275| (@ The width of the obstruclion shallbe rounded up to
&[5 [re7ar] 935 [ a7 | 1201 14 |[sz3e 4987 | 757 14 |[2825 | ars0 [ 2875 3125 [ 3250 | 3075 | 3500 the nearest 12-8" length.
& 4 |19+ 1024 | 4987 | 1380 14 || 6236 4887 | 757 15 || 2750 | 2875 | 300.0 3250 | 3375 | asoo | as2s
3 |[e2a1] 1913 | 4887 | 1408 14 | 7483 4587 | 840 12|/ 3000 | 3125 | 3280 300 | 3625 | 3750 | 3875 @ Where distance from rear face of Webesm mailing to
2 || 16211 11.15 | 4087 | 1460 14_|| 57.30 4687 | 835 14| 3125 | 3250 | 3375 3605 | 3750 | 3875 | 4000 8 fixed objectis 3'or more, past spacing in this area
T |[17ass| 1202 | anar | 1858 s || sra0 a7 | 835 s | 5250 | 37 | 3w00 5750 | sa7s | a0 | azs shai|be. 03",
o |[17a5e] 1202 | amer | tm e 0 ||eorr| ees | amer| t02e 1d_| ea7s | wseo | sees 875 | anon | a128 | aee

Where distance from rear face of W-beam railing to
a fixed objectis less than 3, postspacing in this srea
shallbe 3-134".
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GUARDRAIL AT OBSTRUCTIONS
LENGTH OF NEED TABLE 65 MPH DESIGN SPEED 65 MPH DESIGN LENGTH OF NEED TABLES
APPROACH SIDE OPPOSITE SIDE TOTAL W-BEAM LENGTH (1)
[% =] =] =] | =] = =
I3 gl @l 2| & 2.8 =
it SR IRk Ikt 5%
aaf A B c D <l D1 E A B c o ¢l | D1 E z z 2 2 z z z
2 8| 8| 8| 8| 8| 8 8
E
S [Pl r FT | FT | FT | FT | FT | FT FT | FT | FT [ FT | FT | FT [ FT [ FT
12 || 2495 | 125 | 458 | 457 "5 || 000 | oo | 4se | 100 | 4879 400 | 50 || &75 | 1008 | 1925 | 1250 | 375 | 1500 | 1625 | 1750
11 |[3743] 208 | 4880 | 540 5 || 0o0 | 000 [ 4598 | 100 | 4879 400 | 5o | om0 | 1125 | 1250 ] 1375 | 1500 | 1625 | 1750 | 1075
10 |[3743 | 208 [ @88 | a0 75 || 0oo | oo [asa | 100 | 4878 | 00 | 5o || 1000 | 1125 | 1250 ] 1375 | 500 | te2s | 1750 | o7 L1 el b e S:N; tapshed; e fiwing)
491 | 201 | aoe0 | 6os 15 || 000 | 0.00 [4ee9 | 100 | 4879 400 | 50 || 1125 | 1250 | 137.5 | 1500 | 825 | 1750 | 1875 | 2000 Rear face of
& | 238 | 374 | 40.80 | 7.07 15 | oo0 [ oco [asoo| 100 [4e7e| 400 | 5o | 1250 | 1375 | 180.0 | 162.5 | 4750 [ 187.5 [ 2000 | 2128 D =t 1 1=E=—5'; o Rear faca of
7 |[ezan | s |mes | 707 5 || 000 | 000 [ 4658 | 100 | 4879 | 400 | 50 || 1250 | 1375 | 1500 | 1625 | 17s0 | tevs | 2000 | 2125 1 | St et
5 || 7485 | 457 | a9 | 700 5 || 000 | 000 [ 4888 | 100 | 4879 | 400 | 50 || 175 | 1500 | 1e25 | 1750 | 1875 | 2000 | 2125 | 2250
5 || 7485 | 457 | 4see | 780 15 || 000 | 00o | 488 | 100 | 4878 | 400 | 5o | 1575 | 1508 | 1825 | 1750 | 1675 | 2000 | 2125 | 2250 c 2 25 4
4 |[e7sz| sa0 | wsse | a1 15 || 000 | 000 [4se9 | 100 | 4879 400 | =0 || 1500 | 1825 | 1750 | 1675 | 2000 | 2125 | 2250 | 2975
5 (om0 | 624 | a0 | oEe 5 |[1z4a | 0z |apsa | ara 75 || 1750 | 1875 | 2000 | 2125 | 2280 | 2475 | 50 | 262s
2 |[ws0 | 624 | a0 | 650 5 || 1z40| 04z [4ese | ara 5 || 1750 | 175 | 2000 | 2125 | 2260 | 2374 | 200 | 2025 Foe face of asied
T [Tzer] 707 | e | 03e 5 |Tzes | o |asea] ara s |[e7s | 2000 | zi2s | 2250 | 775 | 200 2750 { Flaresd and tarming Flared end torminal i tangent gusreirail
0 |[12a74] 700 | am89 | 1128 15 || 2496 | 125 | 4pma | 457 16 || 2125 | 2050 | 2375 | 2500 | 2605 | 2750 3000 b i S RSy 3] &
1z | €258 | 374 | 4wsw | 707 "5 || 000 | oo |4eee | 100 | 4879 400 | 50 || 1250 | 1575 | 1500 ] 1625 | 1750 | 1875 [ 2125 | Obstucion |
T [z | 57 amen [ 7o = {000 | oo [eesn | w0 | ee7e | sw | o | 1zmo | s | e | vees | e | e s | ct = o =) ct |
10 || 7485 | 467 | aae | 700 5 || 000 | 0.00 | 4080 | 100 | 4878 | 400 | 50 | 1375 | 1508 | 1625 | 1760 | 1675 | 2000 2250 . "'("5‘
W (752 sa0 [ ] 875 75 | 090 | o0 [aess | 700 [@e7e | 700 | = | 1800 veas 170 1675 | w00 ] 2135 7S i N ied zE Tt — —f—H ,
2 [ [eeen] e e | o0 15 |[1243 | 04z | 488 | a7 5 || 1750 | 1675 | 2000 | 2125 | 2250 | 2375 | 700 | 2mzs| b %7 g, 6] L
2[5 |[seen| 6os [aee0 | ose 5 || 1249 oz [aema | ava 15 || 1750 | 1675 | 200.0 | 2125 | 2950 | 5575 | 2500 | 2025 i i T T
o |8 |[i2ar] 707 | aeee | iose 5 |[2ees | 125 | asas | asv 5 || 2000 | 2128 | 2260 | 237.5 | 2500 | 2625 | 2780 | 2876 (-2 L F Offset distarca
B |[are] 70 [eme | 122 5 || 3743 208 | aeme | sa0 75 || 2250 | 2375 | om0 | 2025 | 2700 | 2875 | 300 | a1as c A Minimum length 626' A c
3 |[12474] 780 | 89 | 112 5 || 2743 | 208 [4sea | 540 75 || 2250 | 2375 | 2500 | 2625 | 270 | 2675 | 2000 | 3128 Norared end Termmnal ey Nontiared end Termnal
2 |[13721] 873 | 4989 | 1208 15 |[ 4921 | 201 | 488 | 620 15_|| 2500 | 2625 | 2750 | 287.5 | 3000 | 5125 | 3250 | 3375 i ¢ post gpacing
7 |[Tarai| avs | aees | 1206 | | s |aeen | zer |aman | ena 45 | zs00 | 2825 | 2750 | 2875 | moo0 | 3125 | 3375 Reccfaceat gt ol Ses Note @ Edge of driving lane
0 |[1400] ose | aoes | 289 15 || 238 | 374 | asma | 707 15 || 2750 | 2875 | 3000 | 3125 | 3250 | 3375 %625
12 |[e7az| 50 | ane | 873 15 | 1240 | 0.z | eee | a7a 75 | 1825 | 1750 | 1a75 | 2000 | 2125 | 2250 2500
i [ EXEE EEIEE] 15 |[12e9 | 04z |as@s | 374 5 |[1750 | 1675 | 2000 | 2125 [ 2250 [ 2375 225 W-BEAM GUARDRAIL DIMENSION LAYOUT
% 10 || 5680 | 624 | 4989 | 956 15 [ 2496 | 125 | 4889 | 457 15 || 1875 | 2000 | 2925 | 2250 | 2375 | 2500 2750
2 5 |[11227] 707 | 4mee | fo5e T5 || zesa | 125 | aman | 457 15 | 2000 | 2125 | 2250 | 2375 | 2500 | 2625 2875
|5 s |[1rzzr| 707 [asea | 1038 15 || 2743 | 208 | asm9 | 540 5 || 2125 | 2250 | 2375 | 2500 | 2925 | 2750 3000
Qf 27 |sar] 7oo | o0 | iiae 15 || 2743 | 208 | 88| 5a0 15| 2250 | 2375 | 2m0 | 2625 | 27ea | 2a7s 3128
i | &[5 |[2aze] 700 [maa [ 172s 5 || 4ve1 | zor | e | 6o 75|\ 2875 | 2600 | o625 | 3760 | 2876 | 800.0 | #1256 | 260
g 5 [wre] em [we 2o "5 || 4901 | 2o |asea] 62 75 || 2500 | 2605 | 2750 | 2675 | 3000 | a12s | 280 | aars
= | € [ |ara1| 873 [0 | 1208 15 || 8238 | 374 | 4588 | 707 15 || 2625 | 2750 | 2875 | 300.0 | 3125 | 3250 | 3875 | 3500
<] 3 |[1e58] o6 | 0ee | 1260 75 |[6238 | o4 | 4e88 | 707 15 || 2750 | 2875 | 2000 | 9125 | 3250 | 3375 | 2500 | 5625 |
i 7 |[1ars| o6 | e | 268 75 || 785 | asr | assa| 7a0 75 || 7875 | 000 | 5125 | 5250 | 3375 | 3300 | 3825 | 3750
= 1 |[1e218] 1030 | 4maw | 1arz 5 ||araz | 6o |4eme | ara 15 || @125 | 250 | 3375 | 3600 | a5 | avsa | 875 | 4000
o |[te216] 1030 | aeee | 137z 5 || araz | s [asaa | 873 75 || 3125 | 3250 | 3375 | 3500 | 625 | 3750 | 3875 | a000
12 |[s580 | 6o | 4080 | 056 15 |[ 1240 | oz | 488 | 374 15 || 1750 | 1875 | 2000 | 2125 | 2260 | 275 | 2500 | 2628
11 |[11z27] 707 | @ses | 038 5 || ze5a | 125 | asms | 457 15 || 2000 | 2125 | 2250 | 2375 | 2500 | 2625 | z7s0 | 2ovs
10 |[11ze7] 707 |@8ea | w038 5 |[ze06 | 125 [asea | as7 75 |[ 2000 | 2125 | 2250 | 2315 | 2500 | sees | zre0 | zevs
9 |[12474] 7o0 | mew | 1122 5 || a4a| 208 | aeme | sa0 5|l 2250 2500 2875 | 000 | 3125
5 [ 8 |[1za7e] 780 | 4wew ] 12 5 || 2743 208 | 4esa | sa0 75 || 2250 | 2375 | 2500 | 2675 | 3000 | 3125 pesien | F & H 3
HE R 15 |[4991 | 291 | 4mes | soa 15 || 2500 | 2025 | 2750 3125 | 5280 | 3375 SPEED
28 |72 e7s | aee0 | 1208 16 || ozas | 3w | assa | 707 5 || 2625 | 2750 | asrs 3250 | 2375 | 3500 FT FT FT FT
2[5 [[emes] o5 [ 880 w2em 15 |[e238 | o4 [4sea] 707 75 | 2750 | 2975 [ 300 5575 | 2500 | sozs P 04z | 1248 | 9 | 1778
R [+ |[aes] oo | mes | 1280 5 || 7485 | a5 [avma | 7E0 75 | 2875 | 000 | aizs 3500 | 2625 | 3750
3 |[1e21e] 1099 | s 5 |[7485 | a57 | ases | 780 75 || 3000 | 9125 | 3m0 365 | 3750 | 3075
2 |[1ras]| 1123 | e 5 | e7a2 | 540 | 4sea | e1a 75 || 3250 | 3375 | w0 3875 | 4000 | 4125 |
T |[irasz| 1128 | awes 15 ||arez| sa |asme | ars 75 || 3250 | ss7s | as0 | 3eas | a7s0 | aa7s | aono | aras
_|[107.10] 1200 | 48 5 || 9950 | 6os | amea | woe 15_|| 3500 | 625 | 9750 | 307.5 | 4000 | 4125 | 4zs0 | aurs
T2 |[2zr| 707 | e To | 206 | 125 | eeu | 467 75| 2000 | 2156 | 2250 | 2a75 | 600 | 260s | 2760 | 067% | NOTES
1 |[12a7a] 780 | e 5 |[37e3] 208 [asea ] se0 75 || 2250 | 2375 | 7500 | 2025 | 2750 | 2075 | o0 | a12s The: shailuse wood posts forthe W-beam
10 |[12474] 780 | 4w 75 || 3743 208 [ asaa | a0 75 || 2250 | 2375 | 2500 | 2625 | 2750 | 2675 | 2000 | 3128 d
9 |[1ar21] a7 | e 15 || 4991 201 | 4589 | 62a 15 || 2500 | 2625 | o750 | 287.5 | 3000 | 3125 | 3250 | aavs
g [& e em [we 5 || ezas | 3w |awan | 707 75 || %625 | 2760 | 2875 | 3000 | 3126 | 8250 | 876 | 3800 @ Does notinclude and taminel seciion
HE R 15 || 6238 | 374 [ asea | 707 15 || 2750 | 2875 | 3000 | 3125 | 3250 | 3375 | 3500 | 3625
8 [ o |[14000] o6 | ws0| s 457 | 4g80 | 700 15| 2875 | 3000 | @125 | 3250 | 3375 | 3800 | 625 | 8750 (@ The widh of the obstruction shallbe rounded up to
&[5 |[ez1e] 1038 | smam 5 || 785 | a5 |awas | 780 75 || 3000 | 5125 [ 320 | 337.5 | 3500 | se2s | 3750 | sers the nearast 126" length
& ¢ |1rame| 1123 | wew 5 || a732 | 540 | 4588 | 873 5 | 3250 3750 | 3875 | 4000 | 4125
3 |[1rass| 1123 | e 15 |73z | s [asma | 813 5 | 3250 5750 | 3675 | 4000 | 4125 @ Where distance from rear face of W-beam raling to
2 |[Ter.10| 12,06 | eew 5 | %980 | e+ | 4ees | ese 5| es00 4000 | 4125 | 4250 | 4375 o fied Bbjeetld F'or wiord, Post dpacing W this died
1 |[tar10] 208 | a0 75 _|[ste27| 7o7 | aeaa | f0se I 4125 | 4250 | 4375 | 4500 hallba 83"
v |[1wes7| 1260 | e 75 ||tizar] 7o | aeee | 030 5 |lars0 250 | 4375 | amod | w68 e diice o et s ol Vb il 6
a fixed objectis less than 3, post spacing in this area
shallbe 3-14"
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Guardrail Length of Need Details

LENGTH OF NEED TABLE 70 MPH DESIGN SPEED

GUARDRAIL AT OBSTRUCTIONS
70 MPH DESIGN LENGTH OF NEED TABLES

APPROACH SIDE OPPOSITE SIDE TOTAL W-BEAM LENGTH @
it sk wil|BZ|ez|el | ed|Eg
o A B [ D o] D1 E A B C D (o] E H H z H ER
= 8 8| & &l 6| 8
ST Ol s 3 FT | FT | FT | FT | FT | FT FT | FT | FT [ FT | FT | FT [ FT | FT
72 || 2496 | 125 | 4989 | 457 15 || 000 | 0.00 | 4999 | 100 | w79 | 400 | 50 | 875 | 1000 | 1125 | 1250 | 1375 | 1600 | 1625 | 1750
1 || %742 | 208 | w088 | 540 15 | ooo | ooo | 4ees| 100 [4e79 | 400 | so | 1000 | 1125 | 4250 | 1ars | 1500 | 1626 | 1750 | 876
0 || #743 | 208 | 4080 | 540 15 || 0on | 0.00 | 4600 | 100 | 679 | 400 | 50 | 1000 | 1125 | 1250 | 1375 | 1500 | 1625 | 1760 | 1878 601, tapgied 6l tmlfal 501 Bpiend, dnd, Serical
5 | 4991 | 291 | 4969 | o2e 15 |l oon | 000 |45ea | 100 | @mvs | 400 | 50 | 11z | 250 | 1975 | 1500 | fe25 | 1750 | 1875 | 2000 Rear face of
- =] am [ e | 7o 75 oo [ oo [wess| oo | e | w0 | w0 | zeo | 1es | oo wees | so | e | mao | 2iat D BSR4 o ELDEE D Rear facs of
HEA R ET B 15 | oon | 000 4598 | 100 | 4979 | 400 | 50 | 1250 375 | 1500 | 1628 | 1750 | 1875 | 2000 | 2128 i i W
£ |[7e85 | a57 |0mm| o0 5 | 000 | 000 | 4888 100 | 4679 | 400 | 50 | 1375 | 1500 | 1625 ] 1750 | 1875 | 2000 | 2125 | 2250
HE EEa R T DS 15 || oo | 000 [a999| 100 | @979 | 400 | 50 | 1500 | ez | 1750 | 1675 | 2000 | 2125 | 7250 | 2375 [ 25 c
S| e |[eraa] 540 | s0m0| 72 15 |l oo | 000 | 40.00] 100 | 47e | 400 | 50 | 160.0 | 1825 | 175.0 | 1675 | 2000 | 2125 | 2260 | 2378
3 | %980 | o2s | 989 | 950 15 || 1249 | 04z | 4s0s | 37 15 |[ 1750 | 1875 | 2000 | 2125 | 2250 | 2375 | 2500 | 225
2 |[11227] 7ov | s9es | 1038 15 | 124 | oaz | aves| are 15 || 1675 | a0 | 2125 | 2250 | 2375 | 2500 | 2825 | 2150 Reax faca of —
T |[iz27] 707 | 4080 | 02w 15 | 1240 | 04z | 4080 | a4 16| 1875 | 2000 | 2126 | 2260 | 2375 | 2000 | 2625 | 2760 i Flared ent termingy Fleved ond terminal i tangent guandrail
o |[vzase] vo0 e | vrew BN ECIRE T R 15 | eres | mms0 [ s | 200 | eeas [ gm0 zers | w00 T AR s
2 | 62 | v+ | somm | Tov 15 || 000 | 000 | 4600 | 100 | 4679 | 400 | 50 | 1250 | a7 | 150.0 | i626 | 1750 | 1675 | 2000 | 2128 | Obsirucion |
1 || 7485 | 457 |4em | 7e0 15 | oon | 000 | 4ses| 100 | 4sve | 400 | w0 525 | 1750 | 1875 | 2000 | 2125 | 2250 4] 28 width 25 <1
70 | 7485 | 457 | saes | 790 15 | con | 000 | s | too | swm | 400 | = 7625 | 1750 | 1875 | 2000 | 2125 | 2250 "'(g‘
o || &7.32| 540 | aesm | 673 15 | 1249 | 042 | 4sse | x74 5 1875 | 2000 | 2125 [ 2250 | 2375 | 250.0 E guzw;l; E - :
@ | w60 | 624 | 4989 | wse 15 | 1248 | 04z | sag | are 15 2000 | 2125 | 2250 | 2375 | 2500 | 2625 rra-...._,._,_L_._-‘__"N 11 { ﬂ secion 1o
7 |90 | 624 | 089 | 958 15 | 1249 | 04z | 2089 | 374 15 2000 | 2125 | 2250 | 2375 | 2500 | 2825| D "_rli; ey o) M
F| & |1i227] 707 | 400 | 020 15 f2aus| 105 |dods | as7 15 2260 2375 | 2800 [ 2625 | 2750 | 287.8 1 AL " it X T
& |8 |2zr] 707 | +9ee | 10w 15 || 2496 | 125 | 49.89 | 457 15 2050 | 2375 | 2600 | 2625 | 2750 | 2876 L] F
£ T4 |za7e] 700 | w088 | 112s 15 | 3743 | z0e | aees | s40 15 2500 | 2625 | 2750 | 2675 | 3000 | 3125 c Minimum_ length 625" A c
3 |[1ar.zi] 673 | 4968 | 1208 15 || 3743 | 208 | 4588 | 540 15 2025 | 2750 | 2875 | 3000 | 3125 0 Nonflorsd ond tarminal 5.7 potapacig Nonfiared end termiral
2 |[1a721] 673 | 4080 | 1206 5 | #9e1] zo1 | aees| e2e 15 2750 | 2675 | 3000 | 3125 | 3260 | 375 i or 3.1%;* post spacing
" |10 e [sem | 2o 5 EE BT R [0 3000 | at2s [ aeso | sw7s | a0 | 25 Rraciecsiatisagartglenie! 560 Nate ) Edge o diving lane
U |145ea] 555 | 4968 | 288 15 |l 6238 | a4 | 498 | TO7T 15 3000 | 3125 | 3250 | 3975 | 3500 | 3625
T2 || &7.32 | G40 | #ae | 673 15 || 1249 | 042 | w80 | 274 5 7675 | 2000 | 2125 | 2050 | 2275 | 2500
i 11 |[9960 | 62s | ases | 9ss 15 | 2456 | 125 | %989 | 457 15 2125 2375 | 2500 | 2625 | 2750 W-BEAM GUARDRAIL DIMENSION LAYOUT
= 0 |[1i227] 707 | 4080 | 028 15 248 | 125 | 400 | 467 [H 2060 2500 | 2625 | 2750 | 2878
g 5 |[11z27| 707 | 4989 | 1039 15 || 9743 | 206 | 463 | s40 15 2975 2625 | 2750 | 2675 | 3000
> 8 | 12474] 700 | 4080 | 1123 15 || 8743 | 208 | 4080 | 540 15 2500 2750 | 2675 | a000 | 3125
2 7 |[12474[ 780 [4sea | 1123 15 J[ess1| 251 | @009 | ezd 15 2625 2875 | 3008 | 3125 | 3250
[ & |[137.27] 673 | 4968 | 1208 5 | ees1] 2ot | aeee | e2e 5 2750 3000 | 3125 | 3250 | 5975
2| & o e em w20 15 [[sazs [ are [wweo] ror s 2815 a125 | 3200 | 75 | 3600
S| % [ |[eese| sse [ asea | izas 75 6238 | are | wees | Tor 18 3000 3250 | 3375 | 3500 | %28
c 3 |14eee| ass | 4089 | 12ea 15 || 7485 | 457 | 4080 | 790 15 3125 3375 | 3500 | 3825 | 3750
7] 2 |[e2s| 1020 | seen | 130z 15 || 7ass | as7 | asea | reo 15 5250 3500 | 3625 | 3750 | 375
) 1 |[1e26] 1030 | 4080 | 1372 15 || 872 | G40 | 4080 | 73 18 75 3625 | 3750 | 3875 | 400
0 |[17485] 1125 | 408m | 1458 15 | 8722 | sao | ases | ara 15 3500 3750 | 3675 | 4000 | 4125
2 | se0 | Go¢ | 080 | ose 5 | 1248 | oa2 | aess| are 15 2000 2250 | 2375 | 2500 | 2628
1 |[1iz27] 707 | +989 | 1030 15 |l2490 | 125 | 4589 | 467 15 2200 2500 | 2625 | 2750 | 2878
"0 |[1i2z7| 707 | soea | 02w 15 |l ease | 125 | %969 | 457 5 2250 2500 | 2625 | 2750 | 2675
0 |[12474] 700 | 4080 | 1128 5 | 3743 | 208 | ape0| se0 15 2500 2750 | 2876 | 3000 | 8128
® |[13721] 873 | 5988 | 1208 15 || s9%1| 291 | 4089 B2e 15 250 00 | 3125 | 3250 | 3375 pesieN | F G H R
27 |harzi] a7s |een | o 15 4061 | 061 | 4080 | e24 15 2750 2000 | 3126 | 350 | 3376 SPEED
Z | & |[14ee9] 950 | 4089 | 1289 15 fe238 | 374 [4089| ToT 15 3000 3250 | 3375 [ 3500 [ 3025 FT FT FT FT
5 | 14e68] 950 | 4969 | 1289 15 6208 | a4 | 499 | 707 15 300.0 3250 | 3375 | 9500 | %25 70 042 | 1249 | 333 | 187.78
1216 1030 | 40m | 272 15 | 7485 | ae7 | peo| Teo 15 350 3500 | 2625 | 3760 | 3878
6275 1039 | 4am | a7z 15 Jlovaz| 540 | 4ses | ot 15 S 325 | 3750 | 3875 | 0.0
T7453] 1123 | %088 | 1956 15 || e7a2 | 640 | %ea | ava [H 3500 3750 | 2875 | 4000 | 4125
1710 1206 | 4308 | 1538 15 || 8980 | Aod4 | 4509 | sse 15 3750 4000 | 4125 | 4250 | 4378
187.10] 1206 | 4083 | 15.28 15 || ese0 | Gox | 2080 | 56 15 3750 3000 | 4125 | 4250 | 4375
Tizz7| 707 | 4588 | 1059 5 || 5743 ] 706 | 469 | S0 5 | 2125 | z50 | 2375 [ 2025 | 2750 | 7875 | w00 NoTES:
1 |[12474] 700 | 4080 | 1123 15 |lavas| 208 | 4080 G0 15| 2250 | s | zm00 2750 | 2675 | 3000 | 3128 The conbadorahbuse: weod posis: for i Wibean
10 |[1a7.z1] 673 | 4969 | 12.08 15 || sae1 | 281 | 40| o 15| 2500 | 2e2s | 2750 2000 | 2125 | 3250 | 3375 and
s |137.21] 675 | 4968 | 1206 15 | ase1| 2ot |aves| e2e 15 || 2500 | z2s | 2050 3000 | 3125 | 3250 | 3375
5[ e |4ese] ose | om0 | 2o 15 |le28 | ard | 4080 | o7 15| 2750 | 2avs | 000 3250 | 3375 | 3500 | %28 @ Doss notindude snd taminal section.
= 7 |[4es3] 56 | aems | 1289 5 | 6238 | 574 | aees | 707 15 || 2750 | a7 | w000 3250 | 3375 | 3800 | %25
8 [ & |1ez1s| 1000 | 088 | 1272 18 || 7485 | 457 | %089 | 780 15 | 3000 | 2125 | aeso0 2600 | 3625 | 3750 | 3875 (@) The widh of the obstruction shallbe rounded up
&[5 |[1rass] 1123 | 4gem | 1ass 15 | 673z | sao | ases| ara 15 || 3250 | 375 | ss00 3750 | 3875 | 4000 | 4128 the nearast 128" langth.
& | 2 |1rass| 1123 | s0m0 | rass 15 || g7z | 540 |a0e0| 873 15 | 3250 | =975 | =800 3750 | 3875 | <000 | 4125
3 |[187.10] 1200 | 4069 | 1528 15 || 0980 | 624 | 469 | wse 15| 3500 | @625 | 50 4000 | 4125 | 250 | 4375 @ Where distance from rear face of Wrheam riling to
2 |[187.10] 1206 | 4080 | 15.26 15 | 9980 | 624 | 40.89 | sse 15 || 3500 | ae2s | 750 4000 | 4126 | 4260 | 437.8 a fixed objectis 3'er more, post spacing in this area
1 |[1ee57| 1269 | s9ea | 621 15 |[11227| 707 | 4089 | mae 15 | 3750 | 2875 | 4000 4250 | 4375 | 4500 | %825 shillbe £-3".
0 |1ees7| 1769 | a9ea | 62 15 J1i2zr] 707 | a9 | mae 15 | 3750 a7 | ao00 4250 | 4375 | 4500 | a25

‘Where distance from mear face of W-beam railing to
a fixed objactis less than 3, post spacing in this area
shallbe 3-1%"
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GUARDRAIL AT OBSTRUCTIONS
LENGTH OF NEED TABLE 75 MPH DESIGN SPEED 75 MPH DESIGN LENGTH OF NEED TABLES
APPROACH SIDE OPPOSITE SIDE TOTAL W-BEAM LENGTH ®
2, s | gt 55 ot 2 %
S¢ a5 "5|58|%8 |98 55
2z SE| 82| ge|2E|gl @2
E¢l ale|c|lolalom|lelalelc|ole|om|e|"8|%F %E|PE|"E e
2 8| &| & &| 8 g
s FT| T | T[T [P FT [ FT | T [ FT FT | FT | Fr [ FT [ FT T
= 273 | 480 B 603 | 100 | 49.79 | 400 | E0 || 1125 | 1250 | 1575 | 1500 | 1625 | 1750 | 1875 | 2000
T 272 | sew e 4059 | 100 | 4579 | 00 | 50 | 1125 | 1250 | 1375 | 1500 | 1625 | 1750 | 1875 | 2000
o 351 | s e 990 | 100 | 4579 | 400 | 50 | 1250 | 17 | 1300 1625 | 1750 | 1675 | 2000 | 2125 BEC1 faperd el lsatinal 80:1: tapsipd, éad. earsinal
0 25 | asse e 553 | 100 | 45.79 | 400 | &0 | 1375 | 1500 | 1625 | 1750 | 1675 | 2000 | miz5 | 2250 Roar face of
s[e 220 | som 6 2999 | 100 | 2979 | 400 | 50 || 137.5 | 1500 | 1625 | 1750 | 1875 | 2000 | 2125 | 2250 D BN 4 1 =50 D [ Rearfaca of
27 07 | aeen e 650 | 100 | 4ura| 400 | S0 | 1500 | 1625 | 1750 | 1675 | 2000 | 2128 | 2250 | 2875 L ' TRngene e ]
ie 505 | s 18 4599 | 1.00 | 4979 | 400 | 50 | 625 | 1750 | ter5 | 2000 | 7125 | 250 | ze7s
i s 585 | a0 € 4860 | 351 16 || 1750 | 1675 | 2000 | 2125 | 2050 | 2375 | 2800 c il 5 c
5 502 | a0so 18 w50 | a6t it 2250 | 2075 | 2w | 2525
3 7o | w0 % B0 | am (B 7500 | 2625 | 2750 2675
B 741 | asmo 16 4550 | azs B 2500 | 2625 | 2750 | 2875 Rear faca of
7 815 | 4050 1 050 | 507 G 2750 | 2675 | 3000 | 3125 ] Flared ang teming Frared ond tarminal 1 E‘;\m‘;ﬂ%ﬁil
B 57 [wsw 6 w0 56 6 3000 | 5125 [ 30| 7s b P A PRAINE oo i
T2 565 | 0w [ w050 s 2125 | 2250 | 2375 | 2500 o
0 663 i 15 2090 | 420 C | 2375 | 2500 | 2625 | 2750 T “é;‘
) 663 | ass0 | e75 i) 50 | 429 1 2375 | 2500 | 2625 | 2750 E cuved ;Evg’ . E - ,__,__. r
58 741 | 4830 | 1053 16 4850 | 507 16 2625 | 2750 | 2675 | 3000 B 11 Facon + secion e b
27 325 1o |ses | 1o 1 090 | 507 © 2750 | 2875 | 2000 | 3125 ) TL L._‘Lfl* o) e
o[ 6 |72 807 | 4050 | 1208 18 4080 | 6.3 18 3125 | 3250 | 2375 | 3500 LL _G_l F Offset distance
B 3 [em aar [wa | us T PRI T 5725 | G250 | 5575 | B00 G " S — & G
@ |[16220] o | aeen | 27 i w0 | 7 ® 375 | 3600 | 2625 | 3750 Hornfhred el Tonnined o3 patsacg Horfirsd wnd el
Z |[17467] 1053 | 80 | 1365 16 950 | 7e1 6 3500 | 5025 | 3750 | 5975 or 3-1%" post spacing
1 |[17467] 1053 | 4550 | 1385 16 2550 | 819 16 3625 | 3750 4000 eacicsiot [Snuers Quesen see Note (D Edga of driving lana
[ & |[1&ris] 1131 | 4peo | s 15 4550 | 807 i6 3875 | 4000 4250
T2 |[1zar7] vl | eee0 | s 18 50 | 507 D 7625 | 2750 090
w| [z 7e [ e | ose T 50| 585 s 3750 | 2675 | 2000 | 3125 W-BEAM GUARDRAIL DIMENSION LAYOUT
§ 10 |[137.25| 615 | 4880 [ 1131 18 4990 | 585 16 |[ 2500 | 2625 | 2750 [ 2875 | 5000 | 3125 | 5250
= & |[13725] ate | #es0 | 113 B %0 | 683 16 || 2625 | 750 | 2675 | 3000 | 312s | 250 5275
Q| 58 [aer2] oo [om0 | 20w T w90 | 663 o |[ 2750 | 2575 | 3000 | 3125 | azs0 | 3375 | 3590
2| 2 [ |7z as7 | woe0 | w200 18 080 | 7t 16 || 2875 | 3000 | 2125 | 3260 | 587 | 3w0 | se2s
B[ & e s7s || o7 5 50| 741 76 [ 3000 | 3125 | 5250 | 3375 | 300 | 2625 | 3750
o | # A |[irear| 1058 | soee | fmam 16 680 | 667 T6_|| 3375 | 3500 | 2625 | 4750 | svs | 4000 | 4125
o} 3 |[187.15| 11.31 | 4950 | 1443 16 EEIEED 16 || 3500 | 3625 | 3750 | 3675 | 4000 | 4125 | 4250
i Z |[16705] 1151 | age0 | whad 18 we0 | o T || 625 | 5750 | 375 | 4000 | 4126 | a%0 | 4375
=] [ EEEE B e 50 | o5 [ w00 | 4125 | 250 | 4375 | 4500
 |[te62] 1208 | esu | 20 16 850 | 1053 (5 s 4250 | 4375 | 400 | 462
72 |13725] 846 | aeeu | 113 3 w0 | o i 2750 | 2875 | 3000 | 2126 | %50
i1 |[1ar25] eae | awee | et 18 550 | 55 e 2750 | 2875 | 00n | 21z | w50
7o 4072 sor | wen | zee e CEAES e 3000 | 3125 | 3250 | 2575 | 300
G || 1e.r2] sar | aeeo | t2e T8 880 | ees 16 || 2750 | 2875 | 2000 | 3125 | 5050 | 3578 | 500
5[ e |[tez20] 975 | sesc | ze7 5 4950 | 741 16 || 3000 | 3125 | 3250 | 3375 | 3500 | 2625 | 3750 DESIGN F @ H R
= [7 |[7asr| 1053 | aeso | 1388 e w0 | 818 16 || 5250 | 3515 | 3500 | 3625 | 3750 | 3675 | 4000 SPEED
2 [ |[17ear| 1053 | aveo | 1mes 18 s | et 10 |[3250 | 375 | 300 | 3625 | avsn | 2a7s | 4000 FT FT FT FT
2[5 |[ers| ien | e | e 16 050 | e 16 || 3500 | %26 | 2750 | %675 | %000 | 4125 | 4250 75 038 | 1249 | 312 | 20028
& [a_|[1e7.15] 1151 | aseo | s 16 650 | 867 16 || 3600 | 5 | 3750 | 3675 | 4000 | 4125 | 4250
2 |[tw0z] 1200 | owo | 20 18 w50 | ors 16|\ 3750 | %78 | 2000 | 4125 | <250 | 4375 | 4500
 |[21z10] 1267 | ees0 | s 6 850 | 1053 || w00 | 4125 | 4250 | 4575 | %500 | 4625 | 4750
T |[ziz10] izer | s | moe 15 50 | 1053 16|\ 4000 | 4125 | 4250 | 4375 | 4500 | ae25 | 4750
© |[z2056] 1565 | @ss0 | wre 16 w850 | 1151 16 || 4250 [ 9575 [ 200 | 4625 | 4750 5090
77 |[1wez] s | w0 | 2oe TS %w | 663 T || 2750 | 2675 | 3000 | 3125 | 3250 350 NOTES
1 |[1ezz0] 975 | sesa | zer e w0 | 71 16| 3000 | 3125 | 5280 | 375 | 5500 5750
© |[17e57] 1053 | @ew0 | a5 i %% | et 15 || 3250 | 3575 | 3500 | 3625 | 3150 | 3675 | 4000
é 8 |18r15] 1131 | 4590 | 143 16 || 9962 | 585 | 4990 | aev 16 || 3500 | 625 | 3150 | 3875 | s000 [ 4125 | 4250 (1) Does notinduda end terminal section
S 7 |nenms] 1ien | semo | e 16 || o062 | 5es | 4080 | eor 16_|| 3500 | %26 | 2750 | 3675 | 4000 | 4125 | 4250
B[ & |1982] 1209 | a9s0 | 1520 16 |[19230] 663 | 4950 875 16 || 3750 | 3675 | 4000 | 4125 | 4250 | 4375 | 4500 @ The width of the obstruction shall be rounded up to
=[5 |wez| 1200 | aee0 | 520 16 ||172.30 662 | 4080 | 075 16 || 3750 | 3674 | 4000 | 4125 | 4260 | 4375 | 4500 the nearest 12-6" length.
& [ |[z1210] 1267 | w0 | w8 16 |[12277] 741 | 28sa | 058 16 || 000 | 4125 | 2250 | 4375 | %500 | aazs | 4750
5 |22 1305 | sow0 | mre 16 [[1ras| a1e [ s | 1o 16| 750 | a375 | sw0 | ezs | a7o0 | 4ars | mao ® Whers distance from rear face of Wbeam ralling to
7 |[22¢58| 186t | 40%0 | e7e 16 |[1e725] Bw | 400 | 1130 16 |[4250 | 475 | 4500 | 4625 | <760 | 4576 | 5000 8 fieed objectls ¥'or more, post apacing In tis area
1 |[z37.05] 1423 | s | 1754 16 |[1#972 | 087 | @850 | 1208 16| 4500 | 4625 | 4750 | 4875 | 5000 | 5125 | 5250 amilbe T,
o |[z3705] 1343 ] ass0 | 17sa 16 |[1as7z] o7 | sssa| zos 16 || 4500 | smzs | 4750 | 4675 | 5000 | s1z5 | seso Whera distanca fiom roar fasa of Wibaam raiing 1
a fixed objactis less than 3, post spacing in this area
shellbe 3-1%".
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Guardrail Length of Need Details

LENGTH OF NEED TABLE 40 MPH DESIGN SPEED

TWO WAY ROADWAYS. DIVIDED HIGHWAY
£ TOTAL THREE CABLE LENGTH G) TOTAL THREE CABLE LENGTH ®
g

£y £| 8| 5| 5| = £ g g§| % £l 5|.%
=¥ IR R g =i ne|Bi|Be ke | e |8
ol o | o [PE|E|RE[PE[%E Sl ale [°2 GE|BE|9WE|RE |55
= ElTE|VEITE|TE i ] E|TE| =%
H 5| & 5| & & 3 5 5| & 3
FT | FT | FT [ FT [ FT | FT [ FT FT | FT | FT [ FT FT FT | FT | FT [ FT
12 |[ 825 | ee5 | 1ar5 | 1500 | wes| 1750 875 2250 | 025 | 825 | 1375 7625 | 1750 | 1675 | 2000 | 2125 | 2960
11 || 625 | €25 | 1375 | 1500 | t625 | 1750 | 1675 7250 || 625 | e25 | 1375 7625 | 1750 | 1675 | 2000 | 2125 | 250
10 || 625 | €25 | 1a75 | 1500 | 1825 | 150 | 675 2250 625 | e25 | 1375 1625 | 1750 | 1875 | 2000 | 2125 | 2280
9 || 625 | ezs | 1975 | 1200 | 1625 | 1750 | 1875 2250 | 625 | e25 | 1a7s 162.5 | 1750 | 1675 | 2000 | 2125 | 2250
i [ o |[Te2s |25 [1a75 | w500 | vees | 1750 | s 2250 | 625 | ezs 1750 | 1875 | 2000 | 2125 | 250
2|77 | e25 | eas |75 | 500 | 62| 1754 | 1678 2250 | 625 | ez 1750 | 1675 | 2000 | 2125 | mE0
85 |[7e0 | w25 [ 1500 | wezs | e 175 [ 200 275 | 750 | e2s T 1875 | 2000 | 2126 | 220 | 75
B [ ][fers | Tees [rees [ 50 [vers | 0o [ =izs 2500 | 675 | e25 | 1625 | 1750 | 1875 | 2000 | 2125 | 2250 | 2375 | 200
S| |[Foan | ez 7m0 | iers | 2000 2125 | 2280 2625 || 1000 | 625 | 175.0 | 1875 | 2000 | 2126 | 2260 | 2275 | 2500 | %28
3 |[ 7250 | 625 | 200 | 2125 | 2250 2375 | Z00 7675 || 1250 | 625 | 2000 | 2125 | 2250 | 2375 | 2500 | 625 | 2750 | 775
2 |[1575 | 625 | 2125 | 2250 | 2375 | om0 | 2625 2000 || 1375 | 625 | 2125 | 2260 | 2375 | 2500 | 2625 | 2750 | 2875 | 000
7 || 1500 | 25 | 2250 | 2375 | Zs00] 2625 | 270 3125 | 1500 | 625 | 225.0 | 2375 | 2500 | 2625 | 270 | 2675 | 3ono | 31zs
o || 1750 | 62 | 2500 | s625 | 2750 2ev.5 | 300 3575 | 1750 | ces | 2500 | 2625 | 2750 | 2675 | 2000 | 5125 | 3250 | m7S
12 || 625 | e25 | 1avs | 1500 fea 5| 1760 | 'vE | 2000 | 2125 | 2250| 625 | eas | 1575 | 1500 | veas | 1756 | 1675 | 2000 | 2izs | s |
11 || 625 | e2s | 1375 | 1500 | 1625 | 1750 | 1875 | 2000 | 219 | a0 | e2s | eas | re7 | te00 | 1825 | 1750 | 1678 | 2000 | 2126 | mE0
10 || 625 | 625 | 1575 | 1500 | 1825| 1750 | 1675 | 2000 | 2125 | 250 | 625 | 625 | 1575 | 1500 | 1625 | 1750 | 1675 | 2000 | 2125 | 250
o || 625 | 25 | 1a7s | 1500 1625 | 1750 | 1675 | 2000 | 2125 | 2250 | 625 | 2s | 1275 | 1260 | 1825 | 1750 | 1675 ] 2000 | 2125 | 2250
15[ 8 |[ 025 | a5 | 1575 | 1900 | wes| 1750 | 175 | 2000 | 2125 | 2250 625 | ezs | 1375 | 100 | 1625 | 1750 | 675 | 2000 | zies | 2w0
Z 7 |[e75 | €25 | 1ees | 1750 | fev.5 | o000 | 2125 | 2250 | 2375 | 2500 €75 | 625 | 1625 | 1750 | 1875 | 2006 | 2125 | 2250 | 2375 | 2600
&[5 |[w00 | e | 1750 e | w00 212 | 220 | 2575 | zouo | zees | veon | ezs | 170 | vavs | zwon | #res | zemn | zvs | zenn | mzs
|5 |[1125 | €25 | 1875 | m00 | 2125 2250 2750 || 1125 | 625 | 1875 | 2000 | 2125 | 2350 | 2375 | 2500 | 2625 | 250
# [ 4 |[1250 [ e2s 2000 | 2128 | 2es0| 2378 2875 | 1250 | 25 | 2000 | 2125 [ 2250 | 2375 | 2500 | 2 2750 | 2875
5 || 1375 | ez | 2125 | o0 | mars| 200 000 || 1575 | &25 | 2128 | 250 | 2508 | 2500 | 2e2s | ors0 | 2ars | sooo
2 |[ 1625 | 625 | 2375 | 2500 | 2ee5| 2vs0 39250 | 1625 | b25 | 2375 | 2600 | 2825 | 2750 | 2675 | 3000 | 3125 | :s0
7 |[ 750 | 25 | 2500 | oeos | om0 2ers 575 | 1750 | B25 | 2500 | 2625 | 2750 | 2675 | son0 | 5128 | a2s0 | s
o |[7e7s | 625 o5 | zrao| zevs| swa 3500 | 1875 | 625 | z2s 2875 | 3000 | 3125 | 325.0 | 3375 | 600
12 || 625 | €25 | 1375 | 1500 ] te25 | 1750 2250 || 625 | 625 | 1375 | 1500 | 1625 | 1750 | 1675 | 2000 | 2425 | 2260
i 11 || 625 | €25 | 1375 | 1500 | 25| 1750 2250 | 625 | 625 | 1375 | 1500 | 1625 | 1750 | 1675 | 2000 | 2125 | 250
b 10 |[ 625 | 25 | 1a75 | 1508 | 1825 ] 1750 2250 || 625 | e25 | 1375 | 1500 | 1825 | 1750 | 1675 | 2000 | 2125 | 250
>|E s |l 675 | eas | 1s25 | 1750 [ 1s75 | 2000 2500 875 | e25 | 1625 [ 1750 | 187.5 | oo | 2125 | 2250 | 2375 | 2500
O 2 [ ][o00] ees [ s0] rars [ moo] ezs 2625 || 1000 | 625 | 1750 | 1875 | 2000 | 2125 | 2250 | 2375 | 2500 | 225
L8[ s |[es [ ees [ers 2250 2750 | 1125 | m25 | w75 | oo | 125 | 2250 | zars | 2500 | 7628 | ws0
:L} =[5 |[Gz50 | was 00 275 2875 | 1250 | 625 | 2000 | 2125 | 2260 | 2375 | 2600 | 2625 | 2750 | 7vs
S| g e s [ees 550 3000|1375 | e25 | #1es | 0] 2375 | ou | zs | 2vs0 | 2875 ] 3000
o 3 |[ 1500 e2s | 2250 225 3125 | 1500 | 825 | 2250 | 2375 | 2500 | 2625 | 2750 | 2675 | 3000 | 3128
I 2 |[7e25 | e2s [ mws 2750 3250 || 1625 | e25 | 2375 | 2:0n | 2825 | 2750 | 2875 | 3000 | 3425 | ms0
= 1 |[1750 | e2s | 2s00 %75 3375 | 1750 | e25 | 2500 | 2625 | 2750 | 2675 | 2000 | 3125 | 3250 | ;s
o |[1e7s | ees | oses 3000 3500 | 1875 | 625 | o025 | 2750 | 2675 | 3000 | 3125 | 3250 | 3375 | sso0
12 || 625 | €25 | 1a7s 1750 750 | 625 | ezs 1625 | 1750 | 1875 | 2000 | 2125 | 2950
11 || e2s | e2s | 1375 1750 250 e2s | ez 1625 | 1750 | 1875 | 2000 | 2125 | 250
10 |[ 825 | eas |15 1750 2250 | 625 | 825 7625 | 1750 | 1675 | 2000 | 2125 | 2260
3 |[750 | 625 | 00 [GE Ed I ED 750 | 1675 | 200 | 2125 TS
5 e |[e7s | e2s [vees 2.0 2500 | 675 | e2s 1875 | 2000 | 2125 | 2250 | 2375 | 2800
‘é 7 || 125 | e2s | i 2250 2750 | 1125 | 625 | 175 | 2000 | 2125 | 2250 | 2375 | 2500 | 2625 | 2050
2| & |[1es0 [ e2s 2000 2375 2675 | 1250 | 625 | 2000 | 2125 | 2250 | 2375 | 2500 | 2625 | 2750 | m7s
s [heees [zes 200 5000 | 1375 | wes | 21es | 20 | 275 | oson | awes | orso | 2avs | moo
Bl I EET 2250 %25 3125 || 1500 | 625 | 225.0 | 275 | 2500 | 2625 | 2750 | 2675 | denn | 3res
3 2575 2750 3250 | 1625 | e25 | 2575 | 2600 | eees | ers0 | 2675 | 5000 | 3125 | ws0
| 2 |50 | €25 | 200 %75 a7 | 750 | 825 | 200 | 2625 | 27e0 | 2eve | w000 | 3125 | azme | wrs
7 |[1875 | 625 | zezs 300 3500 || 1675 | o25 | 2025 | 2750 | 287.5 | 3000 | 3125 | 5250 | 997.5 | H00
o |[2125 | 625 | esvs 3250 a75.0 | 2125 | 625 | 2875 | 3000 | 3125 | 3250 | 2075 | 3500 | ae2s | arso
12 || 625 | ez | 1575 750 7250 || 623 | 625 | 1575 | 100 | 1625 | 1750 | 1675 | 2000 | 2125 | 2250
11 || 750 | e2s | 100 [GE 7375 | 750 | e25 | 1500 | te2s | 1750 | 1675 | 2000 | 2125 | 7250 | ms
10 |[ 875 | ees | 1625 | 1750 | 1875 ] 20 2500 | 675 | 625 | te25 | 1750 | 1875 | 2000 | 2125 | 2050 | 2375 | 2500
9 || 1128 | e2s | 1evs | ma0 | 22| 2ms0 2750 | 1128 | &25 | tars | ouen | 2128 | 2250 | 2ars | 200 | 2eas | w0
t5 [ 8 |[7250 | 625 [ 2000 [ 2125 | 2250 | 2375 | 2500 | 2625 | zvs0 | 2675 | 1250 | 65 | 2000 | 2125 | 2250 | 2375 | zsan | oees | 2750 | mrs
= [ 7 |[0z72 | e25 | 225 | zu0 | 2srs | 2m00 | 2625 | 2750 | 2e7% | m000 | 1375 | es | 2126 | 2050 | a75 | 250n | 2e2s | 270 | 2evs | w00
5[0 |[7500 | 25 | 2250 | 2275 | z500 | 2ezs | 250 | 2875 | so0w | 3125 | 1500 | 625 | 2260 | 2375 | 2500 | 26es | 270 | 2evs | one | mzs
&[5 |[7625 | €25 | 2375 | 2500 | 2525 | 250 | 2675 | 3000 | o125 | azs0 || 162 | 25 | 2275 | 2600 | 2625 | 2750 | 2675 | a00n | aizs | 250
G| 4 |[i750 | ezs5 | 2500 | 25| 250 | 2675 | 3000 | 3125 | 3@a0 | 3o7s | 1750 | 625 | 2500 | 2625 | 2750 | 2675 | 3000 | 3125 | 3250 | 78
3 |[1875 | 625 | 2625 | 2150 | 2875 | 3000 | 3125 | 3250 | 3375 | 3500 | 1675 | ez5 | 2025 | 2750 | 2675 | 3000 | 3125 | 3250 | 3578 | 300
2 || 2125 | 625 | 2875 | 2000 3105 | aos.0 | 275 | 3600 | 3625 | ar.0 | 2125 | as | 2875 | 300.0 | 5125 | 3250 | 2375 | 3500 | 3625 | 50
1 || 2250 | @25 | 2000 | 3125 | a26.0| 2375 | 3500 | 3625 | 3760 | 2875 | 2050 | a5 | 000 | 3125 | 3250 | 375 | 3600 | 2625 | 3750 | %75
0 || 775 | e2s | 3125 | 3250 3375 | 3500 | 325 | 3750 ] 3875 | 4000 | 2375 | 625 | 3125 | 250 | 5375 | 3500 | 825 | 5750 | 3475 | 4000

THREE CABLE GUARDRAIL AT OBSTRUCTIONS
40 MPH DESIGN
LENGTH OF NEED TABLES
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Width
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—
11'or greater Face of guandrall
i |
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D The width of the ubrm"men shallbe rounded up o
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THREE CABLE GUARDRAIL AT OBSTRUCTIONS

LENGTH OF NEED TABLE 45 MPH DESIGN SPEED 45 MPH DESIGN
TWO WAY ROADWAYS DIVIDED HIGHWAY LENGTH OF NEED TABLES

i TOTAL THREE CABLE LENGTH @ TOTAL THREE CABLE LENGTH @
. g 5| 5| 8| § g | 8| 8| &8 8§
&g HEH EHHHE HEHBEEHEH:
i IR IET I I 1 “Elwt| % |nE| %
ga HE R IR R R I S5 Y5 | %5 58| B2
ANNEEEEEREEE HMEEIEIEIEIE

FT [ FT | FT | FT | FT | FT [ FT [ FT [ FT | FT | FT [ FT | FT [ FT [ FT | FT [ FT

525 | 625 | 1375 | 1500 | 1625 | 1750 | 1675 | 2000 | m25 | 2950 625 | 625 | 1575 100 | 1625 | 1750 | 1ars
625 | 625 | 1375 | 1500 | 1825 | 1750 | 1875 | 2000 | 2125 | 2250 e2s | w2s | 1av.5| 150 | ve2s | 7e0 | 175 250
10 || 625 | 826 | 137.6] 150.0 | 1625 | 175.0 | 167.5 | 2000 | 2125 | 2260 625 | 626 | 137.6 | 150.0 | 1625 | 1760 | 1876 2250
s | 625 | 625 | 1575 | 1500 | 1625 | 1750 | 1675 | 2000 | 2125 | 2250 625 | 625 | 1375 | 1900 | 1625 | 1750 | 1875 | 2000 | 2125 | 2250

i [o | 750 | e2s | soo| e2s | 1750 ters | 2000 | 2125 | 250 | 2375| 750 | 625 | 1800 | 1625 | 1750 | 1875 | 2000 | 2125 | 2260 | 2375
=77 |75 | e25 | 1625 | 17e0 | 1675 2000 | 2725 | 2050 | @75 | saeo|| 675 | 625 | 1625 | 1750 | 1875 | 2000 | 2125 | 250 | 2375 | 2500
B[ o |25 ees | 1675 | 2000 | 2125 2250 | zavs | 2500 | mozs | avso 1125 | ezs | ers | 200 | mizs 200 | 2625 | 50
Z T8 |7zs0 | eas | 2000 2125 | 2080 | 2a7.5 | 2500 | 2626 | 2760 | 2875 || 1260 | 628 | 2000 | 2125 | 2280 2605 | 2750 | 2878
S|4 |[%575 | ees | 2125 2250 | 275 | 200 | eo2s | 2rs0 | 2075 | s0o.0| 1575 | 625 | 2125 | 2250 | 2t 2750 | 275 | %000
3 | 625 | G25 | 2075 | o600 | %625 | 0750 | 2675 | 000 | 3125 | 420 1625 | 625 | 2avs | 2sbo | 2enb 3000 | 3125 | @260
2 | 1750 | f25 | 2500 | m25 | 2750 | 2475 | 5000 | 3125 | 3250 | 3375|1750 | 625 | 200 | mezs | 2750 3125 | 3250 | 3375
1 | 1875 | 625 | 2625 2750 | 2875 | 3000 | 3125 | 5250 | 1875 | 30| 1875 | a25 | 2825 | 2750 | 275 3250 | 3375 | 3500
0 | 225 | 625 | 2878 | so00 | 125 | 3260 | 3875 | 360.0 | 3825 | aveo| 2128 3000 | 3125 3500 | 3625 | 5780
72 || 625 | e2s | 1975 | 1500 | 1025 | 1750 | 1675 | 200 | 7125 | azso|| 625 %00 | 1625 2000 | 7125 | 2250
11 || 7s0 | e2s | vs00 | tezs | 1750 | 1875 | 2000 | 2128 | 50| eavs| w0 1625 | 1750 2125 | 2250 | 2378
0 || 875 | oas | 1625 | 1750 | 1875 | 200.0 | 2125 | 2250 | 2375 | as6o0|| 678 1750 | 1875 2250 | 7375 | 2500
o | 7000 | 625 | 1750 | 1675 | 2000 2125 | 0250 | 2375 | 2500 | 2625 | 1000 1875 | 2000 2375 | 2500 | 2625
£ [e 725 | e2s [ 1875 2000 | 2125 | 2280 | 2575 | 2500 | 2625 | zws0| 1125 2000 | @125 2500 | 2625 | 2150 Width
277 |[7250 | w25 | 2000 2125 | 2250 | 2375 | 2500 | 2025 | 275.0 | 2675 1260 2125 | 2260 26025 | 2750 | 2875 yajes
8| & [[1375 625 | 2125 ees0 | 2375 | 2600 | 2605 | 2vs0 | 2676 | aowo| 1375 2250 | 275 2750 | 2a75 | 3000 [
&l 5 1500 e2s [ 2250 2375 | 250.0] 2625 | 2750 | 2875 | so00 | 3125] 1500 2375 | 2500 2875 | 3000 | 3125 —
£ [ <625 | ees | 2975 | 2eon | 2625 | 2750 | 2875 | s000 | 3125 | 3250 1625 2500 | 2625 3000 | 3125 | 3250
3 1750 ] e25 | 2500 2825 | 2750 | 2875 | 3000 | 3125 | 3250 3375] 1750 2625 | 2750 3125 | 3250 | 3375 1'of greater Fow Mﬂ“’m""7
2 | 2000 | 625 | 275.0 | 2675 | 3000 | 3125 | 3250 | 3576 | B0 | ses | 2000 2875 | 3000 FEERNES i
" |z125 | e2s [ 7e75 | 500 | w25 | 9250 | o3 | 30| wes | sme| zes 00 | 325 300 | w25 | 3750 76 @ Offeet distance
0 | 2250 | e25 | 3000 | 3125 | 3250 | 3375 | 2800 | aeas | w50 | sers| 2250 3125 | 3250 3m25 | a0 | s o
750 5 | 1500 1625 | 1750 | 187.5 | 2000 | 2125 | 150 | 2975 750 1e25 | 1750 2125 | 2250 | 2375 B (= Oppoaiis; ik lo A = Rpproad langh

% 1000 | 625 | 175.0 | 187.5 | 2000 | 2125 250.0 | 262.5 | 100.0 1875 | 200.0 2375 | 2500 | 2625 Edge of driving lane
S fovm s Tmen iz [ ors Zes [mes s HIREE BARIE GUARDRAIL DIMEREON TAYSTT
E 1375 | 625 | 2125 | 2250 | 2975 | 2500 | 2625 | 2750 | 2675 | 3000 1575 2250 | 2575 2750 | 2875 | %000

2375 | 250.0
2800 | 2825
2625 | 2750
2750 | 2875
2875 | 3000
3000 | 3125
3125 | 3250
2 | 875 | cas | 102.6 | i7a0 | 197.6 | 200.0 | 2125 | 225.0 | 27.5 | 2500|875 1750 | 1875
11 | 1000 | E25 | 1750 | 1875 | 2000 | 2125 | 2250 | 2375 | 2500 | %625 || 1000 | 625 | 1750 | 1875 | 2000
10 | 1125 | €25 | 1875 | 2000 | 2125 | 2250 | 2375 | 2500 | 2625 | 2750 1125 | 625 | 1675 | 2000 | 2125

2875 | 3000 | 3125
3000 | 3125 | 8260
3125 | 3250 | 3375
3250 | a7 | 800
3375 | 3500 | %28
3500 | 3825 | 5750
3625 | 3750 | 878
2260 | 2375 | 2500
0375 | 2500 | 2625
2500 | 2825 | 2750

1625 | 625 | 2376 | 2500 | 2625 | 2750 | 2875 | 300.0 | 3125 | 3250 1625
1750 | 625 | 2500 | 2625 | 2750 | 2875 | 9000 | 3125 | 50 | 3975 1750
1875 | 625 | 2605 | 2750 | 287.5 | 3000 | 3125 | 3260 | 37.5 | 3000 1875
2000 | 625 | 2750 | 2876 | 3000 | 3125 | 3260 | 3375 | 3600 | 3645 2000
2125 | e25 | 267.5 | 000 | 3125 | 3260 | 2375 | as00 | 3825 | avso| 2125
2250 | 750 | 5125 5250 | 3375 | 3800 | 3625 | 5750 | 75 | 400 2250

1500 - 2000 ADT

DESIGN TRAF

2

11

0

0

3

7

6 | 7500 | e25 | 2250 | 2375 | 2500 | 2625 | 2750 | 2675 | 3000 | 3125 1500
= |

2

3

2

1

0

o || 7250 | 625 | 2000 2125 | 250 | 2375 | 2500 | 2625 | 750 | 2675 || 1250 | 625 | 2000 | 2125 | 2250 2625 | 2750 | 2875
&5 [ & _|7315 | 628 | zias | 22m0 | 2avs | 2500 | 2608 | 27m0 | 2875 | so0o 1515 | e2s | 2125 | 2280 | 27 2750 | 2875 | 3000
& [T [0 s [ms0| 2975 | 2500 | 2ees | erso | 2ers | o | i2s| 1500 | ezs [ 250 zrs | 200 2875 | 3000 | 3125
S [ 750 | 25 | 700 | 725 | zis0 | 2a75 | 5000 | 5125 | 550 | 5575 1750 | e2s | 200 | zezs | 2750 5125 | 5250 | 5575
&[5 Gers [ s [ves [ oran [ oo7s | oo [s725 | s2e0 | wors | sews|[ers orao [oers 5250 [ 3a75 | 0o
R [ 200 | w25 |50 2675 | 3000 | 3125 | ae50 | 5375 | 3500 | se2s| 2000 2875 | 3000 3575 | 3500 | %25
5 |[125 | 625 | 2075 | 00| 3125 | 5250 | s57s | 3500 | s | 970 ezs 000 | 3125 3500 | 625 | 5750
|2 |[zz50 | s | 5000 | 3125 | 3250 sars | om0 | 3eas | wreo | sera 220 3125 | 3250 3525 | 3760 | 18
7 |75 | 750 | 5350 3575 | 300 | 325 | 370 | 3875 | 4000 | av2s| 2518 3550 | 3375 3750 | 3875 | 4000
o || 500 | 75 | 500 sees | 310 | sars | awo0 | 4125 | 250 | a3vs ]| 2m00 3375 | 3500 3575 | 4o00 | a1zs
T2 | 1250 | 625 | 200.0| 2125 | 2250 | 2375 | 2500 | 2625 | 2750 | 28r || 1250 | 2125 | 2250 | 265 | 2750 | 275
1 | 7375 | ees | 2125 | 2250 | 2375 | 2500 | zees | 2750 | 2675 | 3000 1375 2250 | 2375 2750 | 2875 | 3000
70 | 7500 | 25 | 250 | 2375 | 2500 | 2625 | 270 | 2675 | 3000 | 325 1500 2373 | 2500 2875 | 3000 | 3128
B R ERESEN B ERES ENEREN D 2500 | 2625 3000 | 3125 | 3250
b5 |8 | 1750 | e25 | 2600 | 2625 | 275.0| 2875 | 3000 | 3125 | 3250 | 3378 || 1750 2625 | 2750 3125 | 3250 | 3378
S| 7 |Fe7s | eae [oeae| oren | aa7s | scon | avos | se0 | save | sseo| s 2750 | 2875 3250 | 3375 | 3500
§ | |00 | 25 | zrs0 | 2575 | 3000 | 3725 | 5250 | 3375 | 3500 | %ees| 2000 2575 | 3000 3575 | 3500 | %25 e
=[5 [ z125 | c25 [ 2875 000 | 2125 | 3350 | o575 | 300 | 325 30 2125 3000 | 3125 3500 | 3625 | 3750 3
B[ 2 | =50] 750 | 3125 250 | 3375 | 3500 | 3825 | 3750 | 7.5 | 4000 2250 3125 | 3250 3625 | 3750 | 275 (@ The width of the obstruction shallbs rounded up fo
3 || 2250| 875 | 3250 | 3375 | 350.0 | 3625 | 3750 | 387.5 | 4000 | 4125 2250 3125 | 3250 3625 | 3750 | 3875 the nearest 128" length.
2 || 575 | 00| 500 | ez | 3750 | 3875 | w00 | 4125 | w250 | aavs ] mis 320 | aws 370 | 3875 | a000 (@ Tha 2.4 dimension s e minimum ength beyond
T || 00 | 125 | sr50 | srs | 4000 arms | 250 | 4378 | 4500 | e2s | 2500 3375 | 3500 3875 | 4ono | a1zs an cbtrustion that iy be placé
0 3500 | o625 | 3750 | 3875 | 4000 | 4125 | 250

2625 | 1250 | 4000 | 4125 | 4250 | 437.5 | 4500 | 4625 | 4750 | 4a75 ] 2eas
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THREE CABLE GUARDRAIL AT OBSTRUCTIONS

LENGTH OF NEED TABLE 50 MPH DESIGN SPEED 50 MPH DESIGN
TWO WAY ROADWAYS DIVIDED HIGHWAY LENGTH OF NEED TABLES
= TOTAL THREE CABLE LENGTH @ TOTAL THREE CABLE LENGTH Q
I
£ ] ] 8 £|.% | 5| 5| %8| 8| ¢ JE
22 =g kaH Bilei|g: R EH R Lt
i5 TE % gl 8] a3 EIEHEIR I %
g2 £y %2 d2led|ss c2|d2 g2 |52 ad |82 g2
28 A | B | 2 ¥ 4 2 & | 8 |FE|=E| "2 ]=E]®2 =8 By
5 o ° =] Q =) o =] =} o o o
FT | FT [ FT FT FT | FT [FT | FT [ FT FT|FT | FT|FT|FT FT
= | e2s | s | es Ters | 1750 | 875 | zwoo | 25 | 2o w25 | a2s Tso0 | w62z | w7eo [ ers | 2o )
T |[ees | ezs s 1025 | 1150 | tors | zwo | zizs | zzmo ees | wes 7500 | 1025 | w50 1ers | Zw0 z50
10 2.5 625 | 1375 1625 | 175.0 | 187.6 | 200.0 | 2125 | 2250 625 | 625 150.0 | 182.6 | 175.0 | 187.5 | 2000 2250
5 | o2s | s |55 Teas | 1750 | 1875 | 2w | 2125 | 2o | ees | ees 7500 | 1625 | 1750 | 1975 | 200 750
o o [ s [1ees 175 | 2000 | 2125 | 2050 | 2375 | swo | evs | s2s 750 | 175 | 2000 | 2125 | 2250 00
sl es es 7125 | 2250 | 2975 | 200 | sezs | 2rso 1125 | e2s 000 | 2125 | 250 | 2575 | 2300 EE
% [ s |[1250] 25 | 2000 | 2125 | 2250 | 2375 | 250.0 | 2625 | 2rs0 | 275 1250 | 625 2125 | 2250 | 2375 | 2500 | 2625 2875
L[5 |[1s00 | s2s | 2280 | 2ars | 00 2750 | 2675 | s000 | 3125 ] 1500 | s2s 2378 | 2800 | 2825 | 2750 | 2mis 3125
=2 4 1750 | €25 | 2300 | 2825 | 2750 300.0 | ;25 ] 3250 | 3375 ) 1750 | 625 2625 | 275.0 | 267.5 | 300.0 | 3125 P75
[ |[7875| 625 | 2625 | 2750 | 2875 3125 | 3250 | 3375 | a50.0 || 1875 | 625 275.0 | 2875 ] 3000 | 3125 | 3250 350.0
2 |25 | w25 |z | w00 ] 312s 5375 | 500 | 325 | 370 | 2ies | s 3000 | 5125 | 5250 | 5778 | 390 B
1 |[z250| o5 [3000 [ =iz | weso 3500 | 3625 | avso | se7s| 20 | ezs 3125 | 5250 | sars | 3500 | a5 w75
[0 |[ 200 | 625 | 2250 | 2ers | 200 375.0 | 387.5 | 4000 | 4125 ) 2500 | 625 337, 350.0 | 3825 | 375.0 | 387.5 | 4000 | 4125

7z || 750 | 625 | 1500 | 1625 | 1750 | 1675 | 2000 | 2125 | 2250 | Za75 ) 750 | 625 625 | 1750 | 1975 | 2000 | 2125 | z2s0 | 2978
11 || evs | a2s | 1e2s | 17s0 | 1875 | 2000 | 2125 | 2s0 | 2375 | 200 e7s | s2s 7750 | 1875 | 2000 | 2125 | 2260 | za7s | 2500
10 || 1000 | @25 | 1750 | 1875 | 2000 | 125 | 2250 | 2avs | 2000 | zo25 | 1000 | 625 875 | 2000 | 2125 | 2250 | 2375 | 2500 | 2025
[ |["250| 625 | 2000 | 2125 | 2250 | 2375 | 2500 | 625 | 2750 | 2evs | 1260 | 625 2125 | 2350 | 2275 | 2500 | 2625 | 2750 | 2675
= [ & |[1375| s2s | 2125 | zeso | asrs | 2800 | 2625 | 2rs0 | 2875 | sowo| 1ars | szs 2250 | 2375 | 2500 | 2625 | 2750 | 2875 | so00 Width
= [T7 |[ts00 | @25 | 2260 | 2375 | 2000 | =626 | 2750 | 2675 | w000 | 32| 1500 | 625 2375 | 2500 | 2625 | 2750 | 2875 | 3000 | 325 (LT
@ | & |[1750] @25 | 2500 o625 | 2750 | 2avs | aoo0 | ares | asso | 3ars | 1750 | e2s 2625 | 2760 | 2875 | 2000 | 2128 | azen | 375 [
& 5 |[ 1875 | 625 [ 2625 zr50 | 2875 | 3000 [ 3125 | 3250 | 3375 [ 3so0 ) 1875 | &2s 275.0 | 2875 | 3000 | 3125 | 3250 [ 3375 | 3500 —
% |4 |2000 | e25 | o750 | 875 | a00.0 | 3125 | 3250 | 3375 | 3500 | 3625 || 2000 | 625 2675 | 3000 | 3125 | 3250 | 3375 | 3500 | 3625
3 (22| e25 [ 2875|2000 3125|3250 [ 3375 | 3s00 3625 | ars0] 2125 | 625 3000 | 3125 [ 3250 | 3375 | 2500 [ 3825 | 3750 11 or greater Face of guardrail 7
[2 |[=75| o5 | oias | 260 | eers | 2600 | 2625 | ars0 | 3675 | 4000 2275 | 625 3050 | 5378 | 3600 | 2625 | 2750 | 2876 | 2000 1
1 |[2s00 | 625 [ 3250 [ 3a7s] 3500 2625 | 3750 2000 [ @125 2s00 | B2s 3375 | 3500 | 3625 | 3750 [ 3675 | 4ouo | #125 Offset distance
0 |[2625 | 750 | 300 | 3825 | avs0 | aevs | 4000 4250 | 4375 || o625 | B25 3500 | 3625 | 9750 | 3675 | 4000 | 4125 | 4250 T
T2 || 875 | G2 | 1625 | 1750 | ter5 | 2000 | 2125 | 2375 | 200 675 | 625 7750 175 | 2000 | 2125 | 2260 | 775 | 2500 A = Approach |sngh
= 10 |[725.0 | @26 | 200.0 | 2125 | 2250 | 2375 | 2500 2750 | 2875 | 1260 | 625 212.5| 2250 | 2975 | 260.0 | 2625 | 2750 | 2875 Edge of driving lane
=] o |[7275 | 625 | 2125 | 250 | 237 [ 2s00 | 2e25 2675 | 3000 | 1275 | 625 2050 | 2375 | 2500 | 2625 | 2750 | 2675 | 3000
I e R W T o ) o et o T T KT e B o e B e T T
Q| S [T (G025 ] o253 | 2375 | 700 | 2025 | 2ra0 | aors 3125 | 3250 | 1625 | &25 7500 | 2625 | 2750 | 675 | 3000 | 3125 | 350
i | 86 |[1750 | ezs | 2500 | 725 | 2750 | 2evs | 5000 3250 | 3375 | 1750 | 625 2625 | 2750 | 2875 | 2000 | 3125 | azs0 | W75
E o[ & |[2000| e2s | ov.0 | 2ave | a000 | #1256 | 3260 3500 | 3625 | 2000 | 6265 2875 | 8000 | 3125 | 3250 | 337 | aB00 | 325
= | B2 |[212s | 6z5 | zo75 | 00| s1z5 | 3250 | s9r5 %625 | 3750 | 2125 | 625 3000 | 3125 | 9250 | 3375 | 3500 | 3625 | 3750
<) 3 |[2250| 625 | 3000 | 2125 | 2250 | 2375 | 3500 ars.0 | 3875 | 2250 | 625 3125 | 3250 | 3075 | am.0 | 3625 | ars0 | 3875
i} 2 |[287 | e2s | 3125 | @50 | savs | aso0 | 826 3875 | 4000 | 0278 | 626 250 | 5375 | 3500 | 3626 | 3750 | 38756 | 4000
C) 1 |[2s00 | 750 | 2375 | 2600 225 | ars0 | asns 125 | 4250 2500 | 625 3975 | 3500 | 3825 | 2750 | 2875 | 4000 | 4125

o |[7525 | s7s | sees | srao| sars | aooo | aias | ezso | e37s | asoo | 2625 | a2s
T2 |[ 1725 | 625 | 1ev.6 | 00| :izs | 220 | 235 | 2500 | ees | 2mmo vizs | oas
17 |[ 7250 | 625 | 2000 | 2125 | 2250 | ars | 2500 | 2625 | 2750 | 2675 | 1250 | 625
7o |[1575 | 625 | 2125 | 2250 | 2375 | 2500 | 2625 | 2150 | 267s | awo| 1375 | s2s
1625 | 625 | 2575 | 2500 | 2625 | 2750 | 2675 | 300.0 | 3125 | 3250 | 1825 | s25 250.0 | 2625 | 2750 | 2675 | 3000 | 2125 | 350
1750 | 625 | 2500 | 3825 | 2750 | 2675 | 5000 | s128 | 280 | w5 ivsn | aas 2825 | 2750 | 2875 | 2000 | 3128 | 3280 | mrs
1075 | 625 | 2625 | zrno | 2875 | 300 | 3125 | 9ze0 | 575 | 3co0 | 1875 | 625 | 202s | zrso | 2075 | 000 | 31as | szo | 39T | won
5 | 5250 | 5575 | sw00 | %25 | 350
3125 | 3250 | 3375 | 300 | o625 | 3750 | sers
3875 | 400.0] 2375 | 625 | 9125 | 5050 | 5875 | 3500 | s625 | 2750 | 2875 | 4000
125 | 4250 wees | aes | 3375 | 00| 32 | 5750 | sers | so00 | a1zs | ss0
4375 | w0 27en | ozb | st00 | 65| 70 a0 | 42t | 4280 | 4rs
w25 | ars0] 5675 | Gzs | %25 | 3750 WIS w125 | 4250 | 4375 | 4500
5125 | 5250 3125 | 825 | 3875 | 4000 375 | 400 | am2s | 450
3125 | 9250 1625 | 625 | 2975 | 7500 | | 2875 | 2000 | 2125 | az50 |
3250 | 3375|1750 | 625 | 2500 | 225 | 2es0

3500 | 3625 | 3750 | 3675 | 4000 | a1zs | a2s0
200.0| 212 | 2250 | 237.5 | 2500 | 2626 | 276.0
2125 | 2250 | 2375 | 2600 | 2605 | 2760 | 2675
2250 | 2375 | 2500 | 2625 | 2750 | 2675 | 3000

9
B
7
5 |[z2s | 625 | zo7s | 3000 | 3125 | 3550 | 5375 | 3500 | 3625 | 3750] 2125 | 625 | 2675 | 5000 otz
5 |[2250 | o2 | o000 | a1z | ceso| aovs | 3500 | awes | arso | 3675 | 2260 | ses | woon
[+ |[2575 | 625 | o125 | 3ew0 | aavs | @00 | a2
5
=2 |
]
o

g

25 | 625 | 5375 | w00 | sees | ar50 | sers
2750 | 750 | 3625 | 3750 | s | w00 | 4125
675 | 675 | 3675 | 4000 | 125 | 4250 | 4375
3125 | 1125 | 4375 | 4500 | aezs | ar50 | aers
T2 | 1625 | 625 | 2375 | 2900 | 2925 | 2750 | 2avs |
11 |[7750 | ez | 200 | =625 | 2750 | 2875 | 3000

2675 | 2000 | 2125 | 3250
3000 | 3125 | 3250 | 375

3125 | 1250 | 4500 | 4625 | 4750 | 4875 | s000
3250 | 137.5 | 4750 | 4ar.5 | 5000 | 5125 | 5250
3375 | 1625 | 5125 | seso | 5675 | ss0.0 | se2s

5250 | 8375 ] 3125 | 625 | 3875 | 4000 4125
5500 | Sez25] 3250 | 625 | 4000 | 4125 | 4250
5875 | 600.0] 3375 | 625 | 4125 | azs0] 4375

2375 | a0 | 4525 | 4750

= — @ The 62-6" dimension s the minmum langth beyond
4500 | 4825 | 4750 | 487.5 an obstruction that may be placed.
2625 | 475.0 | 4875 | 5000

10 1875 | 626 | 2605 | 2750 | 287.5 | 3000 | 3125 3375 | 3500 | 1875 | 625 | D625 | 2750 | 2876 3125 | 2250 | 3375 | 350.0
L] 2000 | 625 [ 2750 | 2875 | 3000 | 3125 | 3250 3500 | 3625 ) 2000 | G25 | 2750 | 2875 | 3000 325, 3575 | 3500 | 3625
[T |[2125| e25 | 2675 | 2000 | ai25 | 2e50 | aare | 500 | 3625 | avso| 21es | 626 | 2875 | 3000 atzs 2375 | 2500 | 2626 | @50
_7 2375 | €25 | 3125 | 3250 | 3875 | 3500 | 3825 3875 | 4000 ) 237.5 | 625 | 3125 | 3250 | 3375 2625 | 3750 | 3875 | 4000
5 |[=00 | 625 | 5250 | w75 | 3500 | 38z | a750 2000 | 4125 2500 | 625 | az50 | 3075 | 300 3750 | 5675 | 4000 | 4125 .
| 5 |[z625| &75 | 3625 | 2750 | 2875 | 4000 | 4125 4375 | 4500 | 2825 | 625 | 3375 | 3500 | 3625 3875 | 4000 | 4125 | 4250 NOTES:
4 |[Z750 [ 1000 | 3675 | 4o | mas [ 4zso | a57s w25 | 4750 2750 | 625 | 300 3625 | 370 G000 | 4125 | 4zs0 | 4rs (@ The width of the obstruction shallba rounded up 1o
3 |[275 | 1125 | 4125 | azno | aars | 400 | as2s 4875 | 5000 se7s | e2s | %25 | 3750 s 25 | 4250 | 4375 | 4500 the nearest 128" length.
2
F
o
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Guardrail Length of Need Details

LENGTH OF NEED TABLE 55 MPH DESIGN SPEED

TWO WAY ROADWAYS.

DIVIDED HIGHWAY

TOTAL THREE CABLE LENGTH (1)

TOTAL THREE CABLE LENGTH

g
£y £| 8| 5| 5| = £ g g§| % £l 5|.%
=¥ IR R g =i 0g TElRg|zz2:
ol o | o [PE|E|RE[PE[%E Sl ale [°2 BE|®E|PE |58
E EITE|VE|TE|TE E H E|"E| =z
H] 5| 6| 5| | @ [ 5 5| 5| 3
I W il W FT T /T
12 || o265 | 65 | 17 | 1500 | wes| 1750 675 2250 | 625 | 626 | 1375 | 1500 | 162k 2000 | 2125 | 2350
17 || 625 | €25 | 1575 | 1500 | toz5 | 1950 | s 750 | 625 | e2s | 1375 | 1200 | 162 1675 | 2000 | 2125 | 750
10 || 75 | 25 | 1625 | 1750 | 75| 200 | 2125 2500 | &75 | 625 1875 2125 | 2250 | 2375 | 2500
§ |25 | e25 | tevs | oo | zias| 2250 | zars 2750 | 1125 | 25 7125 75 | 2500 | 2625 | 250
15 [ 8 |[1250 | ees [ 200 | 225 | 2250 2375 [ 2sa0 2575 | 1250 | 625 2250 2500 | 2625 | 2750 | 2975
= [ 7 |[s00 | e2s | 220 | zens | 00 | 2625 | zs 5725 | 1500 | 25 2500 | 2628 | 2750 | 2875 | a000 | 3128
B[ |[e2s | w25 | 2075 | 2e00 | 28| a0 | w75 3250 | 1625 | 25 2525 | 2750 | 2675 | s00.0 | ars | 3250
B |5 |ers ] ees [aes [erso | ae7 5] sono | aizs 3500 | 1675 | 625 2575 | 5000 | 3125 | sz50 | 3375 | 300
S5 |[=izs | ezs | 2ens | w00 | 3125 380 | wars a7e0 | 2128 | 625 312 | 2250 | 2375 | 5600 | a5 | a7s0
5 |[Z=z50 | v25 | 500 [ 3125 | w20 | 375 | 300 %75 | 7250 | €25 3750 | 3375 | 3500 | 625 | w50 | wrs
2 |[z500 | k25 | azs0 | s | w00 | se2s | 27s0 425 | 2500 | e2s 3500 | 626 | 2750 | 2875 | 4000 | 4125
7 || z625 | €25 | sans | 00 | sees | 30 | mwrs 4750 | 2625 | o5 | 5975 | 5500 | 3625 | 3750 | 3675 | 4000 | 4125 | 4250
o || ze75 | ees | smes | a7s0 | ss7s | 000 | 41z 4500 | 2675 | b2 | a625 | 3750 | 3875 | 4000 | 4125 | azs.0 | 4375 | 4500
12 || 1125 | e25 | vevs | oo | 22t | 2250 | cars | 125 | 525 | 1675 | 2000 | 2125 | 2250 | zars | 2e00 | aeas | 21s0 |
11 |[ 1250 | e2s | 2000 | 2125 | 20 2500 1250 | €25 | 2000 | 2125 | 2250 | 2375 | 200 | 2625 | 2760 | mrs
10 |[ 7500 | 625 | 2250 | 275 | 2500 z750 1500 | b25 | 2250 | 2375 | 2500 | 2625 | =750 | 2675 | 3000 | 3125
5 || 625 | eas | aus | oo | mes 75 1625 | 625 | 2575 | 2500 | 2625 | 2750 | 2675 | 5000 | 3125 | 3250
w8 |[wrs [ ees [zms | a0 | v 3125 1675 | o625 | 2025 | 750 | 2675 | w000 | 3125 | 9250 | 3375 | 300
2[5 |00 | e2s | 2750 | 275 | 500 =50 2000 | 625 | 2750 | 2875 | 2000 | 3125 | 2250 | 3375 | 350 | %628
8 o |[zr25 | eas [zevs [ 00 | 3125 s 2125 | 625 | 2075 | 3600 | 125 | veso | 357s | 5500 | ees | 30
S i=ETes e =ol=r = A ER EN RS BN E D D
HEEDESEEOED 3780 2500 | 825 | 3250 | 3375 | 3500 | 3825 | a7s0 | 3878 | 4000 | 4128
5 || 2750 | ezs | w00 | w28 | a0 a0 2750 | 25 | 3000 | seas | o750 | 3678 | 4000 | ates | 4380 | 4avs
2 |[ze75 | 750 | 370 | sers | %00 4750 2575 | 625 | 3025 | 5750 | 0675 | 4000 | 4125 | 4250 | 4375 | 4500
7 |[ =000 | 000 | ar2s | aso | ik a2 3000 | 625 | 5750 | 575 | q000 | 4128 | 4250 | aars | asbo | sezs
o |[ze50 | 1125 | 2w | aszs | 4150 500 3250 | 625 | 4000 | 4125 | 4250 | 4375 | w00 | ases | 4ven | sers
12 |[1500 | €25 | 2250 | 275 | 2500 2750 1500 | 625 | 2250 | 227.5 | 2500 | 2626 | 2760 | 2875 | a000 | 3128
" 11 |[ 7625 | 25 | zars | zmon | mmes 75 1625 | b2 | 2575 | 2500 | 2625 | 2ran | 2675 | 5000 | 3125 | 5250
= 10 || 1750 | e25 | 2500 [ 2825 [ 2750 2000 1750 | 825 | 2500 | 2e25 | 2750 | 2875 | 3000 [ 3125 [ 3250 [ 3975
>|E s ||212s | e2s | 2e75 | 3000 [ 3125 3378 2125 | 625 | 2875 | a00.0 [ 3125 | 3250 | 3575 | 3500 | ae2s | 750
9| 2 [F[=50] 25 [ =00 | =2z [ =50 [ =500 | 2250 | 625 | 3000 | 5125 | 0250 | 3375 | 2500 | 3625 | 3750
L& [ [Zis] s | sizs [ ws0 | s 25 2375 | ezs | 125 | 520 | 3505 | 500 | sezs | 310 | sars
:L} 2[5 |[=00 | 750 | mers [ w00 | et 375 2500 | 25 | 2260 | w375 | o600 | 302 | a7so | sers | ono
= | ® [ reszs [ e7s [ aees [ rs0 [ s wizs 25 | 625 | 975 | 3500 | 5625 | 3750 | 3575 | 000 | 4128
o 3 |20 | 125 | 000 | aizs | a0 4500 2750 | 625 | 3800 | 3625 | o750 | 3875 | 4mon | atzs | 4250
8| [=l[=s[ e 50 s | 4s00 w750 2875 | €25 | 3625 | 3750 | 0675 | 4000 | 4125 | 4350 | 4378
= 1 |[=125 | 375 | sees | a7so | e7s 125 3125 | 625 | 2675 | 400 | #125 | 4250 | 4375 | 4500 | 4625
o |[5e50 | 1506 | %75 | so00 | izs =575 3250 | e2s 4250 | 475 | asa0 | ases | 4750
12 || 1625 | 625 | 2ovs | 2500 | 22 2575 1625 | 625 505 | 2750 | 2675 | 5000 | 3125
11 |[5750 | 625 | w00 | mees | zs0 000 1750 | ez 2750 | 275 | son0 | 5125 | ams0
10 || 000 | w25 | 27e0 | zers | wmon w250 2000 | 625 3000 | 2126 | 2250 | sers | 3500
5 |[2125 | 25 | 2o75 | 000 | 3125 s 7125 | €25 3125 | 5250 | 3375 | 3500 | 3625
5| & |[z250] e25 |00 | 3125 3280 3500 2250 | €25 3250 | 3375 | 3500 | 3625 | a750
‘é 7 |[ 2275 | e25 | 325 | wms0 | wis 6 2375 | 625 | 3125 | 5250 | 3575 | 300 | 2825 | 5750 | 5475
2 [ 6 |25 | 750 | 3500 | 325 | 3750 a0 2605 | e25 | 275 | 3200 | 2625 | 3750 | 3e7s | 4000 | 425
& [0 [7s [0 w5 [sw00 250 B I ) e ) ) BT
8+ |[z=7s [ e | aco0 | aizs | 4mse 4500 2875 | eb | 2025 | 5750 | 2605 | 4000 | 4125 | 4350
3 |[5000 | 125 | #250 | aars | amon 4750 5000 | 625 | 5750 | se7s | 4000 | @125 | 750 | 437
| 2 |[2250 | 1e75 | 4750 | w75 | maon 5250 3280 | 625 | 4000 | 4125 | 4280 | €378
7 |[5575 | 1500 | 5000 | s1as | 50 5500 3375 | 625 | M125 | 4250 | 4375 | 4500
o |[es00 | 1625 | 5250 | o7 | sm00 550 3500 | 625 | 4250 | 4275 | 4800 | %625
12 || 1875 | €25 | 225 | 250 | i 3125 1675 | oz 000
11 || 2000 | 2.5 | ars0 | zars | 00 3250 2000 | 625 | 2750 | 775 | 3000 | 3128
10 |[ 2125 | €25 | 2875 | 300 | 3128 315 2125 | 625 | 2875 | aweo | a12s | 320
| o || z27s | ezs | mios | om0 | ssis wE2s 2375 | e2b | 2125 | 5o | 236 | 3800
i5 [ s |[00 e2s [ o250 [ w75 [ as00 3750 2500 | 625 | 3250 5375 | o500 | s2s
7 I[zm2s | ers | mees | rso | mis H2s 2625 | 5 | 275 | s | t62s | 70
Z 8 |[=zr50 | 1o | o875 | w00 | +12s s 750 | ezs w75
&[5 |[z=7s | 1125 [ #12s | ms0 | 4375 w625 2875 | 625 | s62s | 3760 | 3875 | 4vcn
3|« || 5125 | 1250 | 4500 | 625 | 4150 5000 3125 | 625 | 3875 | 4000 | 4125 | 4250
3 |[5z50 |37 | ere0 | aars | son 5750 3250 | 625 | 4000 | 4125 | 4250 | 475
[2 |[=e75 | 1625 | 5125 | sos0 | savs 625 3375 | 625 | 4125 | 4250 | 4315 | 4500
T |[z00 | 1750 | sars | ms00 | sees 675 | 6000 | 6125 | 6250 | 3500 | 625 | 4250 | 475 | 4800 | 4625
| o |[e25 | 1675 | sees | srso0 | sevs &125 | 6250 | 6375 | 6500 | 3625 | 625 | 4375 | 4500 | 4625 | 4750 | 4675 | 5000 | 5125 | 5250

THREE CABLE GUARDRAIL AT OBSTRUCTIONS
55 MPH DESIGN
LENGTH OF NEED TABLES

NGTES:

Width
vanas
]
—
11'or greater Face of guandrall
i |
526" @ Offset distance

A = Approach langth

THREE CABLE GUARDRAIL DIMENSION LAYOUT

D The width of the ubrm"men shallbe rounded up o

the nearest 126" |ef

) The 626" dimension is the minmum length beyond
lacad

an sbstruetion that may ba

ol
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THREE CABLE GUARDRAIL AT OBSTRUCTIONS
LENGTH OF NEED TABLE 60 MPH DESIGN SPEED 60 MPH DESIGN

TVO WAY ROADWAYS DIVIDED HIGHWAY LENGTH OF NEED TABLES

it TOTAL TIIRCE CABLE LENGTI (1) TOTAL TIIRCE CADLE LENGTI (1)

o =| & | s = | = = =
g R 87|83 gc FHER B g
3= Rl e B EE 5 d45| B o8-

5 T =T ER-HI | ©Fg B @ ] T
52 s2| 82 53|85 23 22048 53 23
% A B 2 £ 2 2 SEN A B 5 2 =2
3 5| @& 6| & 5 = = 5

2 | 1125 | 626 | 1876 | 2000 | 2125 a75.0 || 1125 | 626 | 1674 | 200.0
1 || 1375 | 625 | 2125 | =m0 | 231 2750 | 7975 | 3e00 | 1375 | 625 | 7125 | 7250 F625 | 2050

g
8
B
S
y

2500 2875 | 3000 | 3125 || 1500 | 625 | 2250 | 2005 2750 | 2875

o || 750 | 625 | 2500 2625 | Zs0 3125 | 2050 | 3375 || 1750 | 625 | osvo | 2es 3000 | 3125
5[ |[ers| s [=ees| amo| mers 3250 | 2375 | 3500 | 1875 | 625 | 225 | 2750 5125 | %50
HE B ERERERET %500 | %025 | amoo | 2128 | 625 | 2575 | 3000 3375 | %00
B =50 &5 [500 | 5125 | 50 w25 | 5750 | 3875 || 2ase | e2s | 30ce | 3mzs ENED
5[5 [z | e [wso a0 o7 | a0 [ vz | zsoo | oz | e [wirs S s
S [ mes %25 3000 | #125 | 450 2025 | 625 | 3375 | 3600 675 | 4000
3 |78 78 250 | 4875 | 4500 | 2878 | 625 | w25 | w780 28 | a0
7 || %00 425 4500 | 4025 | 4mso | 3000 | 625 | wrse | w0 4mn | ans
T [ =28 %00 4875 | 5000 | 5125 || 3125 | e25 | 3875 | 4000 4375 | 4500 |
0 s 5350 | Ea76 | s%00 || 3878 | 628 | a1zs | 4m0 428 | 4750
= T50 57 7500 = Swmu] 5175
il s =50 25 2878 3125 | 3250
i 325 %00 s Sizs 73 300
0 3250 w25 3000 5250 3500 | 3025
= e s W50 3125 w78 S025 | 3750
[ w25 w00 250 500 D
g s =15 4250 Ts 3025 375 | 4000
G 350 =5 500 5750 o0 | 4125
2[4 |[000| 1250 | <ws | 4500 | 425 w00 FE 00 | 428 | 40 | aais
3 || 3126 | ters | 4625 | 4760 | se1s 5250 3875 | 4000 | 4126 | 4260 | 4375 | 4500 Faoe of guardrall 7
M R R 00 w000 | wr2s | 420 | wars [ awn | 425 i
1 |/ 375] 1625 ] 5125 5250 | 5975 5750 4125 ] 4250 | 4375 | 4500 | 4625 | 4750 Offaet distance:
0| 2500 | 1750 | 5575 | 5500 | 5625 | 575.0 | 5675 | €000 | 6125 | 4250 | 4375 | 4500 | 4625 | 4750 | 4875 |

A = Approsch length

12 | 2125 | 750 | 5000 | 3125 | 3250 | 2375 | 3500 | w625 87,5 | 300.0 | 31286 | 3260 | 3376 | 3600

T (2250 o7 |30 53 | 00 sezs | e | w7 5000 | 3125 | 5250 | 3 | s | a5 L

10 | 2075 | 1000 | 3500 325 | 3750 | 2875 | 4000 | 4125 3125 | a25.0 | 3375 | 300 | 3625 | 3750 Edge of driving lane
2 3875 | 400.0 | 4125 | 4250 | 4205 3250 | 3375 | 3500 | 3625 | 575.0 | 387.5 | 400.0 | 4125

[ 3375

4125 | 4250 | 4375 | 450.0 | 4825
4575 | 4500 | 4825 | 4750 | 4875
2625 | 4750 | 4675 | 5000 | 5125,
5| 4750 | 4875 | 5090 | 5125 | ses0

[ 4e75 | 5000 [ s |
5125 | 5250 25
5375 | 5500 T 400.0
%25 | 5150 6125 125
5875 | 6000 €375 | 6500 | Bezs || 3500 | 625 | 4250
%25 | 5750 125 | 4250 | 4375 || 2500 | 625 | 3250

L3500 | 5625 | 3750 [ 3675 | 4000 | 4125 | 4250 THREE CABLE GUARDRAIL DIMENSION LAYQUT

3750 | 3875 | 4000 | 4125 | 4260 | 4375
3675 | 4000 | 4125 | 4350 | 4575 | 4500
4000 | 4125 | 4250 | 4375 | 4500 | 4625
3000 | 4125 | 4350 | 4375 | 4500 | 4625
4125 | 4250 | 4375 | 4500 | 4625 | 4150
4250 | 4375 | 4500 | 4625 | 4750 | 4875
4375 | 4500 | 4625 | 4750 | 4875 | 000
4500 | 4625 | 4750 | 4875 | 5000 | 5125

3500 | 3625 | 3750 | 3675 | 4000 | 4125 |

3600
3625
37150
T
375

1500 - 2000 ADT

DESIGN TRAFFIC VOLUME

3
7t
3
2
=
[

&
g
g
g

1 || 2625 | 100.0 | 3750 | 3875 | 4000 4375 | 480.0 | 4625 || 2608 | 625 | 3375 | 3500 | 3626 | 4750 | 3876 | 4000 | 4125
0 || 2750 | 1125 | 4000 | 4125 | 4250 2575 | 4750 | 4875 || 2750 | 625 | 350.0 | 5625 | 3750 | 3675 | 4000 | 4125 | 4550

2875 | 1250 | 425.0 | 4375 | 4800
2000 | 1375 | 450.0 | 4625 | 475.0
3125 | 1500 | 4750 | 4875 | 5000
50 | 1625 | s00.0| 5125 | 5250
5375 | 5500

4875 | 5000 | 5125 || 2675 | 625 | o625 | avs.0 | 3675 | 4000 | 4125 | 4250 | 4305
5125 | 6050 | 6375 || 3000 | 625 | 975.0 | 387.6 | 4000 | 4126 | 4250 | 4375 | 4500
375 | 5500 | sezs || 3125 | 625 | 3875 | 4000 | 4125 | 4250 | 4275 | 4500 | 4625
825 | 6750 | 5a75 || 3050 | 825 | eoon 4 4375 | 4500 | 4826 | 4750
Zars | e000 | Ezs || 5378 4375 | 4500 | 4625 | 4750 | 4575

0 - 000 ADT

nzs

e
H
]
g
#
g

8 3500 | 1875 | ss0.0 | se2s | 5750 125 | 6250 | 6ars || ason 250 4500 | 4525 | 4750 | 4875 | so00
25 | 2126 | 5675 | 6000 | 6126 @500 | 6625 | 6750 || 3625 aa7s 4026 | 4750 | 4676 | 5000 | 5125
2 |[ 2750 | 2os0 | ez | e2so | &8 750 | e8rs | 7oo0 || 370 =T 4750 | %675 | s00o | 5125 | 260
1 [EE] B2 ST w25 4073 | 5000 | 5125 | 5250 | 5315
0 7500 | ez || 4125 675 5125 | 5250 5500 | 5625
T TR | deTE || 27e0 | e2% | men | | 3750 | 375 | 4000 | 4125 | 4250 |
T 1250 5000 | 5125 || 2875 | 625 | seas 3875 | 000 20 | 4
o 1375 5250 | 6a75 || 3000 | 625 | arse 00 | sizs 315 | 4500 | 4625
s [ETIEED 500 | sees || 5123 | o2s | wors 4125 | a0 4500 | am2s | 450
0 1625 | 5000 5750 | sers || seso | ezs | <000 4250 | sars azs | 4750 | 7
=] 750 | 550 000 | 6125 || 3275 | 625 | 4125 4375 | 4600 | 4025 | 4750 | 4575 | 5000
5 1875 | 5500 EEE EREa 500 | w25 @75 | son0 | 128 .
5 2065 | 5750 5500 | nees || 625 | v2s | 47 4025 | 450 5000 | 125 | 250 oTEs
4 2250 | 8125 7000 || 9750 | 625 | 2500 4750 | 4815 5125 | 5250 | 515 (D The width of the obstruction shallbe rounded up to
3 2375 | wurs 70| se7s | 62 | sezs 4875 | 500 250 | 5375 | 800 the nearast 126" langtn.
2 e e o o @ The 625" cimansion s ihe minimum langth beyond
=] 2625 | Bers 7750 || 4125 | oz | 2875 | 5000 | 51z | szeo | sars &n obstruction that may be placsd.
o 2750 | 250 ui25 || 4375 | 625 | 5125 | 5250 5376 | 6500 | 5626 | Gu50 | 5875 | G000
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THREE CABLE GUARDRAIL AT OBSTRUCTIONS

LENGTH OF NEED TABLE 65 MPH DESIGN SPEED 65 MPH DESIGN
TWO WAY ROADWAYS DIVIDED HIGHWAY LENGTH OF NEED TABLES
i TOTAL THREE CABLE LENGTH C) TOTAL THREE CABLE LENGTH @
@ B = 3 1 & = ) & E o = F 3
2 w k- g 3 = k-4 8.3 3 k- 2 - g g
SEHEY EHEE RS HEHE B
22 SE|VE|RE I 5E|"8 o E|wE| 5|88 5 55
3 LR RN 5 R R ) 3 S|las| 2% a5 |88 w3
g0 E"‘an rE|ng @ sg(~E|EE o & £ LR oh (~E
z Al B E|TE Z E|"E|=E][ A B E("E|"E|"E|"E|"%
I I HE IR
FT | FT | FT [ FT FT | FT | FT || FT FT | FT | FT | FT | FT [ FT [ FT
12 150.0 | 625 | 226.0 | 237.5 2750 | 2875 | 3000 | 3125 150.0 225.0 | 237.5 | 2600 | 262.5 | 2750 | 287.5 | 300.0

1 || 1625 | 625 | 2375 | 2500 2875 | 000 | 3125 | 3250 | 1625 7375 | 2500 | 2625 | 2750 | 2875 | 300 | 125

10 | 1750 | e25 | 200 2625 3000 | 2125 | 3250 | aers || 1780 2500 | 2625 | 2750 | 2875 | 3000 | 3125 | aes0
9 =00 2750 | 2875 3350 | 3375 | 360.0 | 362 || 2000 2750 | 267.5 | 3000 | 3125 | 3250 | 3375 | 3500
5[ e |[=zs 2075 | %000 3375 | 2600 | %25 | 3750 2125 2875 | 3000 | 9125 | 5250 | 3375 | 3.0 | 3625
27 | =s0 S000 | 3125 SE00 | 2626 | 3750 | aars | 2280 0.0 | 3125 | 3250 | 3375 | se00 | 825 | a0
Bl =0 5050 | 3376 5750 | 275 | 4000 | 4125 || 2500 3250 | 5376 | 3500 | 3605 | 8760 | 3875 | 4000
B s {es 3375 | 3500 3875 | 4000 | 425 | azsa zees =75 | 5500 | 3625 | 3750 | 3675 | 4000 | a1zs
S [ |[e7s | 70 | amsn | sevs 4250 | 475 | 4500 | 46s | 2875 325 | 750 | 3875 | 4000 | 4125 | 4250 | 4378
5 | w00 o7s [amo ] azs 4500 | 4625 | 4750 | aa75 | %000 3750 | 3675 | 4000 | 4125 | 4250 | 4375 | 4500
2 |[a125 | 1125 | 4375 | 4500 4875 | 5000 | 5125 | 6250 2125 2875 | 4000 | 4125 | 4250 | 4375 | 4500 | 4625
1 || 3375 | 1250 | ars0 | 4875 5250 | 5375 | 5500 | Seas || 3575 4125 | 4250 | 4375 | 4500 | 4625 | 4750 | 4675
0 [ 3500 | 1500 | 5125 | 5250 3500 4250 | 375 | 4500 | 4605 | 4750 | 4875 | 5000
T2 | 00| 625 | e | ass | 2060 T7e0 | 2875 | 8000 | 3125 | so5e | sars | ss00 | met |
11 |50 e2s | s sras 2000 | 3126 | 3250 | 2375 | 800 | 382 | 750
10 |75 | ees | 3125 0 2375 3125 | 5250 | 337.5 | 3600 | ae2s | 3750 | sevs
o |[ 2500 750 | 375 300 2500 250 | 5375 | 3500 | 305 | 3750 | 2A75 | 4000
i [8 [zozs] ors [w025 | a0 2025 375 | 3900 | 3625 | 3750 | 3075 | 400w | a1zs Width
Z [7 =50 1000 2675 | %00 2750 600 | 3625 | 3750 | 3675 | 4000 | 4125 | 4250 varies
B[ o [=rs 1250 [az0 [w7s 275 25 | 5750 | 307 | w00 | a12s | 40| aars a1
S 5 rseo [ ars [ wsnn | sezs 3060 750 | 3875 | 4000 | 425 | a6 | 4575 | %00 —
B[ & | 350 1500 | 4a75 | so00 3250 a0 | 4125 | 4250 s [ 4s00 [ 4s2s [ 4750
3 | 3376 | 1625 | 5125 | 5050 3378 4125 | 4250 | 4375 | 450.0 | 4625 | 4750 | 4875 11'or greater Face of guardrall 7
2 | 3500 | 1750 | 5375 | 5500 3500 4250 | 437.5 | 4500 | 4625 | 4750 | 4875 | 5000 i
T | w2 | iers | sees | s1s0 618 4275 | 4500 | 425 | 4750 | aevs | Eo00 | Bi2s 28 @ Offsst distance
0 [ 3750 | 200.0 | 5675 | 6000 3750 4500 | 4825 | 4750 | 4875 | 6000 | 5125 | 5250 i
2 | 7376 | 1000 | 3500 | %25 2378 3125 | 5250 | 3375 | 3500 | 3625 | 3750 | 3875 | 4000 | 8 = Opposits side length 5 i Fpproach lang T
w| [Or|zee] vz |50 | wers 2500 3250 | 3375 | 3500 | 325 | 3750 | 3875 | 4000 L :
H 0 | 2625 | 1250 | 4000 | 4125 2625 337.5 | 3600 | 3625 | 375.0 | 3875 | 4000 | 4125 Edge of driving lane
= o |[zi50 | 1375 | 4750 | a37s 2750 3500 | 3825 | 3750 | 375 | 4000 | 4125 | 4250
Q| i [Te awrs [ 1s00 [ sa0 | smas [ armo | ssrs s EREEOEED s THREE CABLE GUARDRAIL DIMENSION LAYOUT
8 'é 7 |[3000 | 1625 [ 4750 4875 | suoo | 5125 300.0 a75.0 | 3875 | 4000 | 4125 450.0
L | 8|6 sz 125 [ asrs| w000 550 3125 75 | 000 | 4125 | 420 w25
é <[5 [ize | 1m0 | =00 | 5125 5375 3125 7.5 | 4000 | 4125 | 4250 4025
S| B & w50 1ers | sz seis 25 3250 W00 | 4125 | 4250 | 4375 3750
g 3 | 3975 | 200.0 | 5500 | 5825 587.5 3375 4125 | 425.0 | 4375 | 4500 475
E > |[3500 | 2125 | 5750 ] sa7s 125 3500 | 625 | 420 | 4375 | 4500 | 4e2s 5000

3625 | 225.0 | e | 6125 6375
o |[57s0| 2575 | ezs0 | sars | es00 | eses

3625 | 825 | 437.5 | 4500 | 4625 | 4750
3750 | ©25 | 4500 | as25 | 4750 | 4875

5125
525.0

12 | 2750 | 112.5 | 400.0 | 4125 | 4250 | 4375 2750 | 625 3750 | 875 425.0
11 | 7875 | 1250 | 4750 | a37s o sm2s 7875 | B25 387.5 | 4000 2375

10 [ 3000 | 137.0 | 450.0 | 4626 | 475.0 | 487.0
@ |[3125 | 1500 | 4750 | 4675 | s000 | 5125
3250 | 1625 | 5000 | 5125 | 5250 | savs

3000 | 825 | 2750 | 387.0 | 400.0 | 4125
3125 | €25 | 375 | 4000 | 4125 | 4250

450.0
2625

250 | 275.0 | 7125 | 7250 | 775 | 7500 | 7625 | 7750 | 7675 | 6o || 4250 | 625 | 5000 | 5126 | 5260 | 57 | ez ey
2 > z @ The 626" dimensien is the minmum length beyond
4375 | 2678 | 775 | 7500 | 7625 | 7750 | 7ers | aono | 6125 | 6250 4avs | 25 | 125 | 5250 | 6275 | 500 | se2s | 670 | sers | suoo an obstruciion that may be pieced.
w625 | 3000 | 7750 | 7875 | Buon | 8125 | sesc | asrs | as00 | mezs || asas | ez2s | s37s | 500 | seas | 5vso | sevs | 6o | e1zs | 6250

HIB 2250 | 625 | 4000 | 4125 | 4260 | 4a75 4750
I S0 | sa25 3575 | 625 | 4125 | 4250 | 4375 | 4500 575
8| & 3500 [ 175 750 | 5815 3500 | €25 | 4250 | 4375 | 4500 | 4825 000
& [ oszs [0 o000 | o125 | om0 5525 | czs | wvs | ss00 ] anas | #150 sizs
S| & |[aso] ees0 75 | es00 | 6625 3750 | 625 | 4500 | 4625 | 4750 | 4875 5250
5 | w75 esrs 5625 | 6750 | 6675 3575 | 625 | 4625 | ar50 | 4875 | 5000
2 | w00 | 2% 75 | 7000 | 7128 4000 | 828 | 4750 | 4875 | Geas | 5128
1| @125 | 2zs 125 | 7250 | 7975 4125 | 625 | 4875 | 5000 | 5125 | 5250 5500
o |75 | zis0 7500 | 7625 | 770 4375 | 625 | 5125 | 5250 | 6375 | s00 5750
375 4750 | 4675 | sooo 3000 | 625 | 3750 | 5075 | 4van | 4125 4378
1500 | 4750 | 4675 | so0n | 5125 | smse 3125 | €25 | 375 | a000 | 4125 | azs0 a0
1625 | 5000 | 6125 | e250 | savs | ssvn 3250 | 625 | 4000 | 4125 | 4250 | 4375 425
1750 | 6260 | 5375 | es00 | sA2E | G0 3575 | 625 | 4125 | 4250 | 4375 | 4500 arsa
5 1975 | 5500 | 5625 | 5750 | 575 | eoon 3500 | 625 | 4250 | a375 | 4500 | 4625 2875
H 200.0 | 5750 | 687.6 | G000 | 6125 | 6250 | €75 | 6500 | Geak || 3605 | 628 | 4a7s | 4500 | 4825 | 4750 s00
8|6 | we0 [ 2125 | owo | e1zs | 6250 | 6avs | ese | eezs | 6750 | 6875 | o750 | e2s | 4500 | aezs | 4750 | eis 5125 N
& | 5 | @875 | 237.5 | 6av.5 | 650.0 | €625 | 675.0 | 6875 | 7000 | 7125 | 7250 3875 | €25 | 4625 | 475.0 | 4875 | 500.0 525.0 d
B[ & |00 | 2500 | 625 6750 | 6875 | 7000 | 7125 | 7250 | 7575 | 7500 | 4000 | 625 | 4750 | 4875 | 5000 | 5125 5375 @ The widih of the obstruction shellbe rounded up o
3 || 4125 | 2025 | ears | 7000 | 7125 | 7250 | 7975 | 500 | 725 | trsofl 4125 | e2s | davs | svo| 5125 | w250 5500 the nearest 128" langth.
o
o




APPENDIX 111-13 B Guardrail Length of Need Details
Page 236

THREE CABLE GUARDRAIL AT OBSTRUCTIONS

LENGTH OF NEED TABLE 70 MPH DESIGN SPEED 70 MPH DESIGN
TWO WAY ROADWAYS DIVIDED HIGHWAY LENGTH OF NEED TABLES

TOTAL TIIRCC CADLE LENGTI (1) TOTAL TIHREE CADLE LENGTI| (03

w3 lgi|=3]a3 |3 3|83 23 |ed|ef| w0 w353

SR ST S BEIEE |75 |BE R 88| %8

HEEIN- I RS 25 | wg wE | 5| w5 35 05|25 ez

2|82 |gE[82| 82 BE|Ee 42|82 |BE|es|d2|e2|B2

A B 2 2 z 2 2 E|7E A B B 2 2 2 z L

8| & 8| &| 8 5| 38 8| 8| 8| 8| 38 3

FT | FT [ FT | FT FT FT | FT | Pt [ FT | FT [ FT | FT [ FT | FT
72 |[1s00 | e2s | 250 s 265 7500 | 625 | 2zen | 237 | oeno | 205 | ovs0 | 2878 | s00n
11 [ 1625 | ezs | 2975 | =00 2750 1825 | 625 | 2375 | 2500 | 2625 | 2750 | 2675 | 300.0 | 3125
0 |[187E | e25 | 2625 | Zrzn 2000 7875 | 625 | 2826 | 2750 | 2evs | 00| 3125 | 3250 | 3%s
5 | 2000 | 625 | 2750 | @t 3125 2000 | 625 | 2750 | 2075 | 3000 | 3125 | 5250 | 3375 | 3508
& e[ zo s Tomo oz s z2m0 | w28 [ooon] 512 | 280 | 75 | seon | sees | =veo
HEED EDERED 0 75 | €25 | 3125 | 5250 | 3375 | 3500 | ses | 3750 | 3878
8| 225 | ees | w5 ssen 750 2625 | 625 | 3378 | sa00 | 325 | 5750 | 387.5 | 4000 | a1zs
E| s | ems0| e2s | 3s00 m2s 3875 2750 | 625 | 350.0 | 3825 | 3750 | 3675 | 400.0 | 4125 | 4280
S[T7 | z000| vsu | sers | 400 [ET) 2000 | 625 | 75,0 | 2875 | 4600 | 4125 | 4250 | 475 | 500
5 | 9125 | 100 | ezs0 | 375 4625 3125 | 625 | %75 | 4000 | 4125 | 4250 | 4375 | 400 | 4625
2 (2250 | 1125 | 4500 | 4825 475 2250 | 625 | 400.0 | 4125 | 4250 | 4375 | 450.0 | 4625 | 4750
1| 3500 | 157 | so0.0 | 123 s3Ts 3500 | 625 | 4250 | 4375 | 4500 | 4625 | 470 | 4875 | so00
0 |[ 3625 | 1500 5950 | sars a5 3525 | 625 | 437.5 | 450.0 | 4625 | 4750 | 4875 | 5000 | 5125
T2 || 2250 | e2s | s000| w1z | EEE| T0 | 0% | w00 | 8125 | 260 | sevs | s | eas | aven |
A1 |[ 2876 | e2s | @12 | me0 2500 775 | 625 | 3125 | 2050 | 3375 | 3600 | ses | 3750 | 3878
10 [[2s00 | ezs | ses0| m7s 3625 2500 | 625 | 3¢50 | 5975 | 3500 | 625 | 370 | 3675 | 4000
| o |2025| a7s | an2s | s7eo0 | savs | 4000 2625 | 025 | 275 | 3600 | ahas | 3750 | s8v.5 | 000 | 4126
=[5 | 7750 | o0 | 5075 | aoc0 | 4125 | a0 2750 | 625 | 3500 | 3025 | 3750 | %75 2250 Widih
2|7 | awo | Tz [ #es0 | s7s | w00 | 4wzs 000 | 625 | 750 | a7 | 4w | #i2s 00 vanes

2| & |[3125 | 1260 | 4e00 | 4z | 4750 | 4878 3125 | €25 | 3ars | 4000 | 4125 | 4250 7625
2| 5 |[szs0| 1375 | e750 [ ae7s 3250 | 625 | 400.0 | a125 | 4250 | 4375 | 4500 4750
£ 4 |[savs | 126 | 5125 | wEn 375 | 625 | 4125 | 4250 | 4275 | 4500 | 4625 | 4750 | 4678

350.0 | 825 | 425.0 | 437.0 | 450.0 | 4025 | 4760 | 487.5 | 5000
3750 | 625 | 4500 | a6es | 4750 | 4675
3875 | 525 | 4825 | 475.0 | 4875 | 5000
a000 | 625 | arso | aBrs | Seoo | 125
2500 | 625 | %250 | 3375 | 3500 | 3025
2625 | 825 | 2a7.6 | 360.0 | 3625 | @760
2750 | 625 | 200 | 3625 | 3750 | 375

3600 | 175.0 | 5375 | G500 | G628 | 5760
3750 | 1675 | 5750 5675 | 6000 | 6125
5000 | 8125 | 6250
000 | 2250 | 6375 | 6500 | 6625 | 6750
2500 | 1000 | 3625 | 5750 | 5675 | 4000
1 | 2625 | 1125 | 5675 | 4060 | 4125 | 4260
0 | 2750 | 1250 | +125 | 4250 | 2375 | 400

@
| 4875 | —
o Faca of guardrail
11" or greatsr -aca of guardrail 7
5 i

626" Offaet distance
B = Opposite side longth A = Approach length i

L Edge of driving lane

=250
2375
S50
2000
4128
4250

o |[2875 | 1375 | 4375 | 4500 | 4625 | 4760 2875 | 525 | 3825 | a75.0 | 3875 | 4000 4375

| & [[zo00] im0 4025 ] 4750 [ <75 | sonn 3000 | 025 | 3750 | 307.5 | 409.0 | 4125 450.0 THREE CABLE GUARDRAIL DIMENSION LAYOUT
7 |[3125 | 1625 | 4875 | 00 | 5125 | sas0 3125 | 625 | 2ar5 | 4000 | 4125 | 4250 a625
6 |[3es0| 1750 | 5125 | wos0 | so7s | sson 4750

3250 | p2s | 4000 | 4125 | 4250 | 4075
2375 | 825 | 4125 ] 4250 I
3500 | 625 | 4z50 | 4375 | 4500 | 4625
3620 | 025 | 4376 | 460.0 | 4825 | 4750
3750 | 625 | 4=00 | 625 | 4750 | 4875 =350
3875 | 625 | 425 | 750 | 4ars | s000 5375
2000 | 525 | 4750 | 4875 | S00.0 | 5125 | 5250 | 5375 | 5500

2875
5000
5125

§ | 5875 | 1875 | 5975 | Gho0 | 6625 | 6760
4 | 3500 | 2000 | 5625 | 5750 | 5675 | eonn
3025 | 2125 | 5875 | 6000 | 6125 | 6250
2 | 3750 | 2250 | 6125 | a250 | 6375 | eso0
1 | 875 | 2375 | eav5 | eseo | ee2s | emsn
0| 2000 | 2500 | 6825 | o750 | 6875 | 7000
2675 | 1125 | 4125 | 4750 | 4375 | 4500 |

DESIGN TRAFFIC VOLUME
1500 - 2000 ADT

2 2675 | 625 | 2625 | 5750 | 3875 | 4000 | 4125 | 4250 | 4375 | 4500
71 | 3000 | 157 | 4500 | smzs | 7m0 | 4ers 000 | 625 | S0 sors | aooo | e12s | azo | s | w0
70 | 2125 | 1500 | 4750 | 4675 | G000 | S12s 125 | 625 | 2875 4000 | 4125 | 4260 | 435 | 4%0.0 | 625
5 | 3250 | 1e2s | 5000 | 5126 | 5250 | s 3250 | 625 | 4000 4125 | 4250 | 4375 | 4500 | ae2s | 4760
15| e | 5975 | 750 | ses0 | mars | ss00 | saas 375 | 625 | 4125 | 4250 | 4375 | 4500 | 4kes | 4750 | 4e7s
27 | 3500 | 1&7s | ss00 | we2s | S50 | sers 3500 | 625 | 4750 | 4375 | 4500 | 4625 | 4750 | 4875 | 5000
2[5 | s625 | 2000 | 5750 se7s | eooo | erzs 325 | 625 | 4375 | 4500 | 4625 | 4750 | 4675 | 500.0 | 5125
&[5 |[ore [ zien [ sias [ es0 [ sars [ emn ss7s | eas [se2s | w0 EREED
&[5 | <000 | 220 | oevs | G500 | oes | ers0 9000 | 625 | 4750 | %975 5375 | 5500
5 | w128 | o3rs | esus | erzo | eevs | 00w atz5 | 625 | dars | 5000 5500 | se2s
2 | az50 | 225 | 000 | 7125 | 7m0 250 | 625 | 5000 | 5126 oot | 5780
7 | @375 | z7s0 | Te50 | 7a7s | 7s00 | 7ezs w375 | 625 | £125 | 5050 5750 | 5678
0 | #s00 | zors | 7500 | mes | qvso | rors 4500 | 625 | sen0 | sors 5575 | 00
T2 |[ 3125 | 150.0 | 4750 | 4875 | 5000 | 5125 | [3125 | 625 | sars | a000 500 | 425
11 | 3250 | vezs | 5000 | sizs | seso | sars 2250 | 625 | 4000 | #125 625 | 4750
5375 | 1750 | 5250 | sars | se00 | s2s 75 | 628 | 428 | 4280 ars0 | aers
3500 | 1675 | 5o00 | ezt | ovao | sers 3500 | 625 | 450 | 16 2875 | 5000

3750 | Z00.0 | 5675 | G000 | E125 | 6260
3675 | 2125 | 8125 | #250 | 6375 | eson
2000 | 2250 | 6375 | 6500 | G625 | B0
4125 | zs00 | e750 | 6675 | 7000 | 7125
425.0 | 2625 | 700.0 | 7126 | 7250 | TaT.6
4375 | 2r5.0 | 7250 | 7375 | 7500 | 7625
4500 | 2875 | 7500 | 7e26 | 7750 | 7876
4625 | 200.0 | 775.0 | 78756 | 00 | #1285
sg7s]3zs]eas] eso

EE I BT EEE
3675 | 825 | 4625 | 4750
00 | o25 [ mma ] #97s
aizs | 625 [aars | s000
426.0 [ 625 | 500.0 | 5125
437.5 | 625 | 5125 | 525.0
AT | #9F JIBORN | BALS E7E0 @ The 626" dimension Is the minimum length beyond
4525 | 625 | 5275 | 660.0 | Se2s | 5750 | GaTS 5125 | 6250 an cbstruction thatmay ba placed.

4875 | 625 | 5625 | 575.0 | 5875 | 6000 | 6125 | 625.0 | 6375 | 650.0

5725 | 5250
5375

5500
=825 NoTE
5750 | 8875 @D The width of tha obstruction shallbe rounded up to
5675 | 600.0 the nearest 128" langth.

6000 | B125

8375 ] ason
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Guardrail Length of Need Details

LENGTH OF NEED TABLE 75 MPH DESIGN SPEED
TWO WAY ROADWAYS DIVIDED HIGHWAY
i TOTAL THREE CABLE LENGTH G) TOTAL THREE CABLE LENGTH @
g = = = = A =1 =] &l & & &1 &
Ty z g g E] |8 _E| 8 E| 8| 85| % g
28 FEEIEY Ie 2el2: FHEH R R R
2 dE| B B8 2] =5 3 (8 g S| E|B5| 5|38 3
25 B eReT co =l 25| 8% a5 8| aE s | T 0E
25 °E || %8 B PRl EE cE|TE|FE|FE|PE|PE | "5 |58
o A B E|TE £ E El=E[ A B E|TE 2| "E i z £
x 5| 8| @ [ 8| @8 5| 8| 8| 8| 8| 8| @
FT | FT | FT [ FT [ FT FT [ FT [ FT I FT | F1 | FT
12 187.5 | 625 | 2625 | 275.0 | 2875 3125 | 2260 | 3375 625 | 2625 | 275.0 | 287.5 | 200.0 325.0 | 3375
11 || 2000 | 625 | 2150 | 2675 | 3000 | 3125 | 3250 | 3375 | 3500 | €25 | 2750 | 2875 | 3000 | 3125 3375 | 3500
70 2250 25 | 3000 3125 | 3250 | sas | s | w5 | sws0 25 | 000 | a12s | azs0 | s 2025 | 3150
k) 2375| 625 | 2.5 | 3250 | 337.5 | 350.0 | 3625 | 750 | 3875 625 | 2125 | 325.0 | 337.5 | 350.0 a7s.0 | 875
g [ | 225 e2s s w00 | mes | amso | sers | wono | ares 25 | =75 | as00 | 3625 | s150 00 | e12s
3 7 275.0 | 625 | 350.0 | 3625 | 375.0 | 387.5 | 4000 | 4125 | 425.0 €2.5 | 350.0 | 362.5 | 3750 | 2875 4125 | 425.0
5 & 287.5| 75.0 | 376.0 | 387.5 | 400.0 | 4125 | 4260 | 4375 | 450.0 B25 | 3825 | 375.0 | 387.5 | 400.0 425.0 | 4378
[ |[mizs [v000 [ a0 | sa7s [ wsou | wans | o [ers [ w00 eas [[sors | swo | 4rzs | w0 w00 | sezs
=l 4 325.0 | 112.5 | 450.0 | 4625 | 475.0 | 457.5 | 5000 | 5125 | 525.0 625 | 400.0 | 412.5 | 4250 | 4375 4825 | 475.0
3 3500 | 137.5 | 5000 | 5125 | 5250 | 5375 | 5500 | 5625 | 575.0 625 | 4250 | 4375 | 4500 | 4625 4875 | 5000
= |[3525 | 1900 | 250 | 570 | o0 | sz | ormo | w75 | oo 25 | 4275 | 500 | 4625 | #100 500 | o120
T | S07e | 1623 | o6z | svs0 | savs | eoon | e2s | eeso | 6975 | 6o | sevs | eas | dezs | avso| 4ars | w00 ERES
o [ 2000 | 575 | e | o125 | ceso | ears | esuo | ezs | ovso | cars | sovo | cas | arso | ssrs | oveo | sias 5375 | 5500
2 || ZRZE] 875 | SB2E | 3750 | 375 | 4000 | 4128 | 4250 | 4e7 | 4%00] oe2s [ 5500 | o2t | o750 | EEEEE
1" 275.0 | 112.5 | 4000 | 4125 | 425.0 | 437.5 | 4500 | 4825 | 475.0 | 4875 ) 2750 3825 | 3750 | 3875 4125 | 42580
70 | z075 | 1250 | 750 | s375 | <00 | eaes | arso | e | 000 | sies | wevs 5750 | ser5 | so00 250 | sars
9 3125 | 1375 | 4625 | 4750 | 4875 | 5000 | 5125 | 5250 | 537.5 | 5500 || 3125 | 625 | 2875 | 400.0 | 4125 | 4250 450.0 | 4625
E & 325.0 | 150.0 | 487.5 | 500.0 | 512.5| 525.0 | 537.5 | 5500 | 5625 | 575.0 | 325.0 | 625 | 400.0 [ 412.5 | 4250 | 4375 4525 | 4750
< 7 2375 | 1625 | 5125 | 5250 | 5375 | 5500 | 5625 | 5750 | 587.5 | 6000 || 337.5 | 625 | 4125 | 4250 | 4375 | 450.0 4750 | 4875
8 [ 5 |[=5v0 [ 1750 [ #rs | ss00 | swas | 50 | so7a | eono | oies | eemo|| ss0o | eas | ezmn | ears | 4sen | s 475 | 5000
|5 |[s0zs | 1ers | mmes | svao | sars | swo ] ers w25 | 4275 | #500 | 46z | 150 w0 | o125
B |[5i50 [ 212 [ eono | 5125 | 6250 | 6315 | sc 525 |00 | wsas [ arsa | weis sz | 5250
3 387.5| 225.0 | €25.0 | 637.5 | ES0.0 | €625 | 6750 E25 | 4825 | 475.0 | 43875 | 5000 5250 | 5375
= |[#125| 2375 | o5 | ors0 | cers | o | 7125 25 | 4875 | 5000 | 5125 | 5250 500 | 5625
1 4250 | 250.0 | 6875 | 7000 | 7125 | 7250 | 7375 625 | 5600 | 5125 | 5250 | 5375 5625 | 5750
) 437.5 | 2625 | 7125 | 725.0 | 775 | TH0.0 | 725 625 | 5125 | 525.0 [ 537.5 | 550.0 575.0 | 587.5
72 | 2875 | 150.0 | 4500 | 4625 | 4750 | 4675 | 5000 625 | 2625 | 5750 | 3875 | 4000 450 | 4375
w 1 300.0 | 1825 | 475.0 | 4675 | 5000 | 5125 | 5250 625 | 3750 | 3875 | 4000 | 4125 | 425 4375 | 4500
= 10 |25 ] 1750 [ so00 [ 5125 | ses0 savs | ssae 625 | 2875 | 4000 [ 4125 | 4250 | 4375 | 450.0 | 4825
2 5 |50 1o75 | 5250 | 57 | =00 | sees | 7m0 525 | 090 | o125 | 4250 | ewis | w00 | 4ezs | aiso
S| 5= | 000 [ =sno | woes | 550 | sars | sone 25 | a1z | ez | asrs | w00 | ames ars
9|3 | 7 |[%500 [ 2125 | 5750 | 5675 | 6000 | 6125 | 60 625 | 425.0 | 4375 | 4500 | 4605 | 4750 | 4875 | 5000
& | &[5 25| 220 [ emo | s12s | e250 | 6315 smc 535 | avs [ as00 | aes | 730 [as75 B
é ‘=‘ 5 375.0 | 237.5 | €26.0 | 637.5 | €50.0 | 6625 | 6750 625 | 450.0 | 4625 487.5 | 5000 525.0
| B[ = =700 [esno | sees | &80 | savs | rouo 25 | 4625 | 4750 | 4875 | 000 | 5125 [55]
[} 5 |00 | a5 | o750 | esvs | oo | 7125 | 7280 525 | 4750 | 4875 | o000 | 5125 | 5280 =500
@ = | #125 | 2750 | 7we | 1as | 7250 | 7avs | 7o = | aars [ sove | 5125 | sse | sars e
= 2750 | 7125 | 7250 | 7375 | 7500 | 7625 625 | 5000 | 5125 | 5250 | 537.5 | 5500 5750
Z575 | 7ars | w00 | rees | Tiso | Ters 25 | mizs | seno | sers | ms0o | s i
162.5 | 5000 | 5125 | 525.0 | 537.5 | 5500 B2.5 | 400.0 | 412.5 | 4250 | 437.5 | 4500 4750 | 4875
vo7s | sars | 5900 | sees | 5750 | surs 25 | 125 | ez 0| sars | esoo | aees w7
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111-14.01 Safety Review Process

Safety Reviews are items for the project development process for Minor Rehabilitation,
Structural Improvement, and Major Rehabilitation projects. The Safety Review project
development process is outlined in detail within the flow chart shown in Chapter 2 Section 2
Appendix A “Milestone Flow Charts” (Section I11-02A) of the Design Manual

111-14.02 Safety Review Investment Strategy & Scope of Work

There are 3 different types of Safety Reviews, which are dependent on the project investment
strategy contained within the DESIGN GUIDELINES, Chapter 1 Section 6 (Section 1-06) of the
Design Manual:

e Minor Rehabilitation Safety Review (SRMIR)
e Structural Improvement Safety Review (SRSIM)
e Major Rehabilitation Safety Review (SRMAR)

The above listed Safety Reviews have different scopes of work as a result of the investment
strategy for the project. The guidance contained within following sections of this document may
not apply to the scope of the specific Safety Review being completed for the particular project.
Therefore, not all of the guidance within the following sections may be proposed with the
particular Safety Review if not within the scope.

Safety Review templates and information regarding what is contained within the scopes of work
for the various types of Safety Reviews shown above are available on the Design Manual
“Reference and Forms” webpage at:
http://www.dot.nd.gov/manuals/design/designmanual/reference-forms.htm

111-14.03 Clear Zone

Clear zone is defined as the total roadside area, beyond the edge of the through traveled way,
which is traversable and free of obstructions. The clear zone value used for the design and
recommendations within the Safety Review vary with the investment strategy as shown in the
DESIGN GUIDELINES, Chapter 1 Section 6 (Section 1-06) of the Design Manual. All
references to clear zone hereinafter within this document and within the particular Safety Review
shall be the clear zone as designated by the DESIGN GUIDELINES for the particular project:

Minor Rehabilitation clear zone = Use existing

Structural Improvement clear zone = 20° NDDOT clear zone*

Major Rehabilitation (ADT < 2000) clear zone = 20° NDDOT clear zone*

Major Rehabilitation (ADT > 2000) clear zone = AASHTO clear zone, see Chapter 3
Section 14 Appendix B of the Design Manual (Section 111-14B)

*If circumstances result in the AASHTO clear zone value less than the NDDOT 20’ clear zone
such as in urban/low speed areas, the AASHTO clear zone value may be used instead.


http://www.dot.nd.gov/manuals/design/designmanual/reference-forms.htm
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111-14.04 Field Survey

The field surveys are made to determine the location and size of all obstructions along the
roadway. Refer to Chapter 18 of the Survey Manual for an explanation of the data collection
process.

111-14.05 Safety Enhancements

All obstructions within the clear zone should have one of six safety enhancements performed. In
order of preference, these are:

1. Remove the obstruction.

2. Make the obstruction traversable.

3. Relocate the obstruction beyond the clear zone.

4. Reduce impact severity by using an appropriate breakaway system.

5. Shield the obstruction with a longitudinal barrier or crash cushion (only if obstruction
cannot be removed, relocated, or redesigned.)

6. Delineate the obstruction (only if all above options are not appropriate.)

Attenuation devices, guardrail, and breakaway systems to be installed should be of a type that
has been crash tested successfully in accordance with “Recommended Procedure for the Safety
Performance Evaluation of Highway Features” (NCHRP) Report 350.

The basic concept of the breakaway support is to provide a structure that will resist wind and ice
loads, yet fail in a safe and predictable manner when struck by a vehicle. The term “breakaway
support” refers to all types of sign, luminaire, and traffic signal supports that are designed to
yield when struck by a vehicle. The release mechanism may be a slip base, base-bending,
fracture elements, or a combination of these.

111-14.06 Obstructions

An obstruction is anything that would hinder the recovery/movement of a vehicle that has left the
traveled way. Obstructions include, but are not limited to: a rigid object with a height greater
than 4 inches, non-yielding/non-breakaway signs, light standards, and utility poles, signal
standards, culvert (or end section) openings over 36 inches, multiple openings greater than 30
inches, box culverts, bridge rail ends, bridge piers, trees having a mature diameter of 4” or larger,
large rocks, water over 2 feet deep, and foreslopes that are steeper than 3:1. The Roadside
Design Guide, published by AASHTO, contains the guidelines used to determine what
constitutes an obstruction and how the obstruction should be dealt with. The following sections
describe some of the more common obstructions found alongside the roadway.
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111-14.06.01 Roadside Signs

Roadside signs can be divided into three main categories: overhead signs, large roadside signs,
and small roadside signs. The hardware and corresponding safety treatment of sign supports
varies with the sign category.

1. Overhead signs: Where possible, overhead signs should be installed on overpasses or
other structures. Overhead signs generally require massive support systems which cannot
be made breakaway. All overhead sign structures located within the clear zone should be
shielded with crashworthy barriers.

2. Large Roadside Signs: Large roadside signs may be defined as those greater than 50 ft?
in area. They typically have two or more steel pipe or W-shape support posts which are
breakaway. The following criteria should be satisfied if the support is to perform
adequately as a breakaway support:

e The hinge should be a minimum of 7ft above the ground surface.

e A single post, or multiple posts with a post spacing greater than 7ft, should have a
weight less than 45 Ib/ft with a total weight of the support between the hinge and
the breakaway base not to exceed 600 Ib. For two or more posts with a post
spacing less than 7ft, the post should not have a weight less than 18 Ib/ft.

e No supplemental sign should be attached below the hinges. The sign may
interfere with the performance of the breakaway support and/or it may enter the
windshield if the sign is struck.

e The base plate of the anchoring unit shall not protrude above the ground more
than 4” (see Figure 1 in Appendix I11-14 A.)

3. Small Roadside Signs: Small roadside signs can be identified as signs having a sign
surface area less than 50 ft? and they may be supported on one or more posts. A single
support post is generally made of steel pipe or perforated tube and multiple supports are
generally made of perforated tubes.

e Sign supports that are made from 2 1/4” 12 gauge steel or smaller square
perforated tube (and do not have a reinforcing sleeve) are considered to be base-
bending and do not require a breakaway base.

e U-channel posts, when used as single posts, are also considered base-bending and
do not require a breakaway base. The U-channel post should not be spliced
unless it has been crash tested.

e Sign supports that are made of wood, buried a minimum of 3ft in the ground, and
4”x 4” or smaller will yield when struck by a vehicle. Posts made of wood that
are larger than 4”x 4” need to be weakened by having two holes drilled
perpendicular to the roadway into the base of the sign support (see Figure 2 in
Appendix 111-14 A.)
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e Supports made with steel pipe are not considered to be base-bending and are
required to have a breakaway base.

¢ Diagonal bracing, also known as “A-frame”, sign supports should not be used.

e The base plate of the anchoring unit shall not protrude above the ground more
than 4” (see Figure 1 in Appendix I11-14 A.)

111-14.06.02 Steep Foreslopes

Foreslopes parallel to the roadway can be categorized as recoverable, non-recoverable
(traversable), or critical. A vehicle entering a critical foreslope is likely to overturn. A critical
foreslopes is classified as a slope that has a rate steeper than 3:1.

When the foreslope is considered critical, the fill height and ADT of the roadway is examined.
The depth of the fill is measured from the toe of the critical slope at the tie in with the ditch
bottom to the top of the slope.

e If the fill height is 10’ or less or if the forecast ADT is 750 or less, it is not considered
cost effective to improve the slope.

e |f the fill height is greater than 10” and the forecast ADT is greater than 750,
foreslope flattening or guardrail protection should be considered.

It may be more cost effective to flatten foreslopes even though the initial cost may be greater
than guardrail. The Safety Review shall determine if flattening foreslopes or guardrail is more
cost effective. The cost effectiveness is based on crash costs and the cost to install the fill
material. The flattening of foreslopes should be proposed for the project if cost effective. If
guardrail is determined more cost effective, an executive decision item within the environmental
document shall added to determine if guardrail should be used, or if the foreslopes should be
flattened.

There may be circumstance where flattening foreslopes is more cost effective, but cannot be
done because of right of way impacts, environmental factors, or other special circumstances.

Many times drainage structures are located within steep slope areas. These structures may need
to be extended when the slope is flattened. The cost for the extensions should be included in the
cost to flatten the slopes. Use Chapter 3 Section 15 (Section 111-15) of the Design Manual to
determine how the foreslope should be flattened.

111-14.06.03 Cross Slopes (Transverse Slopes)

Common obstacles on the roadside are embankment slopes created by median crossings,
driveways, intersecting side roads, and ditch blocks. These slopes are more critical to errant
vehicles than foreslopes and backslopes because they are struck by the vehicle directly. Cross
slopes of 6:1 or flatter are acceptable, but median crossings and ditch block embankment cross
slopes of 10:1 are desirable.
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e All ditch block cross slopes steeper than 6:1 should be flattened.
o0 On Interstate highways, they should be flattened to 10:1.
0 On all other roadways, they should be flattened to 8:1.

e The cross slopes of median crossings on the Interstate highways that are steeper than 6:1
should be flattened to 10:1 (see Figure 3 in Appendix I11-14 A).

e Cross slopes of median crossings and side road approaches (all roadways except the
Interstate) that are steeper than 6:1 should be flattened to 8:1. The following criteria
should be used when flattening the cross slopes:

o Flatten all 4:1 or steeper cross slopes where the forecast ADT is less than 500

o Flatten all cross slopes between 4:1 and 6:1 where the forecast ADT is less than
500 and it is cost effective

o Flatten all cross slopes steeper than 6:1 where the forecast ADT is greater than
500

0 Culverts located with the cross slopes may need to be extended when the slope is
flattened.

111-14.06.04 Cross-Drainage Structures

Cross-drainage structures are used to move water under the roadway. They may consist of
reinforced concrete pipes, corrugated metal pipes, structural plate pipes, or concrete box culverts.
These structures can also be used by pedestrians, vehicles, or animals.

Cross-drainage structures with openings within the clear zone should be made traversable,
extended beyond the clear zone, or shielded with guardrail. Single structures with openings 36”
or less and multiple structures with openings 30” or less are considered to be traversable and do
not need to be improved. The openings for centerline pipes are measured at the opening of the
flared end section if present, otherwise are measured at the pipe opening if no end sections are
present. For example, a single 36” centerline pipe with a flared end section would not be
considered traversable because the opening of the flared end section is greater than 36”. If a
single 36” centerline pipe exists with no end section, it may be considered traversable as the pipe
opening is only 36”.

Grates can be installed to make the openings of the cross-drainage structures traversable (see
Figure 4 in Appendix I11-14 A.) Smaller diameter (15” to 36”) reinforced concrete pipes can be
made traversable by removing the flared end section and installing a traversable end section. See
Standard Drawings for traversable end sections.

e A cost effective analysis should be performed on all structures with openings within the
clear zone on roadways with a forecast ADT greater than 750. If it is determined that it is
not cost effective to improve the structure, object markers should be installed.

e It is not considered cost effective to improve structures with openings within the clear
zone on roadways with a forecast ADT of 750 or less. Therefore, these structures should
have object markers installed.
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111-14.06.05 Parallel Drainage Structures

Parallel drainage structures are those which parallel the mainline flow of traffic. These features
can present a significant safety obstruction because they can be struck head-on by errant
vehicles. Safety treatment options are similar to those for cross drainage structures:

Eliminate the structure

Use a traversable design

Move the structure laterally to a less vulnerable location
Shield the structure

Eliminating the structure may be difficult, but on field entrances and very low volume
driveways, an overflow section may be constructed.

Traversable designs are to provide grates constructed of pipes set on 24 inch centers to reduce
wheel snagging. Generally, pipes of 24 inch diameter or less may not require a grate. However,
when a multiple pipe installation is encountered, grating smaller pipes may be appropriate.

Relocating the structure is the most desirable. This allows the opportunity to flatten the cross
slope within the clear zone distance of the roadway. If the new culvert is located beyond the
clear zone of the roadway, and will also be beyond the clear zone for the approach roadway, then
relocation of the drainage structure should be considered. When a structure is relocated, it
should be moved to at least 60 feet from the centerline of the roadway.

In cases where the cross slope cannot be made traversable, and the structure cannot be relocated
or is too large to be safety treated effectively, it may be necessary to shield the obstacle with a
traffic barrier.

111-14.06.06 Water

Streams or bodies of water with a depth of more than 2 feet within the clear zone should be
moved beyond the clear zone or shielded. A cost effective analysis should be performed to
determine what action should be taken. The water should be present for long periods of time
(one year or longer.)

111-14.06.07 Riprap

Riprap that is within the clear zone and extends above the surrounding ground surface more than
4” should be removed to the clear zone or shielded. A cost effective analysis should be
performed to determine what action should be taken.

If erosion control is necessary, an erosion control blanket should be installed after the riprap is
removed. The cost for the erosion control blanket should be included in the cost for removing
the riprap when the cost analysis is performed.
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111-14.06.08 Light Standards, Signal Standards, Utility Poles, Trees, and Similar
Roadside Features

Roadside features that are within the clear zone and protrude above the surrounding surface more
than 4” should be removed, made breakaway, relocated beyond the clear zone, or shielded.

Features, such as signal standards (with mast arms), utility poles, and railroad signals, cannot be
made breakaway and should be relocated beyond the clear zone or shielded. Sometimes, features
such as these need to be close to the roadway and cannot be relocated. In these instances,
consideration should be given to installing a crash cushion to shield the supports.

Light standards and signal standards (without mast arms) should be made breakaway or relocated
beyond the clear zone.

Trees with a mature size greater than 4” in diameter should be removed. If they cannot be
removed they should be shielded.
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111-14.06.09 Bridge Ralil

The bridge railing should be of a type that is crashworthy. The bridge rails that the department
uses and has accepted are: Jersey Barrier and Double Box Beam Rail Retrofit. Other types of
bridge rail, such as the Sloped E-Rail, should be modified to a Double Box Beam Rail Retrofit.

111-14.06.10 Guardrail

For Minor Rehabilitation and Structural Improvement investment strategies, guardrail that has
not been successfully crash tested in accordance with the guidelines of NCHRP Report 230
should be replaced with guardrail that has been successfully crash tested in accordance with the
guidelines as set forth in NCHRP Report 350. Guardrail should be checked to ensure that it
meets the requirements based on the existing ADT and posted speed less 10 mph of the roadway,
and the variation for height of rail cannot be more than £3 inches of the design dimension when
originally installed. See DESIGN GUIDELINES, Chapter 1 Section 6 (Section 1-06) of the
Design Manual.

For Major Rehabilitation investment strategies, guardrail shall meet guidelines as set forth in
NCHRP Report 350. See DESIGN GUIDELINES, Chapter 1 Section 6 (Section 1-06) of the
Design Manual. Guardrail should be checked to ensure that it meets the requirements based on
the forecast ADT and design speed of the roadway.

If one or more of the following deficiencies is present, the guardrail should be replaced with
guardrail that meets current design practices:

e Guardrail that is attached to a safety shape transition (only if there is another
deficiency or the approach slab is being replaced.)

e Guardrail tapers away from the roadway at a greater rate than what is required.
e There is insufficient space between guardrail and obstruction for proper deflection.

e The distance from the top of the guardrail to the ground surface is less than 27" or
greater than 29” (after roadway improvement.)

e The guardrail is not long enough to shield the obstruction from an errant vehicle (see
Length of Need in Section 111-13 Guardrail.)

111-14.06.11 T-Intersection

Whenever a county, state, or US highway has an intersection or dead end with another state or
US highway, there should be an approach or escape road provided for errant vehicles. If it is not
feasible, other protective devices such as warning signs, rumble strips, or barricades should be
provided (see Design Manual Section 111-03.05.03 “Recovery Approaches”).
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111-14.07 Cost Effective Analysis

Collisions involving vehicles with roadside objects are a probable occurrence with any existing
highway facility. The purpose of cost effective analysis is to provide a technique for comparing
alternate solutions to problem locations. Present value of the total cost of each alternative is
computed over a given period of time, taking into consideration initial cost, maintenance cost,
and accident cost. The costs for each alternative are compared to the cost of the accidents that
would occur if no safety enhancements were performed. The option with the least total cost
would normally be chosen.

The Road Safety Analysis Program (RSAP) Software was developed under National Cooperative
Highway Research Program (NCHRP) Project 22-9 and represents one approach to using the
procedures described in Appendix A of the 2002 AASHTO Roadside Design Guide. The
research for NCHRP Project 22-9 can be found in NCHRP Report 492, Roadside Safety

Analysis Program (RSAP)—Engineer’s Manual. The RSAP program is intended as a tool for
economic analysis and should not supersede the guidelines presented in the Roadside Design
Guide or sound engineering judgment.

The cost of making the improvements to enhance the safety of the roadside should be used to
determine if the improvements are cost effective. The initial cost to make the improvements
should be estimated to the nearest 100 dollars.

The maintenance costs to maintain the improvements should be on an annual basis. When
guardrail is the improvement, the price for removal of snow should be included in the
maintenance costs. Generally, a value of $10 per linear foot is used for snow removal
maintenance costs for W-beam guardrail. No snow removal maintenance costs for 3-cable
guardrail is typically used.

The salvage value for the improvements at the end of the project life is typically considered zero,
but may be used for W-beam guardrail. Note: If using the Road Safety Analysis Program
(RSAP) software, it is not possible to input a salvage value.

The project life of a roadway design is an input value selected by the user. The discount rate is
also a basic input value in the economic analysis. Generally, a value of 10% is used for the
discount rate.

Once the information is obtained, the total present worth and annualized costs are computed.
The Road Safety Analysis Program (RSAP) software has been prepared to make a direct
comparison between several proposed safety treatments.
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Figure 1 Breakaway Support Stub Height Measurement

Figure 2 Breakaway Wood Sign Supports

Figure 3 Median Cross Slope Designs

Figure 4 Safety Treatment for Cross-Drainage Pipes and Culverts
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Base plate

60"

Maximum projection of base plate shall not extend above
a line, 4" parallelto any chord, which is perpendicular to
(or aligned radially to) the center line of the highway and
has the chord's end points on the ground surface on
opposite sides of the stub post.

Figure 1 - Breakaway Support Stub Height Measurement
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Figure 2 - Breakaway Wood Sign Supports
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Table 1 Clear Zone Distance

Table 2 Horizontal Curve Adjustment
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Table 1 CLEAR ZONE DISTANCE (in Feet from Edge of Driving Lane)?

BACKSLOPE
DESIGN | DESIGN FORESLOPE

SPEED | apTe** | FLAT [ 1v: | ave | av: [ ave | 2v: [ 1ve [ 1v: | 1v: | FLAT
6H | 5H | 4H | 3H | 3H | 4H | 5H | 6H

Under 750 7-10 | 710 | 7-10| 710 ** | 7-10 ( 7-10 | 7-10 | 7-10 | 7-10

40 mph 750-1500 10 12 12 14 **112-14112-14 [ 12-14 |1 12-14 | 12-14
or
less 1500-6000 12 14 14 16 ** 114-16 | 14-16 | 14-16 | 14-16 | 14-16

Over 6000 14 16 16 18 ** 116-18|16-18 | 16-18 | 16-18 | 16-18

Under 750 10 12 12 14 ** 1 8-10 8 10 10 12

45-50 750-1500 14 16 16 20 ** 110-12 12 14 14 16

mph 1500-6000 16 18 | 20 | 26 | ** |12-14| 14 | 16 | 16 18

Over 6000 20 22 24 28 ** 114-16 18 20 20 22

Under 750 12 14 14 18 ** 1 8-10 [10-12|10-12|10-12( 10-12

750-1500 16 18 20 24 ** 110-12| 14 16 16 18
55 mph

1500-6000 20 22 24 30 ** 114-16| 16 18 20 22

Over 6000 22 24 26 | 32* | ** |16-18| 20 22 22 24

Under 750 16 18 20 24 ** 110-12| 12 14 14 16

750-1500 20 24 26 | 32* | ** |12-14| 16 18 20 22
60 mph

1500-6000 26 30 | 32* | 40* [ ** |14-18| 18 22 24 26

Over 6000 30 32* | 36* | 44* | ** [20-22| 24 26 26 28

Under 750 18 20 20 26 ** 110-12|14-16 | 14-16 | 14-16 | 14-16
65-75 750-1500 24 26 28 | 36* | ** |12-16| 18 20 20 22

mph 1500-6000 28 32% | 34* | 42* | ** |16-20| 22 24 26 28

Over 6000 30 34% | 38* [ 46> [ ** |22-24| 26 30 28 30

*Where a site specific investigation indicates a high probability of occurrences are indicated by crash history, the
designer may provide clear zone distance greater than 30 feet as indicated. Clear zone may be limited to 30 feet for
practicality and provide a consistent roadway template if previous experience with similar projects or design
indicates satisfactory performance.

**Since recovery is less likely on unshielded traversable 3:1 slopes, fixed objects should not be present in the
vicinity of the toe of these slopes. Recovery of high speed vehicles that encroach beyond the edge of the shoulder
may be expected to occur beyond the toe of the slope. Determination of the width of the recovery area at the toe of
the slope should take into consideration right of way availability, environmental concerns, economic factors, safety
needs and crash histories. Also, the distance between the edge of the travel lane and the beginning of the 3:1 slope
should influence the recovery area provided at the toe of the slope. While the application may be limited by several
factors, the fill slope parameters, which may enter into determining the maximum desirable recovery area, is
illustrated in Figure 3-2, AASHTO Roadside Design Guide (2011).

***Design ADT is the total ADT for both directions of travel for the design year. This applies to both divided and
undivided facilities. Typically is based on the 20 year projected ADT.

SAASHTO Roadside Design Guide (2011), Table 3-1
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Table 2
HORIZONTAL CURVE ADJUSTMENT#
Kcz (Curve Correction Factor)
Radis Design Speed (mph)
(ft) 40 45 50 55 65 70
2,950 1.1 11 11 1.2 1.2 1.2
2,300 11 11 1.2 1.2 1.2 1.3
1,970 11 1.2 1.2 1.2 1.3 14
1,640 11 1.2 1.2 1.3 1.3 1.5
1,475 1.2 1.2 1.3 1.3 14 1.5
1,315 1.2 1.2 1.3 1.3 1.4 -
1,150 1.2 1.2 1.3 1.4 1.5 -
985 1.2 1.3 1.4 1.5 1.5 -
820 1.3 1.3 1.4 1.5 - -
660 1.3 14 15 - - -
495 14 15 - - - -
330 1.5 - - - - -

CZc=(Lc)(Kcz)

Where:CZc = clear zone on outside of curvature in feet.

Lc = clear zone distance in feet, Table 1 this Appendix.
Kcz = curve correction factor.

Note:

*AASHTO Roadside Design Guide (2011), Table 3-2

Clear zone correction factor is applied to outside of the curve only.
Corrections are typically made only to curves less than 2,950-ft radius.
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111-15.01 Introduction

This section discusses foreslopes at areas with fills (over 7' deep), steep foreslopes (slopes
steeper than 3:1), and box culverts (or other culverts.) Because of terrain, right-of-way, and
other issues it may not be possible to eliminate the steep slope or extend the box culvert.
Providing recoverable foreslopes (4:1 or flatter) adjacent to the roadway in these areas can give
an errant vehicle the necessary room to recover and avoid the steep foreslopes and box culverts.

The configuration of the foreslope cross sections used in areas of fills (over 7' deep), steep
foreslopes, and box culverts is based upon the forecast ADT as shown in the Project Concept
Report and the depth of the fill at the deepest location. The depth of the fill is measured from the
toe of the foreslope at the tie in with the ditch bottom to the edge of the finished shoulder (see
Figure 1.)

Finished roadway
Drivin Drivin: Finished shoulder
lane lane f
- ~ *
I >SS Fill height
~

Syt
Toe of foreslope j

Figure 1 — Fill Height

111-15.02 Foreslope Configuration

The foreslope configurations are divided into two basic groups. The first group has an initial
foreslope rate of 6:1 and the second group has an initial foreslope rate of 4:1. The initial
foreslope extends to the required clear zone and then continues, breaks to a secondary foreslope,
or breaks to a bench section followed by a secondary foreslope (see Figure 2.) The required
clear zone values used for the cost effective analysis of the foreslope configurations were taken
from Section 111-14B of the Design Manual.

The cost effective analysis was completed using various foreslope configurations to determine
whether or not to flatten a foreslope. The analysis is based on crash costs, costs to extend box
culverts, and costs to install the fill material to flatten the foreslope. The results of the analysis
are graphically represented by foreslope configuration, annualized cost, and depth of fill (see
Figures 4-15.) Each line represents a different foreslope configuration and is ranked from the
lowest being the most cost effective to the highest being the least cost effective.
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Driving Clear zone
lane (6:1 foreslope)
N

6:1 to Ditch

Clear zone
(6:1 foreslope)

6:1

6:1 to Clear Zone, 4:1 to Ditch

Driving Clear zone 12
(6:1 foreslope)

6:1

Clear zone
(4:1 foreslope)

4:1 to Ditch

Driving Clear zone 12'
(4:1 foreslope)

41

37
4:1 to Clear Zone, 24:1 for 12', 3:1 to Ditch

Drivin, Clear zone
(4:1 foreslope)

Drivin, Clear zone
(6:1 foreslope)

6:1

foreslope

4:1

6:1 to Clear Zone, 3:1 to Ditch 4:1 to Clear Zone, 3:1 to Ditch
6:1 Foreslope 4:1 Foreslope
Figure 2 — Foreslope Configurations

It is desirable to choose the most cost effective foreslope configuration based on the graphs. In
some cases, site conditions may not allow the most cost effective foreslope configuration to be
chosen. All foreslope configurations shown in the graphs are cost effective. Engineering
judgment should be used to determine the best possible foreslope configuration based on cost
effectiveness and site conditions.

Other foreslope configurations that are not shown in the graphs may be used if shown to be cost
effective. The Materials and Research Division must be contacted before considering the use of
a foreslope steeper than 3:1. Foreslopes with a rate steeper than 3:1 will normally require a soil
stability analysis to show soil conditions are adequate to allow the use of such a foreslope. A
bench section with a 12" wide 24:1 slope beginning at the clear zone is desirable with any
foreslope steeper than 3:1 to provide a buffer for errant vehicles that may go beyond the clear
zone.
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111-15.03 Foreslope Transitions

Foreslope transitions should be used anytime the foreslope changes slope rates. Flatter
foreslopes tend to allow vehicles to recover quicker, so they do not require as much clear zone
distance. Because each foreslope will have a different required clear zone distance, a transition
area should be provided between the clear zones. Using the transition will minimize the chance
of an errant vehicle crossing between areas with different clear zones.

The foreslope transition should follow the errant vehicle's predicted runout path. The runout
path is the line that connects the point at which the vehicle is assumed to leave the traveled way
to the outside edge of the clear zone at the area of concern. The area of concern in this case
would be the second foreslope. The point of departure would then be at the edge of the driving
lane at a distance equal to or greater than the runout length measured upstream along the
roadway from the point where the second foreslope extends to the clear zone. The runout length
can be found in Section 111-13 of the Design Manual. The foreslope transition would then start
where the runout path intersects the finished shoulder. Figure 19 in Example 1 shows how to
transition from a 4:1 foreslope to a 6:1 foreslope at an area with a fill (over 7' deep). For
horizontal curves, the runout path should be adjusted to have the same degree of curvature as the
roadway with an adjusted clear zone for the curve.

é\orﬁge(r)rf] Runout length, L ' folgisﬁlglpe
Runout path
*Clear zone fc?ree(;?g:e sg;i)natr?uf re
B B /- = Traffic B B B
/

Edge of through traveled way * Required clear zone distance for second slope

Figure 3 — Runout Path

Typically, foreslopes are transitioned from a 4:1 to a 6:1, but using foreslopes that are 10:1 or
flatter can reduce the required clear zone even further. In any case, the foreslope rate in the
transition area should have the same rate as the foreslope in the area of concern.

111-15.04 Standard Foreslope vs. Flattened Foreslope

The foreslope rate at the obstructions such as box culverts, structural plate pipes, water over 2'
deep, riprap, etc. should meet or exceed the desirable foreslope rate as shown in the Design
Guidelines (Section 1-06.03 of the Design Manual.) Using a foreslope that is flatter than the
standard rate will reduce the required clear zone making it possible to place obstructions that are
laterally constrained due to site conditions at or beyond the clear zone. Clear zone values can be
found in Section 111-14B of the Design Manual.
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111-15.04.01 Box Culverts and Structural Plate Pipes

Using a foreslope that is flatter than the standard foreslope rate can sometimes reduce the length
of a box culvert or structural plate pipe extension. To determine when to use a flatter foreslope,
project a line with the standard rate until it ties into the top of the box culvert (see Figure 4.) If
the line ties into the top of the box culvert inside of the clear zone, a flatter foreslope with a
reduced clear will usually result in a shorter box culvert extension. If the line ties into the top of
the box culvert at or beyond the clear zone, a flatter foreslope with a reduced clear zone will
usually result in a longer box culvert extension. The foreslope configuration to be used can then
be determined as stated in Section 111-14.02 — Foreslope Configuration. A foreslope transition
should be used to transition from the flatter foreslope to the standard foreslope. Figure 20 in
Example 2 shows how to transition from a 4:1 foreslope to a 6:1 foreslope at a box culvert.

,_ Driving Clear zone 8 . Driving | Clear zone
| lane | (standard foreslope rate) | lane | (standard foreslope rate)
X f -

Projected foreslope h Projected foreslope

(using standard rate (using standard rate "'—

- Section 1-06.03) - Section 1-06.03) 7[

Projected te point—' /] Top of culvert/pipe T -
Top of culvert/pipe Projected tie point
Projected Tie Inside Clear Zone Projected Tie Outside Clear Zone

Figure 4 — Foreslope Flattening at Box Culvert or Structural Plate Pipe

111-15.04.02 Water Over 2' Deep and Riprap

Using a flatter foreslope at locations where water over 2' deep and/or riprap is within the clear
zone can reduce the amount of fill needed. In cases where the water is high enough to threaten
the roadway, a grade raise may be required to increase the elevation of the roadway. The flatter
foreslope reduces the amount of vertical drop from the roadway to where the foreslope meets the
clear zone, which can reduce the overall height of the grade raise.

Typically, a grade raise has a 10:1 foreslope to the clear zone followed by riprap and a 3:1 slope.
See the Earthwork section of the Design Manual for more information on Grade Raises. A
foreslope transition should be used to transition from the existing foreslope to the 10:1 foreslopes
at the grade raise. Figure 21 in Example 3 shows a foreslope transition from a 4:1 foreslope to a
10:1 foreslope at a grade raise.
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111-15.05 State Corridor, District Corridor, and District Collector Highways

This section addresses highways that are classified as a State Corridor, District Corridor, or
District Collector. See Section 111-14.06 for highways classified as Interregional or Interstate.

The proposed foreslope configuration should be chosen based on the desirable foreslope rate as
shown in the Design Guidelines (Section 1-06.03 of the Design Manual.) Figures 5-8 show
foreslope configurations for a 4:1 foreslope rate and Figures 9-12 show foreslope configurations
for a 6:1 foreslope rate.

Foreslopes flatter than those shown in the Design Guidelines may be used in some cases as
described in Section 111-14.04 — Standard Foreslope vs. Flattened Foreslope.
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4:1 Foreslope Configurations
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State Corridors, District Corridors, and District Collectors
4:1 Foreslopes
Less than 750 ADT

Least Preferred

/

X
AN

RN
N

Preferred Slope Configuration

NS
RN
X

X

P ATTF
iy
-

Most Preferred

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)

(o]

—4—4:1to clear zone, 3:1 to ditch =~4:1toclear zone, 24:1 for 12', 3:1 to ditch =¥-4:1to ditch

Figure 5 —4:1 Foreslopes (Less than 750 ADT)
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State Corridors, District Corridors, and District Collectors
4:1 Foreslopes
750 to 1499 ADT

Least Preferred

Preferred Slope Configuration

Most Preferred

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)

—#—4:1toclear zone, 3:1 to ditch —¢4:1toclear zone, 24:1for 12", 3:1 to ditch =#=4:1toditch

Figure 6 — 4:1 Foreslopes (750 to 1499 ADT)
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State Corridors, District Corridors, and District Collectors
4:1 Foreslopes
1500 to 6000 ADT

Least Preferred

//

SN
R

Preferred Slope Configuration

o

A

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)

Most Preferred

—4—4:1to clear zone, 3:1 to ditch —%=4:1to clear zone, 24:1 for 12', 3:1 to ditch =#-4:1 to ditch

Figure 7 —4:1 Foreslopes (1500 to 6000 ADT)
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State Corridors, District Corridors, and District Collectors
4:1 Foreslopes

7
///§?‘
i
/i
/’//j/
7d

/

%/

Most Preferred

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)

—4—4:1to clear zone, 3:1 to ditch —%=4:1to clear zone, 24:1 for 12', 3:1 to ditch =#-4:1 to ditch

Figure 8 — 4:1 Foreslopes (Over 6000 ADT)



SECTION I11-15 Fills (Over 7'), Foreslope Flattening, and Flattening at Culverts
Page 264 Revised 1/31/13

6:1 Foreslope Configurations
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State Corridors, District Corridors, and District Collectors
6:1 Foreslopes
Less than 750 ADT

Least Preferred

N

Preferred Slope Configuration
N

/

N

4
AN

Most Preferred

o)
=
o
-
N
=
S
=
a
=
o)

20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)

—4—6:1toclear zone, 3:1to ditch =<6:1toclear zone, 24:1for 12',3:1to ditch -%6:1toclear zone, 4:1to ditch -e-6:1toditch

Figure 9 — 6:1 Foreslopes (Less than 750 ADT)
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State Corridors, District Corridors, and District Collectors
6:1 Foreslopes
750 to 1499 ADT
4
e
|4
a
/ )/ //
/ // /f/
; 5////
e
8
s / )
) / /
wv
: A
: Z v
o /
a
= Z;//
/ 2
3 /
g
8
S
a
3
S
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)
—4—6:1toclear zone, 3:1to ditch —%6:1to clear zone, 24:1for 12',3:1to ditch —¥6:1toclear zone, 4:1to ditch -#-6:1toditch

Figure 10 — 6:1 Foreslopes (750 to 1499 ADT)
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State Corridors, District Corridors, and District Collectors
6:1Foreslopes

/ v
/
/ %5;//
v
% /7///
* // // / //
fp
£ | // /
ha %é?
A
a===dl XZ/

Most Preferred
<

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)

[o2)

—#—6:1toclear zone, 3:1to ditch —=<6:1toclear zone, 24:1for 12',3:1to ditch —%=6:1toclear zone, 4:1to ditch —#-6:1toditch

Figure 11 — 6:1 Foreslopes (1500 to 6000 ADT)
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State Corridors, District Corridors, and District Collectors
6:1Foreslopes

AT
/ é/ﬁ/
/s
A
vAvd
// ////
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| //
Kt %
/
ol g //

Depth of Fill (Ft)

—4—6:1toclear zone, 3:1to ditch =%6:1toclear zone, 24:1for 12',3:1to ditch -%=6:1toclear zone, 4:1to ditch -#-6:1to ditch

Figure 12 — 6:1 Foreslopes (Over 6000 ADT)
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111-15.06 Interregional Highways and Interstate

This section addresses highways that are classified as either Interregional or Interstate highways
See Section I11-15.05 for highways that are classified as a State Corridor, District Corridor, or
District Collector.

The proposed foreslope configuration should be chosen based on the desirable foreslope rate as
shown in the Design Guidelines (Section 1-06.03 of the Design Manual.) Figures 13-15 show
foreslope configurations for a 4:1 foreslope rate and Figures 16-18 show foreslope configurations
for a 6:1 foreslope rate.

Foreslopes flatter than those shown in the Design Guidelines may be used in some cases as
described in Section 111-14.04 — Standard Foreslope vs. Flattened Foreslope.
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4:1 Foreslope Configurations
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Interregional Highways and Interstate
4:1 Foreslopes
Less than 1500 ADT

Least Preferred

RO

Preferred Slope Configuration

Most Preferred

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)

—4—4:1to clear zone, 3:1 to ditch —=4:1toclear zone, 24:1for 12', 3:1 to ditch —#=4:1to ditch

Figure 13 — 4:1 Foreslopes (Less than 1500 ADT)
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Interregional Highways and Interstate
4:1Foreslopes
1500 to 6000 ADT

7
/

Least Preferred

AN
AN
X
RS

Preferred Slope Configuration

AN
AN
AN

| /

N

Most Preferred

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

[o4]

Depth of Fill (Ft)

—4—4:1to clear zone, 3:1 to ditch —-4:1toclear zone, 24:1 for 12', 3:1 to ditch —#=4:1to ditch

Figure 14 — 4:1 Foreslopes (1500 to 6000 ADT)
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Interregional Highways and Interstate
4:1Foreslopes
Over 6000 ADT

/
/

Least Preferred

Preferred Slope Configuration

N

Most Preferred

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Depth of Fill (Ft)

—4—4:1to clear zone, 3:1 to ditch —-4:1toclear zone, 24:1 for 12', 3:1 to ditch —#=4:1to ditch

Figure 15 - 4:1 Foreslopes (Over 6000 ADT)
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6:1 Foreslope Configurations
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Interregional Highways and Interstate
6:1 Foreslopes
Less than 1500 ADT

Least Preferred
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Preferred Slope Configuration

r
f

\

R

]
\
N

Most Preferred

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

[o4]

Depth of Fill (Ft)

—4—6:1toclear zone, 3:1to ditch —%6:1toclear zone, 24:1for 12',3:1to ditch —¥—6:1toclear zone, 4:1to ditch -#-6:1 toditch

Figure 16 — 6:1 Foreslopes (Less than 1500 ADT)
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Interregional Highways and Interstate
6:1 Foreslopes
1500 to 6000 ADT
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Preferred Slope Configuration
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Depth of Fill (Ft)

—4—6:1toclear zone, 3:1to ditch —%6:1toclear zone, 24:1for 12',3:1to ditch —¥=6:1toclear zone, 4:1to ditch -#—6:1 toditch

Figure 17 — 6:1 Foreslopes (1500 to 6000 ADT)
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Interregional Highways and Interstate
6:1 Foreslopes
Over 6000 ADT
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—4—6:1toclear zone, 3:1to ditch —%6:1toclear zone, 24:1for 12',3:1to ditch —¥—6:1toclear zone, 4:1to ditch -#-6:1 toditch

Figure 18 — 6:1 Foreslopes (Over 6000 ADT)
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111-15.07 Examples

111-15.07.01  Example 1 — Foreslope Transition at Slide Area

Roadway: Two-Lane Interregional with 4:1 foreslopes
Design ADT: 3500
Design Speed: 65 MPH

Runout Length (Section 111-13): 425 ft
Clear Zone for 4:1 foreslope (Section 111-14B): 42 ft
Clear Zone for 6:1 foreslope (Section 111-14B): 32 ft

There is a slide area within the clear zone. Based on the Design Guidelines the standard
foreslope rate for this roadway is 6:1. Because the project is limited to the area of the slide, a
foreslope transition will be needed to tie the existing 4:1 foreslopes into the 6:1 foreslopes in the
slide area. Refer to Figure 19 for a plan view of the area and cross sections for this example.

Determine which foreslope configuration will be used through the fill area. To do this, find the
deepest fill height measured from the toe of the foreslope at the tie in with the ditch bottom to the
edge of the finished shoulder. Because the roadway is a two-lane interregional roadway and the
design ADT is 3500, Figure 17 will be used. Using the deepest fill height, choose the best
possible foreslope configuration. The most preferred foreslope configuration will be the bottom
line. For example, for a fill height of 14', the foreslope configurations in order of preference
would be: 1) 6:1 to ditch bottom; 2) 6:1 to clear zone, 4:1 to ditch bottom; 3) 6:1 to clear zone,
24:1 for 12', 3:1 to ditch bottom; and 4) 6:1 to clear zone, 3:1 to ditch bottom. The same
foreslope configuration should be used throughout the fill section. The most preferred foreslope
configuration should be used unless site conditions do not allow it.

Once the foreslope configuration has been determined, the limits of the fill area can be found
(Section D-D.) Sometimes it may not be clear where the fill area begins and ends and may
require engineering judgment to determine the limits and/or trial and error to find the best place
to fit the foreslope transition.

A 25' transition should be used to transition between Section C-C and Section D-D. A transition
will not be needed when the foreslope configuration in Section D-D consists of a 6:1 foreslope
that breaks to a 4:1 foreslope at the clear zone.

Determine the point at which the foreslope will begin to transition from a 4:1 foreslope to a 6:1
foreslope. The transition will follow the runout path and begin at the point where the runout path
intersects the edge of the finished shoulder (Section A-A.) The runout path can be determined
using the runout length as stated in Section 111-15.03 — Foreslope Transitions. The foreslope rate
in the transition area (Section B-B) should have the same rate as the foreslope in the fill area
(Section D-D.)

The 4:1 foreslope becomes the secondary foreslope at the start of the transition area (Section A-
A.) The top of the 4:1 foreslope should be at the edge of the 6:1 foreslope along the runout path
and the bottom will be where the 4:1 foreslope ties back into the ditch bottom.
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SECTION D-D

Slope configuration at fill section

Existing 4:1 P
(clear zone for 4:1
foreslope applles)

NOTES:

(A)

(B)

(©)

(D)

(E)

Runout length values can be found In Sectlon
11-13 of the Design Manual.

Clear zone values can be found in Section lll-14B
of the Design Manual. Thae clear zone shall be
adjusted on the outside of horizontal curves.

The runout path for the opposite side shall extend
laterally to the clear zone for the approach side.

A transition from Section C-C to Section D-D is
not required for the "6:1 to Clear Zone, 4:1 to
Ditch” slope configuration because the 4:1 slope
in the foreslope transition area will continue into
the fill section.

The slope configuration to be used at the fill
section is based on the fill height at the deepest
location.

The most cost effective slope configurations are
shown based on fill height as taken from the
graph (see Figure 17.)

The same slope configuration should be used
throughout the flil section.

If site conditions restrict the use of these
configurations, engineering judgment should be
used to determine the bast possible slope
configuration based on cost effectiveness and site
conditions.

Figure 19 — Example 1 — Foreslope Transition at Slide Area
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111-15.07.02  Example 2 — Foreslope Transition at Box Culvert

Roadway: Two-Lane District Corridor with 4:1 foreslopes
Design ADT: 1200
Design Speed: 65 MPH

Runout Length (Section 111-13): 370 ft
Clear Zone for 4:1 foreslope (Section 111-14B): 36 ft
Clear Zone for 6:1 foreslope (Section 111-14B): 26 ft

There is a box culvert within the clear zone. Based on the Design Guidelines the standard
foreslope rate for this roadway is 4:1. The decision was made to use a foreslope with a rate of
6:1 at the box culvert to reduce the length of the box culvert extension. A foreslope transition
will be needed to tie the existing 4:1 foreslopes into the 6:1 foreslopes at the box culvert. Refer
to Figure 20 for a plan view of the area and cross sections for this example.

Figure 20 shows two different scenarios:

1. Inthe first scenario (left side of Section E-E), the box culvert does not have enough cover fill to
fit a 6:1 foreslope and the foreslope must be flattened to tie into the box culvert parapet.

2. Inthe second scenario (right side of Section E-E), there is sufficient cover and no additional
flattening over the box culvert is required.

Determine which foreslope configuration will be used through the area with the box culvert. To
do this, find the deepest fill height measured from the toe of the foreslope at the tie in with the
ditch bottom to the edge of the finished shoulder. Generally, the deepest height will be at the
box culvert. Because the roadway is a two-lane district corridor and the design ADT is 1200,
Figure 10 will be used. Using the deepest fill height, choose the best possible foreslope
configuration. The most preferred foreslope configuration will be the bottom line. For example,
for a fill height of 12", the foreslope configurations in order of preference would be: 1) 6:1 to
ditch bottom; 2) 6:1 to clear zone, 4:1 to ditch bottom; 3) 6:1 to clear zone, 24:1 for 12', 3:1 to
ditch bottom; and 4) 6:1 to clear zone, 3:1 to ditch bottom. The same foreslope configuration
should be used throughout the area even though the fill height may change. The most preferred
foreslope configuration should be used unless site conditions do not allow it.

Once the foreslope configuration has been determined, the limits of the area to be flattened can

be found (Section E-E.) The minimum length of the area to be flattened should be the length of
the box culvert opening plus a 25' buffer on each side of the opening. If the box culvert is in an
area with a fill over 7' deep, use the limits of the fill area.

A 25' transition should be used to transition between Section D-D and Section E-E. A transition
will not be needed when the foreslope configuration in Section E-E consists of a 6:1 foreslope
that breaks to a 4:1 foreslope at the clear zone.

For shallow box culverts, additional flattening may be required directly over the box culvert. A
maximum rate of 10:1 (perpendicular to foreslope) should be used between the 6:1 foreslope and
the flattened area over the box culvert. The 10:1 slope may overlap the 25' transition between
Section D-D and Section E-E.
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Determine the point at which the foreslope will begin to transition from a 4:1 foreslope to a 6:1
foreslope. The transition will follow the runout path and begin at the point where the runout path
intersects the edge of the finished shoulder (Section A-A on upstream end for approach side
traffic and Section B-B on downstream end for opposite side traffic.) The runout path can be
determined using the runout length as stated in Section 111-15.03 — Foreslope Transitions. The
foreslope rate in the transition area (Section C-C) should have the same rate as the foreslope in
the fill area (Section E-E.)

The 4:1 foreslope becomes the secondary foreslope at the start of the transition area (Section A-
A.) The top of the 4:1 foreslope should be at the edge of the 6:1 foreslope along the runout path
and the bottom will be where the 4:1 foreslope ties back into the ditch bottom.
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Figure 20 — Example 2 — Foreslope Transition at Box Culvert
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111-15.07.03  Example 3 — Grade Raise with Water on One Side Only

Roadway: Two-Lane State Corridor with 4:1 foreslopes
Design ADT: 1000
Design Speed: 65 MPH

Runout Length (Section 111-13): 370 ft
Clear Zone for 4:1 foreslope (Section 111-14B): 36 ft
Clear Zone for 10:1 foreslope (Section 111-14B): 24 ft

There is water over 2' deep within the clear zone on one side of the roadway. Based on the
Design Guidelines the standard foreslope rate for this roadway is 4:1. Because of the proximity
of the water to the roadway, the decision was made to do a grade raise project. Refer to Figure
21 for a plan view of the area and cross sections for this example.

Water Side

Typically, a grade raise has a 10:1 foreslope to the clear zone followed by riprap and a 3:1 slope.
See the Earthwork section of the Design Manual for more information on Grade Raises. A
foreslope transition will be needed to tie the existing 4:1 foreslopes into the 10:1 foreslopes at the
grade raise.

Determine the limits of the fill section area (Section D-D.) Sometimes it may not be clear where
the fill area begins and ends and may require engineering judgment to determine the limits
and/or trial and error to find the best place to fit the foreslope transition.

A 25' transition should be used to transition between Section C-C and Section D-D.

Determine the point at which the foreslope will begin to transition from a 4:1 foreslope to a 10:1
foreslope. The transition will follow the runout path and begin at the point where the runout path
intersects the edge of the finished shoulder (Section A-A.) The runout path can be determined
using the runout length as stated in Section 111-15.03 — Foreslope Transitions. The foreslope rate
in the transition area (Section B-B) should have the same rate as the foreslope in the fill area
(Section D-D.)

The 4:1 foreslope becomes the secondary foreslope at the start of the transition area
(Section A-A.) The top of the 4:1 foreslope should be at the edge of the 10:1 foreslope along the
runout path and the bottom will be where the 4:1 foreslope ties back into the ditch bottom.
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Dry Side

Determine which foreslope configuration will be used through the fill area on the dry side. To
do this, find the deepest fill height measured from the toe of the foreslope at the tie in with the
ditch bottom to the edge of the finished shoulder. Because the roadway is a two-lane state
corridor and the design ADT is 1000, Figure 6 will be used. Using the deepest fill height, choose
the best possible foreslope configuration. The most preferred foreslope configuration will be the
bottom line. For example, for a fill height of 18", the foreslope configurations in order of
preference would be: 1) 4:1 to ditch bottom; 2) 4:1 to clear zone, 24:1 for 12', 3:1 to ditch
bottom; and 3) 4:1 to clear zone, 3:1 to ditch bottom. The same foreslope configuration should
be used throughout the fill section. The most preferred foreslope configuration should be used
unless site conditions do not allow it.

Once the foreslope configuration has been determined, the limits of the fill area can be found
(Section D-D.) Sometimes it may not be clear where the fill area begins and ends and may
require engineering judgment to determine the limits and/or trial and error to find the best place
to fit the foreslope transition.

A 25' transition should be used to transition between Section C-C and Section D-D. The
transition ties the existing 4:1 foreslope at Section C-C with the slope configuration in the fill
section at Section D-D.

A foreslope transition using the runout length is not needed on the dry side because the existing
foreslope and the foreslope in the fill section both have the same slope rate.
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Figure 21 — Example 3 — Grade Raise with Water on One Side Only
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A POLICY states, “Access management involves providing (or managing) access to land
development while simultaneously preserving the flow of traffic on the surrounding road system
in terms of safety, capacity, and speed.” See A POLICY for more discussion on Access
Management.

The access controls in use are either Full, such as exists on the Interstate system where access is
gained only at interchanges, or Partial, where access is limited to certain locations on the system.
In either case, if this type of control is desired it will have to be negotiated as permanent R/W.
111-16.01  Partially Controlled Access — Rural Areas

The planning and design of projects in rural areas on state highways should, where possible,
consider partial access control to provide for the safe and efficient flow of traffic and to preserve
the public investment.

Generally, the following procedures should be used in the control of access:

e See Standard Drawings D-203-6 and D-203-8 for design details for rural roadways

e Following a field inspection and reviewing with the District Engineer, NDDOT will
include recommendations on access control in the project concept report.

e The basic guidelines for establishing access points are based on a maximum of five (5)
per side per mile, including section lines.

e A minimum spacing of 500 feet between access points is desirable.
e Access points may or may not be installed during new construction.

e The amount paid for access control will be based on the maximum number of access
points allowed.

e The Design Engineer will be responsible for planning access control. This will include
the Programming Division and District Engineers.

e Access control will normally be acquired as a property right in a right of way acquisition
process.

e Requests for additional access points or changes in the size will be made to the District
Engineer and this information is forwarded to the Design Division, who will in turn
requests approval from FHWA and record any changes or additions. Things to consider
in granting additional access points should include, but are not limited to:

= Ensuring that traffic safety and capacity will not be impaired or adversely
affected.

= Recapturing public funds when other than a nominal amount has been provided
for access control.
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111-16.02  Partially Controlled Access — Urban AreasError! Bookmark not defined.

Where a major construction project is planned on a state system route involving a Regional
highway, NDDOT should consider partial access control to provide for the safe and efficient
flow of traffic and to preserve the public investment.

Generally, the following procedures should be used in access control:

See Standard Drawings D-750-1 and D-750-1A for design details for urban roadways.
The throat width for urban drives should generally be as follows:

0 10-15 feet for private residences
0 20-30 feet for commercial
0 40 feet for industrial

Following a field review and discussion with the District Engineer and the local
representatives, NDDOT will study the use of partial access control and publish the
results in the project concept report.

The minimum desirable spacing of access points is 400-600 feet or at the intersection
with streets.

The actual location of the specific access points will be a joint effort between the Design
Division, District, Programming, and representatives of the local agency.

Control of access can be achieved by an agreement between the local agency and
NDDOT or by the acquisition of access rights by either or both parties. The local agency
must adopt the plan designating the points of access.

Changes in the size, location or number of access points will not be permitted without
mutual consent of the parties, including FHWA where appropriate.
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Notice of Proposed Construction or Alteration:

A.

Any proposed construction of more than 200 feet in height above the ground
requires a notice be sent to the Federal Aviation Administrator (FAA).

Any proposed construction that enters an imaginary line that extends from a point
200 feet from the end of the nearest airport runway, upward and outward at one of
the following slopes:

1. 100:1 for a horizontal distance of 20,000 feet with the length of runway
more than 3200 feet.

2. 50:1 for a horizontal distance of 10,000 feet with a length of runway not
more than 3200 feet.

3. 25:1 for a horizontal distance of 5,000 feet from the nearest point of a
heliport.

FAA: See Form 7460-1: Notice of Proposed Construction or Alteration on the
web at http://www.faa.gov under forms. This form should be completed if any of
the conditions in B are encountered during the design of the project. This form
may be obtained from the Airport Engineer, 2000 University Drive, Bismarck,
ND (Phone 701-250-4385).

Study the form carefully because attachments are required. One attachment is the
source of coordinate’s information, USGS 7.5' Quad Map or Survey, and the
reference datum, NAD 27 or NAD 83. The other attachment is the Surveyor=s
certification.

The proposed installation of street lighting becomes more complex to the project.
Each street light must have the coordinates, height of structure and ground line
elevations listed. This may be done on a separate sheet.

North Dakota is located in the Great Lakes Region of the FAA offices.
Approval by the Federal Aviation Administration is required before the

construction within any airport zone may begin. The approval can be expected to
take 2 to 6 months from the date notice is received.

The Utilities Engineer from the Design Division — Technical Support Section will coordinate the
survey and prepare the Notice of Proposed Construction or Alteration form. The designer should
begin coordinating with the Utilities Engineer after the project concept report approval, and on
an on-going basis as the preliminary roadway design becomes available.
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111-18.01 General

One of the critical parts of the design of highway construction projects is ensuring that effective
provisions for proper control of traffic within the construction work zone is provided for on the
project. Highway construction generally results in heavy equipment working in close proximity
to highway traffic, many times with restricted roadway widths, alignment shifts, and/or
temporary driving surfaces. These conditions not only have a direct impact upon public safety,
but also present a significant hazard to contractor equipment and personnel working on the
project. It is vital that every construction project have an appropriate traffic control plan that will
properly guide traffic through the work zone, at appropriate travel speeds, in both daytime and
nighttime periods, for the duration of the construction activity. In addition, if there are
pedestrians in the project area, the plans must provide for their safe passage through the project.
Access to adjacent properties is also an important consideration that must be provided for in the
traffic control plan. The work zone traffic control for a project should be planned early in the
design phase. Final work zone traffic control plans should be reviewed by the Design Division —
Traffic Safety Section.

This section reviews applicable policies and procedures governing work zone traffic control and
the resources available for use in the design process.

111-18.02 Design of Work Zone Traffic Control

Design of work zone traffic control should comply with the requirements of the “Manual on
Uniform Traffic Control Devices” (MUTCD), Part VI, published by FHWA, and comply with
NDDOT Standard Drawings.

111-18.03 Work Zone Traffic Control Plan

A work zone traffic control plan should be prepared for all projects, as no single set of signs or
other traffic control devices can satisfy all conditions on a project. The traffic control plan
should be in sufficient detail, appropriate to the complexity of the project, to clearly identify and
convey the concepts of project traffic control and the types of traffic control devices necessary to
achieve the desired control. The selection of traffic control devices should be based on the
highway type, traffic conditions, duration of operations, physical constraints, and the proximity
of the work area to the highway traffic.

The traffic control plan may range in scope from simply identifying Standard Drawings and
layouts, to preparing extensive detailed project specific plan drawings and notes. The Standard
Drawings show typical applications and layouts for traffic control devices for various common
work situations, but do not include all conceivable work situations, especially those with
complicated signing or other traffic control needs.
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Typical applications shown by the Standard Drawings should be altered, when necessary, to fit
the conditions of the proposed work situation. Detail drawings and plan notes may be required
to clarify device locations and quantities. The designer should review the Standard Drawings
and Standard Notes to determine what drawings, layouts, and notes may apply to the proposed
project. If special conditions exist that cannot be conveyed by the Standard Drawings and
Standard Notes, or the Standard Drawings require modification, additional plan drawings or
details and notes should be developed to indicate the necessary traffic control requirements.
Project notes should identify the necessary Standard Drawings, application, and other special
conditions. On complex projects, the work zone traffic control details and quantities should be
developed for all construction phases anticipated on the project.

The traffic control plan should include a “Traffic Control Devices List”, indicating the quantities
for each type of traffic control device required. The “Traffic Control Devices List” should be
included in the plans for every project. The quantities should be developed from the Standard
Drawings and other work zone details that may be included. The signing indicated should be
applied in both directions for two-lane and four-lane roadways, and be applied to both sides of
the roadway for freeway and expressway projects. The plans should address quantities for
multiple installations, intersections, limitations, etc. The quantities shown on the “Traffic
Control Devices List” are for bidding purposes. The “Traffic Control Devices List” program can
be found on the web at http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm,
click on “Plan Preparation Guide”, “Plan Sheets”, “Section 700”, “704.2 Traffic Control Devices
List”, or on the web at http://www.dot.nd.gov/, click on “Publications”, “Design Manual”, “Plan
Prep. Guide”, “Plan Sheets”, “Section 7007, “704.2 Traffic Control Devices List.”

It is preferred that traffic control devices be bid and paid for on the basis of unit prices for each
type of device shown on the Traffic Control Devices List in accordance with Sections 704.04A
and 704.05A of the Standard Specifications. This method of payment is preferred over lump
sum payment for the following reasons:

= |t provides for a more complete set of plans and better defines the traffic control work item.
= |t provides for a method to account for project variations that develop during construction.

= |t provides for contract bid prices that may be used as a basis for negotiation when adding
traffic control devices.

When using unit payment, devices required in addition to the quantities provided on the Traffic
Control Devices List should be added at the unit prices in the contract. If the added devices do
not have a contract unit price, then payment should be negotiated or be paid at the prices listed in
the “Rental Rates for Equipment and Traffic Control Devices,” provided by Construction
Services.
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Traffic control devices may be bid and paid for on a lump sum basis if the traffic control plan
provides fixed quantities, is clearly defined, and requires a single set-up without modification.
When using lump sum payment, the following should be added to the traffic control plan note:
AThe devices listed on the Traffic Control Devices List shall not be bid separately, but shall be
included in the lump sum price bid for@Traffic Control@. When using lump sum payment,
devices required in addition to the quantities provided on the Traffic Control Devices List should
be added and paid for in accordance with Section 704.05B of the Standard Specifications.

Devices added to accommodate the Contractor’s operation are the Contractor=s responsibility.
111-18.04 Traffic Control Devices List

The “Traffic Control Devices List” program can be found on the web at
http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm, click on “Plan
Preparation Guide”, “Plan Sheets”, “Section 7007, “704.2 Traffic Control Devices List”, or on
the web at http://www.dot.nd.gov/, click on “Publications”, “Design Manual”, “Plan Prep.
Guide”, “Plan Sheets”, “Section 700", “704.2 Traffic Control Devices List.” The plan sheet
table contains all signs and other devices shown in the Standard Drawings. The program file
may be copied to the appropriate project file, and the sheet summary edited as necessary to add
or delete traffic control devices.

111-18.05 Special Signs

Occasionally, signs will be needed that are not provided in the Standard Drawings. These signs
may be special detour signs, distance and destination signs, etc. The designer should contact the
Design Division — Traffic Safety Section for the proper sign legend, dimensions, and post
configuration. The designer should time the request to provide a minimum two week lead time
for the Traffic Section.

111-18.06 Computation of Sign Units
Material Costs Per Project

Signs $4.00/ S.F.
Posts $10.00 ea.

Install Sign and Post(s):

Sign and 1 post $22.00
Sign and 2 post $36.00
Sign and 3 post $48.00
Sign and 4 post $60.00
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Install sign on existing installed post(s):
Sign and 1 post $14.00
Sign and 2 post $22.00

Sign and 3 post $28.00
Sign and 4 post $32.00

Installation costs include hardware, removal, maintenance, profit and overhead.

Units = (Cost of material and installation) -:- $3.50

EXAMPLES
Sign mounted on post(s) Sign mounted on existing installed post(s)
48" x 48" sign and 2 posts 21' x 15" Arrow sign
4'x4'=16sqg.ft. x$4 = $64.00 1.75'x1.25'=2.2sq. ft. x$4 = $ 8.75
2 posts x $10 = $20.00 1 post = $14.00
Install sign and 2 posts =  $36.00 Total $22.75
Total $120.00
Units = $120/ 3.50 =34.3  Use 35 Units = $22.75/ 3.50 = 6.5 Use 7

NOTE: All units are rounded up to the next even number. Most signs 30 inch in length have
units calculated using 1 post and sign over 30 inches to 60 inches in length have units calculated
using 2 post. Sign over 60 inches to 96 inches in length have units calculated using 3 posts. Sign
over 96 inches in length should have 4 posts but the 4" post must be outside 8 feet from the first
post.

111-18.07 Guidelines for Using Standard Drawings for Construction Signing

Table 111-19-1, at the end of this section, has been developed to summarize the application of
Standard Drawings for work zone traffic control signing. The table is intended to serve as a
guide only, and is not all inclusive. The designer should select the appropriate standard drawings
and include them in the project plans. In instances where the standard drawings do not
adequately cover the specific type of work proposed, the designer should consult with the Design
Division — Traffic Safety Section for assistance in developing appropriate project traffic control.
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111-18.08 Traffic Control Supervisor

Some major projects, with extensive traffic control, high traffic volumes, and/or complicated
construction, may warrant the use of a Traffic Control Supervisor. Guidelines for the use of the
project Traffic Control Supervisor are as follows:

The Traffic Control Supervisor should be used only on projects that meet one or more of the
requirements listed below.

= Projects that include complex construction phasing.

= Projects that have traffic volumes over 750 ADT in rural areas and over 2000 ADT in urban
areas.

= Projects that have traffic control devices proposed to cost over $50,000.
= Projects listed above must have live traffic traveling through the construction area.

The designer should use the above guidelines to determine if a Traffic Control Supervisor is to
be recommended. The District Engineer should review the recommendation and make the
decision. The guidelines should be adhered to unless special circumstances require the use of a
Traffic Control Supervisor.

Standard Note 704-016, as follows, should be included in the plans when the District Engineer
determines the Traffic Control Supervisor is required. A plan note further detailing the Traffic
Control Supervisor may also be included in the plans.

704-016 TRAFFIC CONTROL SUPERVISOR: A Traffic Control Supervisor shall be
provided on the project.

The standard and plan notes can be found on the web at
http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm, click on “Plan
Preparation Guide”, “Standard Notes” (and “Plan Notes”), “Section 700", “704 — Traffic
Control.”

111-18.09 Reflective Sheeting for Work Zone Traffic Control Devices

It is the policy of NDDOT that certain traffic control devices in work zones have Micro-cube
Corner Prismatic (Diamond Grade) and Micro-cube Corner Prismatic (Fluorescent Diamond
Grade) Sheeting.

Generally, the use of Micro-cube Corner Prismatic (Diamond Grade) and Micro-cube Corner
Prismatic (Fluorescent Diamond Grade) wide angle retroreflective sheeting on work zone traffic
control signs will improve daytime and nighttime visibility, daytime color, handling
characteristics, and long-term durability.
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Specifically, all work zone traffic control signs should be constructed of Micro-cube Corner
Prismatic (Diamond Grade) for white background signs and Fluorescent Diamond Grade for
orange background signs.

This should include all detour signs, black on orange work zone traffic control signs, and all
other rigid signs installed to control and direct traffic during construction operations.

Orange and white Type I, 11, and 111 barricades, and orange and white vertical panels should be
Micro-cube Corner Prismatic (Diamond Grade) Retroreflective Sheeting.

Sheeting requirements for retroreflective bands on cones and drums should be high intensity
material or Micro-cube Corner Prismatic Sheeting.

All construction contracts should include the provisions for Micro-cube Corner Prismatic
Sheeting.

111-18.10 Work Zone Speed Limits

NDDOT’s Traffic Control Review Team has adopted Work Zone Speed Limit Reduction
Procedures. A summary of these procedures follows.

111-18.10.01 Seal Coat Projects
The speed limit on seal coat projects should be reduced as shown on the Standard Drawings.
111-18.10.02 Interstate, Four-Lane Divided and Two-Lane Highways

This procedure provides a method for considering engineering factors in selecting a work zone
speed limit. It is intended to establish speed zones based on actual conditions.

Based on present guidance in the Manual on Uniform Traffic Control Devices (MUTCD), the
procedure starts with speed limits of the work site prior to the beginning of the construction
activities.

The procedure is based on consideration of speed limits for the work zones on a site by site basis.

The need for a speed reduction is determined through consideration of a number of factors
related to the actual condition in a specific work zone.

Where a work zone speed limit reduction may be appropriate, the recommended procedure
indicates the maximum speed limit reduction that should be considered 10 mph. A work zone
speed limit reduction of greater than 10 mph is not recommended unless the design speed of the
geometric element is more than 10 mph below the normal speed limit.

Reduced speed limits are generally for projects that last at least 24 hours, but there is no
constrain to using reduced work zone speed limits for shorter projects.

Reduced work zone speed limits should be used only during specific time periods and only for
specific portions of the work zone where the engineering factors identified in the work zone
speed limit procedure are present.
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111-18.10.02.01 Work Zone Speed Limit Procedure

The appropriate speed limit for any highway work zone can be determined from the procedure
presented in this section. The procedure is applicable to stationary construction zones,
maintenance zones and utility operations; intermittent moving or mobile operations; and
continuous moving operations. The recommended procedure has four steps:

Step 1 - Determine the existing speed limit.

Step 2 - Determine the work zone condition that applies.

Step 3 - Determine which factors for the appropriate condition apply to the specific site.

Step 4 - Select the work zone speed limit.

Each step is discussed below. This procedure is illustrated by the flow chart in Figure 111-19.01.
Table G-1 explains the seven work zone conditions that are addressed in Step 2.

Step 1 - Determine the existing speed limit.

The first step in the procedure is to determine the existing (pre-construction) speed limit for the
work zone.

Step 2 - Determine the work zone condition that applies.

The work zone condition is determined by the location of the work activities in relation to the
traveled way.

Step 3 - Determine which factors for the appropriate condition apply to the specific site.

The third step in the procedure is to review the conditions that are applicable to the condition that
is present in the work zone.

Step 4 - Select the work zone speed limit

The work zone speed limit should be selected considering the factors presented in the conditions.
Project engineers responsible for each work zone should monitor the conditions in the work zone
and make sure that the posted speed limit is appropriate for the actual conditions at any given

time.

All work zone traffic control should be evaluated at the beginning of the project and periodically
through the life of the project to determine if the traffic controls are operating as intended.
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Figure 111-18.01 — Work Zone Speed Limit Procedure
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TABLE G-1
Condition 1
Activities that are more than 10 ft from the edge of the traveled way (roadside activity).

Typical applications
Roadway constriction
Cleaning drainage
Landscaping work
Structural work
Utility work
Reworking ditches
Fencing work

Reduction to Existing Regulatory Speed Limit
Should not be used.*

Suggested Maximum Amount of Speed Reduction
None

Factors:
None

The regulatory speed limit shall meet all requirements of the MUTCD.

*There should not be a reduction of the existing regulatory speed limit unless unusual situations
create hazardous conditions for motorists, pedestrians, or workers.

Condition 2
Activities that encroach on the area closer than 10 ft but not closer than 2 ft to the edge of the
traveled way (shoulder activity).

Typical Applications
Roadway construction
Culvert extension
Guardrail installation
Cleaning drainage
Reworking ditches
Shoulder work
Utility work
Side slope work
Landscaping work
Structural work
Sign installation

Reduction to Existing Regulatory Speed Limit
May be used where factors exist.

Suggested Maximum Amount of Speed Reduction
10 mph



SECTION I11-18 Work Zone Traffic Control

Page 298 1/3/2006
Factors:
Workers present for extended periods within 10 ft of the traveled way unprotected by
barrier.

Horizontal curvature that might increase vehicle encroachment rate (could include
mainline curves, ramps, and turning roadways).

The regulatory speed limit shall meet all requirements of the MUTCD.

Conditions 3
Activities that encroach on the area from the edge of the traveled way to 2 ft from the edge of the
traveled way (lane encroach).

Typical Application
Roadway construction
Utility work
Guardrail installation
Shoulder work

Reduction to Existing Regulatory Speed Limit
May be used where factors exist.

Suggested Maximum Amount of Speed Reduction
10 mph

Factors:
Workers present for extended periods within 2 ft of the traveled way unprotected by
barrier.

Horizontal curvature that might increase vehicle encroachment rate (could include
mainline curves, ramps, and turning roadways).

Barriers or pavement edge drop-off within 2 ft of the traveled way.

Reduced design speed for stopping sight distance.

Unexpected conditions
The regulatory speed limit shall meet all requirements of the MUTCD. Where work zone
geometric with reduced design speeds cannot be avoided, the work zone speed limit should not
exceed the design speed, even if this requires a work zone speed limit reduction greater than 10
mph.
Condition 4

Activities that require an intermittent or moving operation on the shoulder (moving activity on
shoulder).
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Typical Applications
Roadway construction
Widening
Delineator installation
Shoulder and slope work
Utility work
Guardrail installation
Landscaping work

Reduction to Existing Regulatory Speed Limit
Should not be used.*

Suggested Maximum Amount of Speed Reduction
None

Factors:
None

The regulatory speed limit shall meet all requirements of the MUTCD.

*There should not be a reduction of the existing regulatory speed limit unless unusual situations
create hazardous conditions for motorists, pedestrians, or workers.

Condition 5
Activities that encroach on the area between the centerline and the edge of traveled way (lane
closure).
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Typical Applications
Roadway construction
Pavement repair
Utility work
Widening
Pavement resurfacing
Pavement marking
Bridge repair

Reduction to Existing Regulatory Speed Limit
May be used where factors exist.

Suggested Maximum Amount of Speed Reduction
10 mph

Factors:
Workers present for extended periods in the closed lane unprotected by barrier.

Lane width reduction of 1 ft or more with a resulting lane width less than 11 feet.

Traffic control devices encroaching on a lane open to traffic or within a closed lane but
within 2 ft of the edge of the open lane.

Reduced design speed for taper length or speed change lane length.

Barriers or pavement edge drop-off within 2 ft of the traveled way.

Reduced design speed of horizontal curve.

Reduced design speed for stopping sight distance.

Traffic congestion created by a lane closure.

Unexpected conditions.
The regulatory speed limit shall meet all requirements of the MUTCD. Where work zone
geometric with reduced design speeds cannot be avoided, the work zone speed limit should not

exceed the design speed, even if this requires a work zone speed limit reduction greater than 10
mph.
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Condition 6
Activities require a temporary detour to be constructed (temporary detour).**

Typical Applications
Roadway construction
Subgrade restoration
Bridge construction
Culvert repair
Reduction to Existing Regulatory Speed Limit
May be used where factors exist.

Suggested Maximum Amount of Speed Reduction
10 mph

Factors:
Lane width reduction of 1 ft or more with a resulting lane width less than 11 feet.

Reduced design speed for detour roadway or transition (radius of curvature,
superelevation, and sight distance).

Unexpected conditions.

The regulatory speed limit shall meet all requirements of the MUTCD. Where work zone
geometric with reduced design speeds cannot be avoided, the work zone speed limit should not
exceed the design speed, even if this requires a work zone speed limit reduction greater than 10
mph.

**Detour and transition geometry with a design speed equal to or greater than the existing
regulatory speed limit should be provided whenever possible.

Condition 7
Activities that encroach on the area on both sides of the centerline of a roadway or lane lines of a
multilane highway (centerline or lane line encroachment).

Typical Applications
Roadway construction
Widening
Pavement marking
Crack sealing
Pavement resurfacing
Bridge repair
Pavement repair

Reduction to Existing Regulatory Speed Limit
May be used where factors exist.

Suggested Maximum Amount of Speed Reduction
10 mph
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Factors:
Workers present on foot in the traveled way or in the closed lane unprotected by barrier
for extended periods.

Remaining lane plus shoulder width is less than 11 ft.

Reduced design speed for taper length or speed change lane length.

Barriers or pavement edge drop-off within 2 ft of the traveled way.

Reduced design speed of horizontal curve.

Reduced design speed for stopping sight distance.

Traffic congestion created by a lane closure.

Unexpected conditions.
The regulatory speed limit shall meet all requirements of the MUTCD. Where work zone
geometrics with reduced design speeds cannot be avoided, the work zone speed limit should not
exceed the design speed, even if this requires a work zone speed limit reduction greater than 10
mph.
111-18.11 Longitudinal Edge Drop-off Guidelines
These guidelines are intended to increase traffic safety by identifying techniques for the
treatment of uneven lanes and edge drop-offs that occur along the centerline, edgeline, and
shoulders in highway work areas. One of the best ways to increase traffic safety is to minimize
exposure to uneven lanes and edge drop-offs. The following guidelines incorporating traffic
control devices and construction methods may be applied to enhance traffic safety. See Figure

111-19.02, Longitudinal Edge Drop-Off Guidelines, at the end of this section for a graphical
representation of these techniques.
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GENERAL:

At no time should there be more than one uneven lane condition between the traffic carrying
lanes, which include auxiliary lanes, turn lanes, and ramp access or egress areas. \Weather
permitting, all exposed uneven lane conditions within the traffic carrying lanes should be
matched within 24 hours.

Traffic control signs, as shown, should be repeated after major intersections. A major
intersection is defined as an intersection between a state highway and another state highway,
an Interstate ramp, or a County Major Collector (CMC).

The maximum sign spacing should be 1 mile when the speed limit is greater than 30 mph.
The maximum sign spacing should be 1/4 mile when the speed limit is 30 mph or less.

The maximum spacing of channelizing devices used to close the shoulder is 100 feet.

The maximum spacing of Type Il Barricades used to close a lane is 1000 feet.

UNEVEN LANES - PAVING OPERATIONS:

Note: The following paragraph and subparagraph numbers correspond to drawings on Figure
111-19.02, which follows this section.

1.

Two Lane Highways

A. For drop-offs of 1-1/2 inches or less, appropriate traffic control signs should be
provided as indicated in Standard Note 704-250. Traffic can be permitted to cross
the drop-off.

B. For drop-offs of 1-1/2 to 2-1/2 inches, appropriate traffic control signs and
devices should be provided as indicated in Standard Note 704-251 for ADT of
750 or less, or Standard Note 704-252 for ADT greater than 750. Traffic should
not be permitted to cross the drop-off as shown.

C. For drop-offs of 2-1/2 to 4 inches, appropriate traffic control signs and devices
should be provided as indicated in Standard Note 704-253. Traffic should not be
permitted to cross the drop-off.

Four Lane Divided and Interstate Highways
For drop-offs of 2 inches or less, appropriate traffic control signs and a lane closure

should be provided as indicated in Standard Note 704-254. Traffic should not be
permitted to cross the drop-off.
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3. Shoulders — All Highways
For drop-offs of various depths, appropriate traffic control signs and an edge slough
should be provided as indicated in Standard Note 704-255. Traffic may cross the drop-
off.

UNEVEN LANES — MILLING OPERATIONS:

Milling operations should use the guidelines shown for paving operations. The plan notes, etc.,
will require modifications in terminology for the milling operations.

EDGE DROP-OFFS — ADJACENT TO TRAFFIC CARRYING LANE:

1. For drop-offs of 1-1/2 inches or less, appropriate traffic control signs should be provided
as shown in Figure 111-19.02 at the end of this section.

2. For drop-offs greater than 1-1/2 inches up to 4 inches:

A. The edge should be tapered and compacted at a slope of 4:1 and appropriate
traffic control signs should be provided; or

B. If the taper is not provided, traffic should not be permitted to cross the drop-off,
and that portion of the roadway should be closed to traffic with appropriate traffic
control signs and devices.

3. For drop-offs greater than 4 inches up to 12 inches:

A. The edge should be tapered and compacted at a slope of 4:1. Traffic should not
be allowed to cross the drop-off, and that portion of the roadway should be closed
to traffic with appropriate traffic control signs and devices; Vertical Panels shall
be placed at the top of the slope or Stackable Vertical Panels placed at the edge of
the driving lane; or

B. If a taper is not provided, the traffic should not be allowed to cross the drop-off,
and that portion of the roadway should be closed to traffic with appropriate traffic
control signs, devices, and a positive barrier, such as a portable precast concrete
barrier; or

C. If a taper is not provided, the traffic or auxiliary lane adjacent to the drop-off
should be closed to traffic with the appropriate traffic control signs and devices.

Note: Tapers or positive barriers are not required if:

1) The drop-off is within an urban area and the speed limit is 30 mph or less;
Stackable Vertical Panels placed at the edge of the driving lane; or

2) The drop-off is short term (7 calendar days or less) and less than 50 feet in
length and the speed limit is higher than 30 mph. Vertical Panels shall be
placed at the top of the slope or Stackable Vertical Panels placed at the edge
of the driving lane.
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For drop-offs greater than 12 inches:

The traffic or auxiliary lane adjacent to the drop-off should be closed to traffic with the
appropriate traffic control signs and devices, and a positive barrier, such as a portable
precast concrete barrier.

Positive barriers are not required if the drop-off is a short term condition (7 calendar days
or less) and is located 16 feet or more from the traffic carrying lane.

EDGE DROP-OFFS — INSIDE EDGE OF SHOULDER:

1.

2.

For drop-offs of 1-1/2 inches or less, appropriate traffic control signs should be provided.
For drop-offs greater than 1-1/2 inches up to 4 inches:

A. The edge should be tapered and compacted at a slope of 4:1 and appropriate
traffic control signs should be provided; or

B. If the taper is not provided, traffic should not be permitted to cross the drop-off,
and that portion of the roadway should be closed to traffic with the appropriate
traffic control signs and devices.

For drop-offs greater than 4 inches up to 12 inches:

A. The edge should be tapered and compacted at a slope of 6:1, and appropriate
traffic control signs should be provided (6:1 taper should not be used as a traffic
carrying lane). This treatment should not be permitted unless the 6:1 slope is
compacted so that a vehicle may safely drive onto it without losing control, and
there are no other hazardous conditions; Vertical Panels shall be placed at the top
of the slope or Stackable Vertical Panels placed at the edge of the driving lane; or

B. The edge should be tapered and compacted at a slope of 4:1, traffic should not be
allowed to cross the drop-off, and that portion of the roadway should be closed to
traffic with appropriate traffic control signs and devices; or

C. If a taper is not provided, the traffic or auxiliary lane adjacent to the drop-off
should be closed to traffic with the appropriate traffic control signs and
channelizing devices.

For drop-offs greater than 12 inches:
The traffic or auxiliary lane adjacent to the drop-off should be closed to traffic with the
appropriate traffic control signs and devices, and a positive barrier, such as a portable

precast concrete barrier.

Positive barriers are not required if the drop-off is a short term condition (7 calendar days
or less) and located 16 feet or more from the traffic carrying lane.
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EDGE DROP-OFFES - OUTSIDE EDGE OF SHOULDER:

1. Shoulder width 0 to 2 feet and a 0 to 12 inch drop-off; use appropriate guideline above.
Stackable Vertical Panels placed at the edge of the Shoulder.

2. Shoulder width 2 to 8 feet and a 0 to 4 inch drop-off; install edgeline, or use appropriate
guideline above.

3. Shoulder width 8 feet or greater and a 0 to 4 inch drop-off; no traffic control required.
4. Shoulder width 2 to 8 feet and a 4 to 12 inch drop-off; use appropriate guideline above.
Figure 111-18.02, which follows, has been developed to summarize longitudinal edge drop-off
guidelines for work zones. Vertical Panels shall be placed at the top of the slope or Stackable

Vertical Panels placed at the edge of the driving lane. The figure is intended to serve as a guide
only and is not all inclusive.
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Figure 111-18.02 Longitudinal Edge Drop-Off Guidelines
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channel iziing devices at a maximum 100 ft+ spacing.

No \
SHOULDER )

UNEVEN LANES - WITH LANE CLOSED & TAPER

4 in t0 12 in
9
{ I’Tﬂber

1 SIS

The adjacent lane shall be closed with the appropriate lane closure.

@ EDGE DROP DFF - We-4-48
WITH SHOULDER OPEN & TAPER
4 in to0 12 in
— Lo
T

The 6:1 taper shall be compacted
* See the conditions of use from text description.

SOFT
SHUJLDE

UNEVEN LANES — WITH LANE CLOSED & NO TAPER

4 in to 12 in

L4 SIS

The adjacent lane shall be closed with the appropriate lane closure.

@ EDGE DROP DFF — -—--48
WITH SHOULDER CLOSED & TAPER

4 in to 12 in
q:
{ | L5 e,
T
The shoulder shall be closed with the appropriate signs and
channe |l iziing devices at a maximum 100 ft+ spacing.

AL
CSHOULDERY

EDGE DROP OFF -
. WITH SHOULDER AND ADJACENT LANE CLOSED

4 1n to 12 In

{

The adjacent lane shall be closed with the appropriate lane closure.
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111-18.12 Warrants for Portable Changeable Message Signs

Portable changeable message signs (PCMS) have a wide variety of applications in work zone
traffic control, including roadway or ramp closures, crash or emergency incident management
with restrictions information, advisories on road work scheduling, traffic management and
diversion, warning of adverse conditions, and operation controls.

The primary purpose of PCMS in work zone traffic control is to advise the driver of unexpected
traffic and routing situations. Some typical applications include the following:

= Where speed of traffic is to drop substantially.

= Where queuing and delays are possible.

= Where adverse environmental conditions are present.

= To provide advance notice of ramp, lane, or roadway closure.
= For crash or incident management.

Some typical criteria include:

= The speed limit in the work zone is above 50 mph, and the speed reduction is more than 20
mph.

= When queuing traffic is more than 20 vehicles and delays are greater than 5 minutes.
= Adverse environmental conditions — any chemical spills or other hazardous materials.

= |tis assumed that ramp, lane, or roadway closures are normally less than 2 weeks.

Crash or incidents are hard to quantify.

The designer should use the guidelines to determine if the project meets all of these requirements
and then recommends to the District Engineer if the PCMS are to be provided. The District
Engineer should consider the recommendation and make the decision. The guidelines should be
adhered to unless special circumstances require the use of a PCMS.

A Special Provision covering PCMS has been prepared and should be used on all projects that
specify the use of this traffic control device. Contact the Maintenance and Engineering Services
Division for the Special Provision.
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Table 111-18-1 Traffic Control Devices List

The “Traffic Control Devices List” program can be found on the web at http://www.dot.nd.gov/,
click on “Publications”, “Design Manual”, “Plan Prep. Guide”, “Plan Sheets”, “Section 700",
“704.2 Traffic Control Devices List”, or on the web at
http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm, click on “Plan
Preparation Guide”, “Plan Sheets”, “Section 7007, “704.2 Traffic Control Devices List”.
Download XLS, open and follow instructions and the traffic control devices list will provide the
quantities for each sign used and a total amount for the bid items. The chart can be printed for
plans. The table contains all signs and devices shown in the Standard Drawings. The table may
be copied and edited as necessary and unused signs and devices removed to minimize the size of
the table.

Special Signs:

Occasionally signs will be needed that are not provided in the Standard Drawings. These
signs may be special detour signs, distance and destination signs, etc. The designer should
contact the Design Division - Traffic Section for the proper sign message, dimensions, and
post configuration. The designer should coordinate the request to provide a minimum two
week lead time for the Design Division.


http://www.dot.nd.gov/
http://www.dot.nd.gov/manuals/design/designmanual/designmanual.htm
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APPLICATION OF STANDARD DRAWINGS FOR CONSTRUCTION SIGNING

CSL _— Roadway .
Std Dwg No. Type Description Type Duration Comments
D-704-01 na |Attenuation device All na
1) Use on all seal coat projects in accordance to Section
762.04 D.1.e.
2) See example note 762 - P01, to revise method of payment,
when short-term pavement markings are not provided.
3) See example note 762 - P01, when using plastic and preformed
patterned pavement markings, and it is desired to recess the
D-704-03 na |Lane markers for seal jobs only (spotting tab) All na pavement markings.
D-704-08 na |Breakaway system for construction zone signs All na 1) Use on all projects.
D-704-09 na |Construction sign details All na 1) Use on all projects.
D-704-10 na |Construction sign details All na 1) Use on all projects.
D-704-11 na |Construction sign details All na 1) Use on all projects.
D-704-12 na |Construction sign details All na 1) Use on all projects.
D-704-13 na |Barricade details All na 1) Use on all projects.
D-704-14 na |Construction signs and barricade assembly details All na 1) Use on all projects.
D-704-22 K [Truck traffic entering thru highway All LIS 1) Signs should be covered or taken down at night
D-704-22 L | Truck traffic crossing thru highway All LIS 1) Signs should be covered or taken down at night
D-704-24 R  [Bridge painting below roadway All LIS
D-704-24 S | Bridge painting above roadway All LIS
1) Use in daylight with good visibility only and outside major
D-704-24 T |Work area outside roadway All work area.
D-704-24 U |Equipment parked on right shoulder All
1) Use when condition exist outside the major work area.
D-704-26 Y |Haul road crossing thru highway All LIS 2) Signs should be covered or taken down at night
D-704-26 Z |Speed zone All LIS 1) Use when condition exist.
D-704-26 AA | Survey crew All S 1) Use when condition exist.
D-704-26 BB |Shoulder work or shoulder drop-off All LIS 1) Use when condition exist within the major work area.
D-704-26 CC |Fresh oil All LIS 1) Use when condition exist.
D-704-26 DD [Road narrows All LIS 1) Use when condition exist.
D-704-26 EE |Bump All L,1,S 1) Use when condition exist.
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Work Zone Traffic Control

1/3/2006

APPLICATION OF STANDARD DRAWINGS FOR CONSTRUCTION SIGNING

Std Dwg No.

CSL
Type

Description

Roadway
Type

Duration

Comments

D-704-26

FF

End of pavement

All

LIS

1)

Use when condition exist.

D-704-26

GG

Uneven lanes

All

LIS

1)

Use when condition exist.

D-704-30

na

Windrow marking

All

LIS

1)

Use when condition exist.

D-704-42

na

Road construction guide sign

All

L

1)

Use on projects that may have a suspension(s) greater than 3
days or through the winter months.

D-704-15

Temporary roadway closure with flagger control

2L

SD

1)
2)

3)

Use in daylight with good visibility only. The closure should be
limited to 15 to 20 minutes only.

The layout may be referenced to indicate flagging station layout
and signing.

Applications include HBP paving operations on two-lane
two-way roadways in conjunction with pilot cars, and other
operations that require temporary closure of a roadway.

D-704-15

Roadway closure with temporary detour (diversion)

2L

L,

1)

3)

Use when condition exist > 1 day or outside major work area.
Applications include box culverts and structures. Work areas
are typically short in length (<1000 ft).

"Sharp" curve signs (W1-3-48 & W13-1-24) should be used on
cures with design speeds of 30 mph or less.

D-704-16

na

Lane closure with temporary traffic signal control
and barriers

2L

1)

2)

4)

Use when hazardous conditions exist next to the driving lane
and traffic is controlled by signals. Work areas are typically
short in length (<1000 ft). Work area geometry should be
reviewed for suitability. The signal are typically used on long
term projects in-place of flagging.

Applications: generally used for structural repair.

The contractor should have the option of using this layout or
Std. Dwg. D-704-17. Include plan note 704-450 to address the
option and method of payment.

The attenuation devices and barrier may be deleted by plan note
pending engineering analysis. Engineering analysis should
include closure time less than 4 weeks.

D-704-17

na

Lane closure with flagger control and barriers

2L

L,

1)

2)

3)

4)

Use when hazardous conditions exist next to the driving lane
and traffic is controlled by flagging.

Applications include structural repair, pipe installation,
excavation, etc. with conditions remaining overnight. Work
areas are typically short in length (<1000 ft).

For long term projects the contractor should have the option of
using this layout or Std. Dwg. D-704-16. Include plan note
704-450 to address the option and method of payment.

The attenuation devices and barrier may be deleted by plan note
pending engineering analysis. Engineering analysis should
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APPLICATION OF STANDARD DRAWINGS FOR CONSTRUCTION SIGNING

Std Dwg No.

CSL
Type

Description

Roadway
Type

Duration

Comments

include closure time less than 4 weeks.

D-704-19

Detour signing - roadway closure beyond detour
point

2L

L,

1)

Use when condition exist > 1 day and outside major work area.

D-704-19

Lane closure with flagger control
(depicts obstructed visibility)

2L

L,

1)
2)

3)

Use when condition exist > 1 day and outside major work area.
Application: generally used when traffic must be restricted from
the work area. Typically the traffic control devices and flagging
would remain in-place overnight, if the operation requires daily
set-up consideration should be given to an alternative
channelizing device. A pilot car may be used to supplement the
flagging control.

Tubular Markers or Traffic Cones may be substituted for
Delineator Drums by plan note, pending engineering analysis.
Cones shall not be used when conditions exist over night time.

D-704-21

Lane closure with widened section to maintain
two-way traffic

2L

L,

1)

Use when condition exist > 1 day and outside major work area.

D-704-22

Temporary detour for culvert installation

2L

1)

2)

Use when condition exist < 1 day and within the major work
area. Use in daylight with good visibility only.

"Sharp" curve signs (W1-3-48 & W13-1-24) should be used on
cures with design speeds of 30 mph or less.

D-704-22

Temporary lane closure with flaggers to maintain
traffic

2L

1)

Use when condition exist < 1 day and within the major work
area.

D-704-31

na

Lane closure with stop sign control

2L

L,

1)
2)

3)

Use when condition exist > 1 day and outside major work area.
Application: use on structures only, when the roadway has an
ADT <750. Work areas are typically short in length (<1000 ft).
Work area geometry should be reviewed for adequate sight
distance and visibility.

D-704-27

na

Pavement Marking - moving operation

2L & 4L

1)

Applications:

TCP (3-1a), Undivided Multilane Roadway.

TCP (3-1b), Two-Way Roadway With Paved Shoulders.

TCP (3-1c), Two-Way Roadway Without Paved Shoulders.

D-704-20

Construction signing - for seal coats with traffic
maintained (includes signing for intersecting routes)

2L & 4L

L,

1)

2)

2)

Construction signing is installed to delineate the construction
zone (project boundaries) outside of the work area. The purpose
is to inform the motorist that construction activities should be
anticipated.

The designer should review the roadway ADT and intersection
locations. A plan note or detailed drawing should be included to
address intersection locations and short-term markings..

Use spotting tabs on all seal coat projects in accordance to
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APPLICATION OF STANDARD DRAWINGS FOR CONSTRUCTION SIGNING

Std Dwg No.

CSL
Type

Description

Roadway
Type

Duration

Comments

3)

Section 704.04 D.1.e and Std. Dwg. D-704-3.
See example note 762 - P01, to revise method of payment,
when short-term pavement markings are not provided.

D-704-20

Construction signing - with traffic maintained
(includes signing for intersecting routes)

2L, 4L, &
4LD

1)

2)

3)

Construction signing is installed to delineate the construction
zone (project boundaries) outside of the work area. The purpose
is to inform the motorist that construction activities should be
anticipated. As a rule of thumb, construction signing should
provided if the anticipated duration is > 2 weeks.

The designer should review the intersection locations. A plan
note or detailed drawing should be included to address
intersection locations.

The designer should review the need for sign no. G20-1b-60
and address by plan note.

D-704-21

Detour signing - roadway closure

2L, 4L, &
4LD

L,

1)

The advance warning sign sequence should be revised to show
a lane closure for 4L and 4LD application.

D-704-22

Construction signing - tee-intersection with traffic
maintained

2L, 4L, &
4LD

L,

1)

2)

3)

Construction signing is installed to delineate the construction
zone (project boundaries) outside of the work area. The purpose
is to inform the motorist that construction activities should be
anticipated.

The designer should review the intersection locations. A plan
note or detailed drawing should be included to address
intersection locations.

The designer should review the need for sign no. G20-1b-60
and address by plan note.

D-704-29

na

Pavement Marking - individual unit operation

2L, 4L &
4LD

1)

Applications:

Two-Way Roadway With Paved Shoulders.
Two-Way Roadway Without Paved Shoulders.
Divided Multi-Lane Highway.

Undivided Multi-Lane Highway.

D-704-02

na

Coring for hot bituminous pavement

2L, 4L, 4LD
& Int

1)

2)

Use on HBP projects when cores for specified density are
required.
Use in daylight with good visibility only.

D-704-15

2 Roadway closure with traffic maintained

4L

L,

1)
2)

3)

Use when condition exist > 1 day or outside major work area.
The work area should be returned to a non-hazardous or
traversable condition at the end on the work day.

Tubular Markers may be substituted for Traffic Cones by plan
note.

D-704-19

Roadway closure with traffic maintained by

4LD

L,

1)
2)

Use when condition exist > 1 day and outside major work area.
The use of positive barriers should be based on need determined
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APPLICATION OF STANDARD DRAWINGS FOR CONSTRUCTION SIGNING

Std Dwg No.

CSL
Type

Description

Roadway
Type

Duration

Comments

temporary crossover and detour to other roadway

3)

by engineering analysis and duration of project. Use Std. Dwg.
for Interstate crossovers if barriers are required.

The alignment may be designed using standard tapers or
AASHTO design criteria for curves.

D-704-23

Lane closure

4LD

LIS

1)

2)

3)

Use on stationary operations that do encroach the driving lane
(L or R), and flagging is not required.

Applications include guardrail, etc. Projects are generally
shorter in length (begin and end of project visible), but may
extend to approx. 3 miles in length.

The lane closure may remain in-place overnight or be removed.
If used overnight, Tubular Markers shall be substituted for
Traffic Cones.

D-704-33

na

Lane closure, with inside approach shown

4LD

L,

1)

2)

3)
4)

5)
6)

Use on operations that encroach the driving lane and require
flagging.

Applications include HBP overlays, seal coats, CPR, grinding,
etc. The daily construction area is generally limited to <6 miles
in length (by plan note).

The lane closure may remain in place overnight or be removed
depending on roadway hazard condition.

Excavation should be <1 ft and hazardous conditions should be
removed or traversable at night.

The designer should verify the approach location.

The designer may limit length and quantities by providing a
plan note and detailing quantities provided.

D-704-34

na

Lane closure, with outside approach shown

4LD

L,

1)

2)

3)
4)

5)

Use on operations that encroach the driving lane and require
flagging.

Applications include HBP overlays, seal coats, CPR, grinding,
etc. The daily construction area is generally limited to <6 miles
in length (by plan note).

The lane closure may remain in place overnight or be removed
depending on roadway hazard condition.

Excavation should be <1 ft and hazardous conditions should be
removed or traversable at night.

The designer should verify the approach location.

The designer may limit length and quantities by providing a
plan note and detailing quantities provided.

D-704-28

na

Pavement Marking - moving operation

4LD, Int

1)

Applications:
Divided Highways or Interstate with 3 or more lanes.

D-704-32

na

Lane closure, moving operation

4LD, Int
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APPLICATION OF STANDARD DRAWINGS FOR CONSTRUCTION SIGNING
Std Dwg No. el Description REEETEY Duration Comments
Type Type
D-704-18 na |Lane closure with portable barriers Int L, 1) Use when hazardous conditions exist next to the driving lane

2) Applications include structural repair, pipe installation,
excavation, etc. The project length is generally limited.

3) The use of barriers and attenuation devices (hazardous
conditions) should be based on need determined by engineering
analysis. If hazardous conditions are not present use Std. Dwg.
D-704-35.

1) Use on operations that encroach the driving lane and require
flagging.

2) Applications include HBP overlays, seal coats, CPR, grinding,
etc. The daily construction area is generally limited to <6 miles
in length (by plan note).

3) The lane closure may remain in place overnight or be removed
depending on roadway hazard condition.

4) Excavation should be <1 ft and hazardous conditions should be
removed or traversable at night.

5) The designer may limit length or quantities by providing a plan

D-704-35 na |Lane closure Int L, note and detailing quantities provided.
D-704-38 na |TCS - Median crossover (begin), 55 mph Int L

D-704-39 na |TCS - Median crossover (end), 55 mph Int L

D-704-40 na |TCS - Median crossover (begin), 65 mph Int L

D-704-41 na |TCS - Median crossover (end), 65 mph Int L

D-704-43 na |TCS - Median crossover (begin), 70 mph Int L

D-704-44 na |TCS - Median crossover (end), 70 mph Int L

D-704-25 V  |Partial roadway closure (mid-block) MS S 1) Use in daylight with good visibility only.
D-704-25 W  |Work area outside roadway, no partial closure MS S 1) Use in daylight with good visibility only.
D-704-25 X |Partial roadway closure (end-block) MS S 1) Use in daylight with good visibility only.
D-704-23 Q | Detour signing - city street closure MS & U LIS
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APPLICATION OF STANDARD DRAWINGS FOR CONSTRUCTION SIGNING

Roadway Type Definitions:

All roadways.

2 Lane Roadways.

4 Lane Roadways.

4 Lane Divided Roadways.
Interstate Roadways.
Major Streets.

Urban Streets.

Duration Definitions:

Not applicable.

Long term stationary - > 3 days.

Intermediate term stationary - overnight #3 days.
Short term stationary - anytime > 60 minutes.
Short Duration - anytime # 60 minutes.

Mobile - Intermittent and continuously moving.

Other Definitions:

1)
2)
3)

4
5
6

Outside the Major Work Area. Advance construction signing is not provided with shown signing.
Within the Major Work Area. Advance construction signing is provided with shown signing.

Major Intersection. A major intersection is defined as intersecting a County Major Collector (CMC), State Highway, U.S. Highway, or Interstate ramp. Intersections
with other County Roads and Local Roads may be considered major based on traffic volumes.

High volume local road. A high volume local road has an ADT greater than 750.
Low volume local road. A low volume local road has an ADT less than 750.

Approach. An approach is any entrance onto a roadway or access to a roadway, including other roadways. Typically an existing approach controlled by an existing yield

or stop condition should be considered in the Traffic Control Plan.
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Maintaining Traffic on Roadways Requiring Excavation/Embankment

The NDDOT will maintain traffic at all times during a construction project. On projects that
require part or all of the roadway to be excavated or embankment placed, traffic can be
maintained by constructing half of the roadway at a time, installation of a temporary bypass, or
the use of a detour route.

111-18A.01 One Lane Closure/Half at a Time

Construction of the roadway half at a time consists of closing one lane of traffic, and using half
the roadbed at a time to maintain traffic. Typically, replacement of small to medium diameter
centerline culverts in shallow to moderate depth, subcut, and other subgrade work will require
construction half at a time. Deeper pipe or larger diameter pipe can be replaced half at a time by
building a flare on each side of the pipe.

Design Requirements

e Typical Section - A 15 ft wide top of roadway should be maintained to allow for a 12 ft
lane with 1.5 ft on each side for necessary traffic control devices. To achieve the required
roadway width, temporary embankment and surfacing may be needed to widen half of the
roadway. If site conditions are limited, a 14 ft minimum top width can be used.

Ideally the work being done on half the roadway can be completed in one day. At the
end of the day, the excavation can be backfilled, and a minimum 24 ft wide top of
roadway with 4:1 foreslopes can be provided to maintain traffic overnight. If this cannot
be accomplished, flagging will be required overnight, or until a full roadway section can
be provided.

e Profile — A 7% maximum grade will be used for the temporary entrance and exit to the
pipe removal area.

Depending on pipe depth, roadway width and foreslopes, a substantial amount of
pavement and sub-grade removal could be required to provide a 7% grade. The cost to
replace a deep pipe half at a time may cost more than replacing the pipe utilizing a
temporary bypass. An economic analysis should be conducted to determine if the
additional removals and proposed pavement costs are greater than a bypass.

e Work Zone Traffic Control — Stackable vertical panels should be used on both sides of
the maintained lane of traffic to delineate the path for drivers. Flaggers will be required
on both ends to alternate traffic from each direction. A pilot car may be needed
depending on the length of the closure and sight distance considerations.

If traffic is returned to head to head on a gravel surface at night, tubular markers should
be used to mark the centerline of the roadway.
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e Plan Sheet Requirements
= Detail or Plan Sheet - A detail sheet and/or a plan note to explain the removal
and replacement strategy. Necessary information shall include minimum roadway
width, removal depth, max grade, max foreslope and traffic control strategy.
= Quantities — All items that will be paid for separately at each pipe replacement
location on the project including: pavement & base removal, temporary surfacing,
work zone traffic control devices, etc.

Example — Shallow Pipe with Small Diameter

The process of replacing the pipe half at a time is specific to each location because site
conditions create different design constraints. An example of the progression of removal and
replacement of the pipe and pavement is shown below via typical sections.

This example is a relatively shallow 24” pipe, 5.5 ft from top of pavement, which could be
replaced half at a time with minimal pavement removals. The roadway width is 30°, 6” HBP
over 12” of aggregate base with 4:1 existing foreslopes.

The first step is to switch traffic to one side using necessary traffic control devices and flaggers.
A minimum 15’ roadway width is required. The surfacing and base is removed to the top of the
sub-grade on the right side. The pavement is removed an adequate distance perpendicular from
the centerline of the pipe to ensure a 7% grade. In this example, 6” HBP plus 12” base equals
18” removal depth, which gives a removal length of 21.4” on each side perpendicular to the pipe.

15 Min |

I

‘ = ! RS | Temparary Traffic Control Device

E] ﬁ:‘ . ,f’(_ Removal of Surfaclng
e —— Ii—“w“\: N .

o —

Figure 111-18A-1

Next, traffic is switched to the right side where a minimum 15’ roadway width is required. A 2:1
slope on the left side is desired with a 1:1 max slope. During this step, at least one half of the
pipe should be removed. Excavation for the pipe trench should be conducted on the left side.
The pavement on the left side should be removed to the extents matching the limits of the
previous step.

Remaoval of Surfacing I

Excavailon
Removal of Plpe to
| BN ‘ﬁ\

Figure 111-18A-2

| ‘ 15 Min ‘
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1:1 Max Slops
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Then, traffic is switched back to the left side where one half of the new pipe has been placed and
aggregate has been backfilled to the top of the subgrade if possible. The remaining quantity of
pipe is removed and replaced. The other half of the trench is excavated and properly backfilled
to the top of the subgrade.

211 Prefarrad
1:1 Max Slopa Excaﬂﬂm
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Figure 111-18A-3

Once the subgrade is in place, the proposed aggregate base course and asphalt surfacing are
placed. Each is done one half at a time to maintain the single lane of traffic.
&

Hat Bltumlinous Pavement —, | / "—".\"
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Aggregate Base Course —,
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Figure 111-18A-4

This strategy works well for shallow pipes. Previous economic analysis on NDDOT projects has
shown that it is cost effective to use this strategy when the fill over the pipe is 6 feet or less. It
may become more cost effective to provide a Type 2 temporary bypass when fill over the pipe is
8 feet or greater.

For large diameter or deep pipes it becomes evident that the half at a time strategy can be costly.
In such a scenario, a wider and deeper initial removal would be required in Figure 111-19A-3.
The deeper the initial removal, the longer length of pavement removal to maintain a 7% max
grade on the roadway.

Referencing Figure 111-19A-4, a large diameter or deep pipe will require the 15’ traveled way to
be pushed much further to the right. This would be necessary to maintain the 1:1 max slope
from the surface of the temporary roadway to the bottom of the pipe trench. This could require
additional embankment to construct a wide enough temporary roadway surface.

The above issues; pavement removal, proposed pavement, temporary surfacing, and
embankment can increase the cost of the pipe replacement significantly. Decisions should be
made on a case by case basis investigating economics and using engineering judgment.
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111-18A.02 Temporary Bypass

Temporary bypasses are commonly used on two way roadways where a short section of the
entire roadway width needs to be closed. Temporary bypasses are classified into three types.
The type of bypass is related to the duration of the temporary bypass being in place.

Temporary Bypass — Type 1. Typically this type of bypass is used for replacing smaller
diameter culverts such as 24” and 30” when the depth of the ditch is about four feet. The
replacement of the culverts would normally be accomplished in one day. The temporary bypass
is typically constructed by reshaping material that is in place and running traffic in the ditch
bottom or sometimes on the backslope. When conditions permit, the Type 1 bypass may be used
in lieu of replacing the pipe half at a time with one lane closure. This work is considered very
short term and should last 1 day or less.

Temporary Bypass — Type 2: Typically this type of bypass is used for replacing larger diameter
pipe, replacing deep pipe, or doing extensive subgrade work. This type of bypass is typically
used when the backfill over the pipe is greater than six to eight feet. The work is considered
short term and could take up to three days.

Temporary Bypass — Type 3: Typically this type of bypass is used for replacing structures such
as bridges, box culverts, or structural plate pipe. The work is considered long term and could
take more than three days.

Temporary bypasses should be used when engineering analysis of project cost and traffic control
make it more practical than replacing pipe half at a time with one lane closure. Boring or jacking
a pipe through the embankment is another alternative, but may be more costly. An engineering
and economic analysis should be completed to verify the best practice.
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Table 111-18A-1
Temporary Bypass Design Guidelines
Mlmmu OB Foreslope| Minimu | Max
Bypass Type Surfacing - Traffic Control
roadway . Rate | m Radius| Grade
- Thickness
Width
7 121 . ] D'704'22M (daytime)
- 0,
Type 1 (1 day) 15 0-2 4:1 400 7% D-704-15B (nighttime)
) » o ) , D-704-22M (daytime)
- 0,
Type 2 (<3 days) 28 47-6 41 400" | 7% 1 5.704-15B (nighttime)
Type 3 (> 3 days) 28’ 67-8” 4:1 750’ 7% D-704-15B

Temporary Bypass — Type 1

The Temporary Bypass — Type 1 may be used when construction activities are expected to last
up to one day. These activities may include the installation of centerline culverts, or other
subgrade work. The design guidelines have been based on a 25 mph design speed. Very
minimal earthwork is typically required to construct a Type 1 temporary bypass as traffic is
typically run on the ditch bottom or sometimes on the backslope.

e Width — The minimum top width of the bypass should typically be 15 feet for one lane of
traffic.

e Surfacing - The surfacing for the bypass will typically be dirt.

e Foreslope — A 4:1 foreslope should be used for the bypass. 3:1 slopes could be used if a
clear recovery area is available at the bottom of the slope.

e Horizontal Alignment — Two elements were considered when determining the minimum
radius of curvature for Type 1 bypasses. First, a minimum radius was determined from
the Unpaved Roads Section of the AASHTO Guidelines for Geometric Design of Very
Low Volume Local Roads. The method is the same as in A Policy for determining
minimum curve radii, except a traction coefficient is used to account for the aggregate
surfacing.

Minimum Radius of Curvature for Temporary Bypass — Type 1
Design speed: 25 mph
Superelevation (e): -2.1 (normal crown)
Traction Coefficient: 0.4
Side Friction (f): 0.4-0.2=0.2

Rmin = V2 =232.8 ft > 250 ft
15(0.01e +f)
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Secondly, required traveled way width was considered for sharp radii curves. A bypass
with 250 ft radii, would need to be approximately 16 ft wide to accommodate a WB-50
vehicle. Based on this, a slightly larger minimum radius will allow a narrower bypass
width. This was determined from required traveled way width on a curve from A Policy.

Minimum Traveled Way Width on a Curve
Design speed: 25 mph
Radius of Curvature: 400 ft
Number of Lanes (N): 1
Design Vehicle: WB-50
Track width of Design Vehicle (U): 10.2 ft
Lateral Clearance (C): 3 ft
Width of Front Overhang (Fa): 0.09
Extra Width Allowance (Z): 1.25 ft
W, = N(U+C)+(N-1)Fa+Z = 1(10.2+3)+(1-1)0.09+1.25 = 14.45 ft > 15 ft

Based on these two elements, 400 ft was selected as the minimum radius for design of
Type 1 bypasses. In cases where smaller radii are required, the travel way width may
need to be increased.

Vertical Profile - The maximum grade of Type 1 temporary bypasses shall be 7%. Crest
and sag vertical curves shall follow A Policy for a 25 mph design speed.

Work Zone Traffic Control — Work zone traffic control for a Temporary Bypass — Type
1 should be in accordance with Standard Drawing D-704-22 Layout Type M if operations
will be during daylight hours only. If the bypass is in use overnight, traffic control
should be in accordance with Standard Drawing D-704-15 Layout Type B and an
advisory plate for 25 mph should be used.

Plan Sheet Requirements

= Typical Section — Roadway width, foreslope rate, etc.

= Horizontal Alignment — Plan view layout, stationing, curve info, etc

= Pay Items — Estimated quantities that are paid for separately such as, temporary
bypass, erosion control items, work zone traffic control items, removal of bypass,
etc.

= Non-Pay Items — Estimated quantities that are not paid for separately. The
standard specifications call out temporary bypasses to be paid for by the each
(EA).

If full survey is available in the area of the bypass, consideration should be given to
including a profile and cross-sections.
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Temporary Bypass — Type 2

Temporary Bypass — Type 2 may be used when construction activities are expected to last 3 days
or less. These activities may include the installation of centerline culverts, RR crossings, or other
subgrade work. The design guidelines have been based on a 25 mph design speed.

Width — The minimum top width of the bypass should be 28 feet. This is based on two -
12 foot driving lanes with additional widening through the curves for two WB-50 design
vehicles to meet on the bypass and have adequate room to pass. In areas of high truck
traffic and oversized loads, additional width may be considered.

Surfacing - The surfacing for the bypass will generally be aggregate. The minimum
depth of aggregate surfacing shall be 4 inches. When truck traffic on the original roadway
equals 10% or more of the original ADT, the thickness may be increased to 6 inches.
Engineering judgment may be used to add additional depth.

Foreslope — A 4:1 foreslope should be used for the bypass. 3:1 slopes could be used if a
clear recovery area is available at the bottom of the slope.

Horizontal Alignment — Two elements were considered when determining the minimum
radius of curvature for Type 2 bypasses. First, a minimum radius was determined from
the Unpaved Roads Section of the AASHTO Guidelines for Geometric Design of Very
Low Volume Local Roads. The method is the same as in A Policy for determining
minimum curve radii, except a traction coefficient is used to account for the aggregate
surfacing.

Minimum Radius of Curvature for Temporary Bypass — Type 2
Design speed: 25 mph
Superelevation (e): -2.1 (normal crown)
Traction Coefficient: 0.4
Side Friction (f): 0.4-0.2=0.2

Rmin = V2 =232.8 ft > 250 ft
15(0.01e + )

Secondly, required traveled way width was considered for sharp radii curves and the
ability for vehicles to navigate and meet each other on such a bypass. A bypass with 250
ft radii, would need to be approximately 31 ft wide to allow two WB-50 vehicles to pass
each other. Based on this, a slightly larger minimum radius will allow a narrower bypass
width. This was determined from required traveled way width on a curve from A Policy.
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Minimum Traveled Way Width on a Curve

Design speed: 25 mph

Radius of Curvature: 400 ft

Number of Lanes (N): 2

Design Vehicle: WB-50

Track width of Design Vehicle (U): 10.2 ft
Lateral Clearance (C): 3 ft

Width of Front Overhang (Fa): 0.09
Extra Width Allowance (Z): 1.25 ft

We = N(U+C)+(N-1)Fa+Z = 2(10.2+3)+(2-1)0.09+1.25 = 27.74 ft > 28 ft

Based on these two elements, 400 ft was selected as the minimum radius for design of
Type 2 bypasses. In cases where smaller radii are required, the travel way width may
need to be increased.

Vertical Profile - The maximum grade of Type 2 temporary bypasses shall be 7%. Crest
and sag vertical curves shall follow A Policy for a 25 mph design speed.

Work Zone Traffic Control — Work zone traffic control for Type 2 temporary bypass
should be in accordance with Standard Drawing D-704-22 Layout Type M if operations
will be during daylight hours only. If the bypass is in use overnight, traffic control
should be in accordance with Standard Drawing D-704-15 Layout Type B and an
advisory plate for 25 mph should be used.

Plan Sheet Requirements

= Typical Section — Roadway width, foreslope rate, surfacing thickness, etc.

= Horizontal Alignment — Plan view layout, stationing, curve info, etc

= Pay Items — Estimated quantities that are paid for separately such as, temporary
bypass, erosion control items, work zone traffic control items, removal of bypass,
etc.

= Non-Pay Items — Estimated quantities that are not paid for separately. The
standard specifications call out temporary bypasses to be paid for by the each
(EA). An estimate of the material needed to construct the bypass should be given,
such as embankment, topsoil, water, aggregate surfacing, etc to aid the contractor
in preparing a bid for the bypass.

If full survey is available in the area of the bypass, consideration should be given to
including a profile and cross-sections.
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Temporary Bypass — Type 3

Type 3 Temporary Bypass shall be used when construction activities are expected to last longer
than 3 days. These activities may include the installation of box culverts, large diameter or deep
centerline culverts or other subgrade work. The design guidelines have been based on a 45 mph
design speed which is desirable.

Width — The minimum top width of the bypass should be 28 feet. This is based on two -
12 foot driving lanes with additional widening through the curves for two WB-65 design
vehicles to meet on the bypass and have adequate room to pass. This was determined
from required traveled way width on curve from A Policy.

Minimum Traveled Way Width on a Curve
Design speed: 45 mph
Radius of Curvature: 750 ft
Number of Lanes (N): 2
Design Vehicle: WB-65
Track width of Design Vehicle (U): 10 ft
Lateral Clearance (C): 3 ft
Width of Front Overhang (Fa): 0.1
Extra Width Allowance (Z): 1.64 ft

We = N(U+C)+(N-1)Fa+Z = 2(10+3)+(2-1)0.1+1.64 = 27.74 ft > 28 ft
In areas of high truck traffic and oversized loads, additional width may be warranted.

Surfacing - The surfacing for the bypass will generally be aggregate. The minimum
depth of aggregate surfacing shall be 6 inches. When truck traffic on the original roadway
equals 10% or more of the original ADT, the thickness can be increased to 8 inches.
Engineering judgment may be used to add additional depth. If a bypass is intended for
large amounts of traffic for extended periods of time, contact Materials & Research for a
pavement design.

Foreslope — A 4:1 foreslope should be used for the bypass. 3:1 slopes could be used if a
clear recovery area is available at the bottom of the slope.

Horizontal Alignment — The minimum radius of curvature for bypasses has been
determined from the Unpaved Roads Section of the AASHTO Guidelines for Geometric
Design of Very Low Volume Local Roads. The method is the same as in A Policy for
determining minimum curve radii, except a traction coefficient is used to account for the
aggregate surfacing.
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Minimum Radius of Curvature for Temporary Bypass — Type 3

Design speed: 45 mph

Superelevation (e): -2.1 (normal crown)
Traction Coefficient: 0.4

Side Friction (f): 0.4-0.2=0.2

Rmin = V2 = 754.2 ft = Use a design value of 750 ft
15(0.01e + 1)

A 2.1% max superelevation can be incorporated into bypass curves if desired by the
designer. Superelevation and runout and runoff should be computed in accordance with
A Policy.

e Vertical Profile - The maximum grade of Type 3 temporary bypasses shall be 7%. Crest
and sag vertical curves shall follow A Policy for a 45 mph design speed.

e Work Zone Traffic Control — Work zone traffic control for Type 3 temporary bypasses
should be in accordance with Standard Drawing D-704-15 Layout Type B.

e Plan Sheet Requirements

Typical Section — Roadway width, foreslope rate, surfacing thickness, etc.
Horizontal Alignment — Plan view layout, stationing, curve info, etc

Profile — grades, vertical curve info, etc.

Cross-sections — if full survey is available, cross section should be provided.
Pay Items — Estimated quantities that are paid for separately such as, temporary
bypass, erosion control items, work zone traffic control items, removal of bypass,
etc.

Non-Pay Items — Estimated quantities that are not paid for separately. The
standard specifications call out bypasses to be paid for by the each (EA). An
estimate of the material needed to construct the bypass should be given, such as
embankment, topsoil, water, aggregate surfacing, etc to aid the contractor in
preparing a bid for the bypass.

Offset from Work Zone

There needs to be enough space between the roadway and the bypass for work to be done in the
construction zone. For example, a project replacing a box culvert needs 12’-18’ for the wings of
the culvert, 20’ for riprap, foreslope distances for both the roadway and the bypass, and
additional space for standard construction movement. The engineer shall determine the
appropriate offset distance considering all necessary design variables including but not limited to
cost and right of way. Figure 111-19.07 shows a potential scenario.
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Figure 111-18A-5 Proposed Cross Section Example

111-18A.03 Detour Routes

Detour routes involve closing the roadway completely and signing an alternate route for traffic.
Detours should only be used if it is the only feasible alternative, or other methods are prohibited
by cost. Closure of a roadway and use of a detour route will require approval by the Deputy
Director for Engineering.

e Traffic Control - Long distance rural detour routes shall be signed in accordance with
Standard Drawing D-704-21 Layout Type I.

Shorter distance urban detour routes shall be signed in accordance with Standard
Drawing D-704-23 Layout Type Q.

e Plan Sheet Requirements
= Detour Route Layout
=  Quantities



