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INTRODUCTION

Positive protection is defined by Federal Highway Administration (FHWA) as “devices
that contain and/or redirect vehicles and meet the crashworthiness evaluation criteria
contained in NCHRP Report 350.” By this definition, positive protection devices should
prevent intrusion into the work area.

These guidelines address the use of positive protection devices in work zones to
supplement the Policy Directive Work Zone Safety and Mobility Policy 805.0
(http://www.dot.state.co.us/Traffic Manuals Guidelines/Work Zones/WZSM/PD0805-
0_Work Zone_Policy.pdf) and comply with the Federal Highway Administration Final
Rule Subpart K to CFR Part 630. These guidelines are not intended to be a rigid
standard or policy; rather, they are guidance to be used in conjunction with engineering
judgment. These guidelines are not a stand-alone document on work zone application
of positive protection and should be used in conjunction with other traffic control
standards and resources.

DEFINITIONS

Clear Zone is defined as the total roadside border area, starting at the edge of the
traveled way, available for safe use by errant vehicles. This area may consist of a
shoulder, a recoverable slope, a non-recoverable slope, and/or a clear run-out area.
The desired minimum width is dependent upon traffic volumes and speeds and on the
roadside geometry. Simply stated, it is an unobstructed (obstructions less than four
inches in height), relatively flat area beyond the edge of the traveled way that allows a
driver to stop safely or regain control of a vehicle that leaves the traveled way.

Travel Way is the portion of the roadway for the movement of vehicles, exclusive of
shoulders.

Traversable Slope is a slope from which a motorist will be unlikely to steer back to the
roadway but may be able to slow and stop safely. Slopes between 1V:3H and 1V:4H
generally fall into this category.

Recoverable Slope is a slope on which a motorist may, to a greater or lesser extent,
retain or regain control of a vehicle by slowing or stopping. Slopes flatter than 1V:4H are
generally considered recoverable.

Non-Recoverable Slope is a slope which is considered traversable but on which an
errant vehicle will continue to the bottom. Embankment slopes between 1V:3H and
1V:4H may be considered traversable but non-recoverable if they are smooth and free
of fixed objects.


http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/PD0805-0_Work_Zone_Policy.pdf
http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/PD0805-0_Work_Zone_Policy.pdf
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EXPOSURE CONTROL MEASURES

Prior to including positive protection in a transportation management plan, careful

consideration must be given to alternatives which provide a safe environment for

workers and the traveling public, and provide a level of transportation management

appropriate for the scope of work operations that minimizes delay to the traveling public.

Alternatives that are often considered include detouring traffic, minimizing exposure

time, or maximizing the separation between traffic and workers. A more inclusive list of

potential exposure control measures includes:

e Remove the hazard from the clear zone

e Full road closure/ramp closure with traffic detoured

e Road closure with diversion (i.e. onsite detour, median crossover, temporary
pavement)

e Performing work during off-peak periods when traffic volumes are lower

e Accelerated construction techniques

» Directional detours or alternate route detours

» Rolling road blocks

WARRANTS

Positive protection in work zones is warranted whenever an engineering study clearly

indicates any of the following:

» Positive protection will reduce the severity of potential crashes

e Consequences of striking a fixed object or running off the road are likely to be more
serious than striking the positive protection

e Consequences of striking a worker or pedestrian are likely to be more serious than
striking the positive protection

TYPICAL APPLICATION
The following provides a list of areas where positive protection has been used in the
past. However, this list is intended to provide guidance and should not be used in place
of performing an engineering analysis.
e Objects that are within the clear zone such as:

- Temporary shoring locations

- Bridge piers

- Overhead sign supports including foundations

- Staged pipe or culvert construction

- Stored construction material or equipment

- Pavement edge drop offs

- Non-transversable slope or steep/rough embankments within the clear zone
e Staged bridge construction
e Worker or pedestrian safety is at risk due to the proximity of work to travel lanes
e Separation of opposing traffic
e Use of positive protection devices to prevent intrusions;
e Exposure control measures to minimize exposure;
= Other traffic control measures to minimize crashes;
e Safe entry/exit of work vehicles and equipment onto/from the travel lanes
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ENGINEERING STUDY AND ANALYSIS

An Engineering Study is a process which will integrate data, analysis, judgment, and
creativity to determine the best construction strategy for a given scenario. An
Engineering Study does not take the place of good engineering judgment, but should be
used in conjunction with engineering judgment to guide the decision making process. It
is most important to understand that one individual factor can not independently
determine if positive protection is needed. Considering all the factors will provide the
fundamental information for the designer to analyze if an individual operation warrants
the need for positive protection.

The Engineering Study performed to determine the need for positive protection shall
take into consideration clear zone distances, roadway geometry, anticipated
construction year traffic volumes, work zone speeds, roadside geometry, workers
safety, pedestrian safety, etc. The following describes in more detail how these areas
of concern are considered.

1. PRIMARY FACTORS TO CONSIDER
A. Clear Zone Distances

The Roadside Design Guide (RDG) defines the principles of clear zone. Objects
outside the clear zone will generally not require positive protection. A designer
must determine if a fixed object or worker will be within this lateral distance from
the travel way. The designer shall determine the work zone speed limit of the
operation to properly determine clear zone distance requirements in the work
zone. Clear zones can be determined using Figure 3.1b Clear-zone distance
curves or Chart 3.1 Clear-zone distance in feet from edge of through traveled
way from the RDG.

Chapter 9 Traffic Barriers, Traffic Control Devices, and Other Safety Features for
Work Zones of the RDG provides information specifically for work zones. Table
9.1 Example of clear-zone widths for work zones of the RDG provides example
work zone clear zones. This table can be considered, using good engineering
judgment, when evaluating the need for positive protection.

The lateral distance from the travel way to a drop off or embankment could affect
the need for positive protection. The height of a fill section is related to the slope
a vehicle would have to travel toward the obstacle. Figure 5.1b Comparative risk
warrants for embankments of the RDG helps to determine if positive protection is
needed for a given fill height.

B. Roadside Geometry
The depth and slope of the drop off or an embankment (roadside geometry) is an
important factor to consider and will affect the decision to use positive protection.

e Pavement Edge Drop off
“Traffic Control Strategies in Work Zones with Edge Drop-offs”, shown in
Appendix A of this document as Figure 16
(http://www.intrans.iastate.edu/reports/dropoff.pdf) provides guidance on a
correlation between the depth of a drop off, the distance the drop off is from
the travel lane, and the roadside slope. Temporary barrier may be justified to

5
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shield a drop-off as it relates to the ADT and duration/exposure time of the
drop off condition.

A simple and cost-effective way to promote pavement edge safety is the use
of the safety wedge as outlined in FHWA's brochure “The Safety Edge”
(http://safety.fhwa.dot.gov/roadway dept/docs/sa07023/sa07023.pdf). The
placement of a safety wedge during resurfacing operations can mitigate the
hazard posed by pavement edge drop offs as soon as the paving machine
lays down the asphalt mat, allowing reasonable time to restore the shoulder.

The Center for Transportation Research and Education (CTRE) in lowa
summarized the other state’s drop-off criteria shown in Appendix A from
“Traffic Control Strategies in Work Zones with Edge Drop-Offs”.

e Embankment
Figure 5.2b of the Roadside Design Guide, shown in Appendix A indicates the
relationship between the roadside slope, the height of an embankment and
the traffic volume.

C. Anticipated Traffic Volumes
For best analysis, the construction year traffic volumes would provide a more
realistic “anticipated” traffic volume than the current or the design year volumes.
When analyzing the traffic volumes, the traffic mix should be considered. This
includes the percent of truck traffic as well as motorists unfamiliar with area
including seasonal tourists or for special events.

With higher traffic volumes, night work is often used as an exposure control
measure. Night work may present unique challenges that must be taken into
account such as, increased speeds, glare from portable lighting, driver’s impaired
visibility, and inattentive drivers. Nightly installation and removal of positive
protection devices will increase time and traffic exposure and may offset any
advantage associated with the use of positive protection, except in cases where
it can be installed and left in place for extended periods. These items need to be
considered prior to requiring night work.

Higher volumes increase the risk to road users and roadway workers. Therefore,
positive protection will more likely be used in cases with higher volumes.

D. Work Zone Speeds
For best analysis, the prevailing speed provides a more realistic speed than the
speed limit or design speed for the roadway. If a speed study is available, use
the 85" percentile speed. The higher the speed the more likely positive
protection will be needed.

In order to determine the appropriate speed limit refer to CDOT's Procedure for
Determining Work Zone Speed Limits on page 3 of CDOT Form #568. Also, the
Chief Engineer has directed traffic engineers in each Region to provide training
for, and delegate authority to those LTC OPS I's assigned to supervision of
highway/tunnel maintenance activities and projects for establishing speed
reductions through work zones. Refer to the Chief Engineer's Memo, entitled

6
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"Work Zone Safety Improvements”
(http://www.dot.state.co.us/Traffic Manuals Guidelines/Work Zones/\WZSM/WZ-
Safety-Improvments 9-25-09 %20FINAL.pdf) for more information.

Roadway Geometry

The geometry of the roadway may affect the site distance for motorists,
especially at entrance ramps. If the construction operation is on the outside
curve of a road, the clear zone distance may be affected. Table 3.2 of the RDG
provides adjustment factor for the clear zone. This data considers ADT, speed,
and the roadway geometry. Restricted site distance issue and adjustments to
the clear zone could both affect the decision to use positive protection.

Duration

Duration is the length of time the hazard potentially requiring positive protection
will be present. A designer must consider the exposure time associated with
completing the operation versus the risk of installing the positive protection. In
addition, the percent increase in duration must be considered when the
installation of the barrier is included in the operation. If the duration to install the
positive protection is longer than the construction operation itself, then positive
protection may not be justified.

2. SPECIAL FACTORS TO CONSIDER

A.

Worker’s Safety

Where worker’s exposure to traffic cannot be adequately managed through the
application of an exposure control measure, positive protection should be
considered. Consider positive protection in situations that place workers at
increased risk from motorized traffic. Consideration must be given to an increase
in worker’s exposure during the installation and anchorage of positive protection.

. Pedestrian Safety

Positive protection should be considered if there is a high potential for vehicle
intrusion into pedestrian paths. If the project increases the risk to pedestrians
over existing conditions, positive protection should be considered.

Separating Opposing Traffic

Positive separation should be considered in situations where multilane divided
facilities are temporarily shifted to a 2-lane-2-way traffic pattern for periods
lasting longer than three days. Conditions that may influence the decision to use
positive protection would be high speed facilities, narrowed lanes, and high traffic
volumes.

Law Enforcement

Enforcement plays a unique and critical role in relation to work zones. The
presence of law enforcement appropriately deployed in the vicinity of a
construction project has proven effective in gaining compliance with posted
speed limits to enhance work zone safety.

Beginning in 2006, to increase awareness and improve work zone safety, every
summer from June through September, CDOT teamed up with the Colorado

7
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State Patrol (CSP) and other local agencies to conduct the "Slow for the Cone
Zone" campaign (http://www.coloradodot.info/programs/cone-zone). The
campaign entails providing overtime enforcement on highly-visible construction
projects across Colorado.

The primary reasons to utilize law enforcement services in work zones are:

e Speed Control — Vast research has shown that the presence of a marked
police car is simply the most effective speed control measure in work zones.

e Enforcement — Police enforcement increases motorists’ compliance with
work zone regulations and discourages aggressive or careless driving.

e Traffic Incident/Accident Management — Work zone officers can
immediately respond to any incident/accident, quickly restoring traffic flow and
enhancing the safe operation of the work zone.

e Traffic Control — A police officer commands respect and authority. Thus, his
presence facilitates the safe and efficient movement of traffic through the
work zone (e.g., detour/diversion situations).

e Increased Visibility — The presence of a marked police vehicle in the work
zone area is an effective measure to capture the attention of passing
motorists causing greater motorist alertness.

Police presence/enforcement is a very effective measure of speed control in work
zones. Studies have shown that average speeds in the work zone are reduced
by six to 22 percent, and the percentage of vehicles traveling at excessive
speeds through the work zone is reduced by 14 to 32 percent. The percentage
of traffic merging in advance of a lane closure location is also increased. The
effectiveness of police presence/enforcement is sustained over time, and this
speed control measure is relatively easy to implement and remove. Police
presence/enforcement with a stationary police cruiser with lights and active radar
can be especially effective at night. Driver attention is higher and behavior more
cautious when police are present. Increased police presence/enforcement in
work zones also appears to significantly reduce the frequency of work zone
crashes.

Deployment policies and procedures should always be reviewed and discussed
with law enforcement prior to the deployment of law enforcement resources to
ensure effective deployment and good communication to prevent or mitigate an
incident. CDOT Policy Memo 29 outlines the training requirements for law
enforcement personnel who provide uniformed traffic control in CDOT work
zones, and CDOT Policy Memo 30
(http://www.dot.state.co.us/DesignSupport/Policy%20Memos/Policy Memo_30-
UTILIZATION OF LAW _ENFORCEMENT Signed FINAL (1-1-10).pdf) sets
the policy for the use of law enforcement services in CDOT work zones.

In situations where uniformed law enforcement assistance may be needed to
enforce specific traffic laws, affect driver behavior, help maintain appropriate
speeds, improve driver alertness and help address other safety and mobility
issues, funding and plans to support their participation should be identified and


http://www.coloradodot.info/programs/cone-zone
http://www.dot.state.co.us/DesignSupport/Policy%20Memos/Policy_Memo_30-UTILIZATION_OF_LAW_ENFORCEMENT_Signed_FINAL_(1-1-10).pdf
http://www.dot.state.co.us/DesignSupport/Policy%20Memos/Policy_Memo_30-UTILIZATION_OF_LAW_ENFORCEMENT_Signed_FINAL_(1-1-10).pdf
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developed early in the planning process. Factors to be considered when
determining the need for active law enforcement include:

= Nighttime operations that create traffic safety risks for workers and road
users;

e Operations requiring a slow down or brief stoppage of traffic in one or both
directions;

e High-speed roadways where sudden traffic queuing is anticipated,;

« Traffic control setups or removals that present significant potential risks to
workers and road users;

e Frequent worker presence adjacent to high-speed traffic without positive
protection devices;

e Other work site conditions where traffic presents a high risk for workers and
road users (including but not limited to: work in signalized intersections, ramp
closures and auxiliary lane closures), such that the risk may be reduced by
improving road user behavior and awareness.

Current Colorado statutes support increased fines for violating regulations in
work zones and as of 2009, Photo Speed Enforcement is also allowed by
Colorado law (CRS 42-4-614;
http://www.michie.com/colorado/lpext.dlI?f=templates&fn=main-h.htm&cp).

Costs associated with non-routine work of uniformed law enforcement personnel
to help protect workers and road users and to maintain safe and efficient travel
through highway work zones are eligible for Federal-aid participation. CDOT'’s
Contracts and Market Analysis unit maintains an interagency agreement with the
Department of Public Safety, Colorado State Patrol, to provide uniform traffic
control services at various construction zones throughout the state (see
Appendix B for CDOT/CSP IGA). Payment for law enforcement services will be
included in a construction contract or via direct interagency payment (see
Appendix B for example: Region 1 Task Order Routing Approval Letter).

The following are methods are used to incorporate law enforcement on CDOT
projects:

» Residency Office Task Order: Set up a standalone Task Order with the CSP
for a residency office. Each Resident Engineer will need to calculate the
projected number of hours needed for all projects.

e Highway Corridor Task Order: Set up a Task Order with CSP for a corridor.
The residency will set up a task order with CSP for a corridor, such as for I-70
from Denver to Vail.

e Engineering Program Task Order: Set up a Task Order with CSP for an
engineering program, such as North, South, East or West.

e UTC Specification: This involves including the Uniformed Traffic Control
(UTC) specification in the plans. The Contractor will coordinate with local law
enforcement to provide UTC on the project.

9
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3. SECONDARY FACTORS TO CONSIDER
While the primary factors listed above are generally the driving force in the decision
to use positive protection, secondary factors should not be dismissed especially in
situations where a clear decision is not evident. These secondary factors could
change the decisions to place positive protection devices but this decision should be
discussed with the Region or a Headquarters traffic unit before a final determination
is made.

The following are a list of secondary factors that may influence the decision to use
positive protection:

e Crash History. Crash history of the area prior to construction and lessons learned
from the crash history of previous work zone projects may be helpful in
determining the need for positive protection. The Headquarters Safety and
Traffic Engineering Branch is a good resource to help identify any potential areas
of concern.

e Impacts on Project Cost and Duration. Positive protection will have an impact on
the overall project duration and cost.

e Impacts on Available Lane Widths. Restricted lane widths due to the use of
positive protection may affect mobility for road users and the contractor.
Consideration must be given to wide loads and equipment requirements to
complete the work.

 Roadway Classification. The roadway classification is indicative of the
characteristics of the road. Characteristics that may have an affect on the
decision to use positive protection may include, speed, access, rural vs. urban,
etc.

e Work Area Restrictions. Access to and from the work area for the delivery of
materials and the constructability issues due to equipment operations should be
considered.

e Bridge Construction. Positive protection could affect the weight posting of the
bridge for overweight vehicles. In addition, the ability to anchor positive
protection to an existing bridge may be limited.

CONCLUSION
There are great benefits to using positive protection in appropriate situations.
Positive protection techniques, when properly implemented, can help improve safety
for workers and the motoring public. However, careful evaluation needs to be
exercised before installing positive protection devices. The decision to use positive
protection should be based on the best overall management of safety, mobility,
constructability, cost, and overall project duration. These guidelines are meant to be
coupled with engineering judgment in determining the use of positive protection.

10
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CDOT REFERENCES FOR COMPLIANCE WITH SUBPART K

Processes/procedures for considering road user and worker safety that specifically
address the following:

Policy and Procedures for Work Zone Safety;
1. Policy Directive 805.0

2. Procedural Directive 805.1

3. CDOT Work Zone Safety and Mobility Rule Procedures Document

4. Chief Engineer’'s Work Zone Safety Improvements Memo

5. Mandatory Advanced Work Zone Management and Design Training Policy
Memo 28

6. Mandatory Safe and Effective Use of Law Enforcement Personnel in Work
Zones Policy Memo 29

7. Ultilization of Law Enforcement in Work Zones Policy Memo 30

Positive Protection Devices;
1. CDOT Intrusion Alarm Study for FHWA Research Project

2. Mobile Barriers Trailer (MBT-1);
Mobile Barrier Poster
CDOT Crash Highlights
CDOT Night Video
CDOT Day Video

3. CDOT Barrier Selection Guide

4. Flagger Paddles with Air Horns;
Currently being tested by Region 1 Maintenance

5. Personal Alarms For Use In Work Zones

6. CDOT Standard Plans S-630-1 (Traffic Controls for Highway Construction)
and S-630-2 (Barricades, Drums, Concrete Barriers (Temp) and Vertical

Panels)

11
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http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/MB_CDOT-Crash_Highlights.wmv
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http://www.dot.state.co.us/S_Standards/S%20Standards%202006/Index%20Screens%20(HTML)/S-STANDARDS%20INDEX.html
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Exposure Control Measures;

1.

2.

3.

MHT's for Night Maintenance

Lane Closure Strateqgies

Work Zone Safety Booklet

Installation and Removal of Temporary Traffic Control for Work Zones

Nighttime Guidelines/Specifications;
Under Development by Safety & Traffic Engineering Branch

Innovative Contracting Unit

. Safe Entry/Exit of Work Vehicles [CDOT Standards Specifications for Road

and Bridge Construction, Section 630.09 (a)(4)]

Other Traffic Control Measures;

1.

2.

3.

5.

CDOT Standard Plan S-630-1 (Traffic Controls for Highway Construction)

Rumble Strips;

CDOT Rumble Strip Decision Making Chart
CDOT Bicycle-Friendly Rumble Strips Study
CDOT Centerline Rumble Strips Study

CDOT Design Guide (Chapter 20, Section 20.2.1)
CDOT Standard Plan M-614-1

Automated Speed Enforcement;
Presently Under Development by CSP/CDOT

Drone Radar;
Previously Studied by CSP/CDOT

CDOT Slow for the Cone Zone Program

Uniformed Law Enforcement;

1.

3.

CDOT Methods to Incorporate Law Enforcement on
Construction/Maintenance Projects
a. Task Order (at Residency Office, Highway Corridor, or Engineering
Program level);
(See Appendix B for CDOT/CSP IGA and Region 1 Task Order
Routing Approval Letter)
b. UTC Specification; 630 Uniformed Traffic Control Worksheet

. ATSSA Safe and Effective Use of Law Enforcement Personnel in Highway

Work Zones — Pocket Guide

CSP Proposal for the Development of a Guide to Enhance Safety in Work
Zones

12
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http://www.atssa.com/galleries/rsti/Product%2013%20pocket%20guide.pdf
http://www.dot.state.co.us/DesignSupport/ICD-B/ICD-B_Index.htm
http://www.dot.state.co.us/DesignSupport/Construction/2005SpecsBook/2005Book/2005SpecBookWhole.pdf
http://www.dot.state.co.us/DesignSupport/Construction/2005SpecsBook/2005Book/2005SpecBookWhole.pdf
http://www.dot.state.co.us/S_Standards/S%20Standards%202006/Index%20Screens%20(HTML)/S-STANDARDS%20INDEX.html
http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/RumbleStrip_Flow_Chart.pdf
http://www.dot.state.co.us/publications/Bicycle%20Friendly/Rumble%20Strip%20PDF.htm
http://www.dot.state.co.us/publications/PDFFiles/centerline.pdf
http://www.dot.state.co.us/DesignSupport/Design%20Guide%2005/DG05%20Ch%2020%20Safety%20and%20Traffic%20Engineering.pdf
http://www.dot.state.co.us/DesignSupport/MStandards/2006%20M%20Standards/2006%20Index/2006%20M%20Standards%20Index.htm
http://www.coloradodot.info/programs/cone-zone
http://www.dot.state.co.us/DesignSupport/Construction/2005SpecsBook/Work%20Sheets/05-630utc.doc
http://www.workzonesafety.org/files/documents/training/fhwa_wz_grant/atssa_lec_pocket_guide.pdf
http://www.workzonesafety.org/files/documents/training/fhwa_wz_grant/atssa_lec_pocket_guide.pdf
http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/CSP_Work_Zone_Safety_Guide.pdf
http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/CSP_Work_Zone_Safety_Guide.pdf

Colorado Department of Transportation
Guidelines for the Use of Positive Protection in Work Zones January 2010

Work Vehicles;
1. R4 Work Vehicles w/chevrons

2. CDOT Vehicle Lighting Packages

Payment for Traffic Control Features and Operations;
1. Payment For Individual Traffic Control Devices (CDOT Standards
Specifications for Road and Bridge Construction, Section 630.15)

Maintenance of Temporary Traffic Control Devices;
1. Procedural Directive 1505.1

2. CDOT Employs ATSSA's Quality Standards for Work Zone Traffic Control
Devices

3. Other Agencies’ Quality Standards for Work Zone Traffic Control
Illinois Tollway Quality Standard for Work Zone Traffic Control Devices
MODOT Quality Standards for Temporary Traffic Control Devices
ODOT Quality Standards for Temporary Traffic Control Devices
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http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/CDOT_R4_Chevron_Demonstration_Movie.wmv
http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/CDOT_Vehicle_Lighting.pdf
http://www.dot.state.co.us/DesignSupport/Construction/2005SpecsBook/2005Book/2005SpecBookWhole.pdf
http://www.dot.state.co.us/DesignSupport/Construction/2005SpecsBook/2005Book/2005SpecBookWhole.pdf
http://www.dot.state.co.us/Traffic_Manuals_Guidelines/Work_Zones/WZSM/PD1505-1.pdf
http://www.atssa.com/store/bc_item_detail.jsp?productId=1
http://www.atssa.com/store/bc_item_detail.jsp?productId=1
http://www.illinoistollway.com/pls/portal/docs/PAGE/TW_CONTENT_REPOSITORY/TW_CR_DOING_BUSINESS/TW_CR_DOING_BUSINESS_ENGINEERING/PPM_QLTY%20STD%20FOR%20WORK%20ZONE%20TRAFFIC%20CTL%20DEVICES_08192005.PDF
http://www.modot.mo.gov/business/standards_and_specs/documents/RevisedTTC_Devices.pdf
http://www.dot.state.oh.us/Divisions/HighwayOps/Traffic/publications2/qualityguidelines/Documents/QualityGuidelinesforTCDs_July%202009.PDF
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