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Presenter
Presentation Notes
Show on screen while participants are arriving.



Ground Rules


 

Facilities


 

Restrooms, drinks, snacks, phones


 

Other considerations


 
Cell phones and pagers on silent


 

Ask questions and make comments to 
the group as they occur to you


 

Be considerate of others

Presenter
Presentation Notes
This is where you discuss the facilities at the location the course is being taught.



Welcome


 

Importance has increased


 
Not a part of any educational 
curriculum


 

“OTJ” training


 
Your agency now 
responsible

•• Retroreflectivity is important!Retroreflectivity is important!

Presenter
Presentation Notes
ANIMATED

Retroreflectivity has improved over the last decade.  There is no formal education training in school over retroreflectivity.  FHWA wants to train individual about retroreflectivity and materials.  



Course Instructor(s)


 

Names


 

Short bio

Presenter
Presentation Notes
Introductions for the course instructors.



Participant Introductions


 

Name


 
Agency


 

Position/duties

Presenter
Presentation Notes
Go around the room introducing everyone.



Purpose of Course

Intended for Managers and Decision-makers


 
Describe sign retroreflectivity concepts


 

Understand nighttime visibility issues


 
Summarize new requirements


 

Describe retroreflectivity maintenance 
methods

An inspector training course is also available
through your LTAP centers

Presenter
Presentation Notes
Not a sign sheeting selection class.  Course intended to learn basic retroreflectivity concepts: basic signs, explain minimum retroreflectivity levels, and how to maintain signs.  Preparing students to implement minimum retroreflectivity guidelines.  



Content & Schedule



 

Welcome 15 


 

Background 25 


 

Retroreflectivity 30 


 

Visibility 20 


 

New MUTCD material 20 


 

Maintenance methods 45 


 

Life cycle cost 15 


 

Implementation & FAQs 10 

TOPIC EST. TIME (min)

Presenter
Presentation Notes
Most of time is going to be spent on retroreflectivity concepts, minimum levels, and methods to maintain retroreflectivity. 





Questions



Background Information



Why Do We Install Signs?

Required by MUTCD?

To help drivers
(including older)

NO

Engineering Decision?

YES!

Why?

Presenter
Presentation Notes
The main point here is that we install signs to convey information to drivers.  At some point, a decision was made that the information was needed or somehow improved safety or mobility.  Therefore, the information needs to be available to the driver at all times, including nighttime.  Therefore, it is important to use retroreflective signs and maintain those signs.  And if your agency made the decision to install a sign, it is your agency’s responsibility to maintain it, and the courts have established that.





Key Issue: Older Drivers


 

18.9 million drivers age 70+ in 2000


 

20.6 million drivers age 70+ in 2006  


 

48% increase from 1990 to 2006


 

1990 — 8% of drivers were 70+


 

2006 — 10.2% of drivers were 70+ 


 

“Older” driver population will continue 
to grow as baby-boomers age

Presenter
Presentation Notes
Nighttime visibility of traffic control devices is becoming increasingly important as our population ages.  By the year 2020, about one-fifth of the U.S. population will be 65 years of age or older.  In general, older individuals have declining vision and slower reaction times.  Signs that are easier to see and read at night can help older drivers retain their freedom of mobility and remain independent. 



I think many of you have heard or seen numbers like these.  This is not new news.  However, it is important that we maintain our roadways for the road-users and be aware that the road-user demographics are changing.  The underlying issue behind today's training is maintaining the signs for all road-users, including this growing demographic.  





MUTCD


 

MUTCD applies to all roads .. 
“open to public travel”


 

includes toll roads and roads 
within shopping centers, parking 
lots, airports, sports arenas, and 
other similar business and 
recreation facilities that are 
privately owned but where the 
public is allowed to travel without 
access restrictions. *pending 
rulemaking process* 

Manual on Uniform Traffic Control Devices

Presenter
Presentation Notes
The traffic control devices (TCD) are critical for the safe and efficient transportation of people and goods. The Manual on Uniform Traffic Control Devices (MUTCD), by setting minimum standards and providing guidance, ensures uniformity of traffic control devices across the nation. The use of uniform TCDs (messages, location, size, shapes, and colors) helps reduce crashes and congestion, and improves the efficiency of the surface transportation system. Uniformity also helps reduce the cost of TCDs through standardization. The information contained in the MUTCD is the result of either years of practical experience, research, and or the MUTCD experimentation process. This effort ensures that TCDs are visible, recognizable, understandable, and necessary. The MUTCD is a dynamic document that changes with time to address contemporary safety and operational issues. 



NOTE:  MUTCD does not apply to: Military bases and other gated properties where access is restricted and private railroad grade crossings are not included in the term “open to public travel.” 



NOTE ;  this slide is pending rulemaking Manual on Uniform Traffic Control Devices as the national standard for all traffic control devices installed on any street, highway, or bicycle trail open to public travel. 



MUTCD – Existing Reqs.



 

Manual on Uniform Traffic Control Devices


 

Section 2A.06 – Design of Signs


 

The basic requirements of a highway sign are that it be legible to 
those for whom it is intended and that it be understandable in time to 
permit a proper response. Desirable attributes include:


 

High visibility by day and night; and 


 

High legibility (adequately sized letters or symbols, and a short legend for 
quick comprehension by a road user approaching a sign). 



 

Section 2A.08 – Retroreflectivity or Illumination


 

…signs shall be retroreflective or illuminated to show the same 
shape and similar color by both day and night, unless specifically 
stated otherwise...  



 

The requirements for sign illumination shall not be considered to be 
satisfied by street or highway lighting.



 

The responsibility for the design, placement, operation, 
maintenance, and uniformity of traffic control devices shall rest 
with the public agency or the official having jurisdiction. 

Presenter
Presentation Notes
The Manual on Uniform Traffic Control Devices (MUTCD) is incorporated by reference in 23 Code of Federal Regulations (CFR), Part 655, Subpart F and shall be recognized as the national standard for all traffic control devices installed on any street, highway, or bicycle trail open to public travel in accordance with 23 U.S.C. 109(d) and 402(a). Any traffic control device design or application provision contained in this Manual shall be considered to be in the public domain. In accordance with 23 CFR 655.603(b)(1), States or other Federal agencies that have their own MUTCDs or Supplements shall revise these MUTCDs or Supplements to be in substantial conformance with changes to the National MUTCD within 2 years of issuance of the changes. 



Sign Purpose: 
Promote Highway Safety

Reasonably safe for
day or night travel?

MUTCD Principles:
• Fulfill a need; 
• Command attention; 
• Convey a clear, simple meaning; 
• Command respect from road users; and 
• Give adequate time for proper response. 

Presenter
Presentation Notes
According to the MUTCD, the purpose of traffic control devices, as well as the principles for their use, is to promote highway safety and efficiency by providing for the orderly movement of all road users on streets and highways throughout the Nation.  Traffic control devices notify road users of regulations and provide warning and guidance needed for the reasonably safe, uniform, and efficient operation of all elements of the traffic stream.  



Discuss MUTCD principles.  How do they relate to the series of pictures?  How do they relate to maintenance of traffic signs … and particularly, how do they relate to min retro levels?



Add notes but then ask what else is wrong with this picture? 



Night Travel and Crashes

Source: National Safety Council

Presenter
Presentation Notes
This graph shows the fatality rates between nighttime and daytime driving.  The graph shows that the fatality rate at night is almost 3 fatals per million miles of travel.  During the daytime the rate is just above 1.  Even though there is less nighttime driving, the actual fatality rate during nighttime is almost 3 times higher than daytime fatality rates.  There are probably several reasons for this difference.  Can you name a few?



<answers: fatigue, alcohol, and reduced nighttime roadway visibility>  





Nighttime Driving

DaytimeDaytime
Many cues availableMany cues available

Driver task relatively easyDriver task relatively easy

NighttimeNighttime
Few cues remainFew cues remain
Task more difficultTask more difficult

Retroreflectivity provides nighttime guidanceRetroreflectivity provides nighttime guidance

Presenter
Presentation Notes
ANIMATED

Photos are for the same location, day/night.

Day: drivers have so many cues, they don’t even think about the driving and can probably do it relatively safe.  Cues available: guardrail, vegetation, snow banks in the winter, textured shoulders, and TCDs.  Night, only retroreflective TCDs remain. With so few cues remaining at night, they become critical!  It is the retroreflective properties of devices that make them visible at night.





Retroreflective Signs

Daytime signing here is complimentary

Nighttime signing here is necessary

Presenter
Presentation Notes
Let’s take a look at these pictures.  How many Chevrons can you see in the top photo?  How about the bottom?  

How would you rate the condition of these signs?  How about the retroreflectivity?  

In the next couple hours, we’ll be going over the required ways to evaluate or manage the retroreflectivity of these of signs like these.  





Typical Outdoor Durability Testing

45 degree south facing
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Type III

Presenter
Presentation Notes
This slide shows how retro degrades with time.  This data is from south facing 45 degree signs in AZ.  This generally doubles the degradation rate of sign retroreflectivity.



This slides does not indicate that Type I signs will have no retro at 60 months …..



Degraded Stop Sign .. 

Presenter
Presentation Notes
ANIMATED

Sign retroreflectivity is not an issue when the sign is new.  It’s usually only after a sign has been in the field for a long time that we start to worry about retroreflectivity.  If you leave it out there long enough, it eventually looks like this.



“Safety” of Sign Upgrades



 

Mendocino County, CA – Steve Ford


 

City of Sioux City, IA – Scott Carlson


 

ICBC, Vancouver, B.C. – John Pump


 

Putnam County, NY – Mike Druckreier

Source:Source:
Douglas A. RipleyDouglas A. Ripley
2005 TRB Annual Meeting2005 TRB Annual Meeting
Howard R. Green CompanyHoward R. Green Company

Presenter
Presentation Notes
Let’s talk about the safety of sign shtg upgrades.  There have been 4 case studies documented by Doug Ripley in a recent TRB paper.  While these case studies are not ideal in terms of the experimental design and control for unwanted bias, they all result in similar findings, which says something about the potential for upgrading sign sheeting materials. 



Summary of “Safety” Studies



 

Sioux City –


 

City-wide Application


 

Reported crash reductions


 

Day/Night Ratio


 

34:1 B/C


 

Program continued



 

Putnam County


 

Spot Locations


 

25% reduction in crashes


 

50% reduction in nighttime


 

Crash Types


 

Program continued



 

Mendocino County


 

Spot Locations 


 

42% reduction in 
crashes



 

Program continued



 

ICBC


 

Each Crash prevented 
has positive cost-benefit 
ratio



 

Program expanded

Presenter
Presentation Notes
The City of Sioux City, Iowa has a population of approximately 85,000.  The City was using Type I materials prior to 1995 when a sign upgrade

program was initiated that started with Type III material, but eventually moved to a Type IX material. The City was replacing approximately 10 percent of its total sign inventory per year. Using crash data, the City determined that the crashes per million vehicle miles dropped from about 6.5 in 1995 to about 4.0 in 1999. In addition, the ratio of nighttime to daytime crashes during the same period dropped from about 1.19 to about 0.96. The City estimated the costs of the program to be approximately $150,000 for the three years from 1997 to 1999. During that same time, the City estimated a total cost savings of almost five million dollars, using an average crash cost of $2,350. The benefit-cost ratio was estimated to be 34:1.



Putnam County, New York is a rural county located just north of New York City. The County is responsible for maintaining over 115 miles of roads. In 1992, all county road signs were fabricated with Type I materials. In 1993 and 1994, the County upgraded over 2,000 traffic signs to Type III material (for regulatory and warning signs on roadways with recommended speeds of 30 mph and above) and Type IX material (for arrows and chevrons as well as signs on roadways with recommended speeds of 25 mph and below). Three county roads were chosen for analysis to determine the impacts of the sign sheeting upgrade program. Two of the roads were chosen because they had the highest traffic volumes in the county and the third road was chosen because it had the highest crash rate in the county. The available accident statistics for 1992 (the year before the sign upgrades) and 1995 (the year after the higher performance signs were installed) were analyzed in this study.  Based on the results of this study, the difference in reported crashes between 1992 and 1995 was impressive. The total number of crashes was reduced by 26 percent, the number of injury crashes was reduced by 23 percent, and the number of nighttime crashes was reduced by 50 percent.



Safety of Stop Sign Upgrades


 

Stop signs upgraded 
in South Carolina 
and Connecticut


 

Before-and-after 
study conducted


 

Mixed findings but 
cost effective at 
lower-volume 
intersections


 

FHWA-HRT-08-041

Presenter
Presentation Notes
The goal of this research was to evaluate and estimate the safety effectiveness of increasing retroreflectivity of STOP signs. The States of Connecticut and South Carolina have installed a large number of STOP signs with increased retroreflectivity as a proactive, systemwide effort (i.e., they were installed at all of the unsignalized intersections within the jurisdiction) to improve safety. 



Detailed data were collected for the intersections in South Carolina and Connecticut where the STOP signs were installed for the periods before and after the installation of STOP signs with higher retroreflectivity. In addition to the locations and dates of the STOP sign installations, geometric, traffic, and crash data were obtained at unsignalized intersections for 231 sites in Connecticut and 108 sites in South Carolina. The analysis included a total of 3,323.8 intersection-years of data (2,038.6 intersection-years from CT and 1,285.2 intersection-years from SC). Intersection-years are the number of intersections where the strategy was applied multiplied by the number of years the strategy was in place at each intersection. For example, if a strategy was applied at 9 intersections and has been in place for 3 years at all nine intersections, this is 27 intersection-years. 



It was not possible to identify those STOP signs that had poor retroreflectivity before the installation of the new signs. The exact condition of each of the signs, including the age or degree of deterioration of the signs, was unknown. Empirical Bayes (EB) methods were incorporated in a before-after analysis to determine the safety effectiveness of increasing the sign retroreflectivity. The EB methodology for observational before-after studies(2) was used for the evaluation.  



A minimal reduction in crashes can be expected with the installation of higher retroreflective STOP signs. However, given the low cost of this strategy, even with conservative assumptions, only a very modest reduction in crashes is needed to justify its use. Therefore, this strategy has the potential to reduce crashes cost effectively, particularly at lower-volume intersections. 





Sign Upgrade – Low Cost Solution

http://www.atssa.com/galleries/default-file/LowCostLocalRoads.pdf

Presenter
Presentation Notes
In this popular document provided by ATSSA, 20 low-cost local road safety solutions are described with specific benefits.  One of the low cost topics is the upgrade of signs and lines.  ATSSA sites specific examples of agencies that have upgraded signs and lines and documented the benefits.  This document is available at the web site shown on the bottom of the screen.  



Congressional Legislation

retroreflectivity that must beretroreflectivity that must be
maintained for traffic signs andmaintained for traffic signs and
pavement markings which apply to allpavement markings which apply to all
roads open to public travel.roads open to public travel.””

““The Secretary of The Secretary of 
 Transportation shall Transportation shall 

 revise the MUTCD to revise the MUTCD to 
 include a standard for a include a standard for a 

 minimum level ofminimum level of

1993 DOT Appropriations Act1993 DOT Appropriations Act

Presenter
Presentation Notes
This is where this started.  

<read this statement slowly … emphasizing the standard … and “must be maintained” and “all roads”>



This statement was interpreted as requiring a SHALL statement in the MUTCD that directly included minimum retroreflectivity levels.  You’ll see how, through the rule-making process, the MUTCD language was worded to satisfy this Congressional Directive.  



Why Create Minimums?

Daytime

Nighttime

Presenter
Presentation Notes
ANIMATED

Why did Congress create this mandate?  Well, there are agencies out there that have not done a very good job of maintaining nighttime sign visibility.  Signs like this look fine in daytime conditions, but when you need the sign at night, it does not perform at a level that helps drivers.  So the idea is to develop a bottom floor for nighttime sign performance.  This will encourage those agencies with poor signs to improve their signs and those agencies that have maintained their signs should be in good shape.



Retroreflectivity Concepts



RETROreflection

Presenter
Presentation Notes
There are 3 general ways that light is reflected. The matte or diffuse reflection shown In the upper left is how light reflects off almost every surface such as the paper in front of you, the floor, the walls, and even outdoors.  The next method is the specular reflection.  This is much less common than diffuse reflection but occurs when the sun is setting over water or when your driving at night on a rainy road and a car is coming at you in the opposite lane and you receive glare from their headlamps shining off the wet pavement.  Both of these types of reflection are specially designed for specific applications.  For instance, this projector screen is designed to be an excellent diffuse reflector so you see the same brightness and color and all angles.  Mirrors in you bathroom are designed to be good specular reflectors.  Then there is retro-reflection.  This is almost always specially designed for a very specific application --- highway signs and pavement markings.  With retro-reflection, the light is redirected back to the source, regardless of what angles the light hits the surface.  





Retroreflection 
Informal Definition



 
A ratio of the amount of 
light returned from a 
sign versus the amount 
hitting the sign



 
A way to measure the 
efficiency of a material

Light OUT of sign
Light INTO sign

= Retroreflectivity

Presenter
Presentation Notes
The term retroreflectivity is a way to describe the “efficiency”  of a material.  We already talked about how retroreflective materials are specifically designed for signs.  There are several ways to measure the efficiency of these sign products but in general, retroreflectivity is usually thought of as a way to quantify the ability of a sign material to reflect light back to the driver.  In its simplest terms, retroreflectivity can be thought of as a way to measure the amount of light leaving a sign versus the amount of light hitting the sign.  



Retroreflective Elements



 
Glass spheres and microsized prisms are 
the current technologies used to make sign 
materials retroreflective 



 
The light is returned to the source in a cone 
shaped pattern

Presenter
Presentation Notes
When the reflected light from objects reaches our eyes, it makes the objects visible to us. Retroreflectivity redirects a majority of the light shining on an object back toward the light’s source.



Retroreflective materials are not “perfect” retroreflectors, or else all of the incident light would be reflected back to the original source (i.e.: your headlights). Rather, the retroreflected light is distributed in some beam pattern, usually a cone or near conical distribution. Because a driver’s eyes are within this cone around the headlight, the sign becomes visible to the driver.  Glass bead technology typically provides a more nearly conical distribution, while prismatic retroreflectors may be designed to produce quite different retroreflected beam patters.   



The retroreflected beam shape and the various sign sheeting materials will be discussed later, but simply the retroreflective materials actually use diffused or mirror concepts to make it work. Light enters the sheeting cover, hits the glass bead, refracts (bends), hits the back of the bead, for encapsulated sheeting there is a silver mirror surface there which uses mirror technology to reflect the light.  The light returns in the same direction it came.  For engineering grade sheeting, the light must go beyond the back of the bead, thru more plastic, eventually reaching a mirror surface.

 





Sign Sheeting Materials 

Engineering Grade

Hi-Intensity
Beaded

Microprismatic

Presenter
Presentation Notes
Handout FHWA sheeting ID guide.  Ask participants what type of sheeting they have in their jurisdiction.  





Sign Sheeting

(First Retroreflective Sheeting) (Types I & II – e.g. Engineering Grades)

Presenter
Presentation Notes
Exposed lens sheeting was the first type of sign sheeting to provide retroreflectivity.



The top graph explains how some of the glass beads were “exposed” on the surface.  This did provide retroreflection, or light returning back to the source.  This is shown in the lower graphs.



The problem with exposed lens sheeting is that when water was on the surface, the light is refracted in the wrong directions where the water meets the beads.  This meant that it was not “retroreflective” when wet, such as during and following rain or in the morning when condensation is on the surface. (Note that this is still how most pavement marking materials are constructed, which is why there are difficulties in detecting pavement markings under wet night conditions.)





Sheeting Types

(Type III – e.g. High Intensity)

Presenter
Presentation Notes
The next development in sign sheeting was encapsulated lens sheeting.  This sheeting has the beads completely under plastic, like enclosed lens sheeting, but actually has an air space on top of the bead.  Other changes made to this sheeting is the use of a mirror coat right on the back of the bead instead of a distance behind the bead.  Then the bead is different so it would focus the light on the back of the bead instead of a distance behind the bead.  All these changes made the sheeting more efficient at returning light.



Video Demonstration

Presenter
Presentation Notes
This video uses animation and describes how prismatic sign sheeting retroreflectivity redirects light back toward the course.  



Retroreflectivity Cone

Retroreflector

Light Source 
Direction

Reflected light 
gets dimmer as 
distance from light 
axis increases

Reflected light 
is brighter near 
light axis

Presenter
Presentation Notes
ANIMATED

Light is reflected back in a cone shape.  The light is brighter in the center, which is called the illumination axis.  As you move further away from the axis, the reflected light gets dimmer.  Demonstration using flashlights and reflective signs.  Participants are using flashlights on the signs to see illuminance, moving the flashlights away from the sign makes dimmer.  



Flashlight Demonstration - Cone

Dimmer

More dim

Bright

Demo 

Greg will get sample materials

Presenter
Presentation Notes
Time expected for demo: 5-10 minutes



Flashlight demo emphasizing cone of retroreflection. 



Big flashlight with 12 by 12 material being held by participant in front of projection screen (cover LCD projector light).  Instructor needs to hold flashlight against projector screen and shine at sign.  A cone of light will be seen on the screen.  Use different samples to show how much brighter some materials are versus others.  Also show how cone of reflected light is wider and shaped differently.  



 









Cone of Retroreflection

Cone Size is Important

Presenter
Presentation Notes
<ANIMATED> The difference between sheetings is evident in the amount and manner in which light is sent back to a driver.  The sheeting retroreflects light in the general but opposite direction of the incoming headlight. The driver can be close to his/her headlights and therefore has small observation angle (such as in a passenger sedan or a sports car), or have a larger separation and therefore a larger observation angle (such as a heavy vehicle). 





Retroreflective Sign 
(RA cd/lx/m2)

Illuminance  (lx)

Luminance
(cd/m2)

Technical Terms

Presenter
Presentation Notes


This slide show the technical terms that are used in the world of nighttime visibility.  The vehicle headlamp emits light, that when measured on a surface such as a sign face, is called illuminance.  Illuminance has units of lux.  Most all photometric terms are expressed in SI units, even in the US where the SI system did not really catch on.  The property of a sign to redirect light back toward the source is all retroreflectivity.  Retroreflectivity is expressed using a cap R and a subscript A (R-sub-A).  Essentially, it is a unitless term but officially has the units of candela per lux per meter square.    The appearance of the brightness of the sign is called luminance.  It has units of candela per square meter.  



Basic Angles of Retroreflectivity


 

Observation Angle – Where in the cone 
is the measurement made (from the light 
source).


 

Entrance Angle – What is the orientation 
of the sign or pavement marking (is from 
the light source)

Presenter
Presentation Notes
Before we discuss each of the sign retroreflectivity elements, we need to understand the basic angles of sign retroreflectivity; which are the observation and entrance angles.  



The next few slides illustrate “graphically” both of these angles.



Perpendicular Perpendicular 
to signto sign

Entrance angle (Entrance angle ())
Between source and Between source and 

target axistarget axis
(blue and green lines)(blue and green lines)

Observation angle (Observation angle ())
Between source and receptorBetween source and receptor

(red and blue lines)(red and blue lines)





Key Geometry Angles

Presenter
Presentation Notes
With this slide you can review the angles of retroreflectivity.  The observation angle is by far the most critical angle when it comes to describing retroreflectivity.  Specifying retroreflectivity without noting the observation angle (and to some degree, the entrance angle) is like specifying horsepower in a car without noting the RPMs and torque.  The key geometry is 0.2 for the observation angle and 4 degrees for the entrance angle.  



Penlight Demonstration

Dimmer

More dim

Bright

Demo 

Photo of demo signs

Presenter
Presentation Notes
Time expected for demo: 5 minutes.  



Using penlights and demo signs.  Show cone size first by asking participants to hold flashlight on their nose.  Then keep flashlight pointing toward the sign and move flashlight toward their chest.  Sign becomes less bright because your moving the axis of cone.  Each demo sign is made of different materials so they same exercise will produce different results from demo sign to demo sign.  



One they have this concept down, describe that what they are doing is changing the observation angle.  You can describe it this way….when the flashlight is on your nose, think of the observation angle being small, the angle between the light and your eyes.  This might be similar to driving a sports car where the driver sits low and near the same height as the headlamps.  When the flashlight is down near their chest, the observation angle is larger, the angle between their flashlight and their eyes. This might be similar to driving a large truck where the driver sits high above the vehicle headlamps. 



One they have this concept down, rotate one of the demo signs while they hold their flashlight in a constant position.  Rotate the sign from side to side (45 degrees to flat to 45 degrees).  The angle that is changing is called the entrance angle.  Most materials perform steady within +/- 30 degrees.  









Sheeting Specification Geometry


 

Example: ASTM D4956

Presenter
Presentation Notes
Here is a typical table of retroreflectivity levels that define the minimum performance of Type III sheeting materials (when new).  ASTM maintains a table of these numbers for all Types of sign sheeting materials.  The key criteria are the observation and entrance angles.  The minimum retroreflectivity levels specifically reference the combination of 0.2 degree for the observation angle and -4 degree for the entrance angle.  



Questions



Summary


 

Does retroreflectivity by itself describe 
how bright a sign will look?


 

Everything else equal, how will a driver 
in a sports car see a nighttime sign 
versus a driver in a big truck?

Presenter
Presentation Notes
Does retroreflectivity by itself describe how bright a sign will look?  The answer is no.  There are many other things that go into the nighttime apprearance (brightness) of a traffic sign other than retroreflectivity.  For instance, the amount of light reaching the sign, the size of vehicle the observer is in (more specifically, the distance vertical between the headlamps and the observer’s eyes).  



Everything else equal, how will a driver in a sports car see a nighttime sign versus a driver in a big truck?  Driver in the car will see the sign as brighter.  They are closer to the center of the cone of retroreflection.  





How Retroreflection = 
Nighttime Visibility



Key Elements of Visibility

Sign Material
Retroreflectivity

Headlamp
Illuminance x

= Luminance

…but that’s not all !!

Presenter
Presentation Notes
ANIMATED

You need to have four things in order to see  retroreflective devices at night.  The four things are a sign (or target), headlamps which produce illumination source, a driver that is the receptor, and the vehicle.  The size of the vehicle matters. 



The “Older Driver” Factor

Driver
Vision

Luminance

x

=
Perceived Brightness



Key Nighttime Visibility Issues



 
Sign


 

Location


 

Sheeting materials


 
Headlamps


 

Amount of light for signs


 
Driver


 

Visual capabilities


 

Comfort level


 
Vehicle


 

Size

Presenter
Presentation Notes
There are specific aspects for each of these four elements that affect how bright a sign appears.  For the sign, it depends upon the location and orientation of the sign with respect to the headlights and driver.  It also depends upon how efficient the retroreflective sheeting is at reflecting light back to the source.  The headlamps establish how much light is directed toward the sign.  A sign can reflect only the light that reaches it.  Each driver is unique and has their own characteristics for the luminance needed to see a target, their visual capabilities, and their contrast sensitivity.  Finally, the size of the vehicle determines how far the driver is sitting from the illumination axis (which partly defines the entrance angle).  The further the driver is from the illumination axis, the dimmer the sign will appear.



Key Issue: Headlamps


 

Out of control of traffic engineers


 
Evolving considerably in last decades




 

Sealed Beam Pattern


 

Modern Cutoff Pattern

Headlamps

Presenter
Presentation Notes
ANIMATED

The sealed beam headlamp, which is the older style, directs more light above the horizontal (red) line.  Modern cutoff headlamps don’t direct as much light toward a sign, which has the benefit of reducing glare for approaching vehicles.  

No two headlamps (styles)  are the same.  The right and left headlamps in cars have a different design.  



Impacts of Headlamps
Headlamp Year

Typical overhead guide sign

0

2

4

6

8

10

12

14

10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

70
0

75
0

80
0

85
0

90
0

95
0

10
00

Distance to Sign (ft)

Lu
m

in
an

ce

2000
1997
1980s



Cone of Retroreflection

Cone Size is Important

Presenter
Presentation Notes
<ANIMATED> The difference between sheetings is evident in the amount and manner in which light is sent back to a driver.  The sheeting retroreflects light in the general but opposite direction of the incoming headlight. The driver can be close to his/her headlights and therefore has small observation angle (such as in a passenger sedan or a sports car), or have a larger separation and therefore a larger observation angle (such as a heavy vehicle). 





Key Issue: Drivers


 

20.6 million drivers age 70+ in 2006  


 

48% increase from 1990 to 2006


 

1990 — 8% of drivers were 70+


 

2006 — 10.2% of drivers were 70+ 



Example 1

6 different types of 
material used on these 
Stop signs

Presenter
Presentation Notes
I am going to show why it is difficult to take pictures of retroreflective signs that represent what we see.  



Here is a picture of Stop signs that all look fine even though they are different materials.  This is not how they looked at night.



Example 2

7 different types of 
material used on these 
Stop signs

I II III III

VII VIII IX

Presenter
Presentation Notes
Here is a picture of 7 different Stop signs with different materials.  Note how these signs look different.  



Can you guess what ASTM Type each Stop sign is?  I’ll give you a minute.  (wait about one minute).  Now I’ll show you the answers.







Can you see the sign?

Presenter
Presentation Notes
Even though the keep right sign meets the minimum retroreflectivity levels, does it look adequate for this condition (a signalized intersection in an urban area)?  Urban areas may want to adopt threshold levels above the minimum retroreflectivity levels in the MUTCD.



New Requirements

MUTCD Sign Retroreflectivity 
Maintenance Requirements

Presenter
Presentation Notes
Who remembers what the MUTCD is?

And who remembers who has to use the MUTCD? 



Final Rule


 

Published on Dec 21, 2007


 

Vol 72, No. 245


 

Revision #2 of the 2003 
Edition of the MUTCD


 

Effective Jan 22, 2008

Presenter
Presentation Notes
On Dec 21 2007, the Final Rule for minimum sign retroreflectivity was published in the Federal Register.  This change to the MUTCD is officially described as Revision 2 of the 2003 Edition of the MUTCD.  Let’s look closer at the Final Rule.  





MUTCD Changes



 
Portions of the MUTCD revised:



 
Introduction


 

Compliance dates


 
Part 1


 

1A.11 - relation to other publications


 
Chapter 2A


 

2A.09 - minimum sign retroreflectivity


 

2A.22 - sign maintenance


 
Minor editorial changes to cross-references


 

2A, 2B, and 6F

Presenter
Presentation Notes
These are the parts of the MUTCD that had at least some changes because of the final rule.  Most of the changes were in Section 2A.09.  Let’s look at that section in more detail….





New MUTCD Language 
Section 2A.09 Maintaining Minimum Retroreflectivity



 
“Standard: 
Public agencies or officials having jurisdiction 
shall use an assessment or management 
method that is designed to maintain sign 
retroreflectivity at or above the minimum 
levels in Table 2A-3”

Presenter
Presentation Notes
This is the meat of the new requirement.  <READ ALOUD SLOWLY>



It is a shall statement meaning it must be satisified.  



You must: use a maintenance method to maintain your signs at minimum retroreflectivity levels.  





New MUTCD Language 
Section 2A.09 Maintaining Minimum Retroreflectivity



 
“Support: 
Compliance… is achieved by having a method 
in place and using the method to maintain the 
minimum levels established in Table 2A-3.  
Provided that… a method is being used, an 
agency would be in compliance… even if there 
are some individual signs that do not meet the… 
levels at a particular point in time.

Presenter
Presentation Notes
<ask the audience to read this statement … give them a minute … then ask them what it means to them>



Another key change was the additonal language provided in this support statement.  Essentially, this statement clarifies what the MUTCD language means by adding the first sentence describing what is intended to be considered to be in compliance.  The second sentence clarifies that not all signs have to meet the minimum levels at all times.  







New MUTCD Language 

“…One or more of the following assessment 
or management methods should be used…”



 
Visual Nighttime 
Inspection


 

Calibration Signs


 

Comparison Panels


 

Consistent 
Parameters 



 
Measured Sign Retro



 
Expected Sign Life



 
Blanket Replacement



 
Control Signs



 
Future Method Based 
On Engr. Study



 
Combination Of Any

Presenter
Presentation Notes
In the new MUTCD language, there are specific methods listed that can be used to maintain traffic sign retroreflectivity.  These are generally described as assessment methods, which are those listed on the left, and management methods, which are those listed on the right.







Sign Color
Sheeting Type (ASTM D4956-04) 

Additional
CriteriaBeaded Sheeting Prismatic Sheeting

I II III III, IV, VI, VII, VIII, IX, X

White on 
Green

W*
G ≥

 

7
W* 

G ≥

 

15
W*

G ≥

 

25 W ≥

 

250; G ≥

 

25 Overhead

W*
G ≥

 

7 W ≥

 

120; G ≥

 

15 Ground-

 
mounted

Black on 
Yellow or
Black on 
Orange 

Y*; O* Y ≥

 

50; O ≥

 

50 

Y*; O* Y ≥

 

75; O ≥

 

75 

White on Red W ≥

 

35; R ≥

 

7 

Black on White W ≥

 

50 



 

The minimum maintained retroreflectivity levels shown in this table are in units of cd/lx/m2

 
measured at an observation angle of 0.2

 

and an entrance angle of -4.0.
For text

 

and fine symbol signs measuring

 

at least 1200 mm (48 in) and for all sizes of bold 
symbol signs
For text

 

and fine symbol signs measuring less than 1200 mm (48 in)
Minimum Sign Contrast Ratio ≥

 

3:1 (white retroreflectivity ÷

 

red retroreflectivity)
*  This sheeting type should not be used for this color for this

 

application.

New MUTCD Table 2A.3
Minimum Maintained Retroreflectivity Levels

Presenter
Presentation Notes
<NOTE:  Please spend extra time with this slide and go through examples and ask questions>



This is the table in the MUTCD that identified the minimum retroreflectivity levels for different sign types and different sheeting types.  It looks confusing at first but lets walk through some examples of how to use this data.  



The “*” in the table means that, for those signs with color matching the row header, that the material designated by the “*” is not bright enough, even when brand new.  This has caused some confusion so let me clarify some more.  Some people have heard that the new minimum retroreflectivity requirments eliminate the option to use engineering grade sheeting for all signs.  This is not true.  The table allows engineering grade sheeting to be used on white on red signs and black on white signs.  



For overhead guide signs, no beaded material can be used for the legends.  This means engineering grade, super-engineering grade, and high-intensity.  For shoulder mounted guide signs, which receive more headlamp illumination than overhead signs, the resetrictions for legend material only eliminates the engineering grade materials.  



STILL NO BLUE AND BROWN MIN LEVELS





Examples….







What do the numbers look like?

Pictures do not represent retroreflectivity well 

Presenter
Presentation Notes
Everyone wants to know what the numbers look like.  It is not that easy.  There are many different factors in play as we discussed earlier.  Let’s try to review what some of those factors are.  Who can name a factor and describe how it can make pictures of signs difficult to represent what the driver sees? 



<Discuss with class the factors and how they relate to nighttime pictures>



Now make this announcement: do not to use pictures a training tool



Quiz


 

Which of these signs:


 

Needs to be replaced?


 

Is near the minimum retroreflectivity level?


 

Is adequate and good for a few more years?

A B C

Presenter
Presentation Notes
<Instructor should generate class room discussions>  

<ask specific people their answer … and why> 

Take your time with this slide



Quiz Answers


 

Pictures of retro are sensitive to light and 
position of camera/flash


 

More light = brighter sign


 
Example:


 

Same: sign, camera, and camera/flash position


 

Different: flash intensity (amount of light)

Presenter
Presentation Notes
Answer --- the sign is fine.  It is a new prismatic sign.  The only thing that changes in the pictures was the amount of light.



This is why you cannot use a picture of a sign as a guide to determine whether in-service signs needs replaced.  Through this course, we will review the methods that have been established that you can use to satisfy the new MUTCD requirements in terms of maintaining your traffic sign retroreflectivity.  



Note: Retro white = 650, Retro red = 200



Exempt Signs



 
Parking/Standing/Stopping



 
Walking/Hitchhiking



 
Adopt-A-Highway



 
Blue or Brown 
Backgrounds



 
Exclusive Use of Bikes
or Peds

Note: Must still meet other
requirements in MUTCD
(inspections, 
retroreflective,
etc,)

Presenter
Presentation Notes
Not all the signs have to meet the minimum levels.  For example, here is a list of exempt signs.  



Although some Blue and Brown signs are just as important as those signs impacted by the new requirements, when the rule-making process commenced to add the minimum retroreflectivity levels to the MUTCD, the research to develop minimum retroreflectivity levels for blue and brown signs was just beginning.  That research has recently been completed and if the recommendations are added to the MUTCD, then the process will have to go through rule-making, just like any change or addition to the MUTCD.  The research report for blue and brown signs is available on the fhwa web page: fhwa.dot.gov/retro







Clarification


 

Fluorescent colors


 

fluorescent yellow -- > yellow 


 

fluorescent yellow-green  -- > yellow


 

fluorescent orange  -- > orange

Presenter
Presentation Notes
Instructor: Ask participants if EG can still be used?  If so, what type of signs? 

Instructor: Ask audience for other questions.  



From FHWA Retro FAQ page:

Can I still use Type I Engineering Grade sign sheeting?

Type I Engineering Grade sign sheeting may still be used for white, green, and red backgrounds. Type I Engineering Grade sign sheeting also may still be used for the white legend on a sign with a red background. Thus, STOP signs and black-on-white regulatory signs may still be made from Type I Engineering Grade sign sheeting.

However, when agencies review their signing practices and their choice of sign materials, the annualized costs of the signs using factors such as expected sign life should be considered. Even though a particular type of sheeting might initially meet the minimum retroreflectivity levels when it is new, it might quickly degrade to below the minimum retroreflectivity levels, thus losing its effectiveness at night and requiring replacement the next time its retroreflectivity is assessed. The use of higher performance sheeting, even though it has a higher initial cost, might provide a better life-cycle cost for the agency. 



Funding … What is eligible



 

Sign Management Programs: SPR funds and 
Community Safety Grants.  HSIP also, if data 
supported with link to State’s Strategic Highway Safety 
Plan



 

Sign Replacement: Eligible Federal Aid Programs: 
NHS, STP, IM, and HSIP.  Also High Risk Rural 
Roads



 

IMPORTANT: Specific eligibility requirements are 
determined locally.  Please coordinate with partnering 
agencies: local MPO, State DOT, FHWA Highway 
Safety Office, and the local FHWA Division Office

Presenter
Presentation Notes
Notes:  With regard to the replacement of signs, safety improvement projects include projects that improve highway signing [23 USC §101(a)(30)].  Thus, these projects can be funded in conjunction with other projects from Federal-aid programs including the National Highway System, the Surface Transportation Program, Interstate Maintenance, and the Highway Safety Improvement Program (HSIP).  Also, for roadways eligible for improvements under the High Risk Rural Roads Program, sign replacement is an eligible activity.

 

For developing a sign management program, State Planning and Research funds (23 USC §505) and State and Community Highway Safety Grants (23 USC §402) are potential funding sources.  HSIP funds may also qualify provided the need can be supported by the data, and this need fits into a State’s Strategic Highway Safety Plan.

 

It is important to emphasize to the localities that for determining specific eligibility, they need to work with the applicable agencies including their metropolitan planning organization, the State DOT and/or Highway Safety Office (for Section 402 funds), and the FHWA Division Office.

 

Other funding sources may also qualify or be eligible depending on the State..



Compliance Periods

From “Effective” Date of Final Rule (January 22, 2008):



 

Establish and implement method(s)


 

4 yrs (January, 2012)



 

Replace identified regulatory, warning, ground- 
mounted guide signs (except street-name)


 

7 yrs (January, 2015)



 

Replace identified street name & overhead guide 
signs


 

10 yrs (January, 2018)





 

Public agencies or officials having jurisdiction shall use 
an assessment or management method that is 
designed to maintain sign retroreflectivity at or above 
the minimum levels in Table 2A-3”



 

Compliance… is achieved by having a method in place 
and using the method to maintain the minimum levels 
established in Table 2A-3.  Provided that… a method is 
being used, an agency would be in compliance… even 
if there are some individual signs that do not meet 
the… levels at a particular point in time.

Summary of New Language



What Should I Do Next?


 

Select maintenance method(s)


 
Budget to implement method


 

Train inspectors


 
Implement maintenance method(s)


 

Decide on sheeting types


 

Consider initial and life cycle costs


 
Budget for future sign replacement



MUTCD Sign Maintenance 
Methods

How to be in Compliance with new 
Retroreflectivity Maintenance 
Requirements



Can we decide to replace signs 
based on daytime inspections?



MUTCD Methods


 

Visual assessment


 
Measured retroreflectivity 


 

Expected sign life


 
Blanket replacement


 

Control signs


 
Future methods


 

Combination of methods
www.fhwa.dot.gov/retro

Presenter
Presentation Notes
The intent of the methods is to provide a systematic means for agencies to maintain traffic sign retroreflectivity at or above the minimum levels. The FHWA has determined that agencies that use an approved method to maintain traffic sign retroreflectivity are in conformance with the minimum maintained retroreflectivity requirements established in the MUTCD. 

http://www.fhwa.dot.gov/retro


Method 1: Visual Assessment


 

Trained inspector


 
Visual inspection at night


 

Need to tie to minimum values 
by using


 

Calibration signs procedure, or


 

Comparison panels procedure, or


 

Consistent parameters



Method 1: Visual Assessment


 

Common elements of all visual 
assessment techniques


 

Aim inspection vehicle headlamps


 

Two-person crew works best


 

Having an inventory is ideal


 

Use low-beam headlamps


 

Have evaluation form and criteria


 

Conduct evaluations at roadway speed




 

“Calibrate” eyes with calibration signs


 

Calibration signs 
are near 
minimum retro


 

Evaluate signs 
compared to 
calibration signs

Method 1: Visual Assessment

Presenter
Presentation Notes
A type of nighttime inspection.



The trained inspector would calibrate their eyes to a sample of signs that have been pre-determined to be near the minimum levels established by research.  The inspector would look at the sample signs at night, from a predetermined distance, in the inspection vehicle they will be using.  They would then drive their roads and document those signs that appear to not meet the same brightness as the sample signs. 



It would be very important that the inspector be trained in the proper procedures for conducting the evaluation.



Method 1: Visual Assessment


 

Tie to minimum values with comparison 
panels


 

Panels are near desired retro


 

Clipped to sign - viewed from distance


 

Evaluate signs compared to panels

Presenter
Presentation Notes
The first of the three visual inspection methods we’ll go over is called the comparison panel procedure.  As the name implies, this procedure consists of small panels at pre-determined retroreflectivity levels that are used to visually inspect signs identified as marginal during nighttime inspections.  There is a photo here on the left showing a set of comparison panels and a photo on the right showing how the panels are used.  



Let’s look at the examples (Speed Limit and Stop sign)  What do you think that photo illustrates?  <hear a few responses>  Answer---Speed limit is failing…Stop sign is OK. 





Method 1: Visual Assessment


 

Tie to minimum values by using 
consistent parameters as used to 
develop the minimum levels


 

Inspector – older driver (60+)


 

SUV type vehicle


 

Cutoff headlamps 
(properly aimed)

Presenter
Presentation Notes
The last of the three visual inspection methods we’ll go over is called the consistent parameter technique. This technique is different in the previous two in that you need to have an older driver be the sign inspector and the inspection vehicle needs to have specific headlamp type.  We’ll go over the details in the next few slides.





Advantages / Disadvantages



 
Advantages:


 

Low administrative and fiscal burden 


 

signs are viewed in their natural surroundings


 

Low level of sign replacement and sign waste.


 
Disadvantages:


 

Subjective but research has shown that trained 
observers can reasonably and repeatedly detect 
signs with marginal retroreflectivity. 



 

Exposure of conducting nighttime inspections


 

Paying overtime

Presenter
Presentation Notes
One of the major benefits of using the visual inspection method is that it has the least administrative and fiscal burden of all the methods. Many agencies already perform some type of periodic sign inspection, although not all inspections are performed at night. This method also has a unique feature in that the signs are viewed in their natural surroundings. Thus, the overall appearance of the sign and the ability of the sign to provide information to the driving public can be assessed.

Another advantage of the visual inspection method is that it has the lowest level of sign replacement and sign waste. Only those signs identified as needing to be replaced because of low retroreflectivity levels are replaced, assuming that the inspection frequency is appropriate. With management methods, it is probable that some signs will be replaced before their full life is achieved. This may imply that the visual inspection method (as compared to the measured retroreflectivity method) maximizes sign life.

While this method may be more subjective than other methods, research has shown that trained observers can reasonably and repeatedly detect signs with marginal retroreflectivity. There is some risk involved while doing these inspections, particularly if the driver is also the evaluator and recorder. Ideally, nighttime inspections should be conducted with two people for safety reasons.





MUTCD Methods


 

Visual assessment


 
Measured retroreflectivity 


 

Expected sign life


 
Blanket replacement


 

Control signs


 
Future methods


 

Combination of methods
www.fhwa.dot.gov/retro

Presenter
Presentation Notes
The intent of the methods is to provide a systematic means for agencies to maintain traffic sign retroreflectivity at or above the minimum levels. The FHWA has determined that agencies that use an approved method to maintain traffic sign retroreflectivity are in conformance with the minimum maintained retroreflectivity requirements established in the MUTCD. 

http://www.fhwa.dot.gov/retro


Method 2: Measure Sign Retro


 

Use a portable instrument


 
Receive proper training


 

Have a protocol for consistency


 
Compare readings to minimum values

Presenter
Presentation Notes
Now lets start talking about taking retroreflective measurements instead of visual inspection techniques.  

Has anyone ever measured retroreflectivity?  In the field?  What can you tell us about it?  



For each sign in a jurisdiction, measure the retroreflectivity of each color (except black).  

Make note of the type of sheeting.  

Multiple measurements should be made to compute an average

A measurement protocol should be developed

An extension pole or ladder will be needed



Examples of Sign Retroreflectometers

Model GR3
(Delta)

Model 922
(Gamma Scientific)

SMARTS Van

Contact
Devices:

Non-Contact
Devices:

Experimental concept, 
but NOT yet available.

Presenter
Presentation Notes
These are the two most common retroreflectivity measurements devices available in the US.  They are both hand held devices and essentially prodice the same information.  The web sites for these instruments are shown on this slide for your reference.  The devices are approx $10,000 each.  



The SMARTS van measure sign retroreflectivity from 200 feet away as you drive down the road.  The unit sets off a flash and takes a digital image of the sign.  The digital image is then process with a computer to estimate the sign retroreflectivity.  





Handheld Devices as of April 2008



 

RoadVista Model 922


 

Annular Device (one measurement on 
prismatics)



 

Measurement Point: 1 inch in Diameter


 

Aperture reducer (for measuring narrow 
text)



 

GPS


 

Data storage (4,500 readings) & 
Download Software



 

Removable / Rechargeable Battery


 

Entrance Angle -4.0 degrees


 

Measures 2 observation angles at the 
same time (0.2 & 0.5)



 

Bar code reader


 

ASTM E1709 compliant


 

Extension Pole Kit is Available & 
Adjustable Entrance Angle Attachment



 

Built in USA



 

Delta RetroSign 4500 now replaced 
by the New Model GR3


 

Point Device (two measurements on 
prismatics 0 / 90 degrees)



 

Measurement Point: 1.2 inches


 

Aperture reducer (for measuring 
narrow text, .625 +/-)



 

GPS


 

Data storage (250,000 readings) & 
Download Software



 

Removable / Rechargeable Battery


 

Entrance Angle -4.0 degrees


 

4500 Measures 1 observation angle 
(0.2)



 

GR3 Measures 3 observation angles 
at the same time (0.2 0.5 & 1)



 

RFID reader (field tag reading device)


 

ASTM E1709 compliant


 

Extension Pole Kit is Available

Presenter
Presentation Notes
Costs are $10,000 to $12,000 as of June 2008.  The info on this slide is only meant to be a quick reference for those interested in purchasing a device.  

<This slide is not meant to take a lot of time>.  





Information on Hand-Held Devices 



 
Delta Retrosign GR3


 

http://www.flinttrading.com


 
RoadVista 922


 

http://www.roadvista.com


 
Zehntner ZRS (Available in Europe) 


 

http://www.zehntner.com/html/download/prospekt_zrs5060_d_e.pdf



 
Mechatronic RC200 (Available in Europe)


 

http://www.mechatronic.de/04traffic/en/01/rc2000.html


 
As of May 2008

Presenter
Presentation Notes
Contact your LTAP center to borrow retroreflectometer.  



Advantages / Disadvantages



 
Advantages:


 

Provides the most direct means of monitoring the 
maintained retroreflectivity levels 



 

Removes subjectivity


 
Disadvantages:


 

Cost of instruments (approx $10,000 to $12,000)


 

Measuring all signs in a jurisdiction can be time 
consuming



 

Using retroreflectivity as the only indicator of 
whether or not a sign should be replaced may end 
up neglecting other attributes of the sign's overall 
appearance. 

Presenter
Presentation Notes
Measured retroreflectivity provides the most direct means of monitoring the maintained retroreflectivity levels of deployed traffic signs. This removes all subjectivity that exists in other methods. However, a limit must be established on how close a sign's retroreflectivity levels can be to the required minimum levels before they are replaced. Measurement uncertainty and the variance between the retroreflectivity at the prescribed measurement geometry versus the retroreflectivity at the actual observation geometry may result in a sign that meets the minimum requirements but does not meet the needs of the driver, and vice versa.

The main disadvantage of using this method is that measuring all of the signs in a jurisdiction is time consuming. Measured sign retroreflectivity may be best used to support one of the other methods or as a means of evaluating marginal signs. Another disadvantage is that using the retroreflectivity of the sign as the only indicator of whether or not a sign should be replaced may end up neglecting other attributes of the sign's overall appearance. Other factors should be considered, including the overall appearance and legibility of the sign, as well as environmental concerns, such as areas with high levels of visual clutter or glare, that may require a brighter sign. Agencies need access to instruments and trained personnel to use this method.





MUTCD Methods


 

Visual assessment


 
Measured retroreflectivity 


 

Expected sign life


 
Blanket replacement


 

Control signs


 
Future methods


 

Combination of methods
www.fhwa.dot.gov/retro

Presenter
Presentation Notes
The intent of the methods is to provide a systematic means for agencies to maintain traffic sign retroreflectivity at or above the minimum levels. The FHWA has determined that agencies that use an approved method to maintain traffic sign retroreflectivity are in conformance with the minimum maintained retroreflectivity requirements established in the MUTCD. 

http://www.fhwa.dot.gov/retro


Method 3: Expected Sign Life



 
Find the life of the sheeting type in your area



 
Replacement based on expected life for 
individual signs

Presenter
Presentation Notes
Sign age on front of sign



Indicating Sign Age


 

Stickers on front or back of sign to show 
when fabricated or installed

Presenter
Presentation Notes
Sign age on back of sign



Determining Sign Life

• Build and use a 
weathering rack like the 
one shown

• Use AASHTO-NTPEP 
data

• Use warranty information 
from sheeting company

• Specify sign life
• Measure existing signs 

with know install date 
and compare to min level

• Use weathering data or 
nearby jurisdiction’s 
weathering data

Presenter
Presentation Notes
This method relies on having sign life information available.  Where could an agency go to get sign life information if they did not have it? 



<solicit participant input before revealing some of the answers> 



Using Warranty Information



 
Predicted sign age could be provided in a 
warranty by sheeting manufacturers.



 
Typical warranties not typically based on 
minimum retroreflectivity levels



 
Agencies could develop specifications with 
warranties based on minimum retroreflectivity 
levels


 

Example: Warranty Type III sheeting for 15 years in 
accordance to Table 2A-3 of the MUTCD

Presenter
Presentation Notes
Sign life may be different for fluorescent sign materials



Advantages / Disadvantages



 

Advantages:


 

This method requires that agencies track the installation date 
of their signs. 



 

Can use a date sticker, bar code, or computerized sign 
management system 



 

Agencies can develop or copy local service life levels


 

Disadvantages:


 

It may be time consuming to inspect date stickers if the 
stickers are not easily viewable or identifiable on the sign.



 

Another possible difficulty relates to marking signs that need 
to be replaced. 

Presenter
Presentation Notes
This method requires that agencies track the installation date of their signs. For the field replacement approach to this method, there is the benefit of associating the condition of a sign to its age. The use of a computerized sign management system may eliminate the need for a date sticker, but it also limits the means that may be used to analyze actual service lives because of the need for bar-code reading equipment or other technology-dependent equipment that might be used to code information on a sign.

The expected sign life method allows agencies to help develop local service life requirements based on actual end-of-service-life retroreflectivity measurements and comparisons to minimum required levels. These comparisons can provide useful information on service life under local conditions, product performance, sign fabrication processes, and analysis of replacement strategies. This method requires that the type of sheeting used to fabricate a sign be known. Other pertinent information may also be necessary to take advantage of sophisticated sign life prediction algorithms.

One drawback to this method is that it can be fairly time consuming to check date stickers if the stickers are not easily viewable or identifiable on the sign. Another possible difficulty relates to marking signs that need to be replaced, although immediate replacement is possible for some sign types. If an agency uses a sign management system and functions with the use of portable computers in the field, the inspectors can easily note the signs that need to be replaced, and even generate work orders.





MUTCD Methods


 

Visual assessment


 
Measured retroreflectivity 


 

Expected sign life


 
Blanket replacement


 

Control signs


 
Future methods


 

Combination of methods
www.fhwa.dot.gov/retro

Presenter
Presentation Notes
The intent of the methods is to provide a systematic means for agencies to maintain traffic sign retroreflectivity at or above the minimum levels. The FHWA has determined that agencies that use an approved method to maintain traffic sign retroreflectivity are in conformance with the minimum maintained retroreflectivity requirements established in the MUTCD. 

http://www.fhwa.dot.gov/retro


Method 4: Blanket Replacement



 
All signs in an area/corridor are replaced at the 
same time at specified intervals



 
Specified intervals could be set based on 
expected sign life



 
Some existing blanket sign replacement policies 
exist using 10-12 years for Beaded High- 
Intensity sheeting signs 

Presenter
Presentation Notes
In many ways,  blanket replacement is similar to expected sign life.  The major difference is that with blanket replacement you do not have to track each sign.  You only track signs by location or by type.  



Blanket Replacement



 
Divide agency into 
areas/corridors or zones



 
Relate number of areas to 
replacement cycle



 
Replace all signs in an 
area/ corridor each 
replacement cycle


 

10 yr life,  10 areas


 

Annual replacement in each 
area

Replace Replace 
all signs in all signs in 
this area this area 
during 1st during 1st 

yearyear
3rd 3rd 
yearyear

5th5th
yearyear

7th7th
yearyear

Example

City of Tempe AZ Maintenance Zones

Presenter
Presentation Notes
Breaking area in to smaller areas makes it more manageable for a lot of reasons (e.g. assignment of resources, demand & routing maintenance)



Advantages / Disadvantages



 
Advantages:


 

The major benefit of using this method is that all 
signs are replaced; there is a low likelihood of a 
given sign being skipped over or not being 
replaced. This ensures that all replaced signs are 
visible and meet minimum retroreflectivity levels.



 
Disadvantages:


 

The major drawback to this method is the potential 
amount of waste than can be generated if signs 
that are relatively new are removed during a normal 
replacement cycle. 

Presenter
Presentation Notes
The major benefit of using this method is that all signs are replaced; there is a low likelihood of a given sign being skipped over or not being replaced. This ensures that all replaced signs are visible and meet minimum retroreflectivity levels.

The major drawback to this method is the potential amount of waste than can be generated if signs that are relatively new are removed during a normal replacement cycle. This can be particularly expensive when a blanket replacement method is first implemented. Follow-up replacement cycles can also be wasteful if signs are replaced between the expected service life periods because of knockdowns, graffiti, etc.





MUTCD Methods


 

Visual assessment


 
Measured retroreflectivity 


 

Expected sign life


 
Blanket replacement


 

Control signs


 
Future methods


 

Combination of methods
www.fhwa.dot.gov/retro

Presenter
Presentation Notes
The intent of the methods is to provide a systematic means for agencies to maintain traffic sign retroreflectivity at or above the minimum levels. The FHWA has determined that agencies that use an approved method to maintain traffic sign retroreflectivity are in conformance with the minimum maintained retroreflectivity requirements established in the MUTCD. 

http://www.fhwa.dot.gov/retro


Method 5: Control Signs



 

Sign life is estimated using a subset of signs 
representing an agency’s inventory.


 

Subset of signs is the “control signs”



 

Control signs can be in-service signs or signs in a 
maintenance yard.



 

Agency monitors control 
signs to estimate condition 
of all their signs.



 

Periodically measure 
retroreflectivity of control 
signs.

Example of Control Signs

Presenter
Presentation Notes
These sign could be evaluated with a retroreflectometer or using one of the visual inspection methods.  



Advantages / Disadvantages


 

Advantages:


 

Not very labor intensive 


 

Low cost option


 
Disadvantages:


 

Need to have an adequate sampling of 
signs 



 

Need to have signs selected from in-service 
signs or have a place in the designated area 
like a maintenance yard

Presenter
Presentation Notes
The main benefit of this method is that it is not nearly as labor intensive as taking retroreflectivity readings on every sign in an agency's jurisdiction. Because a sample set of signs is used to monitor the retroreflectivity levels, it is easier and less labor intensive to get an estimate on how the traffic signs, represented by the control signs, are performing in the field. Another benefit of using this method is that signs that do meet the required minimum retroreflectivity levels are not removed prematurely, allowing for an efficient use of the signs and their material. This may be particularly advantageous when the life of a new sign material exceeds the warranties provided by the manufacturer.

This method requires agencies to have the capability to measure the retroreflectivity of the control signs. Without an appropriate sampling process, the control signs may not be representative of the larger sign population they are intended to represent. This could lead to replacing signs that do not need replacement or not replacing signs that do need replacement. Therefore, agencies must evaluate the number of signs of each type within their jurisdiction and establish guidelines on the number of control signs that are needed to appropriately represent signs in the field.





MUTCD Methods


 

Visual assessment


 
Measured retroreflectivity 


 

Expected sign life


 
Blanket replacement


 

Control signs


 
Future methods


 

Combination of methods
www.fhwa.dot.gov/retro

Presenter
Presentation Notes
The intent of the methods is to provide a systematic means for agencies to maintain traffic sign retroreflectivity at or above the minimum levels. The FHWA has determined that agencies that use an approved method to maintain traffic sign retroreflectivity are in conformance with the minimum maintained retroreflectivity requirements established in the MUTCD. 

http://www.fhwa.dot.gov/retro


Method 6: Other Options



 

Flexibility is provided for  
future advancements in 
technology and methods 
that have not been fully 
developed



 

Must be based on an 
engineering study

Presenter
Presentation Notes
The FHWA believes that the final rule provides several assessment or management methods that agencies can choose from, based on the method that best fits the agencies' resources and needs. An agency can choose to use either assessment methods or management methods, or a combination; however, agencies should develop a method in such a way that it corresponds to the values in Table 2A-3. The methods have been developed to provide flexibility for agencies for addressing their local conditions. To address the comments received regarding the types of assessment methods that should be used, FHWA clarifies the GUIDANCE statement by adding a sixth method to the list of assessment or management methods titled “Other Methods,” which explicitly states that other methods developed based on engineering studies can be used.5 



MUTCD Methods


 

Visual assessment


 
Measured retroreflectivity 


 

Expected sign life


 
Blanket replacement


 

Control signs


 
Future methods


 

Combination of methods
www.fhwa.dot.gov/retro

Presenter
Presentation Notes
The intent of the methods is to provide a systematic means for agencies to maintain traffic sign retroreflectivity at or above the minimum levels. The FHWA has determined that agencies that use an approved method to maintain traffic sign retroreflectivity are in conformance with the minimum maintained retroreflectivity requirements established in the MUTCD. 

http://www.fhwa.dot.gov/retro


Combining Methods


 

Use one or more of the methods 
together


 

Support and reinforce each other


 

Use one as quality control of another


 
Possibilities


 

Visual inspection to identify signs to be 
measured



 

Measured retro of control signs

Presenter
Presentation Notes
Combinations of two or more methods may be viable for some agencies. In addition, agencies are not limited to the proposed maintenance methods. Agencies may develop their own methods using documented engineering studies that demonstrate that deviations are appropriate.

Agencies may combine different methods or parts of different methods to achieve sign retroreflectivity maintenance practices that best fit the agency's needs and budget. Generally, a combination method would include a management method complemented with an assessment method used to provide supplemental data. This method provides a means to track individual signs but without the need to inspect or measure every sign. Any number of combinations can be implemented to logically integrate with other aspects of the sign management process and best fit an agency's limited resources. Also note that the proposed methods can be used exclusively with effective results.

One possible combination is the use of a management method with both daytime and nighttime visual inspections. The expected life of a sign is a management method and is based on the age and degradation of the sheeting types used. This management method in combination with daytime visual inspections may allow an agency to track how many signs they have, how old they are, and where they are located. It also provides field crews with a list or summary of deployed signs that can be easily used to note the need for sign replacements or repairs when conducting nighttime visual inspections. The information may be downloaded to electronic devices (e.g., laptop computers or PDAs) to further facilitate field inspections and documentation of sign conditions and replacement needs. Combining the expected sign life management method with both daytime and nighttime visual inspections is one example of adapting methods that meet an agency's needs.

Another possibility is to combine expected sign life with measured retroreflectivity. Under this method, it is not required to measure the retroreflectivity of all signs. Measurement of a small sample from across a region allows the agency to compare the expected and measured retroreflectivity. The measurements allow the agency to validate, and revise if necessary, the service life of each sign sheeting material and color used by the agency.



Summary: Methods Allowed



 
Visual Nighttime Inspection


 

Calibration Signs


 

Comparison Panels


 

Consistent Parameters 


 
Measured Sign Retro



 
Expected Sign Life



 
Blanket Replacement



 
Control Signs



 
Future Method Based On Engr. Study



 
Combination Of Any

Presenter
Presentation Notes
Regardless of which maintenance method is adopted by an agency, documentation of the sign management process is important in assisting agencies to achieve conformance with the MUTCD standard to maintain minimum retroreflectivity levels of traffic signs. Written procedures ensure that agency personnel properly follow the selected method, while maintenance records provide the agency with a systematic process for sign replacements and justification for the allocation of limited resources. As an example, measurements of traffic sign retroreflectivity might show that certain signs are near or below the thresholds in the table of minimum retroreflectivity levels even before they reach the end of their expected life. The records provide documentation that an appropriate maintenance method was followed and permit the agency to assess and revise, if necessary, the method for a given type or group of signs. As long as an agency has a reasonable method in place to manage or assess its signs and establishes a reasonable schedule for sign replacement as needed, the agency will be deemed to be in conformance. 



What Should I Do Next?


 

Select maintenance method(s)


 
Budget to implement method


 

Train inspectors (ask LTAP for slides)


 
Implement maintenance method(s)


 

Decide on sheeting types


 

Consider initial and life cycle costs


 
Budget for future sign replacement

Presenter
Presentation Notes
Let’s go over one way to determine sheeting life cycle costs.  



Decide on Sheeting Types



 

Engineering grade (EG)


 

ASTM Type I


 

Super engineer grade (SEG)


 

ASTM Type II


 

High intensity (HI)


 

ASTM Type III


 

Microprismatic (MP)


 

ASTM Types III, IV, VII, VIII, IX, X


 

Delineators


 

ASTM Type V


 

Roll-up


 

ASTM Type VI

Web link

Presenter
Presentation Notes
Handout worksheet. 



ASTM defines sheeting by Type.  Type I is engineering grade, which is the lowest grade for traffic purposes.  Types I, II, and III are all beaded materials.  Type III is probably the most commonly used material with State agencies, although many have started to use one or more of the microprismatic materials.  More on the microprismatic materials in a few slides.  The Type VI material is used for temporary work zone signs.



Ask audience what a 36x36 warning sign with EG material costs (Substrate, sign sheeting material, and labor costs).



Sign Color
Sheeting Type (ASTM D4956-04) 

Additional
CriteriaBeaded Sheeting Prismatic Sheeting

I II III III, IV, VI, VII, VIII, IX, X

White on 
Green

W*
G ≥

 

7
W* 

G ≥

 

15
W*

G ≥

 

25 W ≥

 

250; G ≥

 

25 Overhead

W*
G ≥

 

7 W ≥

 

120; G ≥

 

15 Ground-

 
mounted

Black on 
Yellow or
Black on 
Orange 

Y*; O* Y ≥

 

50; O ≥

 

50 

Y*; O* Y ≥

 

75; O ≥

 

75 

White on Red W ≥

 

35; R ≥

 

7 

Black on White W ≥

 

50 



 

The minimum maintained retroreflectivity levels shown in this table are in units of cd/lx/m2

 
measured at an observation angle of 0.2

 

and an entrance angle of -4.0.
For text

 

and fine symbol signs measuring

 

at least 1200 mm (48 in) and for all sizes of bold 
symbol signs
For text

 

and fine symbol signs measuring less than 1200 mm (48 in)
Minimum Sign Contrast Ratio ≥

 

3:1 (white retroreflectivity ÷

 

red retroreflectivity)
*  This sheeting type should not be used for this color for this

 

application.

New MUTCD Table 2A.3
Minimum Maintained Retroreflectivity Levels

Presenter
Presentation Notes
Warning signs emphasis…let’s look at a yellow sign with words that is 36 by 36 inch.  What is the min retro according to this table?

<let audience figure this one out>



Yellow - ASTM Specification (new matl, 0.2, -4.0)

I

II

III

0

50

100

150

200

250

300

350

400

ASTM Type

cd
/lx

/m
2

Required Minimum Maintained Levels

E G Super EG High Inten
Prismatic
Average

Presenter
Presentation Notes
Here are typical retro levels for new yellow sheeting materials.  And the min retro from the previous slide is 75.   Therefore, we can see why Type I, even when new, is not allowed as a Type of material for warning signs.  





Years

Generalized Life of Yellow Sheeting
(no data)

Required Minimum Maintained Levels

Super EG

High Intensity

Average of Some Prismatics

N
ew

 S
he

et
in

g 
R
et

ro
re

fle
ct

iv
ity

 S
pe

c 
Va

lu
e

Presenter
Presentation Notes
Yellow EG starts below min maintained level … not important the degradation rate.  



The other degradation rates shown here are generally accurate but regional conditions make a big difference.  For this scenario, consider these hypothetical degradation curves.  



Go back to worksheet.  Ask audience for typical life costs of the different materials.  Default values are provided.  





Sign Sheeting Material Costs


 

What are reasonable costs you can 
expect for these materials:


 

Assume per sq. ft


 

Engineering Grade ____


 

Super Engineer Grade ____


 

High Intensity Beaded ____


 

High Intensity Prismatic ____


 

Other Prismatic (Avery, NCI, or DG3) ____

Presenter
Presentation Notes
DEFAULT VALUES FOR INSTRUCTOR

Engineering Grade ____  .80 (AA)

Super Engineer Grade ____  1.00  (B)

High Intensity Beaded ____   1.15  ©

High Intensity Prismatic ____ 1.5  (D)

Other Prismatic (Avery, NCI, or DG3) ____  3.25  (E)



Life Costs of Warning Signs with 
Different Sheetings


 

Warning sign


 

Engineering Grade = ____ ÷ 7 = ____$/yr


 

Super Engineer Grade = ____ ÷ 10 = ____$/yr


 

High Intensity Beaded = ____ ÷ 12 = ____$/yr 


 

High Intensity Prismatic = ____ ÷ 12 = ____$/yr


 

Other Prismatic = ____ ÷ 16 = ____$/yr

Expected sign life (in years)
Now what if you have
2000 warning signs?

Presenter
Presentation Notes


Worksheet will show results.   It will also show results for a case where a jurisdiction may want to consider the costs if they had 2000 signs.



However, the spreadsheet does not include the indirect costs: minimize risk to crews when replacement cycles are longer. 



More Information


 

ATSSA  www.retroreflectivity.net


 

Primer on retroreflectivity


 

Common questions


 
FHWA  fhwa.dot.gov/retro


 

Summary Brochure


 

Final Rule


 

Power Point Presentations


 

Newsletter Articles


 

Frequently Asked Questions

Presenter
Presentation Notes
Here are some sources that you can easily access to gain further information on retroreflectivity.



http://www.fhwa.dot.gov/retro


FHWA Supporting Material



 
FHWA Retro Web Site



 
4-page summary



 
FAQs



 
Research Reports

www.fhwa.dot.gov/retrowww.fhwa.dot.gov/retro

Presenter
Presentation Notes
FHWA has developed a variety of material to support the final rule.  A good reference site for research reports and all other information related to the minimum retroreflectivity efforts is the web site shown here.  An example of the material on this web site is this 4-page summary that I mentioned earlier.  This is the document that is reference in the MUTCD language.  The front page is shown on this slide.  Another key feature of the web site is the FAQ section.  A lot of the incoming questions (and answeres) related to the new retroreflectivity requirement are posted here.  





http://safety.fhwa.dot.gov/roadway_dept/safersigns.pdf



Recent FHWA Related Reports

http://safety.fhwa.dot.gov/roadway_dept/index.htm

Presenter
Presentation Notes
There are a variety of reports available to help support agencies.  Two of these reports are shown here.  The Horizontal Curve Safety report provides information on low-cost treatments that can be applied to horizontal curves to address safety problems.  The report describes the treatments, shows examples, suggests when they might be applicable, provides design features, and where available, provides information on the effectiveness and costs.  Some of the treatments include signing considerations.  The second report contains good technical practices for 3R projects that include traffic control devices including signs.  



These reports, and reports like these, are posted at the web site shown on the bottom of the page.  I’ll give you a minute to jot this down.  







http://safety.fhwa.dot.gov/roadway_dept/index.htm


For Further Information


 

LTAP contact


 
State DOT


 

FHWA Division Office



What Should My Agency Do Now?

Act casual, 
say nothing
and hope no one 
notices, or be 
proactive and 
help drivers?
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