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PREFACE 

Far several years, the Federal Highway Administtation (FHWA) of the U.S. 
Dcpanment of Transportatioo has been concerned that highway signs and markings are not 
being replaced in a timely manner. Currcndy, the Mcuu,al on Uniform Traffic Control 
Dnic~s (MUTCD) only requires that signs and pavement markings be rctroreflectoriz.cd or 
illuminared. The MlITCD contains no minimum in-service retroreflcctivc requirements for 
traffic conttol devices. 

Accident statistics indicate that a nighttime driving problem exists. The fatality rate 
(fatalitiet/vchicle) for miles of travel is more than thr~ times higher at night than during the 
day. Although factors such as fatigue and intoxication contribute to this disparity, they do not 
account of the tolal difference. Because of poor visibility. driver reliance on traffic control 
devices for the necessary warning, regulation, and guidance decreases at night, adding to the 
problem. The additions of inclement weather and glare from opposing vehicles compound the 
problem. 

1be FHW A recognized the need to detenninc the minimum in-scnice n:trorcflective 
requirements for traffic control devices and convened the Workshops on Field Inspection and 
Rehabilitation of Traffic Control Devices held in Reston, Virginia. from February 5 to 7, 1990 
(the cas1ern workshop), and in Salt Lake City, Utah, from February 21 to 23, 1990 (the 
western workshop). Each workshop spanned two and a half days and comprised 22 
presentations, 1 panel discussion with 4 panel presentations_ and 2 breakout sessions of 3 
simultaneous discussion groups. 

The objective of the workshops was to obtain infonnation from State and local officials 
to guide the development of national policy on minimum in-service rctrorcflcctivity 
requirements fer traffic control devices. Specifically, the purpose of the workshops was to: 

• Disseminate results of rcscan:h related to minimum visibility requirements. 

• Disseminate information about various tools for maintaining adequate signs and 
markings. 

• Encoura~ State and local officials to share their procedures and experience 
maintaining signs and marldng1,. 

• Obtain feedback from State and local operations organiw:ions that would support 
decisions for a national policy on minimum in-service rctrorcflectivity 
requirements for traffic control devices. 

• Advise FHW A regaming future n:search activities that could be inaugurated to 
support a program for better tmffic signing. 

xi 



1be organization of this proceedings document minors the SDllcturc of the western 
workshop. which differed only slighdy from the eastrm workshop. The proceedings 
document begins with an executive summary, followed by presentation papers grouped into 
seven plenary sessions: Issues. Needs, and lhe FHW A Research Program; Development of 
Minimum Requirements; Marerials Selection; Field Assessment Techniques; Maintenance 
Procedures and Programs; Improved Inventory Techniques; and Look to the Future. Where 
presentation topics were addlessed by different speakers at the eastern and western 
workshops. paTxrs by speakers at the eastern workshop precede those by speakers at the 
western wmtshop. Following the papen on Development of Minimum Requirements is a 
summary of the panel discussion on Pcrfonnance Standard Oiteria. A summary of the 
breakout sessions on freeway signing, non-freeway signing. motorist services a.~d tourist 
oriented signing follows the papers on Materials Selection and a summary of the breakout 
sessions on sign replacement methods. using conaacting versus in-house and prison industries, 
and traffic control during sign replacement follows the papen on Maintenance Procedures and 
Programs. 

xii 



EXECUTIVE SUMMARY 

This proceedin1s document describes the Workshops on Field Inspection and 
Rehabilitation of Traffic Control Devices (TCDs), convened by the Federal Highway 
Administration (FHW A) o! the Department of Transportation to improve signing on the 
nation's stteets and highways. 1be workshops comprise two regional workshops-one in the 
Eastern U.S., the ocher in the Western U.S. 

To achieve improved signing on the nation's roadways, A-IWA has begun a number of 
initialives, including the two regional workshops, a review of each State's highway sign 
replacement and refurbishing program, and a training course entitled The Road to Bener 
Highway Signing. In conjunction with this effort, the A-IW A Retrorcflectivity Research 
Program iw begun effons to obtain the infonn~!ion necessary to establish minimum 
retroreflectivity requirements and also to develop the tools (management prograr.1s and 
measurement devices) needed to implement these requirements. 

Although the structure of the two workshops varied slightly, all sessions were the same. 
This document follows the patterri of the western workshop, which opened with a plenary 
session on Issues, Needs, and the FHW A Research Program, followed by a plenary session on 
Development of Minimum Requirements. The program continued with a panel discussion on 
Performance Standard Criteria, followed by a plenary session on Materials Selection. 
Breakout sessions on freeway signing, non-freeway signing, motorist services and tourist 
oriented signing completed the first day of the work.shops. The second day opened with 
reports of the breakout sessions and continued with a plenary session on Field Assessment 
Techniques. A plenary session on Maintenance Procedures and Programs foll,>wed. The 
second day endc.J with breakout sessions on sign replacement methods, using contracting 
versus in-house 1Jld prison industties, and traffic control during sign replacement. The third 
day opened witli reports on the previous day's breakout sessions, followed by a plenary 
session on Improved Inventory Techniques. 1be workshops closed with a Look to the Future 
plenary session. 

Most plenary-session speakers made presentations to both workshops. In other 
instances, speakers participated in only one workshop. However, all topic areas were 
included in the rwo regional workshops. 

DEVELOPMENT OF MINIMUM REQUIREMENTS 

After opening remarks on the workshop goals and objectives by Philip Russell and an 
overview of the FHW A Retrorcflcctivity Research Program by Jeffrey Paniati, three speakers 
presented research information conceming the development of minimum requirements. 

Research studies described by Paul Oi~oo indicate that the most imponant variable 
affecting nighttime legibility is legend to background contrast. Background luminance is also 
a factor. Thete findings, coupled with more specific data from studies, offer specific 
recommendations for improving the performance of older driven. 

xiii 



Jeffrey Patrlati outlined resean:h studies used to detenr.ine the level of visibility 
required by driven (in order to respond safely to a TCD) anc compared this level to the 
actual amount of visibility supplied by the TCD. As part of the research, FHW A developed a 
computer model, Computer Analysis of Rcttoreflectivc Traffic Signs (CARTS), using 
laboratory and field data to calibrate the model. 

Hugh McGee reported on the status of a project funded by the National Cooperative 
Highway Research Program currently under way to determine the economic consequences of 
alternate standards for retroreflective traffic signs. The data from the project will be used to 
develop relationships that indicate how various retrorcflcctivity standards would affect. 
nationally and at State and local levels, the number of signs to be replaced, the replacement 
costs, and any other economic or management considerations. 

PERFORMANCE STANDARD CRITERIA 

The workshop panel discussion comprised four presentations on performance standard 
criteria. Each panelist presented the concerns of one of the following groups: State agencies, 
local agencies, industry, and the public. 

The representatives from State agencies acknowledged that agencies need to make signs 
more visible to motorists. Concerning development of minimum rctroretlcctivity standards, 
they also emphasized specific issues to consider, including the variable factors that influence 
sign rctroretlcctivity, the needs of older driven, and the need to prevent creating more ton 
liability problems. Representatives of local agencies also acknowledged the need for agencies 
to provide signs with adequate nighttime visibility. Concerns focused on preventing increased 
liability problems, ensuring flexibility of stand.ads for vmious conditions, and consideration 
of economic impacts during the setting of minimum retroreflcctivity standards. Two 
suggested methods for developing standards described by the repre1entatives were phasing in 
standards on the freeway system only and setting the minimum standard u a service life 
limit. 

Jodustry representatives considered minimum retroreflectivi\y standards estential for 
maintain: -11 high quality signs and expressed strong support for tight standards. They also 
noted that standards could reduce tort liability costs by eliminating many of the subjective 
rulings of the court system. Regarding the establishment of minimum ~troreflectivity 
S1andards, representatives of the public expressed their concern by emphasizing that minimum 
retnntlectivity standanls must be established along with legibility 11Bndards, that older 
driven must be considc=l when establisbin1 the standards, and that economic considerations 
must not Iowa' the standards. 
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MATERIAU SELECTION 

Hup McOee dilcuaed the principal facton--driver visibility needs, durability and 
economics. and pncticality-involved in aelcctin& sip material. Becau1e aaeoaes pioritia 
cacb d lbac faclon diffcmldy, depcndin1 upoo apncy policy, location. and melbod of 
opendon. definiliwi ieconuneodalion cannot be made for selectin1 from among the many 
typCS of m-=rials. 

Preliminary results of the fHW A-sponsored pro~t on "Service Life of Reuorctlective 
Traffic Sips," prescnu,d by Kent Black, dctamincd that sbcelin1 aac, solar radiation levels, 
and pnenl area climale were reasonable predictors of in-service specific intensity per unit 
uea (SIA). The study allo revealed that sip SIA increased by nearly 10 percent after sip 
wubing, bued on approximately <,00 samples. In addition, the project uncovered aeveral key 
issues that reduce researchers' ability to model in-service SIA: variability in SIA values for 
new sbeetin1, errors in computerized sign inventories, and the limited number of sites 
smveyed. 

The Ncrileutern Association of Swe Highway and Tnnsportation Officials 
(NASHTO) initiated a Regional Testing Program, which will enable member States to pool 
maaaial evaluation and testing of common ma&erials. The process of developing the program, 
described by Donald Casner", began with the formation of a NASHTO ad hoc committee to 
evaluate striping materials. More recently, the program expanded to cover Olhcr materials and 
products, includina acotextilcs and geocomposites, anti-graffiti coatings, reflective sheeting, 
flexible delineators, coatinp for structural steel, plastic pipe and '--ulvens, raised pavement 
marten, tubular marb:n, and COIICrete admixtures. 

Richard Young• reported on the development of the Southeastern Association of Suu: 
Highway and Transportation Officials (SASHTO) Regional Test Facilities for Robert 
Moseley. The facilities perfOI m required research and testing, but do not approve ~ 
disapprove products. Each SASIITO State receives a report for a product, reviews the 
infonnation, and then makes its own determination of acceptable products. 

BREAKOtrr SESmON ON SIGN MATERIALS 

Workshop participants aaendcd breakout sessioos to discuss one of three IDpics: 
freeway lipinJ masaia1I, non-freeway signing materials. or motorist services and tourist 
oriented detrination signing. Following die brakout sessioos, group moderators praented 
shOd IUIIIIDlriel d the dilcusaions to the CDtR Wffkshop. 

'"Jlraenled at CUICffl workshop only. 
♦,re.cnled at western workshop only. 
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FIELD ASSESSMENT TECHNIQUES 

To bepn the session on field 1S1CSSmcnt tlCchniqu:s, Edwin Lagergren presented the 
findinp of an investipdon of the current medlodology used to evaluate craffic sign 
retnnflectivity under actual highway conditims. The investigation, comprising a literature 
aurMy, a questionnaire sent to all Swes, and the training and analysis of human observers to 
r:,111, tntffic sip retrorcflectivity, revealed that at present, for a larae sip inventory, no 
mett.'d of sign review is more suitable than using a trained observer. 

Calvin Roberts' described the Michigan Department of Transportation sign evaluation 
process, which used a team to subjectively evaluate the performance and condition of 
individual signs and a computerized method to detenninc overall signing r.ecds for various 
acpncnts of freeways. Using the review, evaluation, and rating data, the computer program 
generaled a prioriti7.ed listing of sign segments to be upgraded 

Qting the fact that more than 55 percent of all far~ ~idents occur at night, Richard 
Young• emphasii.ed the need to identify nighttime problem signs, panicularly those that 
appear without problems in the daytime. Although nighttime inspections are the ideal, most 
signing budgets do not enable the necessary nighttime inspections. Mr. Young detailed a 
method thal uses a 200,000 candle-power spotlight available for $15 to determine during the 
daytime sips with problems. 

John Lumia outlined another practical system for evaluati:1g the nighttime visibility of 
existing signs and providing data for decisions on sign replacement or refurbishment. The 
system uses a charge coupled device (CCD) video camera to acquire sign images, a xenon 
flash as a source of light, and a portable personal computer to analyze the rettoreflecred sign 
images and can be operated during daylight from a moving vehicle. The results of 
experiments and analyses indicate that such a system is feasibl", well suited for malcing 
measurements from a moving vehicle, and can be built from commcn:ially available 
components. 

A study of service life of pavement markings, reported on by Owies Antle, compared 
four different typeS of reflectometers and found that the Mirolux, Ecolux, and the Erichsen 
are about equally useful for determining reflectivity levels. The study used a panel of human 
observers ID calibrate actual test readings using the reflectometen; the results indica1e a 
reading of 100 m..ai either the Erichsen or 1hc Mirolux to be failure level. 

Robert Auaway described the procedules, which included using portable 
retrorcflectome, and results for two pavement marldna evaluations, one of tbermoplastic 
lonptudinal martinp and a second of special martin&•· The first evaluation, pelfonned on 
350 miles of cbermoplutic edgelines, lanelines, centerlines, and banier lines, indicated that 
tbennopludc ii a durable and ref~livc pavement muting. The second evaluation of 

iareacnted at euaem wcrbbop only. 
+i>taented at we111em wOlbhop only. 
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approximarely 200 1ape arrows and symbols indicated that pavement rnarldng tapes. u 
measured by Idkctivity. performed poorly. 

Rcponing on the development of a new laser retroreflcctometcr that evaluates pavement 
marking recroretlcctivity from a vehicle moving at highway speeds during normal working 
hours, Richard Schwab noted that the methcxi more closely simulates the typical driver•s 
viewing geometry. The equipment is capable of sampling from 200 to SOO data points on 
each scan of the line u frequendy u every 3 feet (.9 meters), while the truck is traveling at 
55 mph (88 kph). Because this device offen too much data to store and interpret. research is 
currendy under way to delamine meaningful sampling procedures. 

MAINTENANCE PROCEDURES AND PROGRAMS 

The session on maintenance procedures and programs included presentations on State 
and/or local maintenance procedures, strategies for managing sign replacement, and the roic 
of industry for better signing. 

The Pennsylvania Department of Transportation's (PcnnOOT) major initiative to 
upgrade and improve statewide traffic signing, described by Brian McCoola•, began in 1987. 
At the end of December 1989, some 17.258 miles or 42 percent of the State highway system 
was successfully canec&ed and improved. ~ PennDOT initiatives include supervising a 
growing logo signin1 program, upgrading welcome center and rest area signing, evaluating 
signing and safety improvements at nearly 120 long, steep-grade "truck" hills, and 
implementing an "Adopt-A-Highway" litter control program. 

Loonard Eilts+ described the State of Minnesota's program to help local governments 
improve their sign compliance with the M"""41 on Uniform Traffic Control Devicu 
(MUTCD) and reduce liability. Of the 87 counties in Minnesota. 68 prescndy participate in 
this local sign upgrade program. 

While JRSCnting a number of sign maintenance strategies and techniques, Richard 
Cunmd~ emphuiJJCd that developing a systematic approach to maintenance, no matter which 
specific S)'llelll. is the key to oftietting the simulWICOUS increasing need for sign replacement 
and decleasing availability of funds for sign maintenance. 

Oregon's program for intenwe sign rehabilitation, as described by Dway.ae Hofstcttef", 
focuses on impuved project scoping, reducing the contracts to a more manageable size. and 
opting for complete sign replacemenc u oppmed to overlay. Thia approach has assisted in 
pn,ducin1 an upgraded ineenwe fnieway signing sys1em and producing improved target 
value, daydme and nipttime visibility, and lepbility of signs that will last until the updating 
process must be repealed. 

♦i>rclenlecl at western worbhop only. 
~nlecl at eastern workshop only. 
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Victor Liebe• and Robert Gureu• outlined the role that industry plays in an agency's 
.-affic conttol system for stffi:ts and highways. For indusay to provide effective service, the 

public aaency should have an inventory system in place for ll'ICldng purposes, u well as clear 
oontnctUal guidelines. 

BREAKOUT SESSION ON SIGN REPLACEMENT 

A second group of brukout sessions offered participants a choice of one of three 
discussion topics: sip ~laccment methods, conttacting versus in-house and prison indusay, 
or traffic conttol during sign ~laccmenL Group moderators presented shon summaries of 
the breakout session discussions to the entire workshop. 

IMPROVED INVENTORY TECHNIQUES 

The sessions on improved inventory techniques covered computem.ed sign inventories 
at both the State and local levels, video disc technology, and the FHW A sign management 
system. 

Robert Feldman• (presenting for Steven Heam) described a microcomputer-based sign 
inventory system for all intentate routes in the Richmond District of the Virginia Department 
of Tnnspanation. During development of the inventory, the objectives expanded to meet 
additional information needs and eliminate duplicate records. The inventory, which was 
completed in 18 months, is easily updated and provides the infonnatioo needed for sound 
decisions oo traffic engineering studies, budgets, and future planning. 

Reporting on the Highway and Traffic Records Management Jnfonnation System 
(Hl'RJS), Fred Small• detailed one component in particular, the Traffic Conttol Device 
System. The Traffic Conttol Device System incarporates an inventory that includes all traffic 
control and safety devices that the State is responsible for maintaining. 

Idaho's recently implemented sign inventory system, desaibed by Dan McComb•, 
codes individual signs. storing information such u size, material, color, location, and 
orientation. The system is easily accesled via District computer tenninals and may soon be 
augmenlNS by using a laptop compula' in the field. 

Richlrd Bunda dcacribed the process and procedun:s used to iniliare the City of 
Milwaukee's computerized sip inwntory. Designed to provide accurate information to 
00llftl, mneya. and 1be police depanmeat, to provide 11wistical information necessary for 
scbeduled n,placcmeat ~ aaed sips and to budaet for such activities, to identify locations of 
noa-ltlndard sips, and to provide a listing of locadoos that have a high m,quency of damqe 
repcr1I, the inventmy aa::omplilbcd all of the city's goals. 

~nled at euaan WOlbbop only. 
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While detailing a highway sign inventory system that computerizes both the inventory 
ittelf and the ,eneration of the field information gathering system, Thomas Pickfonr noted 
dw the system bas the capability to monitor and inventory completely signs and pavement 
markings in Shawnee County, Kansas, and will pay for itself in approximately 3 years. 

To illustrate how videodisc technology has emerged as a viable inventory tool among 
Stale Departments of Transportation, William Baker detailed several that use a video disc 
system to store data for various highway files, including photologs, signs, and pavement 
conditions. As an additional feature of the technology, the Iowa Department of 
Transportation has recently demonstrated the ability to use an electronically shuttered video 
camera that can record images directly onto a laser optical disc. This enables video disc 
technology to be used for capturing as well as for storing data. 

Jeffrey Paniati reported on the Sign Management System (SMS) that FHW A is 
developing. In its current form, this microcomputer-based system can be used to assemble 
and maintain a sign inventory. However, the final version of the SMS will go beyond a 
simple inventory by using models to predict when a sign is likely to need replacement. 

LOOK TO THE FUTURE 

Jt.ffrcy Paniati presented the future research plans of FHW A. While FHW A has not 
completed budgeting funds for individual studies, future work will most likely fall into the 
following four areas: refining research results, testing and evaiuating management and 
measurement tools, demonstrating results and training users, anri preparing technical 
handbooks and guides. 

PARTICIPANT FEEDBACK 

At the close of the workshop, participants asked lingering questions and made final 
comments concerning the workshop dming a planned feedback period. At the eastern 
workshop feedback session, participants suggested ways for FHW A to improve signing and 
pavement markings, expressed concerns and hopes related to liability and the establishment of 
minimum standards of retromlectivity. and noted that an upper limit to useful sign brighbless 
may exi~L At the western workshop, participants voiced concern about the problems related 
to varying observation angles and about new headlight designs that eliminate the ability to see 
signs and pavement markings, requested guidance on vision requirements of older drivers, and 
questioned the condilions under which retroreflectivity standards would be applied. 
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INTRODUCTION 

Philip 0. Russell 
Chief, Traffic Control Development Applications Branch 

Federal Highway Administration 
400 Seventh Street, S.W. 
Washington, DC 20590 

This workshop is one of two workshops that are pan of the Federal Highway 
Administration's initiative to improve signing on the Nation's streets and highways. This 
initiative also includes a review of each State's highway sign replacement and refurbishing 
program, and a training course entitled 'The Road to Better Highway Signing." 

Motorists depend almost exclusively on traffic control devices to delineate L~e roadway 
and to instruct, warn and guide them to their destination. Y ct, the FHW A is convinced that 
perhaps as many as one half of the signs on our ~trects and highways are not serving the 
motorists• needs. Increases in travel, new drivers, and the increasing percentage of older 
drivers will place even greater dependency on delineation and motorist information systems in 
the future. 

The need for conspicuous and legible traffic control devices is especially critical at 
night. Over half of the Nation's fatalities occur at night while only one-third of vehicle miles 
of travel occur at night. Because the Road ro Better Pavement Markings program initiated in 
1986 proved successful, on October 3, 1989 the Executive Director, Mr. Dean Carlson, sem 
memorandums to all Regional Federal Highway Administrators announcing FHW A's Road to 
Beaer Highway Signing program. The purpose of this program is to promote good signing 
practices along with the dissemination of information on the availability of a variety of 
signing materials and tr.chnology. The program itself will focus on three: essential elements: 

• Inventories - States should have statewide computerized sign inventories in order 
to improve the quality and maintenance of their signs. 

• Orderly Approaclt - Each State's sign replacement and refurbishment program 
should set forth specific goals and objectives, assun: the timely progress of the 
program, and provide for meaningful performance evaluations. 

• Performance Evaluations - Each State's program should provide for internal 
reviews of the program's effectiveness and for the adequacy of sign petfonnancc 
through the use of instruments and day/night field observations. 

The program will consist of reviewing the procedures of all the State highway agencies, 
conducting a training counc on the subject program, and conducting two workshops on field 
inspection and highway sign rehabilitation and refurbishmcnL The field reviews and training 
an: planned for completion by I►.cember 31, 1990. The infonnation from the workshops and 
field J?:vicws will be used to develop a Technical AdviSOJY on improved highway signing. 
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The workshops will include discussions and reports on procedures and practices for 
implementing all the clements necessary for a successful sign replacement and refurbishing 
program. Specific discussions will be directed to contracting provitions and procedures, 
specifications, overlay techniques, and traffic control during sign replacement construction 
projects. Conttact pmvisions must include plans for disposal of salvaged sign blanks and the 
removal of the retrorcflectivc sheeting. The use of chemicals is of concern because of 
environmental i!!:lUCS and disposal. Freeway guide sign removal and replacement must be 
coordinated to insure the motorist is not left without necessary guidance information. This 
involves removing signs one or two at a time and immediate installation of the new signs. 
Traffic control is particularly critical during sign rcplacemenL Special provisions must 
provl~ for worker and driver safety. The FHWA will use much of the infonnation from 
thesr. workshops in completing the development of the training course. 

Projects for the rcpl1CCment of worn out signs are eligible for Federal-aid funds. These 
provision arc contained in the Fcde1al Highway Program Manual 6-8-3-1 and CFR 655 
Subpart F. Also, agencies can use Federal-aid funds at the 100 percent participation ratio if 
they so desire for the sign replacing and refurbishing projects. 

The FHWA is conccmcd with compliance with the Manual on Uniform Trafjic Control 
Dtvicts (MUTO)). We arc urging our Division Offices to work closely with the Stares 
during the development of replacement and refurbishment sign projects. We ask that the 
selection of destinations, supplemental guide signs, sign format, alphabets, layouts, arc 
selected and designed in accordance with the MUTCD. This is an ideal opportunity to 
eliminare non-compliance irems, updare selection of destinations and improve the overall 
appearance of signing displays, messages and fonnat. 

It is clear that many of the signs on our streets and highways need replacing. Much of 
the Interstate highway system is 20 years or even older. Many of these signs have never been 
replaced. Projects to replace and refurbish signs arc complicated, labor intensive, and 
expensive. 1be FHW A expects to develop standards for minimum maintained levels of 
retrorcflectivity. These standards will require well maintained signs and detailed plans to 
manage an ongoing effective program. 

By continuing to promote improvements in pavement markings along with this new 
safety initiative to improve highway signing, we will be supporting President Bush's safety 
goal to decrease the highway fatality rare of 22 deaths per 100 million vehicle miles of ttavcl 
by 1992. 

All participants arc encouraged to participate in discussions in this workshop. Clearly, 
the need to identify better ways of doing things is essential and timely. 
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INTRODUCTION 

THE FEDERAL HIGHWAY ADMINISTRATION 
RETROREFLECTIVUY RESEARCH PROGRAM 

Jeffrey F. Paniati 
Highway Research Engineer 

Federal Highway Administration 
6300 Georgetown Pike, T-210 

McLean, VA 22101-2296 

The Federal Highway Administration (FHW A) has been concerned for some time that 
highway signs. mmngs, and other traffic control devices are not being replaced in a timely 
manner. Studies of in-service traffic signs have shown that signs that arc acceptable during 
daylight can have a marlcedly different appearance at night. One property of traffic control 
devices that icquircs further study is rctroreflcction. 

Retrorcflcction OCClhS when light rays from an automobile strike the surface of a traffic 
control device and are redirected back towani the driver. Retroreflcctive traffic control 
devices are used to provide the driver with the necessary warnings, regulation, and guidance 
at night. 

Accident statilltics indicate that there is a nighttime driving problem. 11JC fatality rate 
(fatalities/vehicle miles of travel) is more than three times higher at night than during the day. 
A variety of factors contribute to this disparity (fatigue, intoxication, etc.). but driver reliance 
on traffic control devices increases as visibility decreases. Many of the cues (curbs and 
sidewalks) used by the driver for visual guidance by day disappear at nighL Inclement 
weather and glare from opposing vehicles only serve to compound the nighttime driving 
problem. Improving the visibility of traffic control devices can decrease the demands on the 
driver. Oood traffic signs and roadway delineation reduce the need to search for infonnation 
and allow increased attention to the driving task. 

Over time, rctrorcflcctive materials deteriorate and their ability to return light to the 
driver diminishes. The c,ment Manual on Uniform Trajjic Control Devicts (MUTCD) 
contams no minimum performance requirements to specify when rcll'OJ'Cflcctivc traffic control 
devices should be rcpl..ced. The practicing traffic engineer must rely solely on engineering 
judgment and a subjective assessment of the sign's condition. 

RETROREFLECTIVTI'Y RESEARCH PROGRAM 

The FHW A rccogna.es that minimum rctroreflcctive requirements for traffic control 
devices must be de1ennined. These requirements will be based on the driver's need to detect 
and respond to traffic control devices safely and efficiently. To develop performance 
specifications for rettoreflectivc traffic control devices, FHW A established the High Priority 
National Propmn Arca (HPNPA), which is part of a larger program that falls under 
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the 1986 Nationally Coordinated Program (NCP) of Highway Research, Development, and 
Technology. 

1be FHW A Office of Safety and Traffic Operations Research and Development is 
coordinating a resr-arch program on minimum in-service retrorcflcctivc req~mcnts. The 
FHWA Office of Traffic Opcrano 'S has provided technical guidance in the development of 
this program and will be responsible for directing implementation of the results. 

Numrrous funding sources arc involved in the cooperative program, including FHWA 
research contracts, the National Cooperative Highway Research Program (NCHRP), FHW A 
staff studies, the Grants for Research Fellowship (ORF) program, Small Business Innovation 
Research (SBIR) efforts, and Highway Planning and Research (HP&R) Sllldies. 

Several major topics arc included in the retroreflectivity research program as explained 
in the following paragraphs and shown in figure 1. 

REQUIREMENTS 

VIIMty ........... 
IMPLEMENWION T00L8 .... 
Lhat 

Figure l. Flow diagram for retrorcflcctivity program. 

The goal of the HPNP A is not just to obtain the information necessary to dctennine 
minimum rctroreflcctivity requirements, but also to develop managemem programs and 
measurement devices necessary to effectively implement these requirements. 

The tint question that bad to be answcmi in the development of performance 
requirements for in-service traffic signs was "Does a ielationship exist between driver 
visibility and sign retmreflectivity measurements?" In a 1986 FHW A in-house research 
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study. "Rctroreflcctive Requirements for Traffic Signs-A Stop Sign Case Study," a 
reLltionship between the distance at which a STOP sign can be 1"C>gnized by the driver and 
its measured rctrorcflectivity level was identified. Through this effort the feasibility of 
detennining rctroreflectivity requirements for control devices was established. 

In 1987, a much larger FHWA study, "Minimum Visibility Requirements for Traffic 
Con1rol Devices," was initiated 10 dctennine (a) the miuimum distances at which traffic 
control devices should be visible to the driver and (b) the level of rctroreflcctivity required to 
satisfy these visibility requirements. As pan of this study, a series of laboratory and 
controlled vehicle studies were conducted to fill gaps in the current state of knowledge. 
'Jbese studies included the time required by drivers to complete typical driving maneuvers 
(stop, speed redll(..1:ion, lane change) and the distances at which drivers can pen:eive and 
recognize signs. 

Computer models have been developed to study the impacts on the required visibility 
distances of sign placement. glare from opposing vehicles, and changes in alignment. The 
rcttorcflcctivity requirements output by this model will be validated as pan of this study. 
This project is scheduled to be completed in November 1990. 

l•pkruntation S~1 

Before any widespread implcmentadon of rctrorcflcctivity requirements can be made, 
lheir potential economic impact must be assessed. The desire for increased driver safety must 
be balanced with the economic consttaints of the highway agencies that must implement the 
requirements. A 1989 NOIR.P research project scheduled to be completed in mid-1991, 
"Implementation Stra1egics for Sign Retrorcflcctivity Standards," will provide this type of 
assessment 

As part of this study, a tcprescntative sample of retroreflcctivity data will be collected 
from in-service uaffic signs. Data-collection sires will include a variety of geographic 
locations, roadway classes (Interstate. primary, urban), and jurisdictional levels (State, county, 
city). These data will be used to estimate the effect of establishing minimum rctrorcflcctivity 
levels and to develop economic-based priorities for sign maintenance budgets. 

The data collected will help answer questions on how to maximize the benefit obtained 
from limited sign maintcnana' dollars. For example, should a highway agency spend its 
limited sign maintenance funds to uppadc the most critical signs (e.g. S'IOP. YIELD) on all 
J'Oldways or should it conccntnae on upgrading all signs on heavily ttavelcd roadways? 
Guidelines for sta&inl the implementation of rettorefleclivity requirements and an estimate of 
their effects on highway jurildiction will be provided. 

S,mn Lqe of Sig,u 

One of the problems of managing rcaudlectorized traffic signs is identifying signs that 
med to be replaced because of lou of mnnfJcctivity. Sign replacement practices vary. 
Some agencies replace traffic signs hued only on driver compJainll. wbaeas others conduct 
subjective visual inspections. Still othcn arbitrarily replace signs every 5 10 7 yem. Thus, 

6 



signs with several years of service life re,naining may be removed, resulting in a waste of 
money, and signs with insufficient rctrorcflectivity may remain. If not replaced. these 
deficient sips could lead to an accident for the motorist and a ton liability cue for the 
highway agency. 

An FHWA GRF program study, "Prediction of the Service Life of Warning Signs," 
~xamined the feasibility of prcdicting when a sip is likely to need replacement. 
Retroreflectivity data for signs wit.'1 known dates of installation were collec1ed and a model of 
the deterioration of sign retrorcflcctivity was developed. Although this n1odel is applicable 
only to symbol warning signs, it has laid the groundwork for developina additional models. 
Under a 1988 FHWA study, "Service Life of Retrorctlcctive Traffic Signs,•· this research will 
be expandt.d to include other types of signs and a range of climatic conditions. This study is 
scheduled to be completed in July 1990. 

Sign Ma1111gement System 

As pan of an FHW A in-house effort, the Sign Management System (SMS) is bein& 
developed to provide State and local highway agencies with a predictive tool fOJ" use in 
managing a sign inventory. This microcomputer-based system allows creation of a sign 
inventory and tracking of the age and condition of signs. The aoaI of the system surpassc» 
the development of a simple inventory; computer models developed as part of the FHW A 
"Service Life" contract will be used to predict when a sign is likely to need replacement 
This will assist highway agencies in locating deficient signs, using limited maintenance funds 
more i:fficiently, and projecting future budget needs. 

An IBM-PC-compatible verrion of the data base management portion of the software is 
currently available and runs under MS-00S. It is a menu-driven system that can be used to 
create an inventory and track the performance of signs. 'The predictive software is expected 
to be operational in 1991. 

Tra/ftc Sign Retrorrflecto~"' 

If minimum rctrorctlcctivity levels are to replace the subjective replacement methods 
currently used, then a practical system for measuring the condition of existing signs must be 
available. A portable measuring device is available; however, it is not suitable for rapid 
measurement of numerous signs; the user must place the insaumcnt apinst the sign face::. IIS 
value is limited to spot checks and acceptance testing. An on,oin1 NCHRP (Project 5-10) 
research project, "A Mobile System for Measuring Rctroreflcctance of Traffic Signs.'' is bcin1 
conducted to assess the feasibility of developing a practical, safe, cost-effective instrument for 
measrrin& sign rcttorcflcclivity in daylight from a moving vehicle. 

The system concept, which has been developed in Phase I of Project 5-10, consists of a 
video camera to collect sign images and a microcomputer to analyze images and a 
microcomputer to analyze the image and output rettoreflcctivity information. The 
construction and testing of a laboratory proof-er-concept model bu been completed. 
Development of a field prototype is now underway and is scheduled for completion in August 
1990. 
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The limitations of existing devices for measuring the retroreflectivity of pavement 
markings are similar to those for traffic signs. Portable instrumentation is available for spol 
measurements. but it must be pl-.-ed directly on the marldnc. This does not allow for rapid 
assessment of retroreflectivity. Through an SBIR study, "Measuring Retroretlectivity of 
Pavement Mutings," a luer tcchnique for the mcasURmcnt of pavement muting 
retroreflectivity &om a moving vehicle has been developed. 

Field testing of me prototype instrument is under way. In its final form, this instrument 
will be suitable for acceprance testing of new markings when mounted directly on the 
marking equipment or as an inspection tool to check the performance of long-term markings. 

GUIDE TO RETROREFLECTION 

Although the results from the majority of the research studies on retroreflecti.vity are 
not yet available, a manual has been developed to provide highway personnel with a better 
understanding of the 11ubjcct. This manual, Retrortfltctiviry of Roadway Signs for Adtql#IJU 
Visibility: A Guitu (FHWA-DF-88-001), was developed u Ill aid for those who use the 
Standard Sp,ciftcation.s for Construction of Roads and Bridges on F1d4ral Highway Projects 
(FP-85) but can be used by State '..nd local highway personnel iesponsible for traffic signs. 

This manual covers the principles of retnnflection; the selection of proper malmial 
type; specifications and testbg procedures; fabrication methods, installation, handling, and 
stockpilin1 techniques; alternative inspection methods; and sip inventory, maintenance, and 
replacement pjdclincs. 

CONCLUSION 

The ielrol'eflectivity research program described here bas been developed u a 
coopentive ~on. It demonslrates how technical expertise and funding from a wide variety 
of IOUl'Cel can be brought 1Dgether to improve the safety and efficiency of the highway 
syllml. Although dlis research cffon bu been pi<led by FHW A. the input of Stare and local 
highway officiah bu been IOUpt throughout the propmn. Two of the major topics, 
Implementation SD'lfelies and Traffic Sip Re~. have been included in the 
NCP.RP, and mqucnt contact with practicing engineers bas been made. 

The FHW A will oonlinue to wart with orpnizations such u the NantP, Nadonal 
C'.ommiaee on Uniform Tnffic Conttol Devices, American AslOCiation of Stare Highway And 
Transponation Offidab. lmtitute of Transponation Engineers, and odlen to CllSUIC that the 
results of this rcacaldl program UC imp~ted reasonably and prudently. 
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DISCUSSION AT EASTERN WORKSHOP 

Q: What type of time frame are you talking about with this research? 

A: The studies are at various levels. They're all under way and most of them are more 
than half completed or in the second phase of research. Research will be completed by 
the end of 1991; the results will be given to Office of Traffic Operations and they will 
make a decision on implementation and any minimum requirements to be set. 
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BRIGHTNESS/CONTRAST REQUIREMENTS FOR SJGNS 

Paul L. Olson 
Human Factors 

The Univenity of Michigan Transportation Research lnstitule 
2901 Bax~r Road 

Ann Arbor, MI 48109-2150 

JNfRODUCTION 

Signs are thc most important fonn of communication between those who design and 
operate the highway system and those who use it. In order to adequately fulfill that function 
signs must come to the attention of approaching drivers and convey their message in time to 
permit the driver to act on the infonnation they contain. Thus, there arc two relevant topics 
10 be considered, i.e., conspicuity (the likelihood that something will come to the attention of 
tomeone who is not looking for it) and legibility. A number of factors influence both 
conspicuity and legibility. Among these arc the reflective materials with which the sign is 
made, surround complexity, sign position, ambient illumination, and observer age. This paper 
will discuss rcseateh ou both sign conspicuity and legibility that has been carried out at our 
Institute in recent years. Particular attention will be paid to the issue of older drivers, which 
bu been somewhat neglected in the past. 

THE OLDER DRIVER 

If collision rates u a function of age are examined on a time basis the result is a 
function showing that young people (i.e., under age 20) have the highest rates, with the rates 
above about age 35 being relatively flat. Exposure is not consw&t across all age groups, 
however, so it is more appropriarc to examine rares as a function of miles driven. This 
produces a plot having a very different appearance, w.th both young and older drivers 
showing higher involvement raies than those in the middle age group. (For a more complete 
treatmenl of this topic sec dlc TRB report (1).) These data suggest that aging affects driving 
skills in a ncplive way. The traditional reaction to this kind of information has been, for 
example, to sugest that older persons be Jteumined more flequendy for driver licenses. 
1bat may not be a bid idea, but the possibility of utilizing technology to improve the 
perfonnance of older persons has been larJely ignored. 

It is certainly true dlat aging is associaled with many changes, some of which affect 
akilll that would seem to be impartant in drivin&, Among tbcae is nipt vision. For example, 
it is well documenrm that older persons detect and mid highway s+gns at soora distances 
than do young penona.M It is also clear that a significant portion of the problem of reduced 
vinal peJfmnancc at night is due to reduced pupil siz.e (called senile myosil) and yellowing 
of the lens.(,4> Thia suggests that if signs could be made bripter they would become more 
visible and legible to older driwn. This paper provides a mid overview of two research 
pn,jeccl conccmcd with sign legibility and conspicuity. Bach of tbae projects considmd 
subject qe u a variable, and the results show chancaisd.c performance differences 
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associated with age. 'The results also suggest methods by which the performance of older 
driven in dcttetin& ud reading signs can be improved. 

CONSPICUITY 

CJcarly, highway signs must have sufficient conspicuity to be able to compete 
successfully with other distractions in the environment for a driver's attention. Sign 
conspicuity has been studied under both day and night conditions. This paper will be 
concerned with nighuimc conspicuity. The variables that were consideffii in this investi
gation were specific intensity per unit area (SIA), color, surround clutter, and subject age. 

The study that was run to study this issue was canicd out on public roads.<l> Subjects 
drove a car over a prescribed course on roads in dark-rural, residential, and busy downtown 
areas (which will be referred. :o as low, medium ~tld high complexity areas respectively). 
Periodically they encountered a test sign panel along the right side of the road. The panels 
were 30 inches (76mm) square and faced with retroreflcctive material in various colors and 
grades (although most of the signs were yellow). Measum were made of the distanec at 
which the subjects identified each sign and its color. 

Sample results from this study arc given in figure 2. This figure shows the distribution 
of identificauon distances as a function of sign SIA (which is listed ~ the box in the upper 
left-hand comer of each figure) and~ complexity. The effect of area complexity, which 
wu substantial, can be usessed by comparing the two graphs. Note, for example, that the 
perfonnance of the SIA 77 sign in the low-complexity area is about equal to the SIA 750 sign 
in the high~plexity m:a. 

Figure 3 illusttates the effect of observer age. Both these graphs show the effect on the 
performance of the older subjects that can be achieved by increasing the SIA of the sign 
material. In the two examples shown the perfonnance of the older subjects could be made 
equal to that of the younger subjects by increasing the SIA by a factor of about thtcc. 

Significant diffeiences were also found associated with color. Bued on these iesults, 
and follow-up studies, it appcan that the colors red and orange have ,rcater conspicuity t:han 
white or yellow when SIA is held constanL <•> 

In sum, the investigation. coupled with other studies that have been ~ shows thal 
sign conspicuity depends very much on sign luminance, to some extent on sign color, and is 
much affecllld by observer age. The effects of observer age can be compensam for by the 
use of more highly ief1cctive materials. 

LEGIBU..ITY 

Having detected the sign, the approaching driver must now assimilate the infonnation it 
contains in time to lake the required action. Legibility in the conventional ICDIC ii probably 
not an issue widt cmuin signs. For example, stop and yield signs appear to convey the 
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intended message through a combination of color and shape coding. For many signs, 
however, words are the primary means of communicatic.n and legibility is of importance. 

There have been a number of studies of sign legibility (sec reference 7 for a review). 
Most of these investigations have concerned black and white signs on1y. There have been 
only a few studies of the legibility of signs in which both the legend and background are 
rcflectorized, and their results of arc not in good agreement. Hence, it was felt that there was 
a need for further data. 

The legibility study that will be described here was carried out in two stages. The bulk 
of the data were collected in a laboratory setting using an optical device that presented a 
"sign" 12 inches (30.5 mm) square having a single-character legend consisting of a Landolt C 
(commonly usoo for acuity testing). The device provided independent control of color and 
luminance for both the background and legend, as well as legend siz.e. The gap in the 
Landolt C legend could be placed in any of four positions. The task of the subject was to 
identify the position during a brief ( 1 second) exposure of the test configuration. These data 
were used to prepare a computer model of sign legibility that could be used to predict 
legibility distance under field conditions. 

In the second stage two field studies were conducted to dctennine whether the results of 
the laboratory study could accurately predict legibility of signs in the field. One of these 
studies was run on a private road, using small signs with a single letter E legend. Subjects 
had to determine whether the arms of the E were facing right or left. In this study legend 
size was varied, as was background and legend luminance through the use of different 
rctroreflcctive materials. The other field study was conducted on a freeway and used 
available signs. The correlation between measured and predicted legibility distances for both 
of the field tests was in excess of 0.90, indicating that the data from the laboratory study can 
do a good job of predicting field legibility. 

The results from this study make it clear that the most important variable affecting sign 
legibility at night is legend-to-background luminance contrast. For L"'Y combination of 
materials there is a range of contrast values within which legibility is at or near maximum. 
Contrasts above or below that range will result in degraded legibility. In fully reflectorized 
sips the optimum contrast range depends on background luminance. The higher the 
background luminance, the lower the rcql.limi contrast. Unlike conspicuity, legibility seems 
to be relalively unaffected by ambient illumination, environmental clutter or even glare. 

Figure 4 shows results from the laboratory study that illustrate the points just outlined. 
This figure shows the percent correct identifications of the Landolt C target in a size equal to 
50 ft/inch letter height (6m/cm) at four levels of sign background luminance (here given in 
cd/m2). As an example, the background luminance of most fully rcflectorizcd overhead signs 
probably falls between 3.8 and 0.41 cd/m2

, and such signs commonly have a contrast ratio of 
about 7:1. At the higher background luminance a 7:1 contrast would yield a legibility lrvel 
of about 90 percent. At the lower background luminance it would yield a legibility level of 
about 70 percent. If the materials were left in place so that they degraded lo lower levels, 
legibility couJd deteriorate marlcedly. 
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lum~ ratio. (Legend is 50 ft/m. (6 m/cm)) 

At any given level of legend size, background and legend luminance the performance of 
the older subjects was poorer than that of the younger subjects. An illustration of this is 
provided in figure 4, using the SO ft/mch (6 m/cm) legend and a background luminance of 34 
cd/m2

• At any contrast level shown, legibility is better for the young subjects, their peak 
legibility is better, and the oJder subjects show an effect of excessive contraSt at levels above 
about 10:1. 

If the results illustrate the problems that older drivers have in reading signs at night, 
they also suggest how maaers might be improved. As in the case of conspicuity, the ability 
of older driven to read rcflcctorized highway signs at night can be upgraded by usc of more 
highly reflective materials. Once a decision has been made concerning a target level of 
legibility for a given signing application, material choices can be made to ensure that drivers 
of all ages will be able to meet it. 

DISCUSSION 

The results of these studies provide some guidance in the usc of reflective materials for 
various signing applications to provide adequate visibility and legibility for all roadway users. 

17 



6.0LEGENO 

0+---------+---------t 
I ~ ~ 

LlllND 10~~ UTIO 

Figure 5. Pcn:ent correct identification of legibility target as a function 
of leaend to bacqrounci luminance and observer ace. (Legend 

size SO ft{m (6 m/cm)) 

It is clear that cenain sips, particularly those in areas where then: is a great deal of lighting 
and traffic, would benefit from the use of more highly rcflccdve materials. It is also clear 
that older driw:n in particular woukl benefit from the use of such materials, bodl from a point 
of view of detecting signs, and reading the message. 
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DISCUSSION AT EASTERN WORKSHOP 

Q: Has there been any research done on cnginr~ring graae background signs with 
higher/brighter sheeting? 

A: Based on the results of our study, it would be a good sign from the point of view of 
legibility. As I indicated, if you stay within the same family of materials, the available 
contrast is about six- or seven-to-one and that's not really enough for an engineering 
grade background. You would do better by puning, for example, high intensity on an 
engineering background in tenns of legibility. 

Q: When you say younger drivers and older drivers, what age range arc you talking about? 

A: In our studies young was defined as being between 35 and 40 or younger and 60 and 
up as older. 1be oldest drivers we had were 75, and they were not probably 
representative of older drivers. The older drivers who were willing to help us and drive 
at night were usually in good health and quite vigorous. 
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DJSCU~ION AT WESTERN WORKSHOP 

Q: What type of lcncrs do you use with a high intcn.tjty backpound to enhance the 
contrast? 

A: Try diamond grade material or button material. 

Q: What if the background is already diamond gradt: material? 

A: Diamond grade may be very useful for critical signs in urban areas where there is a lot 
of visual complexity, meaning there are many other competing light sources. 

Q: What size sign panels were used? 

A: In the legibility work, the sign simulator was a foot square. The field validation sllldics 
were run using artificial signs in a closed road environment that were three foot squarc, 
as well as a field study that was run with three-way guide signs, overhead and pound 
mounted 

Q: Regarding the 10 panel members, did you have their eyesight checked before they were 
tcsteJ? 

A: Panel members were selected by screening about SO people. We too.le a small number 
that were most represcn~tive of that poup. 
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MINIMUM RETROREft.ECTIVITY REQUIREMENTS 
FOR TllAFFIC CONTROL DEVICES 

Jeffrey F. Paniali 
IIlghway Research Engineer 

Federal Highway Administration 
6300 Georgetown Pike, T-210 

McLean, VA 22101-2296 

INTRODUCTION 

The Federal IIlghway Administration (fHW A) has been conccmcd for some time that 
bipway sips, markings, and other traffic control devices (TCDs) ~ not being replaced in a 
timely manner. Owr time, retroreflective materials deteriorate and their ability to return light 
to the driver diminishes. The current MtuuUM on Uniform Traffic Control D,i,icu (MUTCD) 
contains no minimum performance requirements to specify when retroreflective uaffic conaol 
devices should be replaced. The practicing traffic engineer must rely solely on engineering 
jud,ement and a 111bjcctive assessment of the sign's condition. 

To provide the engineer with better infonnation, lhc FHW A established a 
retroreflectivity research program. The goals of this program are to obtain the information 
necessary to establish performance specifications fa- retroreflective ll'affic control devices and 
to devclnp the management programs and measurement tools necessary to effectively 
implement these requirements. An overview of the entire reb'Ol'eflectivity research program is 
presented in a paper titled, "The Federal Highway Adminisaation Reuoreftectivity Research 
Program," which is included elsewhere in these Proceedings. 

This paper will describe one component of this research program, a study titled, 
"Minimum Visibility Requirements for Tnffic ConU'Ol Devices," being conducted by Ketron, 
Inc. The goal of this study is to obtain the information necessary to establish iasonablc and 
prudent retmreflectivity requirements for aaffic control devices. 

STUDY OVERVIEW 

The problem of determining when a traffic control device has n:achcd the end of its 
useful life can be simply dclcribed as finding the point when the amount of luminance 
suppl~d by a sign of a given retroretlectivity level no lon,er exceeds the amount of 
luminance dmlanded by the driver (to iapond safely to the TCD). 

It was along this buic approach that this smdy was developed. The goals of the 
racarch were to define the demands of the driver, the sign luminance, and the sign 
~vity which provides the necessary luminance. This study combined the latest 
findinp available in the litauure with data collected as part of this meuch effort. A 
computer model, Camputer Analysis of Retroreflecdve Traffic Signs (CARTS), was 
developed to allow the examination of a wide variety of parameters including sign types, 
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roadway geometry, driver age and visual capabilities, and vehicle characteristics. Laboratory 
and controlled field dara were collected to calibrate the CARTS model and to evaluate its 
reliability. Ultimately this model will be used to establish the relationship between sign 
retroJCflectivity and the percent of drivers accommodated. This relationship will provide the 
infonnation necessary to establish minimum retroreflectivity requirements. 

Each of the major components of the research study is described in more detail in the 
following sections. 

DRIVER DEMAND 

The driver demands a cenain amount of time (and distance) if he/she is to respond 
safely and efficiently to a u-,-ffic control device. This demand is dependent on the time which 
is required by the driver to: detect the TCD; recognize the message being provided by ttte 
device; decide on the proper course of action (if required); initiate the response (if required); 
and complete the maneuver (if required). As pan of this study, a model of this process was 
developed. This model, the Minimum Required Visibility Distance (MRVD) Model, 
incorporates the best available information from the literature and uses results from research 
conducted as pan of this contract to determine the requirements for a given TCD. 

To supplement the existing literature, a controlled field study was conducted to collect 
data on driver iane change behavior. Data were collected for 79 subjects ranging in age from 
16 to 80. The study was conducted using an instrumented vehicle on a closed section of 
Interstate highway in Pennsylvania. The study incl:ided three levels of ~peed (25 mi/h, 40 
mi/h, 55 mi/h) and three simulated traffic volume levels (light, medium, heavy). The volume 
levels were simulated by replacing the rearview and sideview minors with small television 
monitors. Displayed on the monitors were videotaped images of vehicles following the driver 
at varying distances and speeds. 

In conducting the experiment, the subject was instructed to attain a specified speed 
level and then wait for a "beep." Upon hearing this sound, the subject checked. the mirrors to 
decide when it was safe ro begin the maneuver and then performed the maneuver as if driving 
in an actual traffic situation. Through the use of distance measuring equipment and an on
board computer, the time and distance required for response and maneuver completion were 
recordc:d. 1bc information from this experiment was used to refine the MR VD model. 

From the MRVD model, the user can obtain the required. conspicuity and legibility 
distances for a sign by inputting its MUTCD code (or describing a non-MUTCD sign) and 
site-specific information such as visual complexity, speed, and traffic volume. 

SIGN SUPPLY 

Having developed a model of the driver demand, the next step was to determine what 
level of luminance (and ultimately 11:trorcflcctivity) is required to satisfy this demand. This is 
a complex process which involves many factors including, the vehicle headlight 
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characteristics, dlc siz.c of the sitpl, the roadway geometry, and the presence of glare from 
oncoming vehicles. It is desirable IO h3vc a cootputer model that can be used to examine the 
effect of these variables on the required luminance: levels. 

A model of thi4 process had been previously developed. This model, DETECT, is a 
seeing disWK:c model that calculates the driver seeing distance given a target with a specified 
luminance level What was needed for this research effon was to reverse the logic of the 
model Thal is, for the required visibility distances specified by the MRVD model, what 
luminance level is nee.dcd? The conversion of the DETECT model was completed as pan of 
thi:.; research effort. 

The two models, the MRVD model and the reversed DETECT model, were then 
combined to form a new model, CARTS. With this model, the user is able to determine the 
minimum luminance required for a specified sign. A third component, the sign luminance 
model (SINLUM), was added to convert the specified luminance levels to retrorctlectivity 
values at the standard measurement angle. 

MODEL CALfflRATION 

To evaluate the suitability of the CARTS model and to provide calibration infonnation, 
laboratory and conttolled field studies were conducted. These studies detennincd the 
conspicuity and legibility distances for TCDs as a function of the luminance of the TCD and 
the age and visual capabilities of the driver. The visual capabilities of the drivers were 
assessed through a series of visual tests, including both acuity and contrast sensitivity. 
Because it was not feasible to test all of the signs in the MUTCI>, a clas3ification scheme 
was developed to obtain a representative sample. 

Laborator, StudJ 

A laboratory study was conducted to obtain information from a largr. sample of driven1 
(184 subjects) and for a large number of TCDs (34) under controlled conditions. The subjects 
ranged in age from 16 to 80. The stimuli included signs, delineation, and channelizing 
devices. Bach of the TCDs was studied at three luminance levels. These levels were selected 
to reprcacnt the brightness of 2 percent, SO pcn::ent, and 100 pcn::ent of the luminance level of 
new Type Il reflective sheeting, respectively. Each subject saw each of the stimuli at one of 
the three levels. 

A 2 foot by 2 foot by 60 foot (.61 meters by .61 meters by 18.29 meters) visual tunnel 
WU construc1Dd to allow the prescntAtion of the scale model TCDs at diSIIUICCS up to 3,000 
feet (914.4 meters). A carriage containing a light source and the stimulus ttavellcd back and 
forth OD rails within the tunnel. 

From a seaced position, the subject conttolled the movement of the caniage by 
depressing an "accelerator pedal" mounled on the floor. The carriage moved toward the 
nbjcct at a constant rate as long as the pedal was depressed and ceased moving when the 
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subject released the pedal. The subject wu also given a subsidiary tracking task to simulate 
the demands required when driving a car. 'Ibis tuk required the subject to use a joystick to 
keep a randomly left-right moving Wget as close to the center of the simulated roadway as 
possible. 

From the lalxnrory studies, dam were collected on the conspicuity and legibility of the 
TCD1. The stimuli began at the far end of the tunnel at a very small siz.c. The subjects were 
instructed so move the stimuli toward them (using the foot pedal) until they could identify the 
shape ar.d color of the TCD in the conspicuity study or identify the legend in the case of the 
le,tbility study. 

While the analysis of d".e laboralory study is still ongoing, figure 6 provides an example 
of the type of data which wu collected in this experiment. This figure illustrates the 
rclationsJ-jp betweGn sign luminance and legibility distance for yellow warning signs. An 
examination of the d.\ta reveals that the signs can be grouped by the characteristics of their 
legends. The "Crossrnads" symbol. traditionally the symbol with the best legibility, had the 
longest legibility distaace in this study. Following this symbol were a group of signs which 
can be characterized b,v their bold simple symbols (''Tum," "Divided Highway"). The next 
group of signs have much narrower symbols ("Bicycle," "Narrow Bridge") which result in 
lower legibility dis1811C(:s. Finally, the signs with word messages have the lowest legibility 
disrance. 

Fwld S"'4:, 

To check the validity of the laboratory legibility and conspicuity data, a controlled field 
test was performed. This test was conducted in the parking lot and on the access roads for 
the Philadelphia Parle racetrack in Bensalem, Pennsylvania. Thirty-six subjects ranging in age 
from 16 to 80 participated in the study. Nine TCDs were studied at the same thJee levels of 
rctroreflectivity as were used in the laboratory study. 

A test route containing all of the TCDs was developed. Data on sign conspicuity and 
lepbility YleJ"C collecled as lhe subjects drove an insaumcnted vehicle along lhe test route. 
The conspicuity and legibility distances were rcoordcd using distance measuring equipment 
and a laplOp compuu:r. The subjects were alto given a secondary task which rcquiml them 
to oc:cuionally loot in the rcarvicw mirror and repM the number of lights illuminated on the 
rear dashboard (a small display with LED lights wu Uled). The purpose of this task was to 
require me subjects 10 divert their aucntion from the sign 10 other tuks as commonly occun 
il. a real drivins situation. 

The data from the JabontDry and field studies ~ compared and very few statistically 
sipificant diffamces were encountmd. This iocticated that the data collected in the 
labor.w,ry cloecly approxmwcd that collec1cd in a field situadoo. 

Bucd on the sood agreement of the labanlDry and field n:suhs, it wu decided to use 
the lllbcntory mul11 to calibrate the CARTS model 1be conditions (dark, straight, level 
romway, ao pare. CIC.) under which the laboratory data~ collected will be replicated and 
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the distance-luminance mlationships found will be used to calibrate the model. This work is 
currently under way. 

MODEL EXEClITION 

Followin1 the final calibration of the CARTS model it will be used to 1eneratc the 
necessary retr<Rflcctivity data. A practical classification scheme is being developed to aid in 
the implementation. Figme 7 presents a concept of how the final results might be presented 
This fiplJ'C illustrates the relationship between the sign retroreflcctivity level and the percent 
of drivers accommodated for one class of signs. It is anticipaled that this type of relationship 
will be developed for each class of signs in the classification scheme. It is expected that the 
final rq,ort from this project will be available in October 1990. 
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CONCLUSION 

The results from this study will be used by Bellomo-McGee, Inc., in their ongoing 
National Cooperative Highway Research Project. "Alternative Implementation Strategies," and 
by the: FHW A in deb::nnining minimum rctron:flectivity requirements for traffic conttol 
devices. The aoaI of the FHW A is to provide traffic conttol devices which satisfy the needs 
of all drivers under all cooditions; however, given the limited resources available a1 lhc Stt!tc 
and local levels, it is important that any minimum tcquiremcnts balance both safety and 
economics. The FHW A will work in cooperation wilh organizations, such as lhc National 
Committee on Uniform Tnffic Conaol Devices, the American Association of Stare Highway 
Transportation Officials, the Institute of Transportation Engineers. and others, to ensure that 
lhc results of this contract arc implemented in a reasonable and prudent manner. 
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Figure 7. Retrordlectivity wnus pen:cnt accommodated. 

26 



DISCUSSION AT WESTERN WORKSHOP 

Q: Is there anything in the model about inclement weather conditions? 

A: You can look at different visibility conditions and can simulate different conditions. 
I'm not sure bow in dcplh we will go in terms of niny weather and those kinds of 
situations. We will try to promote levels that are high enough in the field so that in 
prlClice we use signs that are substantially above those minimum levels established and 
that compensate for things like weather. 
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IMPLEMENTATION STRATEGIES 
FOR SIGN RETROREFLECTIVfl'Y STANDARDS 

Hugh McGee. Ph.D., P.E. 
Principal 

Bellomo-McOce, Inc. 
8330 Boone Boulevard. Suite 700 

Vienna, VA 22182 

Traffic signing is a critical component of any road because it is the medium by which 
the highway agency communicates with the motorlst, providing information related to 
regulations, warnings, and directional guidance. For signs to accomplish their intended 
purposes, they must be visible to motorists. Although sign visibility is generally not a 
problem durin1 daylight, signs with inadequate retroreflcctivity may not be sufficiently visible 
at night and can conaibutc to accidents. 

In the Manual on Uniform Traffic Control Devices (MUTCD) it is stated that "All signs 
shall be rcflcctorlzed QI' illuminated to show the same shape and color both day and night" 
However. there is no perfonnance standard for the level of retrorcflcctivity that must be 
maintained. The Fcdcnl Highway Administration is considering the establishment of such a 
1tandud. This required level presumably would be related to driven• needs for minimum 
visibility. However, before retrorcflcctivity standanis can be implemented. their potential 
impact must be usesm Further, any adverse effects of such srandards should be mitigated. 

This paper provides a status of a project, funded by the National Cooperative Highway 
RelCUCh Program (NCHRP), which has the following objectives: 

1. To deu:nnir.e the economic consequences of altcmatc standards for retrorcflcctive 
traffic signs. In other words, what it v. ill cost agencies to meet and maintain a 
minimum reU'Ol'Cflcctivity performance standard'? 

2. To develop economic-based implementation strategics and recommend several 
optionl for 1ya,em wide implementation. In other words, what are the alternative 
ways to have jurisdictions come into compliance considering their resources? 

To meet tbe1e objectives, the following Wks are being pursued: 

1. LiwanR dealing with 1etroreflcctive marerials, their specifications and 
performance is being 1evicwal. Also literature dealing with driver visibility 
requimncnts and subsequent rctroreflectivity levels is being evaluated for a basil 
to 1et abmnale sllndards. 

2. Data is being collected for three information needs: 

L in-terVice sign retrordlectivity 
b. sip teplacement cYts 
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c. sip maintenance programs 

3. This data will be analy=l to dc:tennine: 

1. the number of signs that would need to be replaced to meet alternate 
standard levels, and 

b. the costs for replacing signs and costs to agencies 

4. Economic-hued implementation strategies for alternative sign retroreflectivity 
standards will be developed considering different sign types, roadway types and 
jurisdiction levels and their maintained programs. 

5. A system wide implementation of retroreflectivity stands will be ICCOmmended 

1nf<X1Dation for sign replacement costs and maintenance programs is being developed from 
th,- following sources: 

1. Literature 

2. A questionnaire survey of selected counties and cities. 

3. Discussion with several States and with jurisdictions where on site sign 
retroldlcctivity readings are being raken. 

The questioonaire sent to the counties is shown on figure 8; a similar one was sent to the 
cities. 

Some of the preliminary results of the qucstioMairc are shown in tables 1 and 2. Table 
l shows that for the county jurisdictions, vandalism is the most frequently cited reason why 
signs need to be replaced. F01 the cities responding, this factor takes second place to poor 
retnnflectivity. Table 2 provides some statistics on sign density in terms of signs per mile 
and per population for the three major sign categories. As expected sign density in terms 
1ip1 per mile is much hiper in cities for regulatory and warning sians. Statistics such as 
these and others derived from the survey will be extrapolated to a national level and used in 
the economic analysis. 

The major portion of the data collection effon is being devoted to obtaining data on the 
current reuomlectivity cooditioo of signs. For this effon a nationwide sampling of sign 
rettoleflectivity i11 being CXJDducted. In establishing the sampling plan the following variables 
me bein1 included: 

1. Geographical Areas - Sites arc being selected from eight geographic areas across 
the United Swcs. 

2. Jurudictioo Levels - Signs from mads under all types of jurisdictional control 
(Stale, county, city and towns), me being sampled. 
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QUESTIONNAIRE FOR NCHRP PROJEtT 5-11 
*IMPLEMENTATION STRATEGIES FOR SIGN 

RETROREFLECTIVITY STANDARDSw 

PART I BACKGROUND 

CITY 
CITY------ STAT[---·--- POPULATION __ _ 

TOTAL MILEAGE UNDER CITY CONTROL _____ _ 

PART II SIGN INVENTORY INFORMATION 
1. NUMBER or SIGNS UNDER COUNTY CONTROL 

e TOTAL e REGULA-TO_R_Y ________ (DO NOT INCLUDE PARKING SIGNS) 
8 WARNING 
e GUIDE _-_-_-_-_-(DO NOT INCLUDE STREET NAM£ SIGNS) 

Is THIS AN ESTIMATE ____ OR IY ACTUAL COUNT __ _ 

2. DOES YOUR COUNTY HAVE A SIGN INVENTORY? YES_ No_ 
IF ""YES*, COMPLETE QUESTIONS 2 THROUGH 4, Ir *No*, GO TO PART III 

3. WHAT IS THE FORMAT OF YOUR INVENTORY?: (CHECK WHICH IS APPLICABLE) 
e CARD OR PAPER FILE_ 
I MICRO (PERSONAL)-COMPUTER FILE_ 
I MINI OR MAINFRAME COMPUTER FILE_ I OTHER _ EXPLAIN ________________ _ 

4. Ir A MICROCOMPUTER FILE, 
A) Is IT ON A MS-DOS SYSTEM? YES - No - IF No, WHICH FORMAT 

., liNwE RECEIVE A COPY OF THE DATA FILE ON DISKETTE? Y&I - No 
c) IrNo WOULD YOU IE WILLING TO PREPARE SOME INVENf)RY Su.ARIES 

Yts _No_ 

IF YES TO EITHER 1) OR C) WE WILL CONTACT YOU FOR NORE DETAILS. 

5. DoES YOUR INVENTORY INCLUDE: (CHECK JF YEI) 
• SIGN TYPE (MUTCD CODE, E.G., ITOP IIGN OR Rl-1) _ 
I DATE OF INSTALLATION_ 
e DATE OF REPLACEMENT_ 
I SHEETING TYPE (J.E., ENGINEEERING GRADI, HIGH INTENSITY, ITC.) 

Figu~ 8. Questionnaire for NOIRP Project 5-11. 
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PART III REGARDING SIGN MAINTENANCE AND REPLACEMENT COSTS: 
6. APPROXIMATELY MOW MANY SIGNS DO YOU REPLACE PER YEAR DUE TO: 

e VANDALISM, THEFT, ITC. 
e KNOCKDOWN_ -
e POOR RETROREFLECTJVJTY 
• OTHER - -

7. WHAT IS YOUR TOTAL COST FOR SIGN MAJNTENANCE/REPLACEM~lT? ---
8. WHAT JS YOUR AVERAGE UNIT COST TO REPLACE A SIGN? 

A) TOTAL COST PER IIGN (ASSUME AVERAGE SIZE) ____ _ 

I) IF POSSIBLE PROVIDE COST FGR FOLLOWING: 

-MATERIALS 
-LABOR 
-EQUIPMENT ·--s __ ·-- PER IJGN 

PER SIGN 
PER SIGN 

S __ PER SQ. FT. 
S PER HOUR 
S PER HOUR 

THANK YOU FOR YOUR RESPONSE, PLEASE MAIL BACK TO: 

HUGH W. McGEE, P.E. 
BELLOMO-McGEE, INc. 
8330 BOONE BLVD,, SUITE 700 
VJENNAL VIRGINIA 22182 
703/841-3D71 

PERSON TO CONTACT: 

NAME POSIT_I_ON _______ _ 
ADDRESS: ______ _ 

PHONE ' -------

Fipre 8. Queltionnlire for NCliRP Project 5-11. (continutd) 
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Table 1. Reasons for sign replacement 

PERCENT OF RESPONDENTS 
REASON COUNT)' m:r 

Vandalism 45% 26% 

Knockdown 29% 21% 

Poor Ret:roreflecti vity 13% 32% 

Other 13% 21% 

Table 2. Sign density for counties and cities. 

COUNTY cm: 
Sign/ Sign/ Sign/ Sign/ 

Sign Type Mi& 1000 PvR, ~ 1000 Pop. 

Regulatory 2.4 31.0 19.4 41.6 

Warning 2.8 36.4 10.4 24.5 

Guide 3.0 19.1 2.9 S.l 

TOTAL 8.2 86.5 32.7 71.2 
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3. Sip Types - Signs from the three major pou.,s. i.e., rcgulatory,waming and 
guide, arc being sampled. All types of parking ~i ;:.,.s, stru:t nan.e signs and 
overhead signs arc excluded, however. 

4. Sign Material - Two basic sign shc:cting matcnals are being sampled-- enclosed 
lens and encapsulated lens sheeting. 

A sample of over 6,000 signs is being drawn from 25 counties of both urban and rural 
nature. Over 300 roadway segments classified by jurisdicnonal control and classification an: 
providing the sign sample. The counties being used as sample sites arc listed below. 

Delaware.NY 
Bcrkshirc,MA 
Hillsbourough, NH 
Westchester, NY 
Calvert. MD 
Montgomery, 1N 
Mendocino, CA 

Washington, AL 
Levy, FL 
Pittsburg, OK 
Greensville, SC 
Dallas, TX 
Butler, NE 
Sacremento, CA 

Adair, IA 
Burc1u1, IL 
Shawnee, KS 
Vanderburg. IN 
Fillmore, MN 
Oneida, WI 
King, WA 

Wayne, MI 
Madison, MT 
Iron, UT 
Yuma, AZ 
Pima, AZ 
Wuco, OR 
Clark, NV 

'The measure being collected is the sign rctroreflectivity condition. A 
retron:flectometer, specifically the Model 920, manufactured by Advanced Retrotechnology, 
Inc. (ARTI) of San Diego is being used for this purpose. ARTI is also providing one of the 
two data collections crews. 

Once the sii: and roadway segment is selected, the data collection crew, a two-person 
team, tabs four measurements for ~ach eligible sign along the segment. For multiple color 
signs, readings are taken for all colon so that a contrast level can be determined as well as 
the reuorcflectivity level. 

As noted earlier there is no retroreflectivity performance standard in the MUTCD. The 
only Federal standard for rctrorcflcctivity is found in FHWA's Standard Specifications/or 
Construction of Roads and Bridges on Federal Highway Projects, FP-85, which states in 
Section 635.03 that for temporary traffic control devices. rctroreflcctive sheeting on signs. 
barricades, etc. should be: 

• Not less than 75 percent minimum specific intensity per unit area (SIA) for Type 
II material. 

• Not less than 50 percent of the minimum SIA for Type llA and Type JII material. 

While setting a performance standaid in these terms is one method there arc other 
alternates and considerations. These are discussed below: 

1. Rather than setting the standard as a percentage of the minimum purchase 
specification, it might be more appropriate to set it an absolute value that would 
apply to all materials. Presumably this value could be tied to some minimum 
level driven require for either sign detection or lesibility. 
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2. For fully reflectoriz.cd, multiple color signs, conttast is an important factor in sign 
detection, and especially legibility. Hence, it may be necessary to set minimum 
contrast ratios for some sips. 

3. While minimum retitRflcctivity and contrast are important, more critical is the 
detection, legibility and visibility distances provided to be the motorist. Setting 
minimum distances for one or more of these parameters may be more appropriate 
than a brightness or contrast value. In doing so, other sign deficiencies can be 
considered such as sign or letter sii.c being too small or sign blockage. 

4. Finally, another consideration is sign color which for some signs such as the 
STOP sign, is critical. Field surveys indicate that for silk screened signs as the 
color fades, rctroreflectivity initially increases. Hence, one might fmd an 
adequately bright sign but practically devoid of color. 

However the performance standard is finally established consideration must be given as 
to how the standard is implemented. Alternate methods may include: 

• Phasing in the standard over several years, reducing the rctroreflectivity in 
increments. 

• Having the standard effective some date in the future. This would allow agencies 
to develop a viable sign maintenance program which would include inventory and 
inspection. 

• Setting standards for only the most critical signs or for the most critical roadway 
types. 

This study will develop more concrete guidelines and recommendations. The fmal 
report should be available in mid-year 1991. 

DISCUmON AT EASTERN WORKSHOP 

Q: It would be nice if you were to include the new sbcctings in your nudy, the 
•~nginecring gradings. 

A: We used engineering grade Type II as a general description becaus-: you cannot identify 
superengineering grade by visual observation. 

Q: Arc you considering looking at the new diamond grade too? 

A: No, we haven't approached the diamond grade at all yet 

Q: How many jurisdictions have a sign rot,,tion program? 

A: Vflt'J mall percentage, in ffflns of systematic, we'll get into that later on in the 
presentations and dilcusaions. I know some locations that will take certain meas of 
their jurildiction and replace signs every so many years-a wholesale replacement-a 
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vr::ry good maintenance proaram. Some jurisdictions replace signs as nccdcd 
individually. I dlint we'll be bearing a presentation lattt on in the session from Rich 
Cunard who will talk about replacement strategics. 

Q: When will the study be ready? 

A: The studies should be finishing up in early 1991 and probably the report will be out in 
mid-1991. But. a lot of the information will be fed into the work that (FHWA) is 
doing, Jeff Paniati, and his other studies. 

DISCUSSION AT WESTERN WORKSHOP 

Q: How did you detennine the sites that you were using for sign evaluation? 

A: We selected sites based on a random selection process. We needed to have a random 
sample, although we had to stratify it by geographic areas after setting up certain 
criteria. such as having some urban and some rural sites. 
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PANEL DISCUSSION ON A PERFORMANCE STANDARD 
FOR MINIMUM MAINTAINED RETROREFLECTIVITY FOR SIGNS 

In both of the reaional workshops, four speakers, each representing a different poup 
perspective, participated in a panel discussion to express comments and concerns regarding 
the establishment of minimum retroreflcctivity standards for ttaffic control devices. The fOlD' 
speakers represented State highway departments, local highway departments, the signing 
indusa-y, and the motoring public. Summaries of each speaker's comments, as well as points 
raised from the audience, follow. 

STATE AGENCIES 

Ke11 Kokt1t, • West Vtr,tn"1 DqarflMnl of Htglawa:,s• 

Mr. Kobetsky nou:d that the signing and pavement marking community has moved from 
some retroreflective signs to all retrorcflective signs ia F..cent years. He then questioned 
whether retroreflectivity levels were detennined by manufacturers and, if so, how? 

Although the concept of measuring retroreflcctivity with an instrument is sttaight
forwud, real world problerr.1 arise with actual measurement practices: 

• Specific intensity per unit area (SIA) values vary even from the same roll of 
sheeting. Scree!led red sheeting used for Stop signs has highly variable SIA 
values. If agendes used a retroreflectometer to check SIA directly out of the 
shop, the values would vary. 

• Sheeting material is subject to numerous climatological elements, which increase 
deterioration, including sunlight, desert climates, promity to chemical plants, 
etc. For certain signs and sign colors, as sign color fades, the SIA value 
increases. 

• The West Virginia Department of Highways, which controls 35,000 miles of 
roadway, is cancemed about the setting of SIA minimums. 1be Department 
cannot maintain a computer sip inventory fm all roadways; possibly only the 
larger roadways could be covered. The West Virginia Depanment of Highways 
is currendy undertaking a sign service life project similar to that of the Federal 
Highway Administration (FHW A) and has found a nnge of sheeting materials 
with all kinda of SIA values in the field. 

-.»re.elllDd at ealla1l wolbbop only. 
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• Signs that look good during the day often look bad at night. Also some cracked 
signs that look bad during the day actually have good SIA values for nighttime 
visibility. 

• From a practical standpoint computer inventories arc useful for determining where 
signs arc Jocaled and their approximate age. However, it is not very practical to 
tab retroreflective measurements and put the values in the computer inventory. 
The technology to perform the measurements is available but most agencies will 
not be able to afford the mobile measurement units. 

• A 1986 survey indicates that no State agency had a sign replacement program 
based on sign retroreflcctivity, except for signs in construction wncs. 
Determining which signs arc worn out is very subjective. 

• FHW A must be careful how it sets SIA minimwn limits to prevent creating more 
tort liability problems. The signing community doei,, however, owe the travelling 
public signs that can be seen. In an effort to make sign inventories more 
managuble, States should reduce the number of signs on the roadways. 

PNtl uwll - Uu,la n.,~,., of Transporuuu,n• 

The signing and pavement marking community needs minimum retrorcflective 
standards, but there must be some guidance on this issue. However, many issues need to be 
discussed: 

A le~l of rctrorcflectivity that is adequate. 
Older drivers' needs. 
Weather conditions, dirt, grime, and frost, which affect visibility. 
Orientation to the sun and its effects on SIA. A nonhem exposure sign 
could measure 42 SIA while a southern exposure sign of the same age 
could measure 30 SIA. 
Sign durability instead of minimum SIA. 

• Engineering Grade and Super Engineering Grade sheeting may meet the standards 
but for how many years? Signs should be evaluated by criticality. Minimum 
SIA standards shoukl be developed considering the differences in sign criticality. 

~scnled at western workshop only. 
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LOCAL AGENCIES 

W. Scoa Wai11wrlglll - Mo1ttgo11U11 Count:,, MarylaNI 

• Mr. Wainwright has mixed emotions about setting minimum standaro.s. The 
concept of minimum standards is good. but the standards need to be workable and 
practicable. However, there arc a lot of bad signs in the system that arc not 
retroreflective at night. Municipalities must provide adequate signs for nighttime 
visibility. 

• There are major concerns about the setting of minimum SIA standards: 

Liability. Existing litigation conditions are difficult; minimum standards 
could make conditions more difficult. 

Flexibility of Standards. Condition of signs varies greatly among the 
different road types and areas; pollution problems vary. 

Some overhead signs provide vital information. Nighttime visibility 
of overhead signs is difficult, especially sttcet name and left tum 
green ball signs. H agencies cannot provide necessary 
rctrorcflcctivity these signs may not be used due to fear of liability 
issues. 

Economic Impacts. Must maintain sign inventory. 

Easier for SJ11all town and/or State agency with the funds to maintain 
an inventory. Large cities and cour,ties have a lot of signs but have 
limited monetary resources. 

• Montgomery County, Maryland, currently has 2,000 miles of roadway in its 
control. The county depanmcnt has been unable to obtain funds from county, 
State, or Federal sources for implementing a sign inventory. The more affluent 
counties (such as Montgomery County) have difficulty obtaining Federal aid 
money. Most of the Federal aid money seems to be conc:entrated on the interstate 
system. The county's current sign budget is $625,000 per year. An estimate of 
$300,000 for stan-up and $350,000-$400,000 annually for maintenance was 
received from a consultant for lhe implementation and operation of a sign 
inventory. The minimum standards would not be affordable. The standanls 
should be phased in on the ftecway system only. 

1>1acn11Cd al eastern workshop only. 
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• Many local agencies do not have the Manual on Uniform Tra/fic Control Devices 
(MUT(D). For example, Wasbingu>n State has not adopted the new MUTCD 
yet; therefore, King County follows the old manual. 

• While King County does have a sign inventory, most large cities and agencies do 
not; and those cities and agencies without inventories do not know where their 
signs arc located. 

• King County has 36,000 traffic signs in its system. Approximately 10,000 traffic 
signs, including multiple occuncnccs, are vandalized each year. 

• The minimum standard should be set as a service life limit. There would be nc 
testing or measurements. A sign would just be replaced after say six years of 
service. It will be difficult for agencies to maintain signs at a minimum SIA 
standard. 

INDUSTRY 

Victor IJ.k -ATSSA
0 

• The key issues arc sign visibility and the needs of the olc'er driver. The signing 
industry welcomes and supports the implementation of minimum SIA standards. 

• The minimum SIA standards will probably reduce maintenance and tort liability 
costs. With a minimum standard, issues or problem areas dtaling with traffic 
signs and agency liability cannot be f abricatcd. Also, the standanis will climinate 
the less qualified suppliers. 

Robm Gtufflt-ATSSA+ 

• The minimum SIA standards arc essential for maintaining high quality traffic 
r-..oouol devices. For wott zone devices, the minimum suindards have come from 
the signing industry. 

• The industry strongly supports tight standards, because of fon:ign -.:ompctition. 
However, we need flexibility in the standards to accommodate new technologies, 
products, and innovations. The standards will also ensure that all suppliers arc 
competing on the same basis. 

?R1entcd at WCS1ffll workshop only. 
-i»mentcd at eastern wubhop only. 
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• Ton liability is a key issue and can be viewed in two ways: 

1. The minimum standards could create problems for the agencies where signs 
me below the standan1s and accidents occur. 

2. The minimum standards could eliminate many of the subjective rulings of 
the court system. 

PUBLIC PERSPECTIVE 

• Minimum SIA standards should not be established without minimum legibility 
standards for sign symbol and word message. A Transportation Research Board 
study of older drivers showed the importance of legibility distance. Also, the 
setting of minimum SIA standards for traffic signs ignores the need for improved 
pavement markings and temporary traffic control devices. 

• 1be pcfformance levels (i.e., mu ;_mum standards) should be simple but should not 
consider the 85th percentile criteria that is commonly used for traffic engineering 
design standards. All driven, especially older drivers, must be accommodated. 

• The standards should not consider economics. For example, in wOlk zones where 
higher standards for signing should be provided the FederaJ,'State regulations 
actually require lower standards. This is due to economic n:asons only. In many 
instances public safety has taken a back seat to economics. 

• The key issue is the problems of the older driver. The older driver has problems 
adapting to changes in light, particularly at night Traffic engineers should 
evaluate signing from the lay person's perspective. 

• Some dp symbols do not convey the intended message very well We need ID 
•review the dp symbols. Also, sip size is u impanant u brightness in many 
cues. Lcacr sm should be 6 in or more. The 4 in legend is too small for many 
sip. Angularily of ngns is critical, particularly on horimntal c:1nes. Signs 
should be cbecbd ID ensure proper orientation. 

• Major intenections are a major problem with many visual disttactiom and too 
much informanon. Agencies must inspect signs to determine how the driver is 
reacting ID the message and information. Many bad signs are not idcnti&:d and 

~need at euun wcnshop only. 
4Placnled at wcssem workshop only. 
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replaced by agencies. A sign inventory is the best ·way for agencies to keep ttack 
of all signs. 

QUESTIONS AND DISCUSSION FROM THE AUDIENCE 

Eastern Workshop: 

• Do motorists need brighter signs? 
• Motorists need brighter signs for a longer period of time, not just brighter signs. 
• There is a movement to more and more signs on the roadway. 

Western Workshop: 

• Should standards be set for a certain service life rather than SIA? 
• The economics dictate mass replacement instead of individual replacement. 
• Day/Night inspections uc critical. 
• Agencies have difficulty obtaining funding for nighttime inspections. 
• Funds for signing uc difficult to obtain. 
• Litigation rarely depends on the lack. of one specific sign. 
• Redundancy signing is suggested. 
• Pennsylvania study reported that signing was the number one liability problem. 
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SESSION 3 

MATERIALS SELECTION 
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CRITERIA FOR THE SELECTION 
OF SIGN RETROREFLECTIVE MATERIAL 

Hugh McGee, Ph.D., P.E. 
Principal 

Bellomo-McGee, Inc. 
8330 Boone Boulevard, Suitc 700 

Vienna, VA 22182 

In Standard Specifications for Construction of Roads and Bridges on Federal Highway 
Projects (FP-85) (1), four types of retrorcflectivc sheeting arc specified for permanent 
roadway signs. They an=: 

• Type 11 and Type IlA, enclosed lens sheeting, which arc known as engineering 
and super engineering grade, respectively. 

• Type IlIA and Type IllB which arc known as high performance grades, with "A" 
for encapsulated glass bead and "B" for prismatic sheeting. 

While Type IlIB is recognizcd in FP-85, there are currently no manufacturers of this 
material. However, in a memorandum dated November 3, 1989, the Federal Lands Highway 
Program Administration authorized an additional Type ill sheeting, identified as T)'pe IDC, 
Cube Corner Prismatic Rctroretlectivc Element Material. 

This material is similar to Type 1118, in that it derives its retroreflective characteristics 
using micro-prism or cube comer material. However, it is not as bright as other Type m 
sth!Cting at large entrance angles. 

Yet another material is the prismatic type sheeting of 3M Company. This new product 
has not yet been classified but essentially is the same type of material as Types IDB or me 
but with much higher retroreflectivity levels. 

Table 3 lists the four major types, their unit costs, their initial specification value for 
retrorcflcctivity in terms of specific intensity per unit area (SIA) for white sheeting and their 
approxinllle scrvke life. It should be emphasized that the unit costs are estimatcs and will 
vary based on die amount pun:hued by the agency. Also, the IICrvice lives lisled arc variable 
with various State and local agencies reporting sboner or longer lives for each of the 
masaials. 

Oiven the range in their retroretlcctivity levels, their costs, and their service lives, bow 
does an agency select lhc proper sheeting for their needs? Unfortuna1ely, no finn 
recommendations can be provided for selecting between these types because dlCl'C are several 
flCtOl'S which can affect that decision and different agencies may give different priority to 
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Table 3. Camparisoo of sheetinp. 

White Service 
Sbrietioc IYPe Unit Cost SIA ..LifL 

II - Engineer Grade $0.65/Sq. Ft. 70 7 Yean 

IIA - Sup-a Engineering $1.65,'Sq. Ft. 140 lOYean 
Grade 

m A - High Performance $3.20/Sq. Ft. 250 12 Years 
Bead 

ill B - High Performance $3.25/Sq. FL 250 10 Yean 
Prismatic 

these factors depending on their policy, location and mctiod of operation. The principal 
facton include: 

• Driver visibility need. 
• Durability and economics. 
• Practical considerations. 

These are discussed in this paper. 

DRIVER VISIBILITY NEEDS 

Certainly an imponant criterion for selecting the type of sheeting is the driver's 
visibility rcq~ments. The ability of a driver to sec and read a sign is dependent upon the 
driver's nighttime vision and several factors that relate directly to the sip, namely: 

• Brightness . 
• Conttut. 
• Consp!cuity . 
• Legibility . 

How these factors might influence the choice of sheeting is discussed below. 

Brightness refers to the amount of light reflected from the sign that reaches the driw:r's 
eye. Brightness varies for each color and type of rettorcflective ma1mal. In general, the 
brighler Che sign, the mere conspicuous it will be. However, high brightness letters or 
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symbols moun1ed on a low briatitness background may reduce legibility because of a halo 
effect of the brighler characters. 

In addition to the retrorcflcctive propcnies of the material, sign brightness will be 
determined by seven.I factors including the vehicie headlights, driver's eye height, road 
cmvatun:, sign placement and others. 

Two factors are particularly important in the selection of material; hence they arc 
discussed below: 

Placement 

Sign placement is an important factor in the consideration of sheeting selection. In 
general signs moun1ed ov~rhead or on the left shoulder of undivided roads require higher 
amounts of retmreflectivity to appear equally as bright as signs on the right shoulder. Hence, 
overhead signs and left shouJder signs should have significantly more levels of 
rctroreflcctivity than signs placed on the right shoulder. 

Viewing Distance 

A major consideration in the choice of retmreflective material is the distance at which 
motorists must be able to deter.t a device so that, if necessary, they will be able to take any 
action in a safe and timely manner. The distance from the sign where this must occur is the 
distance which provides adequate time at the operating speed to allow for a chain of events to 
occur which include detection, recognition, decision-making and ml\Deuver. 

Not all signs require all of these actions to occur and thercfme not all signs must be 
visible to equal distances. Many signs do not require a vehicle maneuver, and of those that 
do, many do not require the movement be completed prior to the sign. Signs which require 
lane changes with merging activity and those which require a complete stop must be detected 
and read at considerable distances from the sign. At 55 mi/h the required distances arc in the 
Older of 800 to 1,000 ft. At speeds of 30 mi/h or when the sign docs not require a driver 
deci'lion, or vehicle maneuver, the distances may be as shon as 200 ft. 

The visibility distance of signs at night cannot be increased simply by inClcasing the 
level of rctroreflectivity. There is an optimum level above which signs become more difficult 
to read. To accommodate long dell:Ction and legibility distances larger signs with larger 
letters arc needed. Traditionally it was thought that with proper reflectance and contrast, 
sips could be legible at SO ft for each inch of letter height That is, a sign with 8 in letters 
could be read at 400 ft. To allow for the effects of visual acuity less than 20/20 and 
belcUamp misalignment it may be advisable to assume only 40 ft of legibility per inch of 
letter beipt 

COIIINII 

In many ways, brighlDCSs contrast is mare critical to maintaining the detectability and 
legibility of signs than the overall brightness of the sign. There arc two types of brightness 
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contrast with which sign management must be concerned. External contrast is the nttio of 
sign luminance to the luminance of the smroundings (i.e., the background against which the 
entire sip is seen). Internal contrast is the contrast of the letters or symbol against the sign 
background. External contrast is critical to conspicuity, while internal contrast is critir.al to 
legibility. 

External contrast may sometimes be changed by relocating the sign. Internal conttast is 
fixed by the choice of materials, color and the sign fabrication process. Table 2 shows 
contrast ntios for three color combinations and three types of sheeting according to the 
FP-85. 

Table 4. Contrast ratios of fully rcflcctorizcd signs. 

SHEETING white/ white/ white/ 
~ ~ ~ ~ 

II 5:1 8:1 17:1 

lIA 5:1 5:1 14:1 

m 6:1 6:1 13:1 

Conspkuily 

Conspicuity 1ders to the probability that a sign located in the visual periphery will be 
seen at a given distance. The level of conspicuity for any sign depends upon the following 
facton: 

1. Eccentricity, 
2. De~ to which sign .. s expected and/or being looked for, 
3. Visual complexity of the sunounding area, 
4. External contrast, and 
5. Si7.C of sign. 

Eccentricity refers to the fact that the further the sign is located from the driver's line 
of si&)lt, the less likely it is to be seen. Signs mounted on the left of a multi-lane road or on 
die ri&)lt side of roads with unusually wide shoulders or parking/turning lanes may be less 
conspicuous. 

Eccentricity is generally not a problem for conspicuity at long distances where detection 
generally occun. However, eccentricity may be a problem when a sign is used with an 
unusually shon sight distancc (e.g. after a tum or merge area). Hence, for these situations it 
is advisable to use sheeting that maintains its rcll'Ol'Cflcctivity through wide angles. 
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Signs arc more conspicuous to drh·cn who are looking for them. On this basis alone 
guide signs arc more likely to be seen than regulatory or warning signs. Also any sign 
following another sign that alerted the driver to its presence (e.g., STOP AHEAD), will be 
more conspicuous because of the advance warning. 

Visllal complexity refers ro the presence of both reflective and direct light sources in 
the driver's field of view. Signs located in areas of low visual complexity arc more likely to 
be seen than signs in highly complex areas. Research by Paul Olson (2) indicates the areas of 
high complexity (str;.p development, urban areas, etc.) require 10 times the SIA compared to 
low complexity areas 

ugibility 

Legibility is detennincd primarily by the following factors: 

• Size of i.:.<ters or symbol; 
• Stroke width of letters or goodness of symbol; 
• Internal contrast (letters against background); 
• Brightness of background (partially reflective signs); and 
• Brightness of swrounding or ambient luminance. 

For any given driver, letter si:ze, contrast and swrounding luminance interact to 

determine actual legibility distance. With letter sbe and stroke width held constant, the 
legibility index of partial retroreflcctivc signs is pi:marily determined by the luminance of the 
retrorcflcctive material and the surrounding luminance. The legibility index of fully 
rctrorcflcctorizcd signs is determined by the internal contrast of the brighter reflective 
components to the other portions of the sign. 

The luminance of the reflective component of partially rctrorcflcctorizcd signs should 
be at least 0.2 candelas per square foot with 1 candela per square foot being a far safer 
specification. In general, the contrast ratio of fully retroreflcctorized signs should be greater 
than 5 to 1. 

Driver Vision an4 Age 

Vision capabilities of the driver play a key factor in dcteetion and comprehension of 
signs. While visual acuity is the parameter most often cited as an indicator for driver vision, 
at night other vision parameters arc important This is especially true for the elderly who 
commonly display reduced pupil si7.c and yellowing of the lenses. Consequently, they require 
signs that arc brighter, have more contrast and arc larger. Studies by Olson indicate that the 
elderly may require up to three times the SIA compared to the younger driven. 
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SELECTION GUIDELINES CONSIDERING DRIVER'S VISIBILITY NEEDS 

From the above discussion it is apparent that there are many factors that: 

• Affect the luminance and contrast of a sign of any giver. reflectivity. 
• Determine the distance where a sign should be conspicuous and where it should 

be legible. 
• Determine the luminance required for conspicuity and legibility. 

Given all the factors relevant to the determination of the level of sign reflectivity 
required to meet the driver's visibility needs, it is not possible to specify the appropriate 
sheeting type for each possible sign, condition or situation. There arc, however, some general 
guidelines that are offered for the selection of sheeting type based on the visibility 
requirements discussed. These are: 

1. Type Il sheeting provides adequate levels of retroRflectivity for all permanent 
signs in many situations. 

2. Type IlA or Type mA or Type me sheeting is desirable for regulatory signs, 
e.g., STOP, YIELD, etc. in high speed areas (45 mph or greater) requiring a 
driver reaction in advance of the sign. 

3. Type DA, Type IlIA, or Type me sheeting is desirable for all critical signs 
(regulatory, warning or guide) in any visually complex situation, i.e., dense urban 
or suburban area with competing light sources, or where signs would be 
unexpected. 

4. Type illA sheeting is desirable for all signs placed on the left side of a two-way 
road (e.g., NO PASSING ZONE pennant) or for overhead signs. 

5. For those signs which require wide angular viewing, such as the 00 NOT 
ENTER or WRONG WAY sign at a ramp terminus or signs on a freeway curved 
ramp, Type IlA or Type mA sheeting is suggested. 

Of course these general guidelines relate to the bri&htness levels provided by each of 
the sheeting types. What needs to be established, and is the subject of FHW A research, is 
how much each of these sheetings can deteriorate in brightness and still be adequate. In this 
regard the brightness life of the respective sheetings becomes important, an item which is 
discussed next 

DURABILITY AND ECONOMICS 

Another consideration in the selection of the type of sheeting is the relative durability 
and service life of the different sheetings and any economic implications. If a more 
expensive sheeting has a longer sen-ice life, it may prove to be economically advantageous to 
use that sheeting especially if it provides a higher level of reflectivity over the life of the 
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sign. A life-cycle cost analysis, using the agency's experience, would identify any cost 
benefits. 

In makin1 a life-cycle cost analysis several factors should be taken inro consideralion, 
namely: 

• Cost of the sbccting. 
• Cost of the sign in-place including the substrate material, post, hardware. and 

installation. 
• Service life. 
• Benefits. 

A critical determinant in the economic analysis is the selected performance life. 
Service lives of the various retroreflectivc sheeting arc highly variable and dependent upon 
environmental conditions. Type II sheetings have a reported maximum service life of 7-10 
years and Type m sheetings are reported ro have a 10-15 year service life. Instead of using 
an estimated service life, the manufacturer's perfonnance life guarantee could be used. 

However, the service life of the sign is as important as the service life of the sheeting 
itself. In ueas of frequeni vandalism, signs may have a shon life. Also, a sign may become 
obsolete because it was for a temporary situation. In selecting the appropriate pclformance 
life the agency should draw on its own experience where possible. 

There are at least duee methods for making comparative cost analysis. 'lbcse arc 
discussed below. 

The simple proccdurc for making the comparative cost analysis is to divide the total 
cost by the performance life. Tilis can be expressed as: 

Where: 

C = 
TC = 
PL = 

C = IC 
PL 

Cost per year of useful life 
Total costs of material and possibly the sign during the life of the sign 
Petfonnancc life, which can be the service life of the sheeting or che sign 
or the manufacum:r's guarantee 

This procedure docs not properly account for the value of money nor consider the diffa'Cnce 
in brighmess provided. 

In the second method the above procedUIC ii. modified to consider the level of 
rcttoreflec1ivity provided over the useful life. This is done by including a factOr for the 
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averap luminance provided over the serw:e life. This could be done by using the following 
equation: 

Where: 

C • TC 
0.+J.)xPL 

l 

C, TC & PL a.-c as defined above 
L. • Luminance (SIA) of new materi!ll 
L., = Luminance (SIA) of worn material at end of useful life 

In addition ro die disadvantage cited for .1e first method. this requites amassing data on the 
sip reflectivity at the end of the service life or guaraniee/Wananty period. 

A third and considered to be a more economically accurate method is to compare the 
equivalent unifonn a.'lnual costs. Thorough discussions of this method are presented in 
economic texts WJitten by Winfrey (3), and Barish and Kaplan (4). In this method. the annual 
cost of a capital investment to be ~ven=d in "n" years, considering interest rates, is found 
by multiplying its first cost by the appropriate capital recovery factor (CRF). The unifonn 
amount so detennined, if charged at the end of each year for the assumed useful life, will 
exactly repay the initial investment with interesL Functirn:uilly this method is expressed as 
follows: 

Where: 

TC 

EUAC 

CRF 

1l 

EUAC "" TC x CRF 

.,. Total Cost including cost of materials, labor, installation and 
traffic contro! 

= Equivalent Uniform Annual Cost 

= Capital Recovery Factor = i<l+iY 
(l+i)8 - 1 

= Time value of money or interest rate 

• Service life of sheeting 

Wbele the al1mll&tives have different senicc life, as in the case of alternate sheetings, a 
"Cledit" is given to lhe longer lif~ fllternatc, cffcaively teducing its equivalent unifonn annual 
costs. 

51 



In a 1988 study for the Kansas Depanrncnt of Transponation conducted by Bellomo
McGec, Inc. (5), this method was applied to establish the comparative costs of Type II and 
llIA sheeting. The results, shown below, indicate that if the expected service life of the two 
sheetings is realized, then the more expensive and longer-high performance sheeting is more 
cost effective. 

Type Sign 
Overhead Guide 
Signs - 15' x 10' 

Type II 
$145.00 

Ground Mounted $7.70 
Warning Signs - 30" x 30" 

Type IIIA 
$117.00 

$5.83 

For this analysis, it was assumed that Type m sheeting would have a service life of 10 
years, Type III would have 15 years and the interest rate was 8.5 percent 

OTHER CONSIDERATIONS 

Some practical considerations may influence the decision concerning which type 
sheeting to use. These are: 

• If the signs are frequently vandalized (i.e., gun shots), which may be the case for 
very low volume, rural locations, the apparent economic benefit of high 
perfonnanct sheeting would not be realized and the decision concerning which 
type sheeting to use would be based solely on driver rcquiicmcnts without regard 
to durability. 

• High performance sheeting is more fragile and requires more care in the sign 
fabrication, hlllldling and storing. Some agencies may not be equipped to provide 
this •.evcl of quality control. 

• Having to stockpile, and possibly fabricate signs using different sheetings may not 
be efficient. 
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DISCUSSION AT EASTERN WORKSHOP 

Q: Do you recommend high-intensity warning signs for construction zones? Sometimes 
the signs tend to get banged around by consttuction site crews in addition to what 
happens in the field. Did you do any surface life comparison for high intensity in wort 
mnc areas? 

A: When wc did a cost analysis on work zones, wc looked at it on a project by project 
basis. In other words. we looked at what it would cost to use high-intensity. reflective 
sbccting for that project for a certain duration versus other material. The service life 
wu just good for that project I don't think that those types of devices would last 
much longer than one project and may not even last for the length of the whole project 
I think we took the assumption that it was on a project by project cost analysis and 
usumcd a fairly shon service life for high intensity. I know that bas been a complaint 
about high-intensity sheeting on consttuction work zone devices. You do have that 
ttadeoff of handling and low service life versus the brighter material. 

DISCUSSION AT WESTERN WORKSHOP 

Q: In your study where you looked at some of the ongoing inventories that agencies 
maintained. how many arc going to the life of the reflective sheeting? Maybe given u 
a percentage. Or do vandalism. design standanls changes, etc.. require changing signs 
before they ever get to the end of their service life? 

A: Saw one report of Idaho. 

Comment (participant from Idaho): 

1be average life of warning signs is four and a half years. The surprising thing is that 
20 percent were replaced earlier than expected because of changes in the roadway or 
changes in the manual or some other thing like that. rather than a change in the sign 
iuelf. Reaorcflectivity contributed to 20 to 25 percent of total signs being replaced a 
very small pcn:cntagc. 

Q: Have you considered looking at reducing the sir.e of an engineering sign that is 30 
inches to a high intensity sign that's smaller7 
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A: No. But you need siJ.C for a different reason anyway, such as legibility. You also need 
to consider daylight as well. Going to brighter sheeting doesn't let you decrease the 
siJ.C of the sign. They are independent of each other. 

Q: Would this also be true of symbol signs? 

A: Yes. 

Q: We're considering going from a strictly symbol sign for a crossbuck and doing away 
with the lettering. We found that there is a lot of reflective area without the lettering. 
This may true of other symbol signs. 

Comment: 

It depends on where the driver is getting his or her information. For example, look at a 
yield sign. The driver doesn't .~et any information from the letters. You need to look 
at the critical detail. Where is ti,e driver getting the information, the words or the 
symbol? Use this to make the detennination on how far he can sec and what size to 
use, etc. 

Comment: 

In referring to Federal specification FP-85, which only applies to direct FHW A projects, 
FHW A is trying to revise it and come out with FP-92. They are interested in the 
specifications for reflective sheeting. We arc at work on that to come out with 
somethin1 that is toward the engineering lfldc or the high performance grade or even 
higher and get away from whether i1's beaded or prismatic material. 



SERVICE LIFE OF RETROREFLECTIVE 
TRAFFIC SIGNS-AN OVERVIEW 

Kent L. Black 
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Bellomo-McGee, Inc. 
8330 Boone Boulevard. Suite 700 

Vienna, VA 22182 

This paper presents an overview of the "Service Life of Rctroretlective Traffic Signs" 
project (Cooaract No. DTFH61-88R-00060) sponsored by the Federal Highway Administration 
(FHWA) and undertaken by Bellomo-McGee, Inc. (BMI). The project commenced in July, 
1988 with the final report expected by June, 1990. This paper was prepared to discuss the 
sign sheeting deterioration conditions evaluated, data collcction procedure and the preliminary 
analysis results from this project. 

There were numerous goals of this research project; however, the three main objectives 
weR 10 determine critical sign sheeting deterioration conditions, collect retroreflection 
readings for various sign sheeting colors and types, and develop mathematical equations to 
predict in-service retrorcflection based on the deterioration variab,es. The application of 
mathematical equations will be within FHWA's Sign Management System (SMS) as pan of 
the deterioration model. 

SHEETING DETERIORATION 

'lbrough an extensive review of the pertinent literature numerous sign sheeting 
deterioration conditions were isolated. Ccnain of the deteriorali<•·1 conditions such as, air 
pollutioo. IIIU type, distance from edge of pavement, sheeting manufacturer, etc. found in the 
literature were detennined to be site specific. difficult to isolate or beyond 
the bounds and constnints of this study. These conditions require more intensive 
investigation on a more regional level. 

The dctcrionlion conditions evaluated through the field collection of specific intensity 
per unit area (SIA) were as follows: 

• Sign orientation to the sun. 
• Sbccting age or date of installation. 
• Sheeting color and type. 
• Ground elevation. 
• Solar radiation. 
• General climue. 
• Precipitation. 

The sip orientation, sheeting color/type and ground elevation were determined in the 
field by the data collection technicians. The sheeting age or date of installation was obtained 
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from computerized sign inventories supplied by the controlling agencies and verified in the 
field. wherever possible. 

1bc solar radiation, climate and precipitation attributes of the data collection sites were 
obtained from the Department of Commerce's Climatic Adas of the United States. The 
climatological measures of solar ndiation and general climate were used to develop the eight 
data collection mnes for the United States, excluding Alaska and Hawaii. 

DATA COLLECTION 

1be general requirements for the data collection included the following crireria: 

• 2 sheeting types - Type II enclosed fons and Type IIIA encapsulated lens. 
• 4 sheeting colors (red. white, yellow &.'ld green). 
• 6 age categories for 12 years. 
• 8 geographic mnes based on solar radiation and climate. 
• 11 samples per sampling unit (2 types x 4 colors x 6 age categories = 48 

sampling units. 
• 25 percent additional data for validation. 
• 10 percent surplus data. 

or 

~ total samples for statistical analysis. 

A total of 19 sites were swvcycd with a mix of jurisdictions namely 4 State agencies, 9 
city agencies, 5 county agencies and I turnpike commission. The actual sites were selected 
based on the geographic location (i.e., 2 to 3 sites per geographic zone), area type, well 
maintained computeriz.cd sign inventory and monetary/time constraints. The key selection 
crireria was the presence of a maintained computerized sign inventory by which travel routes, 
location references, sign type (i.e., s~ting color), sheeting type, date of sign installation etc., 
could be determined prior ro the in-field effons. 

Data collection f onns were pre-entered, as available, with the pertinent information 
from the sign inventories. The general sequence of 1ield dala collection included the 
following: 

• Locate selected signs from inventory references and pre-entered forms. 
• Two technicians with equipment exit vehicle. 
• Sign face washed and dried; however, for 10 percent of the samples SIA readings 

were taken before and afwr wuhing. 
• Sheeting type and date of installation verified from sign panel. 
• Four SIA readings per color taken and recorded. 
• Loco: next sign in predetermined sequence. 
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Using three teams of two technicians each and approximately two months of field time, 
nearly 6,000 samples were obtained. This rotaJ satisfied the projected requirements for 
statistical validity. 

PRELIMINARY ANALYSIS llESUL TS 

This section provides preliminary results for selected analysis pcrfonned to date. The 
eight equations and rcsulWtt validation results will be presented and discussed thoroughly in 
the final report. 

Averag~ SIA 

Table 5 provides a summary of the average SIA values by sheeting color, type and age 
across all geographic woes. 

Table 5. Specific intensity (SIA). 

Age Red Yellow White Green 
Jo Yem ea He w Hf fill Hf w ~ 

0-2 23.25 46.00 91.26 241.16 114.52 307.33 18.60 54.SS 
3-4 19.40 35.82 75.86 235.52 98.41 288.51 15.30 53.62 
5-6 14.89 37.79 73.61 214.09 91.10 281.64 14.42 48.74 
7-8 20.45 46.17 64.16 210.35 82.27 279.98 15.26 41.Sl 
9-10 17.14 42.40 72.01 '99.95 74.01 266.18 14.15 40.29 
11-12 8.77 49.48 46.48 190.04 58.86 261.79 6.06 42.98 

These SIA averages, except for the red high performance, depict a general consistency as 
age increases. Where inconsistencies arise (i.e., high SIA averages for older samples) the 
limited number of samples particularly for older high performance sheeting explains some of 
the problem. 

Sip w-,.6 

For approximately 600 samples before and after sign washing SIA readings were taken. 
Based on this analysis engineering grade sheeting bcnefittcd from sign washing more than 
hip performance gnde. Table 6 presents the results in terms of percent SIA increase after 
sign wubing: 
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Table 6. Sign washing ~suits. 

Sheeting Color Pc~SIA 
and Type lncrea.,e No. of samples 

0 Rt.cl 
-EO 7.1% 65 
-HP 9.3% 85 

0 Yellow 
-EO 13.5% 104 
-HP 5.4% 33 

0 White 
-BG 12.5% 107 
• HP 7.6% 107 

0 Green 
• EO 13.5% 59 
• HP ~ ~ 

TOTAL 8.9% .587 

The SIA increase after washing by sheeting type were: 

• Engineering Oradc (EG) Sheeting = !2 percent SIA increase 
• High Performance (HP) Sheeting = 8 pcn::ent SIA increase 

Based on interviews of sign fabricators, manufactwers, etc. high performance shcc..ting 
was mentioned to have a "slippier" surface than cnginCCJing grade sheeting. This and the fact 
that engineering grade sheeting signs made up the majority of the older samples (i.e., longer 
exposure to particle build-up) could explain the differences in increased SIA. 

Bued on evaluations of scatterplots and other testing. multiple linear regression was 
dctenniDed :o provide the best fit of the data. The ranae of R2 values (i.e. the amount of 
variance in the dependent variable explained by the regression equation) was from 0.20 to 
O.<iO for the eight (i.e., four sheeting colon and two sheeting types) equations. Generally. the 
age, solar radiation and climaae variables wen: the best prcdicctors of in-service SIA. Tbe 
solar radiation and climale variables were used originally to derive the geognpbic zone 
1,-m. By including dJelC variables in the regression analysis the data across all zones were 
poupcd together. 1be poorest predictive variables were ground elevation, precipitation and 
surprisingly sign orientation to the sun. The following provides an example of the equation 
form and iesultl for green high perfomaancc sheeting: 
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SHEETING TYPE: Green High Performance (i.e., primarily guide 
sips) 

DEPENDENT VARIABLE: Average SIA (i.e., average of the four readings 
taken from the sign face) 

REGRESSION EQUATION: Average SIA= 230.198-1.86 (AGE) -0.30 (Solar)-
0.10 (Dcgn:c Days) 

Note: Not applicable for predicting new sheeting SIA 

COEFFICIENT OF REGRESSION: Adjusted R2 = 0.54 

1bc following section provides a discussion of the problems encountered while 
modclina in-service SIA. 

CRITICAL ISSUES 

Through this study several items, which hinder the development of equations to predict 
in-service SIA, were realized. Some of the iaems focus on the sheeting material and 
retrorcflcctivc attributes while other items arise from the large scale sampling effort 
undertaken. 

Apparently over the past 10 to 20 years sign sheeting material has changed. Any 
changes in the material namely in structure and rctrorcflcctancc affects the ability to model 
the deterioration ~nd. Also, the actual SIA values of new sheeting from even the same 
production nm varies significantly. Without a consistent beginning SIA value again 
quantifying deterioration trends are difficult. As sheeting color fades, particularly in screened 
red sheeting, the SIA values tend to increase over time. In this circumstance contrast ratios 
and not rctrorcflcctancc is the key determinant of sheeting condition and performance. 

The data collection effon was national in scope which created difficulties with the 
subsequent data analysis. A rather large sample of nearly 6,000 was achieved but Jcss than 
20 sites were surveyed. Therefore, data analysis results were easily biued by unusual 
circum1tance1 found at one site. Other biases were inaoduced because site seleclion 
depended heavily on the availability of a computerucd sign inventory. Reasonably, a 
jurisdiction maintaining a sign inventory is mcne aware of sign deterioration. Due to the 
large scope of the data collection deterioration variables such as sign orientation to the sun 
and ground elevation were difficult to cvaluaie. Mere site/condition specific testing is 
required to analyze these variables' conttibudoo to sheeting dc1Criantion. 

This rescmch will provide a good basis rm- predicting in-service SIA using readily 
obtainable input criteria. The predictive equations developed should be an inte,nl component 
of fHWA's Sign Management System. 
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DISCUmON AT EASTERN WORKSHOP 

Q: What variations were found across the four readings? 

A: That's a good question. I gucsll I haven't really gone through and done the statistical 
analysis of that. and these arc very general tcnns I'll use. There arc variations across 
the four readings that we took, and it's more than minimal variation. That also 
contributes to the difficulties trying to model the deterioration. This makes it very 
difficult because even within the same sign we can get a variation of SIA values. I 
don't have any numbers for you but there were very significant SIA changes across the 
sign face. 

Q: Did you make an effort ro detcnninc what year the sheeting was manufactured? 

A: The underlying assumption here was that very little deterioration of the sign sheeting 
would have taken place between the date of manufacture and date of installation. It 
would have been a very difficult effort for us to dctennine when signs were 
manufactured and how much difference in SIA there would be between manufacture 
and installation. 

Q: Could you determine what the values of the brand new sheeting were? 

A: For brand new sheeting? No, we could not dctcnnine that. I have no idea what the 
new SIA values were for the signs that we measured. 

Q: ffow comfonable arc you with using the iesults of your study in a predictor model in 
SIA knowing that the R2 values are low? 

A: I'd say I would not rely very heavily on the equations or that they are the law. These 
are very general pidelines. Again, it was a nationnl cffon, and we would need more 
data on a site specific basis to obtain accurate predictor equations. 

Q: ls there a specific number on the variation of SIA in new sheeting? 

A: I'll have to hedge. I guess my information or source for chat is Jeff Paniati, and he bad 
mentioned to me chat FHW A had found that some variability of SIA exists on a roll of 
sheeting. What colcr it was I don't know. 

Comment 

I can tell you this at least, from the data that we collected for category l, which would 
be signs that are new through 2 years old. the scatter plots holding the sign color and 
type of sheeting oomlant really arc scatter plots. This tcndl to tell me that the sheeting 
maiaiall didn't start at tbe same new value. 

Q: On your yellow en,meering range, it looks like there was a very definite change in 
material from about 8 to 10 years. 
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A: That jump in the curve. and I haven't investigated that completely, shows either that 
most of the older yellow enaineering grade sheeting that we sampled was from 
primarily one location or a couple of locadons where there might have been a different 
manufacnuer's mllerial or it wu in particularly good shape. This might be skewing 
our results. We had no idea of knowing the actUal manufacturers of the sheetina. 

Q: Was there a difference in your findings between damaged signs and signs that were not 
damaged? 

A: We avoided severely damaged or vandali:r.ed signs, or those we did not think we could 
get consistent readinp from across the face. We said "avoid that sign" and strictly 
ttied to stay with ones that were not noticeably dclami.nak:d or peeling from the 
substrate material. 

DISCUSSION AT WESTERN WORKSHOP 

Comment: 

I have a question on the orientation issue. Someone on the panel didn't sec the 
deterioration either in retrorcflcctivity between and north and south facing ~igns. They 
did sec it in color change. Another FHW A study similar in nature could not identify 
orientation as somcdtlng that affected the retrorcflcctivity. I'd like to hear questions 
a..'ld comments on this. 

Comment: 

I think that reflects on what the manufacturers have done. Thirty yean ago orientation 
did have an effect on the rctrorcflcctivity. The materials have improved and reduced 
that effecL 

Comment: 

We expected to find orientation affecting the retrorcflcctivity, but in analyzing the data, 
WC couldn't find it anywhere. 

Comment: 

Try going to the manufac:urcrs. They maintain field tests on orientation on samples for 
years, and they may be able to provide some data. 
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Comment: 

The U.S. Forest Service has nine different locations where they have data on orientation 
and different SIA reading for the last 15 to 20 yean. 

Comment: 

We looked at about 500 railroad crossing signs. For those that had been put in during 
the last 20 years, there wasn't much difference in the orientation, but for those that 
were 30 to 40 years old, particularly those mounted on steel. there was a big difference 
if they faced south or north, but not much in the cast/west direction. 

Comment: 

Maybe orientation does not in fact affect rctrorcflcctivity. 

Comment: 

Contrast ratio may show soll'e orientation effects. 
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SASHTO REGIONAL TESTING PROGRAM 

Donald Casnel 
Bridge and Roadway Technology 

Pennsylvania Department of Transponation 
Transponation & Safety Building 

Hanisburg, PA 17122 

Many Suuc Transportation Departments across the Nation are attempting to construct 
and maintain highwayi. with very limited funding, and the prospects of increased revenues arc 
not very promising. 

One of the larger problems facing depa.'tment officials is in the material inspection/ 
testing areas. Large demands on manpower are required by material acceptance, material 
quality control programs, and the testing of new materials for use in the transportation sector. 

Material testing is, for the most pan, a standard process, i.e., ASTM and AASHTO both 
have specifications and testing procedures that most States follow. One area of materials that 
does not necessarily follow this pattern is in the area of new materials; materials for which 
specifications and testing procedures do not presently exist. The question arises that if these 
specifications exist and the testing procedures arc used by most of the States, why do we all 
test identical materials? Many of the States in this region, as well as the Nation, arc 
unnecessarily duplicatini effons in that they arc all evaluating or testing many of the same 
materials. 

A few years ago SASHlO States began a regional testing program for the purpose of 
cvaluatina,'tcsting ttaffic control material!;. The idea was to reduce the redundancy of testing 
required by each state testing the same materials. Not only is the present proccdwc of 
individual testing by all States involved costly to the State governments, but also to the 
material suppliers. Each vendor must provide identical material samples to all states in which 
they desire to sell the product on which they each do very similar, if not identical, testing. 

The NAS.HI'O states comprising the northeastern region of AASHTO have begun a 
program to consolidate some of the material evaluation and testin~ efforts for materials that 
are common to most of the i)Uticipating States. This began with the formation of a 
NASlfl'O ad hoc committee to evaluate traffic striping materials. More recently. the program 
was expanded to include other matcrials/produets which include: 

• Gcorextilcs and geocomposites. 
• Anti-graffiti coatings. 
• Reflective sheeting. 
• Flexible dclincators. 

~sen1cd at eastern workshop only. 
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• Coatings for structural steel. 
• Plastic pipe and culvcns. 
• Raised pavement markers. 
• Tubular markers. 
• Concrete admixtures. 

This program is undertaken in an attempt to reduce the total manpower requirements 
and associated expenses resulting from the redundant testing by the States. 

The presentation will describe, in detail, the process used by NASIITO to initiate their 
Regional Testing Program. 

DISCUSSION AT EASTERN WORKSHOP 

Q: At the test centers, do you have set standards so that when an agency orders that same 
type of change that they will get what was tested or like material delivered to them? 

A: I'm not intimately familiar with pavement marking materials, but my understanding of 
it is that they test each one by specification. And as they test it, they also test it for 
perfonnance over a period of time. What they will do is put those numbers together .... 
(interrupted by comments from the floor) ... Thank you, some horror stories that we've 
heard. at least in our area. put forth that we purehase materials from firms that arc 
located on a State line. We use the identical materials. We use almost the identical 
standards and specifications to accept it by, and yet we won't accept each other's 
procedures. And to carry that a step funhcr, within the State of Pennsylvania, there arc 
some horror stories where one engineering district will not rely on another engineering 
district to test a source. And I think. that when you get down to that level and within 
the State they won't go along with that procedure, it is a monumental task. But I think 
NASHro has gone a long way to try to correct the situation. 
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SASHTO REGIONAL TEST FACILITY 

Rohen W. Mosclcy1• 
Assistant Mainterancc Engineer 

Mississippi Seate Hiatway Department 
PO Box 18SQ 

Jackson, MS 3921~,-1850 

Performance tcstin& of traffic control devices has been an intc&ral pan of many 
highway agencies for a number of ycan. Highway agencies found that perfonnancc or 
research lesting on a limited but acc~leratcd manner was an essential mechanism for screening 
various types of traffic control devices prior to their extensive use by an agency. 

Perfom1ancc claims by a manufacturer as to the durability, conform ability, reflectivity, 
etc. of their product are readily verified by field and laboratory rcSCL"Ch testing. Prior to 
1989, each of the 12 States that comprise the Southeastern Association of State Highway and 
Transportation Officials (SASH10) performed their required field and laboratory researeh 
tests on various types of traffic control devices. A majority of the 12 States performed similar 
tests which resulted in a significant amount of duplicate research testing on the same 
materials or specific products. 

During 1988, la SASHTO Ad Hoc Committee, comprised of representatives from each 
SASHTO State, developed and implemented the SASHTO Regional Test Facility(ies) (SR1F). 
The objectives of the Ad Hoc Commincc we:rc to: 

• Develop a regional test facility concept that minimized the amount of field and 
laboratory research testing of specific types of -natcrial by pooling efforts in an 
organi7.cd manner to significantly reduce the monetary and manhour requirements 
by both the States and industry. 

• Utilli·e our existing field and laboratery expertise and resources to minimize 
cxpc~IClirurcs while maximizing results. 

• Develop field and laboratory research tests that would be- acceptable to the 12 
SASHl'O States. 

• Develop organizational and operational procedures for administering the program. 

The Ad Hoc C-ommiacc accomplished their objectives in a satisfactory manner which is 
evident by the favorable unanimous vor. by the Chief Executive Officers of the SASHI'O 

1Prcsentation given by Richard Young. 
•Presented at western workshop only. 
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Swes at the 1988 SASHTO Co1n:-:ntion. Not only were the organizational. operational, and 
testing procedures approvtd, but a J,Cnnanent SASHTO Standing Committee was established 
10 oversee and administer the operations of the SRTF. 

The SRTF is not a building located in a particular SASHTO State nor does it have its 
own staff. but an organi7.ation utilizing existing highway agency personnel, buildings. 
equipment. test racks, etc. within the SASHTO Region. No initial expenditures were required 
to implement the progra.-n which presently involves 11 of the 12 SASHTO States in some 
menner in the testing program. At the present time there are no testing responsibilities 
req•lired of the 12th State, but as the scope of the SRTF is broadened to encompass other 
types of material, the 12th State will be asked to perfonn its fair share of research testing. 

Table 7 indicates the SASHTO States involved in the program and their responsibilities: 

STATE 

Alabama 

Arkansas 

Florida 

Georgia 

Kenrucky 

Louisiana 

Table 7. SASHTO States and responsibilities 
for regional test facilities. 

TYPE MATERIAL(S) 
TESTED BY STATE 

Striping 

Raised Pavement 
Marken and Markers 
Adhesives 

Signing 

Raised Pavement 
Markers and Marker 
Adhesives 

Striping 

Striping 
Signing 
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RESPONSIBILITIES 

Support State (Field Test 
Decks) 

Support State (Field Test 
Deck for Temporary & 
Snowplowable Adhesives 
Adhesive Mmcrs) 

Support State (Field Test 
Rack) 

Lead State (Field Test 
Deck for Permanent 
Markers, Laboratory 
Work on all Markers and 
Adhei.ives, and Writes 
Report) 

Lead State (Field Test 
Deck and Writes Report) 

Support State (Laboratory 
Tests) Suppon State 
(Laboratory Tests) 



STATE 

Mississippi 

N. Carolina 

S. Carolina 

Virginia 

W. Virginia 

Table 7. SASHTO States and responsibilities 
for regional test facilities. (continued) 

TYPE MA TERIAL(S) 
TESTED BY STATE 

Signing 

Traffic Cones 
Plastic Barrels 
Portable Sign Stands 
Mesh Signs 
Flex. Del. Posts 

1. Ground Mounted 
2. Surface Mounted 

Signing 

Reflective Cone 
e1ecvcs 

RESPONSIBil..ITIES 

Coordinates Activities of 
SRTF 

Suppon State (Field Test 
Rack) 

None 

Lead State (Field and 
Laboratory Tests and 
Writes Report) 

Lead State (Field Test 
Rack and Writes Rcpon) 

Suppon State (Field and 
Laboratory Tests) 

There have been many hours of discussion by the members of the Ad Hoc Committee 
and Standing Committee in regard to operational and procedural characteristics of a regional 
test facility. Bucd upon these discussions, we have identified some characteristics which 
define the philosophy of the committee members as pertaining to the SRTF. 

The SRTF will: 

• Not approve or disapprove products. The test facility(ics) will only provide the 
field and laboratory test data as required by the field and laboratory test 
procedures developed and approYed by the SASJITO States. Each individual 
State will be able to review the data and choose those products that arc 
acceptable for use by their Department 
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• Not pcrfonn industry's field and laboratory research testing. As pan of the 
Product Evaluation Form, the mam.facturcr/supplier must indicate and substantiate 
their field and laboratory testing. 

Perfonn only those laboratory tests that the States have the e~isring equipment 
and/or capabilities to accurately pcrfonn. 

• Limit the number of traffic paint formulas that may be submitted for testing by a 
manuf acturcr/supplicr over a specified period of time. 

• Make the test reports available to cities, counties, States, industry, etc. for a 
nominal fee of $50.00 per year. This will be accomplished by means of a 
subscription which entitles the subscriber to a copy of all reports di:nributed by 
the test facility(ies). 

• Take whatever steps necessary to assure that the test facility(ies) retains its 
credibility within the SASHI'O States and industry. 

• Develop a system of fingerprinting the materials that are actually tested in the 
field and laboratory. The SASHTO States will furnish the test facility with a 
sample(s) of the materials they are purchasing for fingerprinting purposes. The 
test facility will furnish the State with a copy of the original fingerprint as well as 
a fingerprint of the sample(s). 

• Charge a testing fee based upon the field and laboratory costs associated with 
testing a specific type mater al. 

• Operate through a coordinated effort with a specific State being the lead State in 
the testing of a certain material with other states being suppon States. 

Has the SR1F been successful? During the development phase of this program, it was 
detennined that the 12 SASHI'O States spent a combined total of appronmately $500,000 
during 1987 to perfonn the required field and llaboratory research tests on striping ma'-Crials, 
sign sheeting, raised pavement markers and marker adhesives. Hundreds of manhours of 
duplicate research testing were needlessly being pcrfonncd at a time when most highway 
agencies were experiencing manpower sh'lltages. As a comparison, during 1989 there were 
75 samples of the four types of materials mentioned above that were submitted for testing by 
the SRTF. Through our coordinated efforts, appronmatc.ly $1SO,OOO will be spent testing the 
75 sampll:s with an estimalcd 65 to 75 percent savings in manhour requirements. The vast 
majority of the $150,000 spent by the various States will be reimbursed based upon the 
testing fees paid by the manufactum"S. 

As we enter our second year of testing, we have experienced an approximate 33 percent 
increase in the number of samples submitted for testing. We attribute this growth to a better 
understanding of our program by industry and what we are attempting to accomplish. The 
SASHTO States are greatly appreciative of the support exhibited by industry for the Regional 
Test Facility in the SASIITO Region. 
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BREAKOUT SESSION ONE 

To encourage feedback from and discussion among the participants, the workshop 
included two "breakout" periods in addition to presentations and the panel discussion. On the 
first day of each workshop, panicipants spent the second half of the afternoon program in 
simultaneous breakout sessions discussina one of three topics: 

1. Alternate face and substrate materials for freeway signs. 
2. Alternate face and substrate materials for non-freeway signs. 
3. Logo and tourist oriented destination (TOD) signing. 

In each breakcut session, one panicipant briefly discussed a group topic as it related to 
his agency's experiences or policies. The moderator then led a group discussion by posing a 
series of questions. In the general session that followed, the moderator presented a summary 
of discussions. Below are the key discussion points, grouped by breakout session topic, as 
summarized by the moderator. 

FREEWAY SIGNING MATERIALS 

Sign Ft1t:e Material 

• Adhesion Problem. Nonh Carolina reported an adhesion problem with Type IIIA 
rctrorcflective sheeting on a large number of guide signs. However, the supplier 
has corrected the problem under its wia.1TIU1ty program. 

• Blotching and Spotting. North Carolina also experienced a blotchin~ and spotting 
problem with engineering grade material. The sheeting material was rejected on 
the basis of its appearance specification. 

• Delamination. Florida reported problems with delamination of Type IIIA 
material. 

• Sheeting Combination. Florida reported on its policy to use Type Im, "supcr
enginccring grade" sheeting for the copy/legend and Type II, "engineering grade" 
sheeting for the background This combination provides an acceptably bright sign 
for illuminated overhead guide signs. 

Sign Substratt Maurlal 

• Spot Welding Problem. North Carolina JCported a problem with spot weld studs 
used for fastening the panels to the braces and Z-bars. The State is searching for 
a new type of spot welding. 
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• Chemical Disposal Problem. North Carolina reported on a problem with 
disposing of the chemicals used for etching and anodizing the aluminum panel 
subsntes. 

• Extruded Panel Problem. South Carolina reported a problem with porcelain 
enamel extruded panels where the enamel paint peeled off the extrusion. 

• Fiberglass Sliver Problem. West Virginia reported on its use of reinforced 
fiberglass for substrate. The State has experienced minor problems of slivers of 
the material getting into the silk screens causing blocking of the ink through the 
screen. 

Si111 Fae, Maurlah a"" SubslrtlNs 

• User-Friendly Sign Inventories. 1be western group confinned the need for a sign 
inventory at the Swc and local level. In designing the inventory it needs to be 
"user friendly" and useable at all levels to insure its acceptance. 

• Aluminum and Plywood Materials. Aluminum and plywood are materials most 
often used for sign substrates. Experiences with "pressboud-type material" have 
not been favorable so far; it doesn't hold up well against gunshots. 

• Color Fading. Nevada experiences color fading due to the sunlight exposure; the 
State is experimenting with different inks. 

• Sign Labeling. Engraving is becoming a popular method for identifying and 
labeling signs in place; stickers arc also still used widely. Felt tip pens are used 
but the problem with "wash out" over time has been experienced. 

• Sign Refurbishing. Many expressed the concern that sign refurbishing is not 
considered a priority item and must compete against other "more demanding 
maintenance needs." Inventories leading to identification of problems might 
heighten the awareness of sign improvement needs. 

• Refurbishing and Replaumtnt. The weslem group agreed that u much as 50 
percent of existing signs need refurbishing or replacement because of app:arancc. 
vandalism, or loss of adequate re1r0reflcctivity. 

NON-FREEWAY SIGNING MATERIALS 

Sip Ftlff Mat,rlall 

• Service Ufe. In Illinois, Type ll sheeting material is used predominately for post 
mounted signs. Sevcn.l anendecs reported service life of engineering grade as 
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long as 12 years, others reported much less. All seem satisfied with the 
durability of this material. 

• Encapsulated Lens Shuting. Many agencies reponcd using Type WA, 
encapsulated lens sheeting, especially for the n:verse screen signs, e.,. Stop signs. 

• Sign Inventories. The western group reached a consensus that a sign inventory is 
needed; the agency needs to know "what is out there." 

• Training. Training on various aspects of signing is important and the Rural 
Technical Assistance Program is a good mechanism for achieving training for the 
local agencies. This training wnuld include information on sign materials, sign 
installation, sign evaluation, etc. 

• Sheeting Selection. Selection of the sheeting material should be a local option 
and should not be mandated by the State or Federal Government 

• Service Life Guidelines. Regarding service life and performance standards, the 
western group felt that only guidelines, not a specific value, should be provided. 
The western group felt that an expected service life guideline would be most 
appropriate. With knowledge of its environment and sign material, the local 
agency could detennine the expected useful life of its signs and then replace 
those at that life. 

• Vandalism. Because of vandalism, sign inspections have to be done on a regular 
basis with replacements perfonned as needed. 

Substrau MaJerials 

• Aluminum. Aluminum is the material most often used for sign substrate. Using 
aluminum is advantageous because it can be recycled and then salvaged no matter 
how thin it gets. However, because of its value, it creates a theft problem 
especially when the price of aluminum is high. 

• Plywood. Plywood is used by some agencies; use of this material rends to be a 
regional choice and is dependent upon the price differential between aluminum 
and plywood. Plywood is also subject to theft in some areas. 

• Fiberglass. Fiberglass has seen limited use with some success and failures. One 
problem rclarcs to the handling of the material in the fabrication process. Slivers 
of the material get in10 workers' hands and into screens; this problem has been 
eliminated to some extent by shearing the material rather than cutting it. It is 
also difficult to dispose of when no longer useable. The U.S. Forest Service is 
reported to be using fiberglass material. 
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• Vandalism. Vandalism is a major problem in signing. Some available inks allow 
easy removal of graffiti markings. Ocar overlays can also be applied to the sign 
face and then peeled off to remove the graffiti or minor scratches. 

• TYJ¥ II Material. In discussing the revisions to the FP-85, the eastern group did 
not reach a conensus on the types of materials that should be included, but did 
unanimously agree that Type II material should be retained. 

LOGO AND TOURIST ORIENTED DESTINATION SIGNING 

1be poops discussed a number of problem areas in administering the Logo and TOD 
signing programs: 

• Speci.:ll Maintenance and Marketing Attributes. The eastern group discussed 
logos u compared to outdoor advertising and how they fit together. One is not a 
substitute for the other. One can be leveraged against the other, this has 
happened in several States. 

• Complexity. Logo and TOD signing is becoming complex to the public; it is 
growing substantially. Thirty-seven States have the program and others are 
considering it. Each State has to sttugg)c with setting rules and regulations. 
Logo and TOD signing embraces several areas unfamiliar to the highway 
r,001munity, including a different kind of administration, marketing, and operation 
t:hat is tied in to development and implementation of these programs. 

• Umit,d R,sourc,s. These proarams present an ongoing challenge to the 
resowces of agencies, which have limited time and staff and which have many 
high priority tasks to pcrfonn that are unrelated to tourist signing, including other 
types of signing needs. Yet businesses that would benefit from tourist signing sec 
tourist signing as a high priority, and they put pressure on agencies to put tourist
signing needs tint. This pressure etcates a dilemma for the agencies, which 
recogniz.c and appreciate the position of the businesses, but which must also tend 
to many other important highway problems. 

• Costs of Programs. 1be cost of these programs are essentially the same among 
the Swes, but due to the way the costs are recovered. there are both direct and 
indirect costs involved. Some of the costs are underwritten by the apncy and 
passed on to the public. In other cases, costs are clearly specified and paid for by 
the priVlde entity. Hence, the cost differences among the States are great. 
BusinealCS must be faced with consi11ent fees for the logo signs; fees should vary 
depending upon the area or other factors. 

• Changing Programs. There is a continuous change to the program, which creates 
a significant retrofit demand on the agency. For example, the four logo per JlllllCl 
limit for food and lodging has been expanded to six. creating significant 
retrofiaing due 10 the problems of panel size and support structure requimnents. 
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Also, the coverage area is continually increasing from a few interchanges to 
several Interstates and to non-Interstate freeways and expressways. 

• Program Jmplementalion. Three mechanisms for implementation of the program 
include: 

A public program underwritten by the agency. 
A private program carried out for the agency by a private contractor. 
Semi private/public program carried out by a travel council organized 
within the State. 

• Logo D;splay. Items such as expansion, rural vs. urban, location, proliferation, 
design, qualifications, renewals, and removals should be considered in setting 
rules and regulations. The task becomes more manageable if specific rules and 
regulations arc well thought out and clearly defined. 

• Control. Without proper control by the State, the program spreads out of control 
and gets mixed in with other motorist services programs such as scenic highway, 
motorist advisory radio, rest area management, etc. All have to be managed 
effectively. 

In summary, opportunities for solving some of the problems lie in clarifying the rules 
and regulations up front anc.. adhering to them. Those who operated in such a manner had 
better success than those who arc continuously ir. •idifying their program and procedures. 
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SESSION 4 

FIELD ASSESSMENT TECHNIQUES 
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TRAFFIC SIGN REFLECTIVITY MEASUREMENT 
USING HUMAN OBSERVERS 

INTRODUCTION 

Edwin A. Lagergren, P.E. 
Assistant Traffic Engineer. District 3 

Washington State Department of Transportation 
5720 Capitol Boulevard 
PO Box 9327, KT-11 
Olympia, WA 98504 

Driving at night is much more difficult than driving in daylight. A driver's visual 
acuity, contrast sensitivity, distance judgment, and color discrimination are all impaired by the 
relative darkness of the night driving environment. Accident statistics compiled by the 
National Safety Council for the 20 years from 1965 through 1984 indicate that 56 percent of 
all traffic fatalities occur at night. The fatality rate on a mileage basis for nighttime is more 
than three times that of daytime. A driver's night vision characteristics and lack of adequate 
visual guidance information are significant factors in the greater accident and fatality rates at 
night.<0 Improvement in the nighttime guidance of the driver is likely to improve driver 
performance. Therefore, an effective method of periodically inspecting traffic signs is 
im:.,ortant to ensure road safety. 

The majority of today's traffic signs arc made with rettorcflcctive material for nighttime 
legibility. As signs age or are covered with road dirt, their renoreflectivity decreases, 
accompanied by a decrease in effectiveness. The Federal Highway Administration (FHW A) 
is cuncntly investigating the addition of pcrfonnance standards for retrorcflcctive traffic signs 
to the Manual on Uniform Traffic Control Devices (MUTCD).<2> At present the MUTCD 
provides no minimum or replacement standard for rcnoreflective traffic signs. 

The implementation of retrorcflcctivity standards would create a need for ai, accurate, 
reliable and cost-effective method to review traffic signs in the field. The use of observers is 
the most common, least complicated, fastest, and most cost-effective way to evaluate the 
retrorcflectivity o· traffic signs; however, minimal research has been done to verify the 
accuracy of this method. 

STUDY OBJECTIVES 

This research project had two primary objectives. The fint objective was to review all 
availahle literature on maintaining retroreflcctive traffic signs and survey all State 
transportation agencies to leam about the methodologies and employed in making 
retrorcflective judgments on highway signs. The second objecdve was to determine how 
accurately an observer can be trained to rate the retroreflectivity of traffic signs in a highway 
environment. 
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LITERATURE SURVEY 

The literature survey uncovered four methods for examining the retroreflcctivity of 
traffic signs: 

• Human observers. 
• Measuring instruments. 
• A combination of instruments and observers. 
• Computer-based sign maintenance systems (SMS) 

The literature survey showed that instruments to evaluate traffic sign retrorcflectivity 
arc accurate but not used on a large scale because of the cost they required. An instrument 
that would be suitable to evaluate the retroreflectivity of a large inventory of signs has not 
been developed and may not be developed for several years. A computer-based sign 
management system may prove to be satisfactory, provided adequate weathering data and 
several other factors can be obtained. This data collection may also require several years. At 
present the use of the human observer is widespread but sj!J of unverified accuracy. 

QUESTIONNAIRE 

The study team mailed a questionnaire to each of the 50 States, the District of 
Columbia and Pueno Rico to obtain specific details of the policies and procedures used in 
maintaining retroreflcctive traffic signs. Eighty-five percent, or 44 States, responded to the 
questionnaire, indicating a very high interest in the subject of traffic sign retrorcflcctivity. 
The main fir,dings are summarized below. 

Six States had written, maintained perfonnancc standards for retroreflcctivc sheeting 
material. These standards were hascd on subjective retroreflcctivity perf onnance or 
manufacturers' performance warranty. 

Most other States that had written or unwritten policies based thcu policies on how 
often signs should be reviewed. 

signs. 
Eight States used an installation date in their sign inventories as a priority to replace 

Thiny-five States put either an installation date or fabrication date on their signs. 

Most States reviewed signs for replacement at least once a year. 

Sign inspector.; were responsible maintenance and traffic persoMel (usually both). 

Thirty-five States used both day and night visual inspections; 35 States used a combina-
tion of moving and stationary vehicles. 
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Retrorcflcctometers or material patches were only used as a supplement to visual 
inspection; Mississippi also used a spotlight during daylight hours. 

One-third of the respondents washed signs with varying frequency. 

Thiny-one States did not and 13 States did have plans to modify their existing :;ign 
inspection procedures. 

Only 10 States claimed to be performing or planning research related to sign 
rcttorcflectivity in 1986. The most common research was the setting up and monitoring of 
field weather decks for sig,.i material evaluation. One State also thought that present research 
was adequate. 

EXPERIMENT AL DESIGN 

1be primary objective of this research was to assess the accuracy of a human observer 
in determining levels of highway sign rctrorcflectivity in a highway environment. To 
accomplish this goal a series of experiments were conducted using impartial observers to rate 
the retrorcflcctivity of traffic signs. 

Two types of signs were selected for the experiments: the stop sign and the warning 
sign. These si&n types are of high relative imponance; they are commonly used. and they are 
of both sign types, stop signs having a reflective legend and background and warning signs 
having a non-reflective legend. ff observers could be trained to distinguish levels of 
rcttorcflectivity for these sign types they could probably be trained for the other colors. 

The experiments were performed under three conditions: laboratory, controlled 
highway and highway. All experiments were done in darkness and under good weather 
conditions. 

Laborator, Br,-rlaunt 

1be laboratory experiment (in a gymnasium) was set U" to minir.tize nriables by 
controlling ambient light, geometrics and other environmental conditions. Observers sat in 
chain with their eye height at the design driver"s eye height of 3.5 ft. l1J Two 
seven-inch-diameter, sealed beam headlights were placed in front of them to simulate the 
relationship between the driver's e~ ~sand an automobile's headlights. Signs of known retro
reflectivity WCM placc.l on a sign post with the bottom of the sign at 7 ft. Observers marked 
their judgments on rating sheets using a small flashlight to see. The experiment simula1Cd a 
car parked on the shoulder with the driver observing the sign. Two observation distances, 
100 and 200 ft, were evaluated. Observers participated in three sessions in the laboratory. 
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The controlled highway experiment on the campus was perfonned similarlv to the lab 
tests. Observers for this test sat in a stationary automobile on approximarely level ground and 
used the same method of recording the sign ratings. The signs were observed at three 
distances: 100, 200, and 300 ft. The experiment simulaacd highway conditions, including 
ambient light, geometrics and viewing through the windshield. The observers also observed 
signs in three sessions for the controlled highway experiment. 

The highway experiment was conducted on parts of three State highways under rural 
and urban conditions. The highway sections were selected for convenience and it is not 
known if they represent typical highways. 

The rural course consisted of two types of highway: a two-lane arterial through a 
r~sidential area with street lights on power poles spaced unevenly at about 500 ft apan, and a 
rural road which was totally dark. 

The urban course was primarily on a four-lane, undivided urban arterial. The course 
went through areas of commereial development but also included some sections that were 
undeveloped and dark. The tum-around point and the few signs on either side of this point 
were on a four-lane, divided highway (freeway). 

During the experiments, a driver and three observers rode in a car. Each observer had 
a clipboard with a rating sheet, a small flashlight and a writing insttumenL In one dhcction, 
the driver stopped the vehicle approximately 200 to 300 ft from the warning signs, trying to 
duplicate the controlled highway relationship between the car and sign. In the return direc
tion the vehicles were driven past the warning signs at the speed limit or about 35 mi/h, 
whichever speed was slower. The stop signs on county roads and city streets intersecting the 
State highways were evaluated by duplicating the controlled. highway relationship as best as 
possible considering roadway geometrics and other factors. 

SIGN RETROREFLECTIVITY SCALE 

The objective of the experiments was to dctcnnine if a human observer could be trained 
to accurau:ly rate traftic sign rcttorcflcctivity. The literature included various studies in 
which observers rated background complexity, detennincd legibility distances. observation 
distances and other sign-related observations. H\lwever, all studies were from a driver's per
spective of a sign. This study was from a trained maintenance person's or traffic engineer's 
perspective, and for t'tis reason a rctrorcflccti.vity scale for use in sign maintenance had to be 
developed. 

The study team established categories of i:etroretlcctivity and had observers rate signs 
into these categories. This method was sclccttd over several others because it would allow 
for some variability in maintained retroretlectivity standards and also it would show how well 
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obSCJvers could rate signs into categories based on retroreflectivity levels. Essentially, the 
experime11t would entail calibrating the observers to a rctroreflectometer. 

The eye is incapable of making an absolute measurement of the amount of light 
entering iL <◄> Fm- this reason the rating categories 'WCl'e fairly large. The research team 
decided that a scale of five carcgorics was enough~ observers rated signs on a scale from O to 
4. 

The scale was described to the ob!lel'YCfS as O being the worst a sign could be and 4 
being a brand new sign. Category 1 signs were described as having low mttoreflectivity or 
some other defect that would make the sign ready for ~laccment. Category 2 signs were 
described u signs which had an "adequate" amount of retroreflectivity and looked ok. They 
might also have some defects but not defects detrimental to the function of the sign. A 
Category 3 sign was described as a sign that had good retroreflectivity. 

Warni11• Sw,u 

A sign retmreflectivity sca1c for warning signs was established based on the minimum 
and maximum retroreflectomcter readings for yellow engineer grade reflective sheeting and a 
study by Mace.<5> The boundaries between the five carcgcxics of the 0-4 scale were 
established in the following mlUlnel'. The boundary between O and 1 was set at a specific 
intensity per unit uea (SIA) value of 6 candelas per aqumc per foot-candle (cd/ft'/fc). All the 
signs below this level looted extremely dark. The boundary between 1 and 2 was set at an 
SIA value of 18 based on the Mace findings that signs degraded to this value provided 
adequate luminana. for low complexity sites. The boundary between 2 and 3 was established 
at SIA 36, based on the Mace finding that this value provided adequaJe recognition distance 
for speeds below 3S mt/h. The boundary between 3 and 4 wu ICt at SIA 70, bued on the 
reuoning that all the warning signs the study team bad measured with SIAs above this value 
were new. The Federal acceptanee level of SIA SO for new engineer grade yellow sheeting 
falls in the middle of Category 3. 

Stop St,,u 

The rating scalt for stop signs was established based on the SIA of the legend and the 
intcmal contrast of the sign. Stop signs are made of one of three typCS of reflective sheeting: 
Type II, 11B and Ill. The Federal specificatiun FP-85 allows the different types of sheeting 
to depwle to 75 percent for Type II, ,o paa:m for Type IIB, and 50 percent for Type m of 
the aa:qance Ind for new material. (Ii) Became of this, two ICJ)IDle acaJes were set up 
(howewr, u ii tumcd out obla vas could not lel1 what type al sboetina the sips were made 
of, IO in reality l'llling wu done on one acale). Sivak and OIIOll 1ummarized leYC'nl IUldic1 

on lip tvminance and ooncludcd dw die l'ffillDmendcd optimal lepnd-bacqround conaut 
for lips with bodl.tbe lepnd and blckpound material ii 12:1.(7) 

The atop sip rating scales ~ set up on a pid wub SIA on the wnica1 axis and 
coatrut Oil the boriZJoma1 IJUI. The boundary between carqariel 1 and 2 WU let at the 
minimum accepcancc level al 125 SIA fOI' Type m and 75 SIA for Type DB sheeting. 
U-abaped cunes were drawn hued on the judplent al the study aeam. 
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SIGNS 

CoU,,cdo11 

To conduct the laboratory and controlled highway experiments, a collection of signs 
representing the range of retrorcflectivity were obtained. The collection of signs selected for 
the laboratory and controlled highway experiments had u few defects u possible so rhat 
observers would be rating solely their retrnreflectivity. The signs used in the highway experi
mcnu were signs dW were in place on the highways. 

M...,.,_,., 
The sign retroreflcctivity measurements were accomplished with a Model 910F Retro 

Tech rcflectomctcr. Five measurements (top, bottom, left, and right corners and near the 
middle) were taken on each warning sign face and then averaged. Stop sign faces wcrc 
mcasurM in a similar manner for the red. but an additional meumement was taken on each 
of the four Jcuen. 

The signs in the laboratory and controlled highway experiments were presented to the 
obscrvcn in a random order. 

OBSERVERS 

Nineteen observers were himl for the ttaffic sign retnnflcctivity experiments, and 
17 observers compleled all the experiments. All were licensed driven with a high school 
education and residents of the Seattle area. The observers who completed the experiments 
ranged in age from 20 to 43 years, with a mean age of 26 years. and included nine males and 
eight fcmalcs. All bad c::mected acuity of 20/30 or better with no ooJor deficiencies. The 
obscrvcrl were not a atalistical sample and do not repcscnt the entire population. 

Observers received inslruction on how to raae signs in leVe:l'll ways. Two siz.es of color 
chips were used; signs with different ntinp were held up ~ for comparison; obacrvers 
weK shown signs and told their ratings after they bad nam the signs; and they were shown 
signs and toJd what the lips' ruin& were without 1'llins tbe lignl. OblCI ven were also 
shown graphs of die remits ex lbcir previous aeaiona, which showed them their mean for 
each ca1eguy of Wll'lling and 1t0p signs. The trainin1 program wu continuous and the study 
team believed dW me ICCUl'IIC)' of the oblrnen would cominuously improve until limited by 
the lelllilivity of the eye. 
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Thc highway experiments were done with no calibration. Observers were simply 
reminded of the rating scale and told to rate the sign from approximately the same position as 
in the controlled highway experiment. 

OBSERVER ANALYSIS 

The objective of the experiments was to determine how well an observer can be trained 
to evaluate the rctroretlectivity of traffic signs. The study team did not know if some 
observers would be better or worse than others and if there would be any way to dctenninc 
why they were better or worse. To rate the observers a value based on the mean squared 
difference between the actual sign rating and the observers' sign rating was used. This value 
was in observer rating units (ORU). 

'The observers did not dramatically improve throughout the experiments. No 
consistency in the ranking order of the observers could be determined. The observers reached 
their optimum accuracy after two or three sessions and further improvement was not possible. 
The final analysis of the observers also shows that the ORU mean and standard deviation did 
not change much between the controlled highway and the highway experiments considering 
any of the 200- or 300-ft distances or the stationary or moving observations. These results 
seem to indicate that the human eye is not scnsiti ve to differences in sign luminanccs over the 
conditions in the experiment. 

HIGHWAY EXPERIMENT ANALYSIS 

The major objective of this study was to determine how well a trained observer can 
evaluate warning and stop sign rctroreflectivity under highway conditioos based on judgments 
made with available luminance (the headlights illuminating the fign are considered to be a 
constant). The experiments in the laboratory and on the controlled highway were simply the 
ttaining ground for the observers. Observers in these experiments rated signs under 
conditions that were ideal. The distances, geometrics and ambient light conditions, as well as 
the signs, were all conttolled and as consistent as possible. In the highway experiments all of 
these factors varied from one sign location to the next. 

1bc primary results of the highway experiments were the comparisons of the observers 
rating of the signs and the retrorcflectomcter rating of the siJ'IS. Tbe oblCl'VCl'S' and the 
retrorcflectomctcr ratings were then incorporated into a decision model to replace or not 
replace the sign. The replacement retroreflcctivity level for both types of signs was based on 
visual complexity for each sip loadion. Signs would be replaced if a sign on a rural road 
wi~. dark conditions med a 1 and if a sign in an area illuminated by street lights aw:J/or 
commercial lights rared a 2. A sign with a rating of 3 would remain in place under all 
conditions. The use of these criteria reduced the scale from one of five categories 10 only 
three. The O and 4 ratings were valuable in the training period to show obscnen bow bad or 
aood a sign could be. 
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To obtain one value to be used in the decision to either replace or not replace a sign, 
the median judgment of the observers was used. The median judgment of the observers 
represented the most likely rating a trained observer would give a sign. The consistency of 
the observen would be represented by the frequency distribution of the observers ratings for 
each sign category. 

The observer median rating combined with the replacement criteria resulted in one of 
four possible decisions. Two of the four decisions would have been correct - the observers 
could have replaced the sign in agreement with the decision model or they could have let the 
sign remain in place in agreement with the decision model. A decision by the observen not 
to replace a sign that was scheduled for replacement by the decision model would have 
created an unsafe condition for the driver and increased liability for the agency. The decision 
to replace a sign unnecessarily would have created an additional expense for the highway 
agency. 

Table 8 summariz.cs the decisions of the observers and the decision model for the 
highway experiments. The table shows that of the 130 signs in the highway experiment, the 
observers' median ratings and the decision model were in agreement on 103 signs or were 
correct on 78 percent of the warning signs and 82 percent of the stop signs. Seventeen signs 
(15 warning and 2 stop) were replaced that should have remained in place. Of these signs, 
ten had noticeable defects including dirt, dents, bends and one sign face had also been 
"reconditioned." These signs rcptesented the percentage of signs that arc replaced before their 
service life for reasons other than insufficient rctrorcflectivity. Ten signs (4 warning and 6 
stop) were not replaced whel' they should have been replaced. Of these signs, two warning 
signs' retrorctlcctivity was near the top of their categories and was rated in the next higher 
category. 

The median judgment of the 17 observers, while representing the most likely rating a 
trained observer would give a sign, docs not represent the accuracy of a single observer rating 
the series of signs. The accuracy of the observers varied within the group. An observer may 
have rated one sign low and the next high. This inconsistency among observers was averaged 
in the median decision. In actual practice, agencies would use one or two observers to make 
sign replacement decisions. For this reason the accuracy of the single observer was also 
investigated. Table 8 also lists the average sign replacement decisions for the 17 observers in 
each of the 4 possible rating decision categories. The observers as individuals were in 
agreement with the decision model on 97 of the 130 signs or were correct on 74 percent of 
the warning signs and 75 percent of the stop signs. The trained observer as an i11dividual is 
only slightly less accurate than the group. 

SIGN RATING SCALES ANALYSIS 

Waml111 Sign Rtld111 Scak 

The warning sign rating scale was satisfactory. While the signs seemed w degrade 
gradually from one category to another, at the point where the SIA reached about 18, the sign 
would degrade rapidly. This was the point where all signs were replaced in the study. 
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Table 8. Hipway experiment results. 

ObscrvenDedsion RM lllOI! Do Not R-Jace 

DoNol DoNOI 

Decision Model Ramlace ._._ R-'ace llenlace 

l\:IDliDI .Siam 
R.ural 

Nwnber of Sips 15 0 0 .fl 

Mediall 13 9 2 32 
Individual 13 10 2 31 

Urban 
19 Number of Siam 11 0 0 

Median 9 6 2 13 
Individual • 7 3 12 

TOCll Nlllllber of Sips 26 0 0 60 

Median 22 15 .. .. , 
Individual 21 17 s .. , 

sgops;m 
Ru.ral 

Number or Siam 9 0 0 11 

Median 7 2 2 9 
Individual 6 2 3 9 

Urban 
N11fflber of Sips 11 0 0 6 

Median 14 0 4 6 
Individual 13 l 5 5 

Taul Number ol Sipa 27 0 0 17 

Median 21 2 6 1' 
Individual 19 3 • u 

C9mbioe4 
Tow Number of Sp '3 0 0 77 

Median 43 11 10 60 

Individual Ml 2Q 13 57 

Slllp Sip Setlk 

Upon completion of the experiments a closer examination of the stop sign rating system 
wu performed. The examination showed that ob9eMn can genenilly rate stop signs based 
on contrast and rctroreflectivity. Signs with low retrorcflcctivity and good cootrast were rated 
lower than signs with the same conll'Ut but higher rett'CRflectanee, and signs with low con• 
trast were rated lower than signs of equal retroldlectivity but closer to optimal contrast. 

The stop sign rating scale used in this study wu die flnt of its type. If the study team 
were to redesign the scale, IOOle changes would be made. One scale would be applied to all 
types of sign sheeting malerial. The \'Cffical axis of the acale would be hued on the one 
thing all 110p signs have in common: how well Ibey perfmn their job, or recognition 
diJWICC. The horizontal axis would be again the while/Jed, internal contrast ratio. 
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ECONOMICS OF USING AN OBSERVER 

Economically, what do the observers cost the highway agency when they remove signs 
tbal could remain in place or let sips that should be removed mnain in placc1 Toe study 
team performed an economic analysis on die lilns in the two hipway experiments. 

The signs dw were replaced unncccasarily had been in place for some period of time. 
To account for the years of sign life that wac lost, a dctaioration model based on the useful 
life of the sign was used. Mace uses a aueful sign life of seven years for engineering grade 
sheeting and 12 yean for high intensity sbc:eting.~> At the end the useful sign life the sheet
ing material retains SO pm:ent of its initial reaoreflectivity (measured by SIA) and is tolllly 
dark after 14 years. Signs are assumed to detmoratc in a linear fashion. Sixteen signs would 
have been replaced unnecessarily in the study: 14 warning signs made of engineering grade 
sheeting and two stop signs made of hip intensity sheeting. 

The useful sip life lost was calculated using the SIA of the signs. Forty-five and 10 
years of sign life would have been lost for the warning and stop sips, rcspccti.vely. Based 
on current WSOOT sign costs, the sign life lost for these signs would have cost the agency 
$164. To replace these 16 signs under average conditions would have required 2 sign tcchni• 
clans and a truck for 1 day, for a cost of $3<i0 at current WSOOT rates. The total cost 
becomes $524. 

The decision by the observer to allow a sign that should have been removed to remain 
in place would have inc\.llffli an additional liability for the agency and ~atcd a potential haz
ard for the motorisL 'The economics of this decision ~ difficult to compute. Neither the 
agency nor the motorist suffer any economic loss until a motorist has an accident After an 
accident the cost to both the motorist and qency can be quite high. 

RETROREFLECTOMETEll VERSUS HUMAN EYE 

A RetmU,ch 910F was used to measure the rctneflcctivity of U\C signs used in the 
experiments. While rhc Retrotech 910F was easy to use and reliable. certain discrepancies 
between how a retroreflectomeu=r secs a sign and how a human sees a sip became evident 
The Rt:troteeh 910F was deli.pied to be placed directly on the sign face and measure lhe 
retroreflectivity of a circular area ooc inch in diameter. For a 30-inch by 30--inch warning 
sign, the total area is 900 square inches, by taking five measurements a total area of 3.92 
square inches or 0.4 percent of the total area is measured. A great majority of the vandalism 
and other problems am not measwed. Anocbcr problem is that the rettoreflectometer sees 
bent signs as flat, and signs that are severely denied or damaged cannot be properly 
measwed. The observer actually secs the luminance of the entire sign and this is sometimes 
quite different than the .euorcflectometer. 
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SUMMARY 

The litcrature survey and survey questioMaire indicaled that at present there is no 
method of sign review other than the trained observer that is suitable for a large sign 
inventory. The rctrorcflectometcr, while ext:R:mely accurate and consistent, overlooks many 
factors important to the driver. The development of an instrument that would be suitable to 
evaluate the rctroreflectivity of a large inventory of traffic signs has not been developed and 
may not be developed for several years. A computer-based sign management system may 
prove to be satisfactory provided adequate weathering data and several other factors, including 
accurate records of sign replacement, can be obtained. This data collection may also require 
several years. The experiments have shown that a trained observer is a valuable pan of a 
sign maintenance program. The trained observer secs a sign in the same way that a driver 
sees a sign. Agencies will have to continue to rely on observeH' judgments for some time to 
come. 

CONCLUSIONS 

The observers used in the study were all about equal. The observer can easily tell a 
"good" sign from a "bad" sign, but because of the category division lines and other variables, 
including the sensitivity of the eye, the observer cannot be totally accurate. 

The trained observer can make accurate and reliable decisions to replace signs. Several 
factors encountered in the study would improve their accuracy: 

• Observers should be used in pairs - one to drive the vehicle and one to keep 
records. 

• Straight, level approach geometrics, clear of obstructions. 
• The sign should be ph1mb and approximately 90 degrees to the observer. 
• Dirty signs should be cleaned. 
• The observer should be used in conjunction with a sign management system 

which includes the installation date and the life expectancy of the sign. 
• A comprehensive daylight review should be perfonned prior to the nighttime 

review. 
• The trained observer should be used as the final check after the obvious 

corrections to the signs on a highway have been made. 
• Signs rating 2 could also be checked wiJi a retroreflectometer for final 

replacement decision. 

Sign maintenance will cost agencies more money but it is necessary to decrease 
nighttime accidents and agency liability. 

RICOIIIIMndationl 

1. The trained observers should be fully evaluated before undertaking research to 
develop an "ex.pensive" retroreflcctometer to evaluaie traffic sign rctroreflectivity. 
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2. Agencies should design a ttaiaing program to insauct people who arc cumndy 
making sign replacement decisions. Training would make sign replacement more 
uniform throughout a jurisdiction and create safer highways for the motorist. 
Observer training. in combination with regular day and night inspection. would be 
the key clements in a tort action. 

3. The sign maintenance systc:m (SMS) does show promise. The SMS would be 
especially valuable for large signs in areas where vandalism is not a factor. 

4. Replacement of signs at different levels of retroreflectivity for different 
classifications of highways may be a good way to sttetcb limited funds. 

S. Any future stop sign scale should be based on recognition distance and the 
white/red inremal contrast ratio. 

6. 1be transparent ink used on stop signs should have a specified thickness. The 
thickness of the ink makes a considerable difference in the appearance of the sign 
at night H the ink is too thic'<, even the red on a brand new sign will look black 
at night A specified maximum and minimum thickness or retrorcflectornetcr 
readings on the red for each type of material would solve this problem. With this 
specification agencies will also have control over the internal contrast ratio of the 
sign. 
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DISCUSSION AT WESTERN WORKSHOP 

Q: Did you do eye exams? 

A: Yes, we did. All the observers had 20/30 vision or better. We did not attempt to get 
observers that were a statistical sample. We were just trying to sec if people could do 
this. 
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BACKGROUND 

ALTERNATIVE SIGN EVALUATION 

Calvin Roberts• 
Engineer of Traffic and Safety 

Michigan Department of Transportation 
425 West Ottawa Street 

PO Box 30050 
Lansing, MI 48909 

The State of M.:.chigan has over 1800 miles of freeways which includes Interstate, US, 
and M routes. Our records indicate about 29.500 regulatory, 12,200 warning and 41,200 
guide signs arc installed on this freeway system. To maintain these signs at an acceptable 
level of rctroreflectivity, to insure that both the Federal and Michigan Manual on Uniform 
Trqffic Control Devices, and the latest safety standards arc met; requires a qualified full-time 
engineering and technical staff dedicated to this activity. 

Freeway sign installation by State forces and conttact county road commissions is now 
limited to replacing damaged signs and adding a small number of new signs. All major 
freeway signing projects, including those required for new freeways and sign upgrading 
activities, arc completed by private contract 

In the late 1960s and early 1970s, Michigan's freeway signing effort was primarily 
directed toward mainline safety yellow-book projects. Many of these projects consisted of 
replacing the non-yielding sign supports that we located in the clear zone but retaining 
existing signs. In addition, State forces were used to install overlays on deteriorated guide 
signs. Only a few comprehensive sign upgrading projrcts on freeways were completed during 
this time. Signing projects were developed and scheduled based on information received from 
several sources. This included input from depamncnt district staff, maintenance forces and 
the motoring public. 

An early phase of signing plan development is the initial field review. This is when 
primuy emphasis to assess signing legend needs and locations arc determined. Dilling this 
time period, an effort is made to retain or relocate at a greater setback as many existing signs 
as possible. However, it soon became apparent that signs that had been retained because of a 
good appearance during the daytime field review had poor rctrorcflectivity one or two years 
after the signing contract was completed. To correct the deficient signs, it was then necessary 
to use State forces to overlay or replace previously retained signs soon after the signing 
contract was completed. Also, contractor bid prices for salvaging and relocating existing 
signs was as high or higher than the price for removing existing signs and installing new 
ones. 

°l>resentcd at eastern workshop only. 
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Another event that affected the signing program was that in the late 1970s and 1980s, 
the department began to reduce i:s staffing and maintenance budget. An immediate impact of 
the staff reduction was a loss of the ability to accomplish large sign replacement or overlay 
projects using State forces. Since the early 1980s, our dcpanment's policy has been to 
replace all signs (99 percent) when we upgrade a sesinent of freeway and to install high
intensity sheeting on all projects. 

NEED FOR A SIGN EVALUATION 

The ne.ed for a sign evaluation process in Michigan is the result of past policies in 
which many of the previous sign upgrading projects primarily addressed mainline safety needs 
with limited aaention given to sign retrorcflectivity, manual requirements, and interchange 
ramp and crossroad sianing. Another consideration effecting sign upgrading needs is tort 

litigation. The department receives ni.merous claims alleging problems with signs especially 
freeway signs. Sixty percent of tort cases involve signing. These allegations arc: 

• The nonyielding sign supports located within the clear zone. 
• Improper signing practices - not using diagramm3tic signs at locations where the 

manual indicates they should be used. 
• Poor nighttime rctroreflcctivity. 
• Lack of proper warning signs and their installation location in reference to the 

hazani 

Because of continuing budget restraints, sign upgrading projects must compete with other 
consb'UCtion and maintenance related projects for funding. 

To upgrade and maintai.-. an acceptable level of sign pcrfonnance, it was determined 
that a sys1em8tic methodology to identify signing needs and establish project priorities was 
essential. 'Ibc m:thod bad to consider sign rctrorcflectivity, manual ffi1uirements and yellow
book safety standards. In order to address operational issues that could 1101 be determined in 
the office, nighttime reviews of tieeway segments were initiated to evaluate sign 
rctroreflcctivity and condition. 

FIELD REVIEW PROCEDURE 

In conjUDClion with our night review process. we strategically developed a form that 
facilitaie the galbering of pertinent informati011 for evaluating the freeway signs. Our goal 
was to be able to subjectively provide a base of reference to compare segments of the 
freeway system. 

The actual night review of freeway signs was condueted by a three member team. The 
basic functi011 of each teem member remained the same throughout the entire study to 
maintain unifmm data collection. The driver would try to keep a consisll!nt speed to evaluate 
the signs for the drive-by evaluation and would watch traffic. The evaluator would fill out 
the rating form and would operate the hand held spotlight for closeup sign inspection. The 
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inYCDtmy checker would keep track of the condition of individual signs on an inventory strip 
map while notin1 non-rettoreflective and missin1 signs. (Figure 9, a sample inventOJy strip 
map, ii attached.) 

It wu acncnlly believed dw signs in one direction should be similar to those in the 
other direction; thcref~, routes were reviewed in only one diicction with an occasional spo1 

check of signs in die opposite direction. Crossroads were driven in their entirety and ramps 
were driven in the same dm,ction u the mainline routes, however, the spotlight was utilized 
to check on the appropriate signs on ramps not driven. 

The evaluation for each interchange would begin approximately 1,000 feet in advance 
of the fint sip (usually the 1 mile advance pride sign). All signs within the interchange 
sequence wete observed as they were approached and then aiven a thorough review with a 
hand held spotlight, while the vehicle was stopped directly in front of the individual sign. 
The spotlight would pick up cracbd sheeting and detcrioratioa that could not be seen with 
vehicle hcadlip11. The driver would stop at the exit gore location so that the evaluation 
sheet could be filled out for the mainline sips. The ramps and crossroads were then driven 
and rated in a similar manner u the mainline both drive by and individual or stop inspection. 

SIGN EVALUATION FACTORS 

In order to establish a priority ranking for sign replacement seven evaluation factors 
were taken into consideration. (Figure 10, a copy of the evaluation fonn, is attached..) The 
evaluation flCIDn arc the following: 

1. Age 

• Age of the signs was determined by checking to set when the last conttact 
sign replacement was made. 

2. Average Daily Traffic (ADT) 

• A greater priority was given for high volume roadways. 

3. Y tllow-book 

• Yellow-book safety facton wete noted such as breakaway sign suppons, 
pardnil replacement, and American Association of State Hipway 
Transporwion Officials (AASKl'O) clcu zone requirements. 

4. Up IO C""'nt Stalldards 

• Were the sips up to current Fedenl and St.ate sign standards for legend 
size and cokn? Were symbols and exit numbering utilized? 
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5. Ovtrlau:l 

• Had the signs been overlaid or could we put off the expense of a contract 
by having a few signs overlaid? 

6. Hlah lnllnslry or En,iutring GrlMU 

• We note whether the sign sheeting was entirely ( 1) engineering grade, (2) 
high intensity legend and engineering background or, (3) high intensity 
legend and background. Since high intensity sheeting usually docs not 
deteriorate as rapidly as engineering padc sheeting, a roadway with alt high 
intensity sheeting would be given a lower replacement priority. 

1. Drive-by, Stop, Crossroad 

• Sips on the mainline and the crossroads were rated on a scale of 1-4 for 
both retroreflectivity and cracked sheeting. A (1) indicated that the sign 
wu in such bad condition that it could not be seen. A (2) indicated that 
th.: sign was legible from only a close distance, had large cracks in the 
sheeting or the sheeting was tom. A (3) indicated that the sign exhibited 
some slight cracking of the sheeting but wu good enough to last a few 
years. A (4) indicated replacement was not required at this time. 

A representative level of sign performance was detcnnined and separate ratings made 
for the mainline and crossroad. This was accomplished by reviewing the mainline and ramp 
signs as described as part of our under the Field Review Procedure process, and an 
appropl'iale ranking wu sclcctcd for the entire interchange. The same process was followed 
for the interchange crossroads. 

METIIOD USED TO ESTABLISH PRIORITIZED LISTINGS 

After the field review was completed, the collected data was assembled into a uscable 
form. Segments of roadways were made up from previous segments used to prepare contracts 
(with some minor modifications). Each conttol section (this number identified the county) 
wu idcnlificd as well as the route number (i.e., 1-75, 1-96, US-23, M-39) and the interchange 
nmnber alon1 that sepnent. The age of the signing or last upgrading was determined and 
addod to this informalion aloq with die ADT per that segment. All remaining information 
ptben,d wu added to a dala base file. Ninety percent of this information was equally 
weipled. Each imercbanp wu then pvcn a numerical value based on this infonnation. 
The numcrical values fer each interchange in the IClfflCDt were added together and then 
divided by lbe number of interchanges to determine a numerical value for the entire segment. 
The scpncnts were then mabd numerically to detmninc the projects that should rcquhe 
gpanidinafint. 

Sepnent lists wen; axepa.«d using three different criieria. Fust, we ranked the 
ICpnenll Ulllll all m die parllllClm, lbe ICCODd ranking used only the mainline and not the 
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aosSl'Old signing, and because dcpanmenlll policy in the 1970s dictated that only signing on 
mainline roadways would be upgraded, a third list using only crossroads along freeway 
aepnent wu developed. Then we estimated, that cost, to upgrade per segment, by using the 
higher cost of either a cost per mile of freeway or a cost per interchange. At this time we 
dctcnnincd wbcrbcr cantilevers were required for the crossroad signing since this would 
incrcuc the cost per interchange. We then related the amount of money the department 
would spend each year per the number of projects and identified the approximate year the 
project would be included in our signing program. In each list we identified the funding 
category according to Interstate, US, and Michigan routes to take advantage of the 90/10 
Federal money if possible. 

SELECTION OF SIGNING PROJECTS 

After the lists were developed and all of the modifications were made, we then 
dctennincd how much money could be spent on freeway signing for the next 5 yean. As we 
indicated. the projects on the list were split up into special catepcs as to Interstate, US, and 
M route projects, and the use of funds also took into account that we wanted to spread the 
projects throughout the State. It should be emphasized that the actual selection process 
involved the cost criteria u well as the location in the State. Projects in urban areas were 
balanced with projects in the rural areas. Our primary goal is to upgrade approximaacly 200 
miles of freeway signing per year. 

SHORTCOMINGS OF METHOD 

This system provided the Michigan Department of Transportation (M0011 a subjective 
methodology to accomplish the goal of prioritizing our inadequate segments, and a way of 
allocating funds to improve our freeway signing system. Our initial goal, was to develop a 
systematic approach to our system of sign upgrading, as well as observe how each of our 
districts differed in application of similar signs. We used some statistical models in our 
evaluation process in order to provide a better penpcctive to indicate where the inadcquare 
anas were, but the night visual inspection alone gave the team a very good comparative 
rebuiombip of segments of freeway signs. One drawback of this process was that it required 
the team to operate at night for the entire inspection time, as opposed to our normal working 
hours. To take advantaae of earlier hours of darkness this operation had to be done in either 
the fall or in the spring. The winter months were not used because Michigan implements 
daylight savings time and bccaullC of weather considerations. The summer months were not 
used because that is the time staff accomplishes a large portion of the field review and data 
ptbering operations. The fall or spring time of year presents the problem of "is the sign face 
bad or is dew foaming• on the sign. Once dew forms then the nighl review becomes invalid. 
To compensate ior this, we operated only on days when there was not a large shift in 
lelllperatul'C cffc~g tbe dew point 
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IN SUMMARY 

Although this process is subjective, we believe that , we have developed a process by 
which we can get a reasonable priority for upgrading segments of freeways. The systematic 
methodology of the night review in which many variables are categorized, and then adding 
them into a computer process provides our department with a reliable product. We are 
convinced that until a device to measure reflectivity is developed, we feel that the system 
MOOT has developed provides a process to address all of our current freeway signing 
requirements. 

DISCUSSION AT EASTERN WORKSHOP 

Q: Did you replace all of the signs in the segment when you went through? 

A: We replaced all. 

Q: What if most of the signs were good and there happened to be one or two particularly 
bad ones? Did you take any action? 

A: If there were one or two bad ones, then we used our State forces, and they replaced 
whatever was necessary. 

Q: What sort of plan did you use? How did you translate the field inventory into a 
contract document? 

A: Well, we do have a computerized inventory. We arc in the initial stages of 
implementing that in the field. And we develop the complete plans. We do large 
contracts by developing complete signing contracts, and then we put them out to bid. 
And, we also work with a nwnber of the local county agencies to develop work 
authorizations where they implement a lot of these signing projects. 
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ALTERNATIVE TO NIGHTTIME SIGN INSPECTION 

J. Richud Young, Jr.~ 
Traffic Control & Safety Engineer 

Mississippi State Highway Department 
PO Box 1850 

Jackson, MS 39215-1850 

During 1987, 46,386 people lost their lives in motor vehicle accidents. Over 75 percent 
of the fatalities occurn,ci on the Federal-aid system even though it comprises only 22 percent 
of the total mileage. The fatal accident rare at night considerably ex.ct.eded the daytime rate. 
Over 55 percent of the fatal accidenu occumd at night. One of the reasons for this disparity 
is the nighttime performance of our passive ttaffic control devices (our signs). It is therefore 
assumed that by improving our signing we can affect the lrighttime accident rate. 

There are several ways to identify the signs which need to be replaced. The obvious 
and easy way is to make a nighttime drive-by. Another method calls for the use of 
rctrorcflcctometer. Although the rctrorcflcctometer can be used during normal daylight 
working houn, it is extremely labor intensive, slow, and therefore expensive. 'The nighttin1e 
drive-by seems simple but it may ~uirc additional personnel, overtime pay, or the granting 
of compcnsatay leave time. We were never successful at completing· an inventory using 
either of these methods. Subsequently we did not know the extcm of our nighttime sign 
legibility problem until we discovered a third method, the use of a 200,000 Candle Power 
Spot Ught (Q-Bcam). We found that for approximately $15 wc could buy this tool (hold up 
Q-Bcam) that would give us a reliable indication of sign retroretlectivity anytime we drove by 
a sign. 

We are all faced with having to do more for less or more with less. In our case we 
could not get that extra labor shift or overtime pay for nighttime sign inspections. We could 
not give away cmnpcnsatay leave because our employees already have difficulty finding time 
to use their rcJUlar leave time. The Q-Beam solved these problems. With it wc can conduct 
"nighttime" inspections during regular wodcing hours, right from the maintenance vehicle, and 
at our convenience. 

We began using the Q-Beam and following up with Gama 920 rctrorcflectivity 
rcadinp. This experience gave us an indicatioo of acceptable rctroretlectivity. We followed 
this with nighttime sign inspections. With a little practice, we were able to use only the Q
Bcam, and with it we could very closely estimate the rctroreflcctivity and easily identify signs 
which were not performing properly at nighL 

Since still photos will not illustrate the flashback effect you should look for with this 
light, I will show you a video we put together on the use of the Q-Beam. The video will 

+Prclcnted at western workshop only. 
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show you a variety of problems spoaed with the Q-Beam that would go undetected by routine 
drive-by a maintenance crew. For your reference we went back and took some nighttime 
shots to confinn that many signs which look good by day are very bad at night. 

[SHOW VIDEO] 

This 16-minute video shows a variety of problems and sign conditions. The emphasis 
hen is ro show the li,t1t from the Q-Bcam flash back at the viewer when the sign is good and 
ro show that it does not when the sign is bad. The importance of this effort is to show that 
signs which loot accepmble ro the daylight observer, but nor acceptable to the nighttime 
observer are easily identified. 

1bc video shows that this procedure can best be done under overcast skies or even in 
the rain. On very bript sUMy days we show that the observer must be closer to the sign or 
use a light brighter than our 200,000 candle power light. Also on very sunny days the rate at 
which the oblcrvcr can ~ss past signs is slower. 

ADOlher important factor illustraral here is that the date of sign installation may give 
the observer a false sense of whether or not the sign is performing satisfactorily at night. We 
show scveral examples of signs which are only 4 or S yean old and look good by day but 
which are almost or totally gone at night. And on the other side, we show signs which would 
normally be replaced solely due to their date of installation but we found them to perform 
well under the Q-Beam and subsequendy they performed well at night. You will notice that 
most of the signs illustratcd in the video are black and white. This is because problems 
appear in these signs sooner due to their vulnerability to ultraviolet rays. However, we do 
show that warning and guide signs can be inspected in the same way. 

1be concluding pordon of the video shows that inspections can be made while traveling 
at normal highway speeds. When signs along a route are aenerallY in good condition, an 
oc::ca•..ional bad sign will be easy to spot. Once signs have been upgraded, a supervisor or 
superintendent can keep a cbect on his uea by keeping the Q-Beam in his vehicle and 
flubing it at signs occasionally u be drives through on routine maintenance work. 

As you could sec, the video camera could not pick up some of those signs at night, 
cspocially the ones with background cluaer. Just to clarify for you the contrast between 
daytime and nighttime performance, I will show you slides of those signs. 

[SHOW SLIDES] 

We know ~ ~ a lex of signs on our system that have exceeded their design of life. 
We know that dlele signs preaent a substandal exposure to ton claims. We know that a 59-
year old driver needs eipt limes u much lipt u a 20 year old to see the same sign during 
darkness. We bow the rase of driven "driving under the influence" is increasing. And 
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becau1e we know all this and more, we should know that we must identify and upgrade signs 
which arc noc accepcablc at night. 

Although there is no equal substitute for nighnimc inspections, that I know of, this is 
close and it is quick and easy and with experience can produce fully satisfactory results. 

I have set up a light for you so you can at your leisure look at the good and bad 
example signs. I will be glad to answer any questions you have concerning this process. 

DISCUSSION AT WESTERN WORKSHOP 

Q: Is Q-Bcam a brand name or a type name? 

A: This is a Brinkman Q-Bcam spotlight. "Brinkman" is the brand name, and "Q-Bcarn" 
may be a pan of the identification. It's a 200,000-candle-power spotlight. 

Q: Are they available in any auto store, boat store? 

A: Walmart, K-Mart, Service Merchandiser-those types of stores. 

Q: What is the system or procedure for replacing signs? 

A: lbcy simply make a list and pass it on to the sign crew. 

Q: Do you shine the light through the windshield? 

A: Throup the windshield, through the rain. It works great in the rain. When the crew 
can't do anything else, they can ride the route and check the signs. 
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A MOBU.E SYSTEM FOR MEASURING 
THE RETROREfl.ECT ANCE OF TRAFFIC SIGNS 

John J. Lumia 
Senior Scientist 

EKTRON Applied Imaging, Inc. 
23 Crosby Drive 

Bedford, MA 01730 

There is a serious need to devise a practical system for evaluating the nighttime 
visibility of existing signs and providing data for decisions on sign replacement or 
refurbishment. At the present time, there are laboratory methods and portable instruments 
available for measming the retroreflcctancc of traffic signs, but easy-to-use mobile systems 
are not available. Research is currently under way to develop a system which can measure 
the average retron:flccumcc of sign legend and background irrespective of color, size, and 
placement. and wt-Jcb can be operated during daylight from a moving vehicle. Based on the 
use of a CCD video camera to acquire sign images, a xenon flash as a source of light, and a 
portable personal computer to analy7.e the retroreflcctcd sign images, the results of 
experiments and analyses, indicate that such a system is feasible, well-suited for maldng 
measurements from a moving vehicle, and can be built from commercially available 
components. 1bc experimental and analytical work leading to the above conclusion is 
presented in this paper. 

INTRODUCTION 

The "Mobile System for M~,..suring Retroreflectance of Traffic Signs" (MSMRTS) is 
aimed at the design of a device fOI' measuring traffic sign rettoreflectancc during daylight 
hours, while under way. Further, average values of both legend and background 
retrorcflcctancc, in units of candelas per foot-candle per square foot (commonly defined as 
R ') are soughL 1be IISk is confounded by the fact that accurate measurements depend on the 
angle between the soun:e and detector, and this is generally not fixed for realistic situations. 
Signs may be of differing colon, shapes, mes, and placemcnL The final system should be 
simple and not pose a danger to the operator or other motorists. 

The basic concept f« the measurement of average legend and background 
recnnflection is the U1C of a video camera ro ~ the sign, with an electronic flash source 
to provide a short burst of light sufficiently bright enough to o'YCrCOfflc the sign luminance 
due to ambient daylight illumination. 1be video camera signal is then converted to a digitally 
umpled representation of the sign. Using the power of computer image processing, 
histop'lllls of the reU'tRflecled intensity distribution are exploited to yield average Icacnd and 
background values. The me of a laser rangcfindcr in a moving system provides an accmate 
means of monitoring the distance from the vehicle to the sign. 
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BACKGROUND 

A rettoreflector is a device which turns light back toward its source, generally over a 
wide ranp of input angles. Sips arc typically comprised of either retroreflcctive sbccting or 
retroreflective aws beads mounted directly on the face of the sign. The design of this 
sys1em has been based largely on retroreflcctivc sheeting. Three types of sheeting &R 
commonly med for highway signs, consistinc of enclosed glass beads, encapsulated glass 
beads, and cube-comer prismatic elements. Each of these mat.erials generally have different 
retroreflective propenies, which will be demonstrated with more detail in a later section. 

'Ibis task requires the measurement of the Coefficient of Rcttorcflection, or R', with the 
desm units in candelas per footcandle per square fooL This can be expressed as: 

(1) 

where F._ is the nonnal illumination incident on the retrorcflector, A is the &Ra of the swface 
to be measured. and I is the reflected intensity. By suitable manipulation of these parameters, 
the Rtroreflcctancc can essentially be regarded as lhc absolute brightness of the retroretlective 
target for a given amount of incident illumination on the targeL Arithmetically, this can be 
expressed as: 

R = --1.,_ 
F._ 

where L is the luminance of the reflected lighL 

(2) 

How arc these quantities mcasmc:d? The incident illumination is generally measured 
using an illuminance meter located at the target and facing the duection of lighL A more 
realistic approach for a mobile system is to use the inverse-square law to infer the 
illumination from the source intensity, or E .,. l/d2

, where I is the in1ellSity and d is the 
distance from the source to the delCCtor (assuming that for the distances involved the source 
behaves u if it Mn a point). The intensity can be readily calibrated from laboratory 
measurements. while the disaance can be measll!'Cd using an approprialc laser ranging device. 
The reflectcd luminance may be measured with a lwninance mela', which is similar to an 
illuminance meta' except dw the field of view (FOV) of the detector must be limited to a 
sufficiently small angle. The UIC of a video camera effectively divides the FOV defined by 
the system magnification into smaller FOV's, thereby creating individual luminance meters at 
each ICDSing element site. Video is 1111'1Ctive because it is a practical way of obtaining a large 
number of samples suitable for measuring avenge legend and background re~flectances. 

The video system takes advantage of the contrast which typically exists between legend 
and background, anticipatina a "bimodal" reflcc1ed intensity distribution. Thal is, the contrast 
difference allows the ue of baniwarc or simple softw&R algorithms to identify and group 
areas of similar intensity. These poups arc expected to correspond to sign legend and 
background. The average value of each group corresponds to the average luminance, when 

101 



properly calibrated. Assuming the illumination is known, the retroreflectance is readily 
obtained. 

RESEARCH APPROACH 

The approach taken in this phase of the program was to study the critical facton 
involved in each of the key technology areas identified in the research proposal: the use of a 
video camera to acquire a large number of sign samples, an electronic flash to provide 
sufficient amounts of light to overcome ambient sign luminance, range measurement using a 
laser rangefinder to obtain distance to the sign, &nd image analysis to evaluarc the video 
image for average legend and background rerneflectance. In order to accomplish this task, a 
number of analytical studies were conducted in conjunction with laboratory and field 
experiments. The results of these studies were then used to detennine the required 
performance of each of the system components for use in the breadboard system. 

Allllunt Illumination E/ftct1 

Since daylight measurements arc ffiluired, it is necessary to either eliminate the effect 
of ambient illumination, or reduce the effect to a point to which it becomes tolerable with 
respect to the desired accuracy of the measuring system. Retrorcflective effectiveness is 
usually relevant over small observation angl~s, and published measurements typically give 
data out to about 2°. However, retrorcflcctive materials exhibit a small, but appreciable 
coefficient of retrorcflection at large observation angles (the angle subtended by the light 
source and the detector at the sign. For instance, the R' for enclosed-lens white materials is 
typically 100 to 120 at a 0.2° observation angle, but generally levels off to a value of 
approximately 0.3 at angles beyond 20 degrees. Ambient illumination levels can be quite 
high, approaching 10,000 fooccandles for combined sun and clear sky, effectively offsetting 
the low R' value at large angles. 

In order to determine the effect of ambient illumination on sign luminance, samples of 
white enclosed, encapsulated, and cube-corner materials were measured at various sun 
elevation angles. Measurements of sample luminance were taken with the plane of the 
material orienled venically, but always in a direction closest to facing the sun. The 
eJtperimental data indicales that at any given angle, the enclosed-lens white material has the 
maximum luminance, followed by cube-corner and encapsulated materials. For solar angles 
less than 20 degrees, the rare of change of the ambient luminance increases more rapidly. 
This should be expecled since the sun is creating a smaller observation angle with respect to 
the deta:tor. This suggests that in order to minimi7.C illumination requirements, it may be 
necessary to limit the measurement window to times when the sun is above a minimum 
elevation. At an angle of 20 degrees, the ambient sign luminance was found to be 2500 
candelas per square foot for enclosed materials, 2100 candelas per square foot for 
encapsulated materials. and 2300 candelas per square foot for cube-comer (white) materials. 
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M«uiuYIINIU GHIIWlry 

In a system desiped for in-situ me.surcments. the desip of the system to achieve a 
soecific measurement geometry is sttaiptforward. In a movina system. the ceomettical 
.. :lationship between source. sign, and detector is constantly changinJ. This is imponant 
sir.cc in general. all retroreflective devices do not behave the same as the geometry is 
d•angcd. The geometrics of concern are observation angle and the entrance angle. 

Retrorcflcctive materials arc highly directional upon retroreflection. with cube-comer 
materials the most highly dittttional, followed by encapsulated and enclosed materials. More 
importantly from a measurement standpoint, the rctrorcflcctive behavior of these materials is 
significantly different as the observation angle (the angle subtended by the light source and 
detector at the sign) is varied. Assuming a fixed source-detector separation, the observation 
angle increases with decreasing distance to the sign. Realistically. the material of the sign 
being meacured will most likely not be known, so that unless the angle is kept constant. or 
nearly so, for all situations, it will be nearly impossible to relate the measured value to a 
commonly measured observation angle (such as 0.2°). Hence, in order to maintain sufficient 
accuracy, there is a "distance window" in which the measurements need to be taken, assuming 
a fixed source-detector separation. 

The effect of entrance angle (the angle between the axis of the light source and the 
normal to the sign) is far less severe. Generally, me reflected intensity falls by a worst case 
approximation of 1 percent per degree out to about 20 degrees for cube-corner materials. In 
moving situations, it would be very difficult to measure this angle. It has been suggested that 
the video image be exploited to examine the penpective distortion of the sign image to obtain 
an estimate of the entrance angle. but this function would most likely require operator 
intervention and seriously limit data collection. However, it can be expected that the entrance 
angle of most signs at appreciable distances will be small, minimizing this effect. As this 
angle will be the same for a measurement as for the driver. it will not be considered in the 
measurement system. 

Rang~JinMr Accurae, 

The use of a laser rangefindcr is proposed to obtain sign distance information. The 
particular system under consideration uses a time-of-flight (fOF) method in which short 
pulses of laser light supplied by a laser diode arc sent out to the target By measuring the 
time to receive the returned pulse. and knowing the speed of light. the total round-trip 
distance can be calculated. This value is divided by two to obtain lhc actual distance to lhe 
target. One commercially available device has a sampling rate of 2000 samples per second. 
In order to obtain accuracy, lhc unit can average a number of samples to obtain the distance 
reading. The number of samples per reading is called the repetition rate. The data rate of the 
interf acc used to transfer the distance information limits the effective data transfer to 
approximately 133 readings per second. or 15 samples per reading, with a net estimated 
accuracy of + 0.27 feet ( + 82 mm) under stationary conditions. 

With the system under moving conditions. the distance at which a reading is obtained 
represents an average value of the measured distance 18111ples taken during the reading 
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inh.-rval. This results in a systematic cnor of approximately half the distance ttaveled during 
this time. At a constant speed of 55 mi/h (81 feet per second), and at 133 readings per 
second, the resulting distance resolution is 0.(i() ft (183 mm) per reading .. with a systematic 
error of 0.30 ft (91.S mm). Coupled with the stationary sampling accuracy of the unit, the net 
distance accuncy would be 0.30 ft t,0.27 ft. This results in a wont case error of 0.3 percent 
at a 200 ft (61 meten) nnge and 0.6 percent at a 100 ft (30.5 meters) range. This should 
have a minimal effect on the resulting calculation of sign illumination from light source 
intensity. 

For a uniform rctrorcflcctive target possessing a given luminance due to ambient 
illumination, the light source must prcvide an adequate amount of additional exposure above 
the ambient signal so that the retrorcflcction due to the illumination system may be 
appropriately detected and isolated. This additional exposure factor can be denoted by a 
constant K. 1bc value of K selected detennincs the capability of the system to reject the sign 
luminance due to ambient illumination. For example, a value of 20 implies a 20:1 ratio of 
artificial to ambient signal, and hence the measured data will have a S percent maximum error 
due to the presence of an ambient signal. The value of K could be as high as the 
signal-to-noise ratio of the camera, typically 200: 1 for CCD cameras, but the additional 
demands required of the illumination system may not be realistic. 

For electronic flash sources, the intensity is not constant over the duration of the flash. 
For this reason, it is customary t•J specify flash intensity in terms of an integrated value, 
denoted by (ltr), It can be shown that this required "intensity exposure," to produce the 
necessary detection may be expessed as: 

It,• Kl. I t...d2 (fort.<t,,..) 
R' 

where L.- - maximum ambient sign lwninancc for a given material 

'- - camera exposure time 
t, - flub lamp duration 
d - distance to sign 
R' - cocff".tcient of retrorcflcction for a given material. 

(3) 

The units f<r (Ir,) an: in candela-seconds. It was found that in order to openue 
effectively with all nweria1s, (ltr) should be baled on the rcuorcflcctivc material (generally 
cnckad, cncapsu.1u,cl. or cubKorner sheeting) which produces the worst cue, or Jaraest 
value at (It,). From equalion 3, ii can be seen that (It,) is parest when L_. is luge and R • 
is small. This wu found 10 occur with the enclosed-lens lllllaial. L_. was cholen to be 
2500 CIDdeJu per 1QWR foot. hued on the white cnclOled-Jens mallelial (discuslCd earlier in 
"Ambient IDnminuion Bffects"). Punbcnnore, to obtain accuncy over a n:asonable range of 
retrDICflcction the value of R • was chosen to be the minimum recommended value 
Cffl'elllOMUII to the encloled white material, <r 70 candelas per fooccandlc per square foot. 
AalUDling a K value at 20 and a camera cxposuR time of 1 mUliseconcl, the iequmd value of 
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flash exposure is 28,500 candcla-scconds, u long u the flub duration is less than the camera 
exposure time. From equation 3, flash exposure is directly proportional to K, indicating that 
system accuracy will be sacrificed if the required quantity of light is not available. 

The advantqe of the electronic flash is that large quantities of light are produced over 
short periods of time. For maximum efficiency, the flash duration should be less than or equal 
to the exposure time of tbe camera. 

Aa equation 3 indicates, exposure requirements are minimi7.ed when '- is reduced. 
However, the flash exposure ta- must be reduced u welL It would, therefore, seem desirable 
to reduce t,,.. as much as possible. But, in general, there is an optimum flash duration in 
which liaht output efficiency is maximized for a given Oashtube dcsip. Also, the necessity 
for an appreciable quuuity of lipt for this application will pnc:rally require relatively Iona 
flash durations (estimaled to be from 0.1 to 1 milUsec:nod), but in moving situations, the 
duration ~ to be short enough to "frec:r.c" the effects of image motion due to vibration. 
Actual exposure time requirements to compensate for vibration are not yet known. This may 
depend on the characteristics of the vehicle in which the camera is mounted. If the 1 
millisecond time described above is not adequate to freeze the motion, the el~nic flash 
may be optimized to operate at shorter durations. Note that the distance covered during the 1 
millisecond flash duration is calculated to be 1 inch (25 mm) at SS milh (88.S km/h), and is 
expected to have little effect on the image. 

One major manufactwa' of electronic flash systems offers a commercially available unit 
used u an obstruction warning light on tall towers and smokestacks. The system has a 
duration of approximately 1 millisecond in the high intensity mode, and produces 40,000 
candela-scconds, nearly 40 percent greater than the 28,SOO value described above. The 
spectral quality of elcclronic flash units are generally categoriml in the daylight region of the 
spcctrwn, with typical color temperatures ranging from SOOO°K to 7SOO°K, depending 
primarily on fill gas, ~ssum, and energy loadin1. The output is nominally continuous with 
few spites which may adversely affect color measurement accuracy. The unit uses a long 
linear flasbtube in a trough-type reflector having a parabolic cross-section, yielding a long, 
but narrow beam profile. In the more critical vertical direction, the total beam spread. 
defined at the 90 percent points, was measured to be approximately 2°. 

COMPONENT SELECTION 

Based on the operalional requirements presented above, a preliminary selection of 
oompoocnts bu bcco made. Tbclc m catcpizcd as follows: digital frame capture, directed 
strobe, ranae measurement. and digital conversion/image analysis. lnlegration of these 
oomponents is also diacusacd. 
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In order to satisfy the exposure requirements of this sysaem, the use of a shuttered 
camera is suucs1Cd. An elcctronically-shuttcn:d camera having a 1/1000 second duration is 
commercially available. The camera uses a CCD area may measuring 8.8 x 6.6 millime1m1 
(an aspect ratio of 1.33:1) with 491(H) x 384(V) pixels, a signal-to-noise ratio of 46 db 
(200: 1 ), with a sensitivity of 40 footcandles incident on a diffuse white target using a lens 
aperture of f/4.0 and a source color temperature of 3200°K (with infrared cutoff filter). The 
camera has an automatic gain conbOl (AGC) that can be disabled, which is desirable for this 
application. Additionally, the camera is RS-170 compatible, outputting two interlaced video 
fields (tenned odd and even) in 1/60 second, for a total frame time of 1/30 aec:ond. The 
camera measures S.5 x 2.5 x 3 inches (140 x 64 x 76 mm). 

In order to facilitate synchronization of the camera to the flash unit, the camera has an 
output which indicates the vertical blanking signal. Also, the camera has an output port 
available for a video CRT viewfinder for viewing the scene. A color conversion filter to 
correct the spectral distribution of the flash to 2856°K, and a filter to correct the camera 
response to a photopic behavior, arc attached to the front of the lens. 

Dir«ted Strow 

As discussed previously, a commercially available strobe unit i:; proposed. The 
reflector, lamp, and trigger ttansformer will be isolated from the power supply and fined into 
a separate enclosure. The input to the supply is 120 VAC and draws 500 watts. 
Flash-to-flash variability is estimated to be within S pcn:ent. Production designs could 
include a flash monitor to mitigate this effect. if wananted. 

The proposed laser rangcfindcr is reported to be eye-safe and meets FDA approval. 
The device measures approximately 8 x 5 x 4 inches (203 x 127 x 102 mm) and weighs 
approximately two pounds. Also included is an RS-232 port to bigger the device and 
transmit nnge data. 

Dil""J Co11Pff'lionll11111p A""'1lil 

A personal computer is the essential link between the video camera. strobe, and 
nngefinder units. This sysaem has a standard RS-232 port which will be used to 
communicate to the rangefinder, a parallel port for a printer, and two floppy disk drives. A 
frame-grabber card samples the analog signal &om the camera, converts the signal to di&ital 
values, and stores the data in memory on the board. This crea1leS a digitiml image of the 
desired video frame. Additionally, an output port is available to flcilitate atorage « the 
im,1g" on a video tape IecOnlcr. 

It should be DOied that vertical blankin& pulses are constandy ICllt by the camera .SO mat 
a strobe ttigaered directly from this signal would flub constandy. A means of generating the 
1aobe trigger for the desired frame only is required. To accomplish this. a custom-built 
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strobe-video synchroni7.er circuit has been built to monitor the status of the vertical blanking 
sipal on the frame crabber (which is synchronous with the camera) immcdialcly after the 
operau,r depresses a switch, and then fires the flub. A trigger signal for the strobe is issued 
at the panllcl port on the computer. A computer keyboard switch was used for the 
experimental work during this phase. Ultimately. the nn1etindcr will be used to initiate data 
acquisition. 

SYSTEM CONFIGURATION 

The prototype MSMRTS components are integrated as shown in figure 11. This block 
diaaram shows lhe location of the major system components, consisting of the camera. 
electronic flash, nngetindcr, and pcnonal computer. The flash module consisting of lamp 
and reflector are mounted below the camera. and may be positioned at the proper height with 
respect to the camera to obtain lhc proper observation angle for a given distance. For a 0.2° 
observation angle at 200 ft (61-metcrs), the required separation from the camera centerline to 
the center of the reflector is 8.4 in (213 mm). A bracket secures both the camera and flash 
head as a unit. The power supply for the flash unit is remotely located Figure 12 shows a 
conceprual drawing of the optical head mounted in a vehicle. 

SYSTEM ACCURACY 

The results of this investigation generally indicate worst-case errors which can be 
expected for the variables identified. These are summarized as follows: 

Measurement Geometry 
observation angle 
entrance angle 

Camera Resolution 

Ambient Signal 

Electronic Flash 
ouq,ut variability 
illumination uniformity 

1-2% 
up to 10% 

It should be DOied that because these are worst case errors, the average error will 
generally be much less than their sum. A bcuer, more realistic usessment of musurement 
errors will be available using the breadboud system 10 measure a large number of signs and 
comparing the data to measumncnts made using traditional methods. 
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Figure 11. Diagram of proposed MSMRTS prototype. 

Fi~ 12. Conceptual design of MSMRTS protoeype. 
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CONCLUSIONS 

The re..-ch and analysis presentrd in this report indicate that an accurare mobile 
system for measuring the average ~ of traffic signs during daylight houn is 
feasible. The conceptual design of the system is well suited for making mcaswcments from a 
movin& vehicle. The sugcsted components for this application are commercially available, 
minimizing the need for an extensive engineerin1 effort. 

The highest value of sign luminance due to ambient daylight conditions occurs with 
enclosed-lens sheeting. Under direct sunlight. the sign luminance is lowest when the sun 
elevation is highest, and increases as the sun approaches the axis of the camera. If 
measurements are made when the sun is above an elevation angle r '!O°, a realistic balance 
between required artificial source illumination and operational limitations can be achieved. 

Under moving conditions, the angular geometry between soma:, sign, and detector is 
constantly changing. The behavior of sign reaoreflcctance is highly sensitive to the angle 
between source and detector (observation angle), and this behavior is markedly different 
among the types of materials currently available. If accurate measurements are to be made 
with respect IO a given angular geometry, a fixed measurement distance is required. 

Entrance angle (the angle between illumination axis and the normal to the sign) has a 
minimal effect on mcuurcment accuracy if this angle is small. This is expected to be the 
case if a sufficiently lon1 measurement distance is used. TherefOR!, entrance angle will not be 
measured. 

Accurate distance measurements are required to determine the observation angle and 
infer the illumination at the sign with as little error as possible. Investigation into the use of 
a laser rangefinder indicate that a maximum distance measurement Cfflll' of 0.3 percent at 200 
ft (61 meters) and 0.6 percent at 100 ft (30.S meters) is possible at a speed of SS mi/h (88.S 
km/h). 

The intensity requirements of the elccttonic flash system are based on the amount of 
exposure needed to adcqwuely exceed ambient sign luminance. For a maximum error of 5 
percent due to ambient sip luminance, a flash inlCDSity of 28.SOO candela-scconds is required 
for a camera exposure time of 1 millisecond. This maximum error is calculatm for 
encloted-lens materials which have deteriorated to minimum recommended values of 
reb'Old1cctance. A commercially-made electronic flash unit is available which produces 
40,000 candela-seconds far a duration of 1 millisecond, and has a life expectancy of 100 
million flashes. 

A system of components for creaong a mobile prooxype system is outlined. The 
components selcclled for the system are commercially available, thereby minimizing 
engineering costs. The prorotype consists of a compact camera. flash bead unit. and 
rangefmdcr conncctrd to a penonal computer. The flash power supply will be remotely 
localed. Additionally. a CRT viewfinder will be used to monitor and aim the system. 
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DISCUSSION AT EASTERN WORKSHOP 

Q: As you approach a sign, how many readings of the sign do you take? 

A: There's only one reading as we approach the sign. The operator with the laser 
rangcfinder will have to keep his system pointed at the sign so that the rangcfinder can 
continue its distance measuring process. Once the sign distance is reached. the system 
only takes one picture of it. 

Q: How do you then account for less than perfect sign installation where you may have 
tilted away or toward the roadway? 

A: We didn't rccogniu: that as one of the influencing factors on the quantity of 
retroreflcction. It is not as strong a function of angle as is the observation angle part of 
it. But we did recogni7.C that if a sign was mounted at an improper angle, that perhaps 
it was a desirable effect. and the retrorefleclivity would be diminished. But perhaps it 
was a desirable effect because that's how a motorist would be perceiving that sign. We 
are in fact incorporating the diminished retrorcflectivity into that and that should be a 
key if it in fact does go below some requirement. Someone could then go out there and 
say that the sign is not mounted properly. 

Q: If you were reading two consecutive signs, one mounted at one angle and the other 
mounted at another angle, and they were mounted the same day, you could get two 
different readings. Would that indicate that one sign needed to be replaced and the 
other one didn't? 

A: The output of the system would say that the sign needs to be replaced but it shouldn't 
be construed that way. It could mean that it needs to be replaced or it could mean that 
it needs to be repositioned. The fact that the system docs respond at a lower reading 
may be because it wu mounted improperly. It's a real-world situation. We don't take 
that out. It is rather complicated to take out. but then we thought that it would be a 
valuablc feature. 

Q: What happens to the system if one sign is bad and one sign is good? 

A: The field of view right now is for the highway mode--4.S by 3--which for most 
instances should be ablc to acquire for just one sign. Of course, signs mounted off the 
side of the road are typically smaller. The field of view then would be perfectly 
adequate tor that. But it's a rather small field of view and the chances of getting two 
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ligm in it may be tomewbat dirnioilbed. The system would eventually pick that up, 
and it miaht act coofulCd. But these are some of the things that we have to work out 

DISCUSSION AT WFSl'ERN WORKSHOP 

Q: What is your auess It the cost? 

A: It is difficult to say al this time because we are working with a prototype. The system 
components have D0l been fully finali7.ed. Thele arc some thin&s that we may be able 
to change in order to lower costs. By the time we go into production, the cost of the 
components may come down, so it would be difficult to say in 1990 exactly what the 
system is. 

Q: Would the cost be more than $100,000? 

A: We initially tried to keep the system at about $25,000. Cunendy, u the components 
exist today, the cost is about SS0,000. The driving factor is the rangefmder, and there 
are a oumbel' of companies that make ranaefindcn now. When we first looked at this, 
there wu only one company in the ranccfinder business, at least low~ost rangefinders 
that weR suitable for mobile use. Now a few more companies are entering into 
businesa, 10 costs arc beginning to come down somewhat. 

Comment From Lumia in Response to Query About the Difficulty of Completing Image 
Processing on Highways (Due to Traffic): 

The image processing is done at the shop. The only thing that happens in the van itself 
is to acqwre the image. lt takes roughly 2 seconds to store an image. Once the system 
is stored, that leaves only the setup (i.e., entering information about the sign). We arc 
estimating that. probably at a minimum, you will be ready to take a sign every 3-5 
seconds. Once the system is storing the information in the computer, you can probably 
do some setup. However, the range finder and the system have to re-initialize. But 
that 15 seconds mentioned in regard to image processing only applies to the time it 
takes for each image, and 1hat is done off-site. 

Q: How does your machine handle multiple sign assemblies? Does it capaure the whole 
uaembly, 01' one sign within the uscmbly at a time? 

A: Basically, it gets whatever is in the field of view. We really have not done a lot of 
work with complex signs, so at this point I cannot really answer that type of question. 

Q: That wu my precise question. With your field of view of 3 x 4½ ft, if you have a 
route marker uacmbly dw bas, perhaps, six signs on it. can you focus on just one sign, 
if not in the field, then later in preprocessing? 
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A: That's a good question. We have not really looked at sips dw ue down at that small 
lcYCL It probably will pick up at least a few of lhem, and. again, it depends on what 
you 're trying to ... 

Q: I don't want an average. I want to know which sign is bad and which sign is good. 

A: We have not really looked at many where the signs arc that small and had to be 
separated. 

Q: How is your angle? . . . Will the retroreflcctivity of signs change with your angle? 

A: Yes, it does. The reaoreflectivity really does vary very llowly as a function of that 
angle as opposed to the observation angle, the angle between the source and the 
detector. We don't attempt to correct for that. The techniques to do that are very time 
consuming, and I am not sure of their accuracy. However, another thing that has been 
pointed out was that if the sign is mounted improperly (at the wrong angle), then the 
retroretlectivity will be reduced. Although it is quite useful IO Fl the retroreflcctivity 
of such a sign, it is also a very true representation of what is happening with respect to 
where the vehicle is and where the sign is. So, in that cue, the system could be 
pointing out the effectiveness of retroreflectivity with respect to that driver as well, and 
may point out the need for some IOl't of sip replacemenL It does not give the true 
picture of that sign and correct for that angle; however, it does correct for the 
geometry-whatever the geometry setup is at that time-and can be useful in that 
sense, I think. 
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PAVEMENT MARKING MATERIALS AND SERVICE LIFE 

Charles E. Antle' 

INTRODUCTION 

Profeuor of Statistics 
The Pennsylvania Tnnsponation Institute 

Pennsylvania State Univenity 
University Park. PA 16802 

Some of the results from an NCHRP Project 4-16 conducted by John Jewett Henry, 
Charles E. Antle and Joseph Canoll are presented in this paper. The following questions are 
considered: 

• How do the rctroreflectometcr readings of pavement markings made with one type 
(e.g. Mirolux) of instrument compare with those of another type (e.g. Erichsen)? 

• How do ratings of lines in service by a panel of driven relate to the 
rctroreflectometer readings of the lines? Are all of the instruments equal in this 
respect? Can a level for a given insttument be chosen so that lines with readings 
above this level can be regankd as providing satisfactory performance? 

• When lines are placed in test decks on the highways will the wheel track portion be 
useful in predicting the lifetime of such a line used for center line markings? Will 
the wheel track and left end of such a line in the test deck when measured at the 
end of 12 months provide useful information for predicting the performance at the 
end of 24 months? Is it better to predict future performance at a given time than to 
predict the failure time? 

• What are some useful comparisons of lifetimes of the durable materials (e.g. 
thermoplastics) and the non-durable materials (e.g. alkyds)? 

The rctroreflectometers considered in this study were a Michigan type instrument, an 
Erichsen, an Ecolux, and a Mirolux. The test decks were in Pennsylvania, Florida, and 
Arizona. The materials included alkyds, chlorinated rubber, cold plastic, epoxy, foil tape, 
methyl methacrylate, solvent borne epoxy, thcnnoplastic, urethane, and waterbase marking 
materials. 

1 Additional authors include John Henry and Joseph Canoll. 
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COMPAIUSONS OF RETROREFLECTOMETERS 

At the beginning of this study in 1985 the retroreflectometers available on the market 
were the Erichsen and the Ecolux. Both of these were low angle, rather large. but certainly 
portable instruments. Their cost wu about $10,000 each. It was al10 possible to build a 
small high angle insttumcnt known as a Michigan type retroreflectometer for a cost of about 
$2,000. During the time of the study a very good low angle rettoreflectometer known as a 
Mirolux became available. These four insttuments were used in these studies. The Mirolux 
and the Erichsen have the desirable feature that they arc calibrated to read directly in 
mcd/meier-•21ux. The general agreement of the different insttuments in reading lines can be 
measured by the correlations for their readings when Ieading a large set of lines with all of 
the instruments. These simple correlation coefficients arc not affected by the choice of 
calibration, and arc a measure of how well the measurements by one instrument will be 
related to the measurements by another instrument by some sttaight line. A correlation of 1 
would indicate a perfect straight line relationship exists between the two sets of 
measurements. A correlation of .95 or more would indicate very good agrccmenL 

An experiment was conducted at Pennsylvania State University in 1986 to evaluate the 
correlation between Ridings by the four types of instruments available for the study. In 
addition Mr. Erichsen brought one of bis instruments and participated in the titudy so ~ 
were two Erichsen instruments. About SO locations along the roads in PA were selected and 
at each location the road markings were measured at 5 skip lines. These were then averaged 
to provide a measure of the performance of these lines. These locations were chosen so as to 
provide a wide ransc of performance. The correlations of these averages among the 
instruments were as given below: 

MIClllGAN 
MIROLUX 
ECOLUX 
ERICHSEN 1 

MIRO 
.87 

ECOL 
.95 
.95 

ERICl ERIC2 
.92 .94 
.96 .94 
.97 .96 

.97 

It is clear that the instruments arc in rather good agreement. with the Michigan type 
instrument showing somewhat less a~ment with the others. This was to be expected. The 
very good agreement among the Mirolux, Ecolux and the two Erich»ens :ndicates clearly that 
these instruments arc about equally useful. 

PANEL RATINGS AND RETROREFLECTOMETERS 

In mder' for the ieadinp by the retroretlcctometers to be useful it is necessary to relate 
them ro the performance of the lines as rated by ordinary users of the highways. For this 
purpose a panel test wu conduclM at Pennsylvania Stare University in 1986. The set of 
about 50 IClecled locations near Penn State were measured by the 5 instruments available to 
us. Then a panel of 16 people scJccted 10 u ro have 8 men, 8 women and aaes from 18 to 
75 ~ driven over the ame set ol linea and uked to rate them from O 10 10 with a 10 
bein1 a line that c:ou1d not be impnwecl and a O for one that is uaelea. A value of 5 would 
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indicate that the line is just satisfactory and anything less than S would be a line that would 
not be satisfactmy. The purpose in so designating the value of S would be to allow us to 
choose an instrument measurement that we could regard as the failure level. This is 
illustrated in figw-c 13 where the panel average of S is used to identify the failure level for 
the instrument mcasW'CDlents. The actual resdlts for a panel experiment arc given in figure 
14 where it will be observed that when the Erichsen measW'CDlent is above 100 the panel 
rating will genenlly be above S. 

A torru of five panel experiments were conducted during this study and another study 
sponsored by the FHW A. It was generally true that the panels gave a rating of at least S 
whenever the readings by the Erichsen or the Mirolux were above 100. Funhennorc, the 
agreement of the panel ratings with the measurements by the instruments was generally quite 
good, with the exception of the Michigan type instrument. This good agreement by the 
Erichsen, the Mirolux and the F.colux with the panel ratings allows one to state with 
assurance that the real night time performance of the lines in service can be evaluated by 
these instruments in the daytime. In addition the value of 100 as read by either the Erichsen 
or the Mirolux is recommended as a failure level. This is not to say that lines should not be 
improved until they have reached such a failure level. Indeed it is important that they never 
be allowed to reach this level. Some value well above this should be the level at which the 
lines would receive attention. 

EXPERIMENTAL TF.ST LINE DECKS 

It is often the practice of a State Agency to have a test deck of "bid" lines which will 
be evaluated in order to approve of future suppliers. These lines may be read in both the 
wheel D"aCk and the center line portion. The wheel track ponion serves as an accelerated test 
and will provide useful information before the center line portion has provided much 
infonnalion. It is not clear as to just how these readings of the wheel track portion should be 
used to predict the performance of the lines in service. It does seem clear that they may do 
this for the setting in which they are being observed. It can be seen in figure 15 that the 
infonnation about the wheel track readings after only 370 days would provide a good means 
for predicting the center line readings at 793 days for these materials that arc in a test deck 
on the PCC in Arizona. In the case of these durables it will be a very long time before most 
of them have reached a failure level in the center line portion of the lines, but it docs appear 
that the wheel D"aCk portion will provide useful infonnation. 

It may be reasonable to ask if durables should be placed in test decks. Unless it is 
possible to combine the early readings on the wheel ttack and center line portion in some 
useful way it would appear that by the time the lines have reached their failure level there 
would be littJe interest in those particular lines. A company could not wait S years to see if 
its product is to be added to an approved list of materials. However, as a class of materials it 
is important to know how they would perform relative to other classes. It was in this sense 
that the experimental test line projects in Arizona. Florida, and Pennsylvania were established 
in 1985 and 1986. It should be noted that very few of the durables in Arizona and Florida 
have reached the failure level in their center line portion, and it would be most useful to have 
someone follow up on the evaluation of these lines. These lines might now begin to provide 
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uteful comparilons among lhe different marcrials. After ~, them on a regular basis 
tbroupi June 1988 about all that could be said was that it looks like they could provide &ood 
performance for a very long time. 

DISCUSSION AT EASTERN WORKSHOP 

Q: Was the testing strictly reading rctroreflectivity? 

A: I think in all cases in Florida and in Ariwna, the materials were there but they had 
lost retroreflectivity. I didn't show PeMsylvania because the durables there don't get 
a fair shake. The snow plow can remove them from the road, especially in the test 
decks that we had put down in Pennsylvania. 

DISCUSSION AT WESTERN WORKSHOP 

Q: How many pavement types? 

A: Then, was an open-grade asphalt, and there was a dense-grade asphalt. It did make a 
good deal of difference which one they were on. The open grade presented problems 
with some of the materials. 

Q: You have a rating of 100 for white lines, I believe. What did you have for yellow? 

A: Actually, that was meant to be for both white and yellow. That's another good poinL 
We did not have enough white lines in any of our studies to sort out the difference 
between white and yellow. So in the end we just pooled all the lines. Our panel said 
that if you were below 100 on the Mirolux or the Erichsen, or the Ecolux when 
adjusted (the Ecolux has to be adjusted), that would not be acceptable to our group of 
Pennsylvania drivers. 

Q: Do you have a published report? 

A: We have written a ICpOl1, and it is in the bands of the committee reviewing it. Maybe 
that includes some of you folks. We hope to get ii through the final review very 
shortly, and we would be happy for you to request it. 
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IN-SERVICE EVALUATION OF THERMOPLASTIC AND TAPE PAVEMENT 
MARKINGS USING A PORTABLE RETROREft.ECTOMETER 

Robert W. Attaway 
Assistant Director 

Institute for Transportation Research and Education 
PO Box 17489 

Raleigh, NC 27619 

PORTABLE RETROREFLECTOMETERS 

Pavement markings are one of the most important traffic control devices available to 
the traveling public. These devices serve to regulate, warn, and guide the motorist in the use 
of highways and streets during the day and night. During darkness and advene w~ather 
conditions the driver's performance depends to a great extent on the reflectivity of the 
marking and its contrast with the pavement surfacc.<0 

Reflectivity is the single most important quality of a pavement marking. The fact that 
"the nighttime fatality rate in the United States is more than three times the daytime rate" 
inJicatcs the need to provide visual guidance to the road user at night <2> During the daytime 
there are many sources of delineation other than pavement markings to aid the driver in the 
operation of bis vehicle. Some of these sources of delineation include the pavement shoulder, 
roadside foliage, longitudinal joints, the distant view of the road ahead, roadside development, 
etc. During the day drivers appear to rely on features in the distance for delineation and 
guidance rather than the road surface dclincauon.<O 

This is not to say tba& the daytime appearance of pavement markings is not imponant 
became cleariy where markings are used as resuJalory or warning devices such as centerlines 
and railroad symbols, they must be intact and visible to be effeclivc. In the vast majority of 
ins11DCes, however, if the reflectivity of a pavement marking is ac:ccptable then its daytime 
appearance is also. 

Pawmcnt martdnp a reflective bcc1u11e small glass spheres called "beads" are added 
to lhe marking Jlllla'ial. 11ac glass beads ■a u liny ralecun which collect light from a 
YdlicJe's headlights and reflect a pon:ioll of it back to lhe driver's eyes. Figure 16 illustrates 
du, procedmc abowin1 the vision pomeay for a typical driver in a vehiclc.(J> 

This is a shnplificalion of a complex system. 1be reflectivity of pavement markings is 
a function of a number of J)ll'lll'lCWI including the manufacturing and application of the 
marking maria! and beads and die pbysical conditions of lhe road, driver, and vebiclc.<4> 
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Fipre 16. Driver's vision in a vehicle.CJ> 

L: distance betwcco driver's eyes and observation point 
1: distance between headlights and observation point 
H: height of driver's eyes 
h: heipt of headlights 
e: entrance angle 
o: observation angle 

Retronjkcto1Mlln: CotUW n. FIM G'°"""1 Macluu, 

In the United States the night visibility of pavement markings. has historically been 
evaluated using human observers under nighnime conditions. While this may be the "ideal" 
method for determining the true visual pc:rfonnance of pavement markings it has many 
drawbacks including the subjective nature of evaluators and the need to conduct evaluations 
after normal working boun.<"'> 

To overcome these drawbacks relJ'Ol'C&ctoolc:ten have been developed which provide 
objective measmcmcnts of retroreflectivity of pavement markings and can be used dming the 
daytime. A retromlectometer is an instrument which attempts to simulate on a reduced scale 
the night visibility c:cndilicm experienced by a driver. The device generally consists of a box 
which eliminalel ambient lipt, a light 101m:e projected on a known uea, a light sensor to 

measure ~flec11ed light, and provision for calibrating the instrument on a strong 
rettorcflcctor. 

'lberc arc basically two types of retro1eflec10me1m in use today, "coarse" geometry and 
"fine" p,ometty machines. Coanc pomeuy insaumcnts, arc instrwnents which do not 
closely limulale the conditions cxpcricnccd by the driver while fine geometry more closely 
simulate those ccndition,. Some cmnc geometry machines would include the Michigan and 
Virginia Depanment of Tnnsporwion macbincs. Fmc FC)lllCtry machines would include the 
Ecolux, Erichlen, Opcronik. and Mirolux. OO 
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This research used three different retroreflectometers for gathering reflectivity data: 
Ecolux. Mirolux (Bxperimenral}, and Mirolux 12. These three machines arc all fme geometry 
machines, each havin& an entranCe angle of 86.S degrees and oblervalion angles of 1, 1.5, and 
1.5 dcgrcca. respectively. 

1bc Bcolux was used sparingly for in-service evaluations because of its weight and 
bulkiness. The F.colux is approximately 33 in long and 10 in wide and weighs 20 lb; in 
addition it has a 21 lb battery pack and cable which requires an additional person to move it 
along and keep the cable out of the way during readings. The F.colux has an analogue scale 
which is not difficult to nsad but does require judgment and slows down the data gathering 
process. The Ecolux reflectivity readings were converted in to millicandelas per square meter 
per lux ([med m·2] x 1x·1) using a conversion equation specific to each machine. 

In contrast, the Mirolux machines are much lighter and easier to use. This resulted in 
mare flexibility and productivity in data 1atberin1. The units arc hand held and 
approximately 18 in long and 6 in wide with an internal rechargeable 12 v battery pack and a 
total weialit of 14 lb. Toe IUd-out ii diaital and ahere ii a dipral baacry voltage check. The 
readinp from these two instruments were not the same and required correlation tests be run 
between each other and the Ecolux rctroreflectometer to determine their values. (All the 
values reported in this report will be in ([med m·2] x. 1x·1) as measured wilh an Ecolux 
rctroreflectometer.) The two Mirolux machines were used to p&ber most of the in-service 
readinp on pavement marking tapes and thermoplastics. In fact. without the Mirolux the 
number of in-service readings taken on these projects would not have been possible. 

B_,,,,,,.,,,I "M""""""" R•fllcliPIIJ Vabw1 

DellmJlinina the mlectlvity of pavement markinp has nditionally been a difficu!t wk 
for traffic cogioecn in die Unilcd States because of the lack of recopir.ed standards and 
equipment form making high speed field evaluations. In fact. there an: no uniformly 
recopir.ed standmds for reflectivity of pavement marldngs in the United Stares to this audlon 
knowledge. 

Standards are in U1C in oda countries however, lllOll notably France and Oermuy. 
Tbae CODDlriel have bodl ettabliabed mlec:1ivity atandarda fu- pewment marting mataials. 
Bach COIIDll')' bu IWldada buod Oil tcfteccivity radinp laken with band held fine pcimeary 
re~ ■neeer manufactured in that country. The French has catablilbcd ID acceptable 
ieflcctivity value d 150 ([med m·2) X bf1

) 11 meumed widl ID Bcolwt ~- and 
the Germani me a ranp r,f valuea &om 150 to 70 SL baaed on traffic conditions and 
mcuured with a aaman made tetroreflectome."- '> 

While the Uniled Swes does noc cunady have any "minimum" ltlDdllds for 
mlecti'Vity (X pawment markinp IOIDe work bu been performed 111d odler work ii underway 
Joolri"I ~ dlil iaue. One cl. the fint such ltlMliel WU Ill FHW A projecl by Allen, o-...... Mcltuer and odlcn. ''Dmer"a Viaibility Requinment1 for Roadway Dclineuion" In 
1977. 0lber aaeudl include wen done by Edm and Wollmlll u pretented in the peps 
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"Minimum Visibility of Pavement Markings". An NCHRP project 4-16 "Cost and service life 
of Pavement Markings" is also investigating minanum reflectivity values for markings. 

This paper is not intended to establish what are the minimum acceptable standards for 
pavement markings in the United States that task will take much research and discussion to 
arrive at a consensus among the panics involved. However if objective reflectivity readings 
arc being taken tbtn some value must be used to compare these readings against. 

For this research the rcpons discussed above were consulted for information on 
acceptable levels of retlecdvity for pavement markings and a limited panel evaluation was 
conducted by ITRE. The panel evaluation was not. conclusive. The scope of this evaluation 
was limited due to lack of funds and only five observen wcm used evaluating 13 different 
markings with different amounts of wear. Even though the panel evaluation was not 
conclusive it did aid in the review of previous wOik. in this area and the decision was made to 
use a value of 100 ([med m·2] x 1:1

) as measured with an Ecolux reflectometcr as a minimum 
acceptable value for reflectivity. Therefore all the readings presented in this paper will be 
P.colux values. 

Again it should be noted that the "minimum" value used here is not intended to be a 
standard. Other agencies may choose to use lower values for markings or some may want a 
higher level of service and require higher acceptable values that is a choice for the individual 
agency until a national standard is adopted. 

THERMOPLASTIC LONG LINE IN-SERVICE EVALUATIONS 

Thermoplastic has been used for pavement marking by the N~h Carolina Department 
of Transportation (NCOO'I) since the mid 1970s. Numerous evaluations have been conducted 
by NCDOT on the performance of thermoplastics over this period but most have been 
informal or specific ro a particular roadway project. The consensus among NCDOT field 
traffic engineers has oecn that thermoplastic is a durable pavement marking material which 
perfonns well for sc,·eral years when installed on asphalt pavements. 

The specific number of years of acceptable service varied from engineer to engineer but 
genctally ranged from 4 to 6 years of service. This performance was based primarily on 
periodic day and nipt visual evaluations by field Traffic Engineers. While rhesc evaluations 
provide uacful information on the overall ucnd in the performance of thennoplastic the fact 
that there were no standard evaluation procedures being used, the difficulty in measuring 
reflectivity (nighttime brigbmess), and the large number of engineers involved in these 
cvaluat\ons (North Carolina has 14 highway division offices with 14 field Traffic Engioccrl) 
all with different perceptions and opinions on ihc performance needs of pavement markings. 

In 1985 the NCDOT Traffic Enainccring Branch began a Highway Planning and 
Rcacardl Project (NC-HPR-23241-86-4) Plastic Pave1Mnt Marking Ma~rials to delfflninc 
how well thermoplastic and prefonned tape marking materials were performing in North 
Carolina. The tbcnnoplastic ponion of the project focused on the performance of long line 
thermoplastic pavement markings. Long line marldngs include cdgclines, lanelines, 
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cen1a'linel. and barrier lines. A variety of projects n,prescnling each of North Carolina's 
p,op-apldc repona (mountains, piedmont, and coutal plain) and roadway cypea we.re 
evallllled. The roedway types evaluaacd included two lane roadways, multi-lane undivided 
roadways. and divided (interl1ale type) roadways. The ADT1 varied &cm S,000 to 20,000. 

The purpoee of the thermoplastic phase of this research project was to determine how 
well long line tbcnnoplutic pawment markings are performing on different highways across 
Nartb Carolina and ID determine the expected life of thermoplastic markinp. To accomplish 
dm a thoroup review WU conducted of other retean:b in this area; NCOOT' s thermoplastic 
project infonnalion wu ieviewed; evaluation procedures were developed and tested, and 
preliminary and final field visits weie made to conduct the evaluations. 

l•Nldor1 of NCDO'I' ho}ffll 

A review wu made of all available NCOOT records on tbcnnoplastic pavement 
marking projecu in North Carolina. This review revealed special marking proje.cts dating 
back to l '¥16 and long line projects back to 1 '¥18. A complete list of these potential projects 
was assembled for further investigation and preliminary field visits. 

A copy of the identified tbennoplastic projec;ts in each highway division was sent to 
each respective Division Traffic Engineer for his review. additions, and comctions. Field 
visits were then manged with each Divisim Traffic Engineer to discuss tbennoplastic 
markings, review the data and mm field visits to thcnnoplastic sites. 

Tbeae visits proved to be a valuable pcnon of this project They provided: updates and 
conecdons to the list of projects; allowed the field penonnel to find out first hand about this 
racarch project; provided a IIICllll of learning about the experiences, problems, and opinions 
of practicing field penonne1 on the subject of pave1DCJ1t markings; and p· · vided a preliminary 
review of IDOll of the tbennoplutic projects still in service. 

lt.-:/lffll.U, ....... a4 FwW BWlbMd/Du 

Upon conclulion of the pmliminllry visits, I list of silDI fir further evaluation WU 
uaemblod. Of the 1,456 milea of dlamopludc CJriainally identified from Traffic Engineering 
recardl, tpplOlimalely 800 mi were found to be in plage in the fieJd. The remainder of the 
teC1ioaa were ei1bc:r renrfaced er painm 0\-er. North Carolina bad two major sesurl'acing 
prognma in the IOI, and may of the leCdaas of intentac, primaly, and urban roadways with 
tbermoplulk: inl1al1cd in lbc Jue 70a and early 80s Ml'C covered in thete pft>p'lml, 

Raurfacin& ii unavoidable in highway wOlt., and despite careful planning pavements 
~ deterlanle men qmckly drm IDlicipated. }tip volume rou1e1 are the routes oo which 
durable pawment IDlddnp are placed. They are allo rouaes which are men susceptible to 
pa'Yelllml failure and recciw a higher lew1 al Dllimenance. 
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The resurfacing accounted for the majority of the loss of thermoplastic projects wilh 
owr 540 mi of the mipnal projects identified having been resurfaced. Information on the 
condition rx these 1CCtionJ at the time of RSurfacing was not available at all in most cases 
and not readily available in the olhcn. Without information on the condition of the marking 
at die time of reaurfacins tbcrc ii no way an evalualion could be made of those sections. Of 
the remainin1 120 mi of projects approximately 60 mi had been placed on conacte and 
repainted widlin the first tbrcc years by maintenance forces. Loss of material due to chippin1 
was the major failure of thermoplastic on cODCitte according to field contacts. The other 60 
mi of thermoplastic placed on asphalt had also been repainted by maintenance forces. 
Lanclines were most hquendy the markings repainted on projects installed in 1981 or before. 

11uough the field visits with the 14 Division Trafftc En&incm and in previous studies 
with traffk service~ operations, it has been found that the procedures used to evaluate a 
pavement marking's performance vary substantially among divisions. Some divisions also 
have higher levels of ICl'Vice for pavement markings than othcn. Without more definitive 
information on the marking's performance at the time it was repainted. there is no way to 
know what its condition was at that time. 

EWllwllo,a Proutl#n1 

A number of evaluation procedures were examined for use in this projecL In the 
preliminary field visits, some of these ideas were tested. As in the othet evaluations, the 
three most important factors concerning a pavement marking's pcrfonnancc are appearance, 
durability. and reflectivity. The appearance and dunbility factors were used in other research 
projects to evaluate thermoplastic and were generally conducted in the daytime from a 
moving vehicle or from the lhoulder of the road. Evaluation of reflcc.ivity was more difficult 
bccau1e it n=qwmi nighttime visits to each section and then a subjective rating of the 
condition. 

A series of nighttime reviews of thermoplastic markings indicated that useful 
infonnation could be determined about the rcflcctivity of pavciDcnt marking in this manner. 
A number of serious problems were encounteted with this method: evaluations had to be 
made after nonnal working hours; conditions such u oncoming headlights, peripheral 
lighting, time of the night, 1euon of concerns. In an attempt to eliminate some of these 
problems, ttial measurements wm: made on pavement markings using an Ecolux 
retttRflcctometer. 

The Ecolux :sencd to eliminate many of the problems encountered in the subjective 
nighttime evaluadons but came with its own problems. The major problem with the Ecolux 
was that it was not easy to operate under traffic conditions. The Ecolux Rquircd two people 
to opcralC, one to hold and read the machine and the second to cmy the battery pack and 
umbilical cold. Opcnting the machine was allo a laborious wk. The operator had to get on 
his bands and knees to tet up tbe machine; then bad to read an analog scale to get the 
meuuremenL These drawbacks made any extensive use of an Ecolux to gather field rcadinp 
impouiblc. 
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Shmtly after tbc1e trials with the Ecolux, a Mirolux retroreflectomctcr was provided to 
ITRE for lelling. The Mirolux proved to be the answer to the problems with the Ecolux. It 
wu small. light, easy to ope:ra11:, and proved to be reliable after repeated use. Testing also 
revealed a di1'CCt relationship between its readings and those of the Bcolux. Finally, an 
objective means of evaluating the reflective quality of pavement markings was available for 
111e in the field. Armed with this new evaluation tool, 111m began an extensive field 
evaluation of lhennoplastic. 

Before making field visits, the evaluation procedures were finalized and tested. The 
tlfte ueas of evaluation were appearance, durability, and reflectivity. 

I. Ap,narance - Markings were rated as acceptable (A) or unacceptable (U) using the 
following definitions. This was an overall rating for the entire section. 

Acc~ptabl~ - The intent of the pavement marking to guide, warn, or regulate is 
clear to the motorist when viewed from a vehicle operating at normal highway 
speeds during daylight hours. This is the complete impression conveyed by the 
marking, including appropriate color (white or yellow). 

Unacceptable - The intent of the marking to guide, warn, or regulate is not clear 
to a motorist when viewed from a vehicle operating at normal highway speeds 
during daylight boon. 

2. Dwability - The durability was evaluated according to the percentage of the 
material remaining on the pavement. This evaluation was made at the same locations that 
reflectivity rc:Jdings were made, using the unaided human eye standing over the muting. 
Only turfacc area ~ wu evaluated. Thickness measurements arc not practical without a 
special instrument which was not available at the time of this evaluation. 

3. Reflectivity - The reflectivity was cval\1&11:d using a Mirolux 12 
ffllU'eflectorncter. Each thcnnoplastic project was evaluated by taking three sets of 
reflectivity readings generally in the first tbini of the project, the middle third of the project, 
and in the final third of the project. A set of reflectivity readings consisted of at least 18 
readinp over six skip lines (3 readings per skip) and 18 readings distributed evenly over 300 
feet of continuous line. This was done for each line (edaclinc, centerline, lanclinc, or 
barricrlinc) in both directions. This procedure was followed for sections approximately 3 
miles in length. For sections over 3 miles, an additional 9Ct of readings was taken at for 
each additional segment up to 3 miles. Readings were taken on randomly selected tangent 
sections whbiJl each of the three r.oncs to allow for comparison belwccn sections and for 
ufely. 

The following procedure was used for determining the reflectivity perfmmance for a 
marking on a project. On a given project, all reflectivity readings for a given marking (i.e. 
edae)ine, llneJine, « ceme:rline) were tocaJed and lben divided by the total number of 
n:adinp to get an •"ICl"aP teflectivity value. Thil reflectivity value could then be used to 
delaminc whether the edpline, Janelinc, or centerline met minimum acceptable reflectivity 
IIIDdlrdl. 
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After the pmiminary visits approximately 800 mi of thennoplastic on 146 pavement 
muking projects were identified. The decision was made to evaluate thermoplastic sites in 
all of the 14 highway divisions. lbis would give a good disttibution of geographic and 
climate types. Approximately 1 week was assigned to each division for data collection. The 
approach was to check as many sites as possible within each division. In S of the 14 
hipway divisions all thermoplastic sites were evaluated in the remaining 9 divisions 
approximately half of the thennoplastic sites within each division were evaluated. An attempt 
was made to evaluate each type of roadway (two-lane. multi-lane undivided, and multi-lane 
divided) within each division. 

R,ndtl of Tlun,aoplasde ln-S,rvic, Evaluations 

In the final evaluation. approximately 350 road mi of thennoplastic on 60 different 
projects were evaluated. These projects covered the period from 1979 to 1986. Sections 
were grouped according to the type of roadway: 1) two-lane, 2) multi-lane divided, and 3) 
multi-lane undivided. 

With the exception of a couple of sections of roadway in the coastal region of the State. 
the appcarancc evaluation criteria was not the controlling factor in detennining the 
performance of a section of thcnnoplastic. On these particular sections, the pavement was 7 
to 8 years old and had highly polished aggregate which gave a pavement color similar to 
concrete. 1be appearance of these particular markings varied according to the direction of 
travel and the intensity of sunlight The end result was the surf ace not providing sufficient 
conuast with the pavement markings to be effective during all these daytime conditions. 

This study did not have the instrumentation to measure contrast objectively, so this was 
done as pan of the subjective appcuance evaluation. It is interesting to note that these 
particular sections had good nighttime reflectivity. The failure due to daytime pcrfonnance 
was the exception radlcr than the rule in these evaluations. In the vast majority of cases, it 
was the reflectivity evaluation which controlled the markings perfonnance in this project. 

'The importance of reflectivity in the performance of a pavement marking has always 
been rccopized. but an objective evaluation of that performance has been a difficult task. 
With the use of the Mirolux 12 rctrorcflcctometcr, this project has performed an objective 
evaluation of thennoplastic projects in North Carolina. This evaluation shows why 
thermoplastic pavement markings were so favorable among NCOOT field personnel. Results 
show white thcrmoplastic's providing 6 and 8 years of acceptable performance on all types of 
highway facilities. Yellow marldngs arc not providing as good a pcrfonnance according to 
reflectivity with less than half the projects evaluated providing acceptable service after 3 
years. lbis is hued on an acceptable reflectivity value of 100 SL as measured with an 
Ecolux rcflcctometer the same value as used with the white material. The color yellow is 
inherently less reflective than white and may justify a lower level of reflectivity. Experiments 
in this ma however were outside the scope of this projecL Table 9 gives a summary of the 
reflectivity performance of the thermoplastic projects evaluated under this research. 
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Table 9 shows the number of thennoplastic sections and mileage by year and the 
percentage (by mileage) thal were acceptable ~ 100) and unacceplable (< 100) as measwcd 
with an Ecolux. This lable shows that nearly all white thermoplastic markings were found to 
be acceptable regardless of age. In fact, of the more than 60 projects evaluated. only 2 
projects were found 10 have white thermoplastic unacce?table due to reflectivity. The 
performance of yellow thennoplastic was not as good. with more than half of the yellow 
material failing aft.er less than 6 years of service in both the edgelinc and centerline 
conditions. 

Durability has not been mentioned in this evaluation until now. Infonnation on 
durability (percent of material remaining) was gathered at the same time as the appearance 
and reflectivity data. In all the sections evaluated in the study the factors which controlled 
the failure were reflectivity level and/or appearance. That is not to say that durability was not 
a pan of the reason the marking failed because clearly it is. If a marking material has come 
loose from the pavement surface then there is not any glass present to be reflective and no 
line present to delineate. 

In the analysis of field data, it was dctcnnincd that white thcnnoplastic markings were 
rated acceptable according IO appearance and reflectivity generally had great.er than 70 percent 
of the malerial remaining. When less than 70 percent of the muking was present then 
reflectivity was aeneraJly at or below the acceptable level, and appearance was unacceptable 
or marginal. More than 90 percent of the markings evaluated in this project had 75 to 90 
percent of the surface area covered with material. These durability percentages were taken at 
the locations of reflectivity readings. (For Yellow thennoplastic markings there was not 
always a ielationsbip between the percentagc of malerial remaining and reflectivity.) Yellow 
malcrials u discussed before arc inherently less reflective than white materials and in many 
cases great.er the 70 percent of the marking wu in place and the reflectivity level was still 
below the minimum acceptable level. 

Another particular problem discovered in this evaluation was the poor performance of 
thermoplastic on concrete. Only one concrete project of approximately 5 mi had 
thcnnoplastic that had not been repainted. This particular section was multi-lane divided, 
with >20,000 ADT, and was approximately 4 years old. It was in excellent condition. All 
other 1eCtions exhibited extensive chipping and loss of material. Acconling to field 
personnel, each of thelc sections were restriped with paint within 3 to 4 years after 
installation. A variety of expJanerions were presented for these failures, including poor 
clcanin1 of cming compound before placement, excessive loss due to snow plow activity, and 
a lack of sufficient bond to the concrete. 
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YEAR 

1919 
1981 
1983 
1984 

YEAR 

1979 
1981 
1982 
1983 
1984 
1985 
1986 

YEAR 

1981 
1985 
1986 

Table 9. Summuy of thermoplastic reflectivity rcadinp: 

TWO-LANE ROADWAYS 

WHrl'E 
NUMBER OF EDGE LINE READINGS 

YEU..OW 
CENTER LINE READINGS 

SECTIONS MILES lfi>lOO 'l><:100 'Ii> 100 'I>< 100 

3 
11 
1 
3 

NUMBER OF 
SECTIONS 

2 
17 
5 
5 
2 
3 
2 

18.0 
38.5 
7.0 

33.0 

100 
100 
100 
100 

0 
0 
0 
0 

44 
61 

100 
88 

MULTI-LANE DIVIDED ROADWAYS 

WHITE WHrI'E 
EDOEUNE LANEUNE 

MII..FS ,.>100 'li<lOO %>100 'l,<100 

14.0 100 0 100 0 
84.S 95 4 98 2 
33.0 100 0 100 0 
32.0 100 0 100 0 
9.0 100 0 100 0 

21.0 100 0 100 0 
17.0 100 0 100 0 

MULTI-LANE UNDIVIDED ROADWAYS 

WHITE WHrl'B 

56 
39 
0 

12 

YELLOW 
EDGE LINE 

%>100 'l><:100 

43 57 
39 61 
36 64 
37 63 

100 0 
100 0 
100 0 

YELLOW 
NUMBER OF EDGE LINE LANELJNE BARRIER LINE 
SECTIONS MILES %>100 %<100 %>100 %<100 'li>lOO ~100 

3 12.0 100 0 100 0 0 100 
3 31.0 100 0 90 10 90 10 
1 2.0 100 0 100 0 0 100 

-n.e values shown uc Ecolux values in ([med m-2) x 1x·1). They weft: convetll:d from. actual 
Mirolux 12 readin&I-

In conclusion, lhcnnoplastic is a durable and reflective pavement marking material 
when used as a long line marking on multi-lane and two lane roadways with wide lanes. 
Based on an extensive evaluation of reflectivity using objective !Udings from a ponable 
mroreflectometer, wbbe thermoplastic is providing acceptable appearance and reflectivity fer 
6 and 8 yean when instal1ecl on high type roadways with traffic volumes up to 20,000 ADT 
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in North Carolina. Yellow thennoplaslic is providing a marking life of 3 years under similar 
roadway conditions. 

LONG LIFE TAPE IN-SERVICE EVALUATIONS 

A second part of the 1985 North Carolina Highway Planning and Research Project was 
an evaluation of pavement marking tapCS. This evaluation included test deck testing and 
in-aervice testing of diffetCDt pavement marking tape products. This reflearch covered a two 
year period which provided approximately 20 months of observation time from the time of 
installation. Since long life tapes are used primarily for special markings such as anows. 
school and nilroad symbols, stop bars, and cross walks one of the in-service tests was to 
install samples of each long life tape product tested in special marking locations. A site was 
sclce1td for this test in the Qty of Oxford, Nonh Carolina (population 8,000). The street 
chosen was Hillsboro Street, which is the "main sttcet" in the town with on-street parking, 
,lpaUJP.d mtcrscctions, curb and gutter, asphalt pavement and an ADT of 6,500 to 11,000. 
The route is two lanes with short left tum lanes at signalized intersections. 

O~ord Croawtllk a,uJ Stop Bar T.su 

Five different long life pavemen, marking tape products were installed at the site. At 
least three samples (approximately 10 feet in length) of each of the five products were 
installed as crosswalks and/or stop bars. Visual evaluations were made of these samples at 1, 
6, 12, and 20 months of service. During these evaluations the marldngs were evaluated for 
appcarancc (acceptable or unacceptable) and durability (percentage of marking remaining). 
During this 20 month period 5 of the 17 total samples installed failed due to appearance or 
durability. At 1he end of 20 mooths of service reflectivity was also evaluated. Five 
reflectivity readings were taken on each section of crosswalk or stop bar with an F.colux 
retroretlectomcter. 1bese five ieadings were then averaged to get a reflectivity value for each 
ample. Table 10 lists the individual crosswalk and stop bar markings and their average 
reflectivity readmp. 

Table 10. Oxford crosswalk and stop bar testing ieflectivity readings• at 20 months. 

StopBar StopBar 
Crosswt Crosswt Crosswlt Left Left 
Locat.l locaL2 Locat.3 Tum I Tum2 

A - SEIBUUI'E "MM" 69 65 67 (NIA) (NIA) 
B - 3M •ST AMARIC• 5730 66 59 66 92 (N/A) 
C - CATA-TILE 58 (NIA) (NIA) 80 69 
D - PRISMO DIM 61 56 (N/A) (N/A) 75 
E - PRJSMO 90MM 60 56 (NIA) 88 74 

-aetJectivity rcadinp were taken with an F.colux mttorcflectomerer. The listed readings are 
ID awnge m 5 Jeldinp per test sample. 
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Using 100 ((med m·2] x bt"1
) IS mcumed with an Ecolux u an acceptable reflectivity 

level this table shows these markings performing poorly according to reflectivity. In fact 
none of the malCrials tested met the acceptable level of reflectivity. This test raised questions 
about the reflectivity performance of pavement marking tapes •vhen used as special markings 
which is wbcrc most arc used. 

To dctennine whether these poor reflectivity results were indicative of the pcnonnance 
of pavement marking tapes in general an expanded jq-seuic~ evaluation was conducted on 
special markings installed by NCDOT maintenance fon:es in 1985 the same time that test 
samples wcrc installed. The only Jong life pavement marldr J tape approved for use by 
NCOOT at that time was 3M Company's 5730 "Stllnlark" Plant Polymer 5730 tape. 
Therefore this is the materii:I that was evaluated. 

ln-s,mc, EWIIIUltion of JAl'1 5730 Long Lift Tap, ru,d as Sp,ci.al Marting, 

Approximately 30 p-:ojects and locations were identified for evaluation with varying 
ADTs and traffic conditicns. These locations were all in Harnett and Cumberland counties 
which an, in the coastal i·lain area of North Carolina. A total of 194 individual markings 
were evaluated. Installation dates were known for all of these markings, and all were 
installed in the summer of 1985. In this evaluation the same evaluation criteria for 
appearance, durability, and reflectivity were used as in the other in-service evaluations. 

A variety of special marking types were evaluated. including all types of arrows, rail 
road crossing symbols, and stop bars at rail road crossings. As in the Oxford study, most of 
the markings evaluated had acceptable appearance and durability (approximately 5 percent of 
the markings evaluated failed due to appcarancc and durability). The reflectivity again was 
the weak point in the performance of these marlrings. Reflectivity WIS evaluated using a 
Mirolux 12 retroreflectometer taking five readings per arrow and ten readings for each 
railroad symbol. lbesc readings were then averaged to get a reflectivity reading for each 
marking. Usina the 100 SL measured with and Ecolux rctrorcflectometer as the acceptable 
value for reflectivity 74 percent of the markings checked were unacceptable due to reflectivity 
after only two years of service. 

Table 11 illustrates the reflectivity performance by showing the number of special 
markings evaluated by type and the percentage above and below the I 00 level as measured 
with an F.colux re1r<nflecf0meter. As the table shows, the only type of special marking 
performing reasonably well was the through arrow, but even there only 36 percent of those 
chccbd were above the 100 level. 

Even if reflectivity values below the established level of 100 as mcaswcd with an 
Ecolux are used a significana percentage of the special marking evaluated would be 
unacceptable. Table 12 illustrates 1he percentages of each type of special marking which had 
reflectivity values below 100, 90, 80, and 70. 
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Table 11. Reflectivity readings for 3M "Stamm" S730 Tape used u special markings. 

AwaeNc llD ........ ..,.bk: 
Martinp R•'IClh~IOO R~np<lOO 

Special Marking Type Evalualed P.colux Ecolwt 
Nymbq ,, Nymbe, ,, 

TURN ARROWS 36 8 22'1, 28 78'£ 

TIIROUGH ARROWS 66 24 36'1, 42 64'£ 

COMBINATION ARROWS 39 1 3'1, 38 97'£ 

RXR-RAILROM> SYMBOL 33 7 21'1, 26 79'1, 

--- STOP BAR 
AT RAILROAD CROSSING ll .J. ..B -11 m 
TOI'ALS 194 51 26'1, 143 74'1, 

A vcragc reflectivity readings for all arrows and stop bars at railroad tracks ue based 
on 5 readings for each. Railroad symbols are based on 10 readinp each. 

Table 12. Pczcentaaes of unacceptable apecial markings at lower mflectivity values. 

No.of RetlectMty 
Martinp (F.colux) 

Special Malkml Tape Evllualed <80 <70 

TumArrows 36 7811 7811 38'1, 4'1, 
Thmuah Armwl 66 64 41 20 9 
CombinadClll Anows 39 97 95 62 10 
~ - Railroad Symbols 33 79 70 30 6 
--&op Bar a 
RailJOld CroaiDg 12 92 75 42 17 
School Symbols I Q g a il 
TOI'ALS: 194 74"ll, 64* 37'1, 141' 

Due to tbeae poor reflectivity Jeldinp ewn under free rollina type conditions it is 
qucstiooabJe wbeda Jona life pa'Wlllellt maddna 11pe lbouJd be Uled u apecial mamnp 
except undor lipUld coadidan1. Thia ii m coune bued on ID accepcable value <X 100 
mcd/lu/m2 u meuurecl with ID Ecolux ~ and lower acceplat\e Ylluea may 
resuh in different conclusiom. The purp01e ~ bowcwr is to ■bow dW a ponablc 
retroreflectome CID be med to evaluate the reflectivity performance m pawment mukinp. 
Reflectivity bu loo& been m:opimd u an impcxtant pan of a paw:ment markinp 
perf01111ance but due to tbe 111bjectiw DlbD'e of niptdme vilual evaluadoal it hu been 
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difficult IO objectively evaluare the reflective pelfonnance of paverr.ent markings. A portable 
re1:101eflectome1er makes such an objective analysis possible. 

SUMMARY AND CONCLUSIONS 

The evaluation of. pavement markings for reflectivity under in-service conditions is a 
difficult task for the l1"lffic engineer. Due to the lack of reflectivity standards and high-speed 
equipment for makina such measurements few in-service evaluations of pavement marking 
reflectivity have been performed. 

Until such standards and high-speed equipment are developed highway agencies will 
have to rely on their own capabilities in the evaluation of pavement markings. These might 
include nipttime visual evaluations or establish their own acceptable levels of reflectivity and 
ue of portable band held reaoreflcctomcten currendy available. 

This paper presented a procedure for using a portable retrorcflcctomctcr (Mirolux 12) 
fer evaluatin1 the reflectivity of lon& lines and special markinp. A procedure was presented 
fer taldna reflectivity readings under actual field conditions on both of these types of 
marldnp. Information was also provided on the selection. of an acceptable level of 
reflectivity. 

Two examples were presented in the applicatim of this evaluation procedure one 
loolcina at Iona line thermoplastic marldnas and another looldna at preformed tape used as 
special markings. 

The thermoplastic evaluation shows that white thcnnoplastic is providing acceptable 
service under a wide range of nft1c conditions in North Carolina for 6 and 8 years. Yellow 
thermoplastic is providing at least 3 years of service and longer in some cases. The special 
mmi.ng evaluation of preformed tape indicated that these materials w~ not providing an 
acceptable level of reflectivity after only two year of. service. 

Tbete evaluations wen, hued on an acceptable level of ref1cctivity of 100 {[ncd n·21 x 
b,1

) as measmed with an Ecolux retnnfleclDmcller. 

This level of rcflectivity wu used based on previous studies in the area of pavement 
marking reflectivity and a limited panel evaluation. 

Tbele examples show that mcful information can be derived from this type of 
evaluation to help the traffic eqineer in making decisions concerning pavement marking 
practices. 
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DISCUSSION AT EASTERN WORKSHOP 

Q: What type of materials were used? 

A: It was a combination. The 1981 project was primarily hydrocarbon long lines. But 
since that time, North Carolina has (as the photographs I've shown coming right behind 
the paving machine with most of their durable markin&s or the thennoplastics) gone 
with alkyds predominantly. I don't know what the split is now. I think some of the re
marking is still with hydrocarbons but they're going men toward alkyds. All of the 
newer projects, I would say in the last 3 years, were alkyds. 

DISCUSSION AT WESTERN WORKSHOP 

Q: What is the cost of the Mirolux units? 

A: The last ones we ordered were $2,550. 
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Q: Do you use hydrocarbons? 

A: A lot of those included in the studied 1981 installations (where we had the larJest 
group of data) were hydrocarbons. When we come in behind a pavement operation, all 
those are alkyd All of the special markings in the State are alkyd The only time we 
use hydrocarbon is when we go in and mark over existing markings or if we have a 
time limit (we have a five-day time limit on two-lane roadways to put down pennanent 
markings). We are experimenting because the hydrocarbon has been less expensive 
when doing temporary lines, which will be replaced within a 45-day period. 

Q: What kind of thickness? 

A: That has changed recently. Historically, it has been 60 mils for edge lines and 90 mils 
for center lines on two-lane roadways and 120 mils for some other roadways. I think 
everything has gone to either 90 mils or 120 mils (120 for two-lane lines) in North 
Carolina. There is a trade-off here depending on snow activity. 

Q: Did you take any n:adings that compared brand-new yellow thcnnoplastic and brand
new white thennoplastic? 

A: We have. We have achieved varying results, but usually the whiie is about 100 points 
below .... Epoxy is high regardless of what color it is. It retains the beads quite well. 

Q: With the yellow, would you consider going to back to 30 mils? 

A: That is certainly an option. Coming back with a sprayed application on top is an 
option. I have also heard tt\e suggestion of ccming back with epoxy over 
thermoplastic; it is a lower profile, so you wouJ d not be adding so much profile. 
However, as far as I know, they have not done anything. 'They have not set a standard. 
But that is a concern. 
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CURRENT RESEARCH AND nJTURE NEEDS IN EV ALVA TING DELINEATION 

Ricban:l N. Schwab 
Night Visibility Program Manager 
Federal Highway Administration 
Tnft1c Safety Research Division 

6300 Georgetown Pike 
MrLean, VA 22101-2296 

Portable, bandheld instrumentation has been available to make spot measurements of the 
retroreflcdivc quality of pavement markings for several years. This equipment must be 
placed directly on the line being measured and, thcrcf~, the penonnel using the equipment 
are placed in the hazardous position of being exposed to traffic. This requires traffic control 
to proeect highway penonnel from oncoming vehicles, which on highly travelled roadways 
causes driver delay. Tbercm, application of these portable devices has been primarily 
limited to use in acceptance testing of new marking materials, although :here has been some 
research on their me in statistically sampling in-service lines to determine their adequacy. 
This type of instrumentation can be made to work quite well in small, rural districts, 
especially on mads with lower traffic volumes. 

Most of the portable devices on the market have been limited by the ability to 
mecbanically mange the optical elements within a reasonably sized box to view the marking 
at a simulaled 45-ft (15-m) distance. For most actual chiving situations, a marking at this 
distance would be just inside the area blocked for view by the hood of the vehicle. A study 
of delineation found that driven look at a point approximately mm: to fom seconds ahead of 
their )Rlellt locadon IO anticipate the need for beading and speed changes. At typical 
highway speeds, mu means the driver's line of sight is inla"SCCtillg me road surface at 
approximalely 2.5 de,rees rather dlan the 4.5-dep-ee viewing angle common for most of the 
portable pavement mlricing measurement devices. 

FEASIBO.ITY OF A MOBB.E RETROREFLECTOMETER 

In September of 1986, a Small Business Innovation Rclcan:h grant was awarded to 
investi~ the fcuibility of developing a mmreflectomemr to measme pavement markings 
frmn a ~le moving at bipway spcc,ds during normal wmdng boun. This would greatly 
fflduce the ufeiy rilk to highway personnel and increue the area that can be surveyed for a 
pYell budaet alloanent. 

The delip invesdpted utiliJlOd a laser light source. A laser produces a med power, 
collimated beam, wilb c:oanant i,rwli•nce acrou its projected spot. Bccauac 1he luer output 
ii within a very nmow hquency, the detecUJr can be filtered to read only the nctiaoce of the 
luer spot. even in die paeace (X mnlipL This ~liminate, the need IO keep out the ambient 
light by sbroudiq die opdca1 mcuurement system or by maintainina physical contact with 
the road aurflce. 
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In the initial studies, a laser was used to measure a sample pavement muking placed 
outside the laboniay ~indow where it would be expoted to direct radiation from the sun. 
Measurements were started at midni&ht and continued at periodic intervals throughout the 
following day. By filtering Ebe detector to the same wavelength u the wer. readings made 
under din:ct sunli&ht and night readinp were within an uncertainty error of 2.5 peiccnL This 
degree of error would cenainly be acceptable for a survey instrument. A series of 
measurements were then made of several different pavement marking materials wing the 
single frequency laser sowce, with rhe results compared to standard photometric readings 
made with a tungsten light source. The results showed that a high correlation could be 
obtained and rhat the result obtained from the laser could be used to predict standani 
laboratory meuurcmcnts with a high degree of accuracy. Studies were also made during the 
feasibility research to show that data could be obtained from a moving target and successfully 
recorded. 

A breadboard system was then designed and builL The system allowed manual tracking 
by superimposing the image of the laser beam over the pavement marking on a small 
television scn:cn. This worked relatively well at speeds below 30 mi/h (48 ki/h). The results 
indicated that the quality of existing markings. as well as new markings, could be measured 
from a moving vehicle during daylight holll'S. In addition, the system could work regardless 
of whether the pavement marldna was dry or YICL 

FIELD PROTOTYPE DEVELOPED 

A series of field prototype instruments have been developed over the past 2 ycan, with 
each new one incorporating information learned from earlier models. The latest version. 
Prototype 4, is shown in figure 17. It is built to operate at approximately one-third of the 

Figure 17. Laser retrorcflcctometer mounted on pick-up truck. 
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dcsucd real world geometry. The Laser Retnnflectometer mounts on the side of a pick-up 
b'UCk approximately 5 in (12 cm) above the pavement. It measures the marking 32.8 ft 
(10 m) in front of the unit. The hardware, as currently developed, has overcome the 
aec,metric limitation of the handheld units. It views the marking at approximately a I-degree 
observation angle, which closely simulates the typical driver's viewing geometry. 

The equipment is capable of sampling from 200 to 500 data points on each scan of the 
line as frequently as every 3 ft (0.9 m), while da.: truck is traveling at 55 mi/h (88 ki/h). This 
is, obviously, far too much data to store and would overwhebn the traffic engineer trying to 
interpret results. Research is currently underway 10 determine what data is re.quired to best 
satisfy the needs of operating personnel and how 10 present it. Statistical sampling 
procedures m: also being developed. 

DETERMINING WHEN MARKINGS NEED REPLACING 

Data from a series of analytic. laboratory. and field studies arc available which help 
define the point when markings arc no longer adequate for driver guidance. The results of 
the National Cooperative Highway Research Program study (NCHRP 4-16) discussed earlier 
in this session indicate that the rating panels judged the pavement lines to be inadequate when 
their retroreflectometcr reading dropped below 100 mcd/m2/lux. In an analytical study, 
retrueflcctivity values between 60 and 130 mcd/m2/lux were found to be the minimum that 
should be allowed on the roadway at night, depending mainly on the speed of travel. Other 
research is still underway, but all of the results seem to be "in the same ballpark." At these 
levels, pavement marlcings become ineffective and often appear spotty because of loss of 
beads and peeling. 

However, none of these studies have resulted in a practical level for rctroreflectivity. 
which indicates when lines should be replacc;;d A practical level must allow adequate time 
for scheduling the remarking; ensuring that the line will not reach the level determined to be 
unsatisfactory for visual guidance before the next inspection and marking period. 
Professionals working in the field need to experiment and develop guidance on what would 
be a safe cutoff level. Funbennore, higher-speed roadways would probably need a somewhat 
higher level, perhaps 150 to 130 mcd/m2/lux, than lower-speed, urban streets. This might be 
an appropriate role for an Institute of Transportation Engineers' Technical Council 
Committee. 

WHERE DO WE GO FROM HERE? 

Once the equipment is fully developed and the softwm produces the dcsm reports, it 
will be necessary to field-test the equipment. One or more of the State highway agencies will 
be loaned the equipment to evaluate its utility with their own personnel If this evaluation is 
successful, then the equipment will be marlccted by a commen::ial source. Public companies 
may also be stancd to make surveys using the equipment for interested agencies which do not 
wish to purchase the equipment. 
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SESSIONS 

MAINTENANCE PROCEDURES AND PROGRAMS 
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PENNDOT9S STATEWIDE PROGRAM FOR SIGN IMPROVEMENTS 

Brian A. Mc.-COOla. P .E. • 
Manager, Traffic Signing Section 

Pennsylvania Department of Transportation 
1014 Transportation and Safety Building 

Harrisburg, PA 17120 

The Pennsylvania Department of Transportation (PcnnDOT) is responsible for lhc 
maintenance t>f 41,344 miles of State highways and has an estimated 1.1 million traffic signs 
in place. Apprmim■tely 35 percent are regulatory signs. 45 percent are warning signs. and 
20 percent are guide signs. The Department's Central Sign Distribution Center in Harrisburg 
manufactures approximately 168,000 signs annually and plB'Chases another 5,000 special order 
sigus each year through contract. Signing in Pennsylvania is maintained by some 75 sign 
crews woddng out of 67 county maintenance offices. Eleven Engineering District Offices 
supervise traffic engineering and signing programs. The State budget for signing activities in 
Pennsylvania is $13.75 million annually. 

In recent years, increasing efforts have been undertaken by PennOOT in design and 
maiotena~ 11a1 to addrea the needs of improved starewide traffic signing. Several factors 
have influenced the Department to commit added resources and to implement new signing 
initiatives 1CIOS1 the Swe. Prior to 1987, there were more than 12,000 ~ traffic 
accidents each yeu which could be aaributed to signing related factors. This figure amounts 
to roughly 8 pcreenl of the approximately l(J(),000 traffic accidents reported annually in 
Pennsylvania. Sevcral independent studies concluded that signing problems were one of the 
major conuibutin1 flcun UIOCialed with 1M claims apinst the Depanment Studies also 
found dw u mmy u 50 pcn:ent of the traffic signs on some highways were in need of 
upgrading due to ap, vandalism. vehicle damap, or other facun. 

Allo fOCUling an added emphasis on sign initiatives was the ,aliution that 
Pmmylvania'1 hipways could not efficiently promoc-= economic activity and good movement 
without adequate 1ipin1. Tnffic sip upgndinl, particularly impnMmtCDtl to dcslination 
signs IDd numbered mffic roure mubn, was 1ee11 to enhance economic development and 
IOOrism. two imponant State priorities. 

Prior to 1987, the Departmcn1 was spending aboul $10 to $12 million annually fer 
uaffic lip mainteolnce. 1bis figure does not include contnct expenditures for lhe upgrading 
of lips and ddineadon, which llDClWlted to an additional $5 million per year. Put siping 
effonl wae primarily "JaCtive" spot improvements « emerpncy maintenance, rubcr than a 
"plOICIM" c:ompdasiw: upgrading ar a11 signing 11on1 specific corridcn. 

°J>relcmed II eulaD worbbop only. 

140 



SIGN UPGRADING PROGRAM 

In the summer of 1987, the Department began the "Sip Upgrading Program" with the 
goal of updating the signing on all Stale Routes staiewidc. An overall completion time period 
of seven ycan or less was projected. Under the program, all signing which was the 
responsibility of the Department was taqeted for correction on a systematic corridor-by
corridor basis, beginning with numbcmi traffic route corridors and sections of road with high 
accident rates or tort claim histories. All sign types (replatory, wamina, and auidc) were to 
be corrected with the exception of large, major, and supplemental guide signs on freeways 
and expressways. At the present time, almost all of this work is being done by existing 
Department forces, supplemented by temporary and seasonal employees where necessary. 

Toe Department's goal was to ~view the signing on 30 percent of the State Route 
mileage, and correct the signing on 25 percent of State Route mileage by June 30, 1989. 
'Through the excellent efforts of District, County Maintenance, and Sign Distribution Center 
personnel, about 42 pcn:ent of the State Route mileage was actually surveyed and 33 percent 
was corrected. For fiscal year 1990 and future years, the goals will be to survey and correct 
an additional 15 percent of the State Route mileage. As of January 1990, some 17,759 mi or 
43 percent of the State highway system was successfully corrected and improved. 

In conjunction with the Sign Upgrading Program, a program of Quality Assurance (QA) 
signing reviews uc conducted in each District by Department Engineers &om the Traffic 
Engineering and Operations Division. The reviews arc conducted on sign upgraded routes to 
detennine if the work was done satisfactorily. Each sign is field checked and review forms 
are completed. The Department goal is to review 1,000 mi of upp-aded signing during each 
calendar year. 

$15 Mn.LION TRAFnc AND DIRECTIONAL SIGN APPROPRIATION 

In 1988, the Pennsylvania State Motor License Fund Budget contained a special $15 
million statewide appropriation for traffic and directional signing. This appropriation 
supplemented the Dcplnment's normal sign budget thereby enabling an expansion and 
acceleration of statewide signing improvements. The $1S million was a 2-year continuing 
appropriadon, which means the money must be spent or encumbered by June 30, 1990. Each 
PennDOT County Mainrenance Office was given a portion of the $15 million appropriation. 
Factors used to detenninc each county's allocation included: the number of freeway and 
expressway lane miles in the county; freeway and expressway daily vehicle miles ttavelcd 
(DVMT) for the county; the number of inachanges in the county; the amount of money 
spend by tourists/ttavelcn within the county; county sign budget shortfalls; tort cJaims 
attributed to county roadways; and traffic accidents within the county. 

Each District Engineering Office developed a work plan to define the specific signing 
projects that were to be funded using their county allocations. All of these projects arc now 
completed, under consll'UCtion, or in the final design phase. About 92 percent of the 
construction wort will be done by conttaet. Approximately 83 pcn:ent of the allocation will 
be spent for &ccway or expressway signing improvements. 1be remaining amount will be 

141 



used for certain high volume ancria1s and for route markers in url>an areas. The meway and 
expressway expenditures are significant because the Department has estimated that about $(iO 

millioo is needed to bring swewide freeway and expressway signing into compliance with 
current minimum State and Federal standards. Final design of all remaining contract signin1 
work under the $15 million appropriation is now nearing completion and all contracts will be 
let and awarded by June 1990. 

These two signing initiatives represent the most comprehensive signing effort ever 
undertaken in the Commonwealth of Pennsylvania. Completion of the program will 
significantly improve highway safety and traffic flow, reduce the Department's tort liability 
exposure, enhance tourism and economic development, and provide the foundation for a more 
cost-effective sign maintenance program in the funm:. 

MOTORIST SERVICE (LOGO) SIGNING PROGRAM 

In the past several years, the Pennsylvania Department of Transportation has 
implemented a successful motorist service signing program along lntcntatc routes. This 
prognm is popularly referred to as the Logo Signing Program. Logo signs arc blue and white 
in color and they designate gasoline, food, lodging, and camping services which are readily 
available at or near interchanges of interstate highways. TIie PcnnDOT logo program is 
unique in that it utim.es a private sector body, the Pennsylvania Logo Signing Trust, to 
administer the program. This endeavor has been seen as affonling various fiscal. 
administrative and personnel advantages, and it has been recognized as an effective 
pannersbip between the public and private sectors. 

Logo Signing in PeMsylvania was sWted in 1984 i• lth a Pilot Program along Interstate 
Route 84 in the Pocono Mountains Region of Nonheast Pennsylvania. Since that time, 
motorists services have been enhanced and now some 125 of 390 Interstate interchanges in 
Pennsylvania have some amount of logo signing in place. It is estimated that up to 50 
additional intacbanges may be added as services become available and as sections of recently 
completed and IOOD-to-opcn Interstate highways are incorporated into the program. Examples 
include 1-78 near Allentown, 1-376 near Pittsburgh. and 1-476 near Philadelphia. 

Loao sips are paid for entirely by qualifying and eligible businesses and are erected at 
approwd imcrcbanacs. Certain business eligibility, distance, message, and sign spacing 
criteria govern their approval and erection in Pennsylvania. The signs are intended to provide 
anwJcn with business identificllion and directional infmnation for essential motorist 
ICrVices. The propam bu been well RCCivcd in Pennsylvania by nearly 460 business 
establishments that puticipare. .Plans are now underway to expand participation in the 
program by pcnniuing up to six loao sign panels per service at select interchanges. 
Cunendy, only four food. lodging, and camping logo sign panels are allowed. 
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OTHER SIGNING INfflATIVa 

Other sipin1 enhancements soon to be implemented in Pennsylvania involve Rest 
Areas and Welcome Centers. signing for Ion&, su,ep Truck Grades, and a Statewide Highway 
Liner Conuol ProP'lffl. Some thiny-four Rest Areas alon& Interstate Routes and seven 
Welcome Cenlen located at State borders me scheduled for improvement as part of the 
Department's sip upgrading proanm and in cooperation with various State tourism 
prosnms. Also now in progress is a year-long study to evaluate signing and safety 
improvements at nearly 120 long, steep grade "truck hills," many in Central and Western 
Pennsylvania. A thud initiative, slated for implementation in 1990, will be the "Adopt-A
Higbway" Utter Control prop-am which has been used successfully in other States. Between 
1,000 and 1.500 signs will be manufllCtURd and installed once this program is started in the 
Spring of 1990. 

JOINT EFFORTS TO REALIZE SIGN IMPROVEMENTS 

It is clear that a combination of fiscal, engineering, legislative, and management 
initiatives were effectively joined in Pennsylvania to help bring about the current increased 
emphasis on statewide sign improvements. From the early planning state to field 
implementation, the various program elements have reflected the combined and ongoing 
efforts of many individuals working to achieve a common "service oriented" objective. 
Through these efforts, and with the effective partnership between public and private sectors, 
multiple benefits in the areas of safety, service, and sign program improvements are now in 
place for the many millions of residents and visitors who ttavcl State highways in 
PennsylvllT'; a. 
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ST ATE/LOCAL MAINTENANCE PROGRAMS 
(MINNESOTA'S SIGN MANAGEMENT PROGRAMS) 

Leonatd G. Eilts• 
Traffic Engineer 

Minnesota Department of Transportation 
John Ireland Boulevard, Room 3()1) 

St Paul, MN 56601 

In the early 1980's the Minnesota Department of Transportation (Mn/DOT} spent nearly 
SS million of off-Federal aid system safety funds 10 improve regulatory and warning signs on 
the road systems of Minnesota's 87 counties and cities with populations of 3,000 and above. 

These county signing projects generated a lot of interest in upgrading township and 
trunk highway signing. Mn/DOT announced that it would like a county to undertake 
township signing as a pilot project As a result of this interest one county engineer, 
volunteered to be the administralOr for a township signing program within his county. 

The county engineer did an excellent job of administcrin1 the program and the pilot 
township signing project proved to be very successful. The project was funded with 90 
percent Federal Hazanl Elimination Safety fun·ls. 

Early in 1986 Mn/DOT developed two programs for sign replacement and upgradin1 to 
provide uniformity in signing throughout the State of Minnesota. These programs were 
undcnaken, in addition to the normal signing programs, to increase production of signs and 
help local governments improve their sign compliance and reduce liability. These two 
programs arc: 

1. Mn/DOT District Trunk Highway Sign Upgrade Program to bring existing signs 
into compliance with the reflective sheeting policy dated April 15, 1986. 
(Encapsulated lens [high intensity] rctrorcflcctive sheeting.) 

2. Local GovtrNMnl Off-System (Township) Signing Program to help correct 
regulatory and warning sign deficiencies. 

TRUNK IUGHWAY SIGN UPGRADE PROGRAM 

The uunk highway sign management program followed the same format u outlined in 
the sign management video developed by the American Traffic Safety Services Association 
(ATSSA). 

•Presenled at western workshop only. 
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A Mn/DOT sign inventory booklet was developed to guide district personnel in 
inventory of regulalory, warnin&, and most green signs which Mn/DOT is required to 
mainlain. Ccnual office pcrsooncl provided training to district pcnonncl on inventory 
procedures using hand-held computers. Two people provided training to all nine districts. 

Ewduation 

Under this program all of the previously stated signs would be replaced if: 

• The background was made of an engineering grade material and installed before 
January 1983. Signs installed after 1983 could be left inplacc but had to be 
replaced by maintenance before January 1988. 

• The background was made of high intensity material and the sign was over five 
years old. 

Sign R1p/l,c11Mnt Progra,r.; 

It is the intent of this prop-am to replace substandard inplace signs. Only in 
exceptional cases will new signs and accompanying structures be installed. 

Because of personnel constraints within the districts, two methods of sign replacement 
were considered: 

1. Contract fabrication and erection of signs. 
2. Contract sign fabrication and district erection of signs. 

Mn/DOT decided to upgrade the trunk highway system to high intensity signing over a 
three year period. 

YEAR 

1st 
2nd 
3rd 

DISTRICTS 

6, 7, 8 
1, 2, 3, 4 
5, 9 

Southern 1/3 of State 
Nonhem 1/2 of State 
Metto Districts 

Most districts have chosen to have the entire signing upgraded by contract due to 
personnel constraints. - Two districts installed their own signs. 

As we near completion of this first upgrade phase of signing, we have had additional 
changes in ietlcctive s.heeling policy. On May 16, 1988, a reflective sheeting policy was 
implemented whereby virtually all signs are made of encapsulated lens (high intensity) 
retrorcflectivc sheeting. A few orange signs used for daytime operation n01 directly related to 
construction and maintenance and the standard stop/slow flaggers paddle are exempt from this 
policy. 
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It was felt that traffic safety on the trunk highway system could be cost effectively 
enhanced It also addresses signing needs of elderly drivers. 

We arc also experimenting with brighter sign sheeting in the Metro Districts. 1biJ 
provides brighter signs where traffic volumes arc much higher than oo rural trunk hipways. 

Once the first phase of sign ui,grading is compleled, we will need to bring remainin1 
signs up 10 current sheeting standards. 

Contracts for seven rural districts have been let with other Metro district contracts 
scheduled for spring and summer lettings this year. 

Mn/DOT has funded this district sign upp-ade program from State construction funds. 
This program is expected to cost from $3-4 million. 

LOCAL GOVERNMENT OFF SYSTEM SIGNING PROGRAM 

In cooperation with the Federal Highway Administration, the Local Government Off 
System Signing Program was fonnalized on February 13. 1986. 

The purpose of this traffic safety program is to make Federal safety fwlds (Haz.ard 
Elimination Safety, HES) available to local road authorities to bring regulatory and warnina 
signs/devices (on Non-Federal aid local roads) into compliance with the Manual on Uniform 
Traffic Control Devices for Streets and Highways (MUTCD). 

Three items comprise this 90 pen:ent Federal (10 pcn:ent local) cost sharing traffic 
safety program: 

1. Inventory to determine traffic signs/devices needs. 
2. Purchue of ttaffic control signs/devices. 
3. Installation of traffic signs/devices. 

What /$ Rrilnbuned1 

1. Inventory to det.crmine traffic signs/devices needs. 
2. Purchase of traffic conttol sipu/devices. 

Signs 
Posts 
Hardware 

3. Installation and removal of traffic signs/devices. 

1biJ is a federally funded project with 90 percent federal rcimbuncmcnt and 10 ~nt 
local reimbursement Funds are available on a "fint come, fint served" basis. 
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This program is open to counties, cities and townships that have not previously received 
Federal aid (safer roads demonstration or safer-off-system funds) for sign inventories and 
materials/installation expenses on local roads. 

Rcimbursemc'lt of eligible expenses at the 90 percent level is authorized after MnJDOT 
has approved: 

1. Final field inspection of installed signs/devices. 
2. The materials certification. 
3. The claims documents. 

Mn/DOT and the FHWA initially concurred in designating $2.1 million (HES) funds to 
address the regulatory and warning sign defu:iencics on non-Federal aid roads. Funds arc 
available on a first come, first served basis as 100 percent of the townships within a county 
agree to participate in the program. A single project has been developed for each county 
under the administration of the county engineer. 

In 1987, Governor Rudy Perpich accepted a national safety award from Robert E. 
Harris, Deputy Federal Highway Administrator, in recognition of Minnesota's efforts to 
correct warning and regulatory sign deficiencies on local roads. 

The following outline provides an overview of program activities at the Federal, State 
and local levels. 

1. Mn/OOT's Office of Traffic Engineering announced the program statewide by 
sending the project description to county and city engineers, and township 
officials. The program manager made presentations at 14 annual township 
officials meetings around the State promoting the off-system si&ning program. 

2. Applicants submit an executed intent to panicipate and an application to Traffic 
Engineering. Traffic Engineering consolidates submittals and sends them to 

disb'ict State aid and traffic engineers for review and feedback. (Several counties 
have just a few townships om participating. Still, they arc not able to participate 
because it must be 100 percent toWDship participation.) 

3. Mn/DOT requests 1-1-IW A authorization to proceed with the inventory 
andconsttuction phases of the project. 

4. Traffic Engineering authorizes an inventory of traffic control signs/devices. If an 
engineering consultant is employed, Mn/DOT must approve the consultant 
contract before work can begin. 

S. The inventory, consisting of a summary of material needs and a cost estimate, is 
sent to Traffic Engineering, the Disb'ict State Aid Engineer and the District 
Traffic Engineer for review and approval. 

147 



6. Traffic Engineering authorizes project implementation pending the cxcc•1tion of 
the Mn/DOT agreement and a signed resolution from the local roac.! authority. 

7. In accordance with the Mn/DOT Secondary Road Plan, the project participant 
purchues and inswls the materials or advertises, lets and awuds a contract for 
the purchase and installe.rion of materials. 

8. After the project is completed and inspected by the District State Aid Engineer, 
the project participant submits appropriate claims (along with invoices or final 
contract vouchen) to thr.; District State Aid Engineer for review and approval, 
who in tum forwards documents to Traffic Engineering for processing. 

9. On approval of the final field inspection by both the District Slate Aid Engineer 
and FHW A of installed i.:gns/deviccs, and satisfactory JCvicw and approval of 
claims documents, 90 percent of ·he eligible total costs will be JCimbun·cd by 
Mn/DOT. 

Inventory costs allowed under this program are $29 per urban mile and $15 per rural 
mile. Inventories have been conducted by either county personnel or consultants. 

Installation of signs can be accomplished by agreed upon unit prices of $16 per sign or 
S 11 per dclincator if the project participant installs its own signs or by unit bid prices or at 
the Federal ceiling rate (whichever is lower) if installed by contract. Signs have been 
inslallcd by contracts because local governments do not have the personnel to erect signs 
within prescribed time frames as outlined in the project description. 

The icsponsc to this program has been ovcrwhehringly positive. As I mentioned 
before, there arc 87 counties in Minnesota. By the end of 1987 there wcic 38 counties 
participating in the program. Dy the end of 1988 a total of 68 counties were participating in 
the program. Twenty-nine counties have conpleted the signing program so far. 

Some interesting facts about this program are: 

1. Who conducted the inventory? 

1987 - 28 contractors 
10 counties 

1988 - 30 contractors 

2. What type of sign material was specified? Participants were encouraged to 
consider high intensity materials but were allowed :a1 engineedng grade option. 
34 of 61 counties specified high intensity sign materials. 

3. Current statistics as of December 1, 1989, indicate that nearly $2,292,620.44 wu 
spent which coYered almc,st 16,()02 mi of township roads. This ~fleets the 
completed 29 counties. This is $143.27 per mi. 
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4. $4.4 million encumbered in 1986. 
W million encumbered in 1987. 
$7.2 million encumbered total for 43.000 mi. 

5. ~ have been 112,000 signs 1.nd 47,000 dclineators/objcct markers installed 
under this propm to date. We estimated three signs/devices per mi at the Stan 
of this program and this estimate has been the average. 

6. The p1ojected cost of this program when complete is approximately $11 millioo. 
The off system sip program is being completed by using Hazard Elimination 
Safety funds. 

This program has been successful because of an outstanding spirit of cooperation by the 
Fcde:ral Hipway Administration, Mn/DOT, MrJDOT State Aid personnel, counties, cities and 
township officials. 

DISCUSSION AT WESTERN WORKSHOP 

Q: Wu the funding that FHWA provided HES money? 

A: Yes. 

Q; Are you going to conduct any before and after so you get the relation between 
accidents? 

A: I don't think we are going to do any before and after. We do have our annual 
MinneSOla flashbacb, and we will draw some conclusions from tlw. 

Q: You had said 112,000 signs and 47,000 dclineators? 

A: And object markers, yes. 

Q: Were those sheeting? 

A: They were the sheeting. 

Q: And when you said dclincaton, were those along the roadway or bridge ends? 

A: Bridae ends, thoae type, object mmcrs. Basically bridge end markers and any culvert 
marten. dunp lib that 

Q: Does this mean that every jurisdiction in all counties will have all signs upgraded 
repnilesl of the cities, counties, or townships'? 
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A: Yes. We have All the townships and cities involved in the counry. Everyone 
participates before they are eligible to join chis program. 

Q: Minneapolis and St. Paul also? 

A: Yes. We are doing that by counties. 

Q: A quick comment on work on the State trunk system: tile district program. Could you 
discuss for a moment the contract? Was it by a route by route basis or was it just 
buying so many signs? What was the nature of that contract? 

A: That was done districtwide in the seven rural districts, where we covered either one half 
or the total district by contract. In all c11scs except two, it included the inventory. The 
disuict did the inventory, put plans together, and then a contract was let where the 
contractor furnished the materials and installed them. In the metro district, we are 
splitting it by counti~s ber.ausc they are much bigger contracts. 

Q: What kind of cost comparison? 

A: I don't have a real good cost comparison, but it's falling within the range we initially 
set out for the rural districts. There arc a lot m'.>.l'C signs in the metto district areas. In 
the metro districts, there will be a much higher cost per mi. 

Q: Where you have a county or city road that intersects with a State highway. who's 
responsible for the stop or yield sign conttolling traffic coming onto the State highway? 

A: In Minnesota, the State bas rcsponsibilty for the stop sign. There is still ~c 
difference of opinion on the stop ahead sign. We had always indicated before that the 
township or counry had the responsibility to ir.":all the stop ahead sign or the advance 
stop sign. Based on this past lawsuit, we may be changing that policy. We'll put the 
sign ow dlcR and they '11 have to maintain it. 
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STRATEGIES FOR MANAGING SIGN REPLACEMENT 

Richard A. Cunard• 

INTRODUCTION 

Engineer ex Traffic and Operations 
Tramporwion Resean:h Board 

2101 Constitution Avenue, N.W. 
Washington, DC 20418 

Fer die 157 million U.S. motorists who spend an average of two years of their lives on 
some pan of the 3.8 million mi of public roads in this county, traffic control devices arc a 
major form of aowmance. The Federal Highway Admiltsttation (FHW A) estimates that 
lberc are over 58 million Ulffic signs worth $6 billion on the Nation's roadside. Nationwide, 
that •'VCl'IFI out co approximately 19 signs per highway mi. It is also estimated that over 
$250 millioa is spent annually in the fa.nation and erection of street and highway signs. 

The ability of public apncics to effectively manage their traffic signs and maintain 
high lew:11 of safccy and service in this era of declining maintenance budgets is dependent on 
a syn,mllic approach to aaffic sign maintenance. 

My presentation today is based upon the results from the devdopment of the National 
Cooperadve Hipway Rcacan;h Program Synthesis Report #157 Mainttnance Manaae~nt of 
Street and Highway Signs with special emphuis on the management strategies of sign 
maintenance acdvilicl. 

MAGNITUDE or THE SIGN MAINTENANCE PROBLEM 

The problem m inadequate funding for sign maintenance is all IOO evidcnL For 
example, a 1988 field survey of 37,211 Daffie signs by the Pennsylvania Depanment of 
Tramporwion in the mban district smround:ing Pittsbmgh found that 60 percent of the 
locaciom IUl'Yeyed needed to have l0ffle fmn of sign maintenance u shown below: 

Sips to be left unchanged 14,889 

Sip requiring a new 
lip face m the amc type 

~ at euD'II worbhop only. 

6,016 
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Loc•rions where signs were 
missing or requiring a new sign 
installation 11,461 31 % 

Signs to be permanently removed 4,445 12% 

Signs to be relocated 400 1 % 

Comparable results arc reported from other agencies that have conducted similar 
studies. 

CAUSES OF SIGN MAINTENANCE 

What arc the causes of sign maintenance activities? It is only by knowing why signs 
are being replaced, that an agency can implement strategics to bencr manage their sign 
icplacement activities. The table below provides a summary of the reasons for sign 
maintenance wort activity based upon an analysis of 36,800 sign replacements in the State of 
Idaho f« the period from January, 1981 through June, 1988. 

Rwons for Sign Maintenance Activity 

Rcflectivity/DcJamination 30% 
Siz.e, ugend or MUTCD Otanges 31 % 
Vandalism 26% 
Accident/Weather Related 13% 

IMPACT OF MAINTENANCE DEFICIENCIES 

Deficiencies in sign maintenance can have serious impacts on the highway system and 
on public agencies. Tbe1e maintenance deficiencies primarily result in a reduction in safety 
for the motorist and increued liability exposure for the agency. 

Deficient sign maintenance can have a number of effects on safety. 1be most direct 
effect is the pocential for accidents. A missing or pomy maintained sip can be a direct 
caute of a terious tnftic accidcot. In addition, it is believed that when vaodaU:md signs arc 
not rcpaited or replaced in a timely manner, "copy-cat" vandalizing of other signs in the 
immecti11e area will frequently occur. 

Ton liability judplents ltttibuted to inadequate maintenance of street and highway 
sipa cost public apncics large sums of money each year. In almost every State. the shield 
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of sovcrcip immunity has eroded as legislators have modified governmental immunity or in 
some cues immunity has been abolished by judicial decisions. 

Studies of tmt liability cases have shown that allep maintenance defects are the cause 
most often cired in the tort lawsuits. For States. 29 percent of the ton claims against them 
are related to traffic conttol devices. For counties and cities die percentage of claims relared 
to traffic control devices were 25 percent and 37 percent respectively. 

A study of highway tort liability in Pennsylvania showed that signing deficiencies were 
cired u the primary factor in 20 percent of the sampled tort actions. second only to pavement 
deformities. When considering only those highway accidents where a fatality or serious 
injury occUITed. signing deficiencies ranked as the primary factor most often cited (41 
percent). 

Between July 1, 1979 and June 30, 1988 the State of Pennsylvania paid nearly $100 
million in settlement costs for tort liability actions. Had this money been available for 
maintenance, approximately one million signs could have been replaced. 

STRATEGIES FOR MANAGING SIGN REPLACEMENI' 

Government agencies are using a number of met.iods to better manage the maintenance 
of traffic control devices. These methods include: implementation of a Highway Risk 
Management program; improved detection of sign maintenance needs; development of 
continuous sign replacement programs; development of off-hours response priorities to 
improve safety while n:ducing worker overtime and liability exposure; salvaging and 
refurbishing sign material; better management of sign vandalism to reduce occWTCnces; and 
utilization of contract maintenance to supplement or replace existing work forces. 

RISK MANAGEMENI' 

Given the liability environment that public agencies are operating in today, expcns in 
ttansportation and law are recommending that agencies adopt a risk management program to 
minimize tmt liability losses. Risk management is a process in which an agency attempts to 
identify, quantify, and control exposure to tort liability actions. For a traffic agency, a 
complete risk management program contains many activities, including: 

• Recognizing and anticipating the degree of legal risk inherent in all of an 
agency's sysu:m responsibilities and programs, procedures, or actions. 

• Ensming that available resourecs are used in a manner to achieve maximum 
reduction of risk and prevention of loss while accomplishing the mission of the 
agency. 

• Preparing a timely, defensive response for actual or threatened legal actions. 
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• Managing claims to result in proper resolution while achieving Cl..Onomy and 
fairness to the agency and thelcfore the public. 

While a complete ris.k management program contains many activities, in general, a 
Hipway Risk Management Program is made up of two separate activities, a Risk 
Management Program and a Ltigation Management Program. 

The Risk Management Program is directed at reducing traffic accidents and the risk of 
incurring liability claims against the agency, principally through the improvement of the 
safety of the road system. 

The Litigation Management Program attempts to provide better defense for the agency 
once a liability claim has been filed, and thus to minimize the amount of loss from these 
claims. 

In some States, many local agencies which do not have the resources on their own to 
establish a risk management program have e0 ~ablishcd joint liability pools. These pools have 
been effective in establishing post-loss strategies for managing the road agency's risks. 

Bryer, in a risk management analysis of highway maintenance operations for the 
Pennsylvania Department of Transportation developed a set of strategies to reduce exposure to 
lOl't liability. Those which were related to signing are as follows: 

Bnwrgency Ma!,ntenance (Working and Non-Working Hours) 

I. Develop a communication system such tbar police departments can contact an 
individual in authority such that the emergency maintenance needs can be reacted 
to in a timely manner. 

2. Establish a process for crews to quickly assemble to respond to emergencies. 

Notijication of Hamrd 

All complaints of hazard should be documented on a standard notification form. 

I. Develop a methodology to identify and correct sign deficiencies. 

2. Missing or knocked down STOP signs should be tlUted as an emergency 
condition and replaced or reinstalled in a v~• short period of time. 

3. Develop a process to identify sites where foliage can reduce the visibility of a 
sign. 
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Fnnn a study on highway related tort claims to Iowa Counties eight recommendations 
were developed for reducing the potential exposure to ton liability. Two of the eight 
recommendations related directly to sign maintenance management: 

1. Establish a continuing sign inventory process. 
A sign inventory is essential to provide evidence of the existence of a particular 
sign in a particular location at a specific time. It also provides a convenient 
mechanism for evaluating sign usage for confonnance with standards. 1bc 
inventory process should be continuous with constant updating as signs are added, 
removed, or replaced. 

2. Establish a road and sign notification and inspection program. 
Many claims result from temporary conditions such as sign vandalism. A 
systematic method of notification of such conditions should be established 
utilizing assistance from the general public as well as highwhy department 
workers and other public employees who travel regularly within the jurisdiction. 

DETECTION OF MAINTENANCE NEEDS 

An important element of a good street and highway sign maintenance management 
system is the timely detection of maintenance needs. This detection requires the cooperation 
of many different agencies and personnel. The sign crew and their supervisor could detect 
the maintenance need through a procedure of regularly varying their path to and from the 
maintenance garage. The police department in their travels pass most of the signs on the 
major road system, particularly at night. The garbage collectors, postal carriers and other 
maintenance workers are also good sources for information on maintenance needs. Citi.zens, 
esl)C\."ially those who drive the same routes on a daily basis are extremely sensitive to any 
change in traffic control, and they 1eprcsent a potential patrolling force with complete and 
continuous coverage. It is good practice to actively seek this input for again it incret.ses the 
size of the maintenance detection forces. However, in most agencies, little effon has been 
made to formalize the citizen reporting concept. 

Some cities and counties publish a newsletter on a periodic basis. Within it, they 
provide a listing of frequently called phone numbers including a special telephone listing for 
sign and signal maintenance needs both during nonnal business hours and during non
business houn. 

The establishment of a sound field inspection program requires the thorough training of 
the inspectors and a systematic data collection and analysis procedure. 

1bc Maryland Department of Transportation in 1979-80 embarlccd on such a night-time 
field inspection program to determine the rctrorcflectivity of all regulatory and warning signs 
on all State highways. 
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Al a fint step, Maryland DOT conducted a training program in the inspection and 
rating of sign retroreflectivity for the 20 coastruction inspectors who were 1elected for the 
project. This training session involved the inspection of various signs with differing levels of 
decericration and an interaction process to develop a consistency in ratings amongst the 
inspectors. 

The actUal field inspection used the following procedure: 

Offlee Preparation 

Each two man team viewed the photologs of the roads to be surveyed and t.'tey 
recorded all existing warning and regulatory signs on a data collection form. 

Nlpt Field Inspection 

The field inspection consisted of evaluating all the warning and regulatory signs and 
noung lhosc signs which did not meet the desired rctrorcflcctiviry levels. While the inspectors 
were checking for retmreflcctivity. they also noted any defects or other damage. 

Daytime Follow-up 

Before the replacement signs WCR ordered, the district traffic engineer reviewed each 
sign found to have unsatisfactory rettoreflectivity to determine the sign's necessity and 
whether or not it was the appropriate sign and located correctly. 

Many agencies which have computerized sign inventories arc using the inventory to 
maintain a aervice history of the signs. This ICl'Vice hislDl'y helps to identify locations where 
there is an inordinate amount of sign maintenance activity. By identifying the locations of 
these high frequency mamtenanee signs, countermeasures can be developed to ameliorate the 
problem .. For instanc:c, if a sign is frequently being stolen, anti-vandal nuts could be used. If 
a sign is frequently being knocked down, it may be an indication that something is wrong 
with the road system at this location and should be cbecbd. In addition. die sign placement 
should be enmined to see if it is possible to relocate the sign. 

Even tboae agencies which have a card file inventory system can use the file to identify 
service histories. ffowe'ver, rbc identification process would have to be done at the time the 
data is enleled on the card. A system wide search of the card file would probably be too 
dmc cooauming to be practical. 

RE.VONSE PRIORrrlES FOR EMERGENCY SIGN MAINTENANCE 

Bmerpncy R))lin which need. to be made during off-hours ue a major concern to 
management because rl die expense rl overtime pay. Different medlods are used by agencies 
to cow,r a:napncy ~pain occurrin1 outside of the Rgular wcning hours. A few agencies 
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keep full operation on a 24-hour basis. These are usually State highway departments or larp 
cities or counties. Others reduce their level of operation during the off-hours, keeping a 
minimum staffing level to respond to an emergency. Most agencies keep maintenance 
personnel on a rowing duty roster to be called at home for emergency repairs. Some of 
these agencies may keep a ll'affic maintenance dispatcher on 24-hour duty. However, a more 
common practice in cities is to transfer the dispatching duties during off-hours to a police 
dispatcher, who either calls the designated repair crew or the duty foreman. Many small 
agencies have no planned response procedures for off-duty houn. In those jurisdictions, 
police are usually provided with STOP signs for use where necessary and all other repairs are 
handled during normal work hours. The decision as to which procedure is to be followed is 
usually made on the administrative level based upon cost considerations. 

With the intent of providing as safe a road system as possible but still keeping control 
of ovcnirne expenditures, some agencies have developed specific policies related to the after
hours call-in of sign workers for emergency sign maintenance. For instance, some agencies 
indicate that any red series signs (except parkin&) or "Wl- " yellow series signs require 
overtime call-in when reported on the off-shift. Other agencies leave it up to the di,scretion of 
the foreman or dispatcher to analyu the type of sign and the specific signs importance based 
upon location and traffic flow to determine if a work crew shouJd be called in. Still others 
indicate that overtime is not utiliz.cd and all sign maintenance takes place on the day shift. 

CYCLES OF SIGN REPLACEMENT 

Of particular management interest is the impact that deficient signing has on an 
qencies budgeL Because of financial and penonncl limitations, it would be impossible for 
most agencies to gear up to replace all of their deficient signs in a 1-ycar period. A more 
realistic approach to the problem is to establish a systematic program for replacement of a 
certain percentage of signs each year. That way, an agency is able to program the 
replacements on a continuing basis. 

Many agencies have adopted the manufacturers. wamnty period, i.e., 7 years for 
engineering grade signs and 10 yeus for hip performance sheeting in developin& a 
systematic si111 replacement program. 

For instance, the City of St. Paul, Minnesota has divided the city into seven 
mainrenance disaicts. Each year the sign department replaces all of the signs in one district. 
The eighth year the sign depamnent goes back to district one and starts again. Utilizing Ibis 
procedure, the city is able to ensure that all signs are no older than 7 years. In addition. the 
replacement program can be accomplished within a reasonable budget and with no inamle in 
staffing levels. 

Agencies that have a computerized sign inventory, mquendy utilize either a "life 
Expectancy" or "Years Sign al Site" data field in the inventory to develop a systemadc sip 
maintenance program. Utilizin1 me inventory, an agency can ucenain through a computer 
search exactly what signs need to be replaced each year and develop their prop-am 
ICCOldingly. 
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Other agencies periodically enter into a large scale sip upgrading program. For 
instance, the City of Rochester Hills, Michigan has recently begun a four year program of 
sign replacement to upgrade the quality of signing on the city s1reets. The program is as 
follows: 

Year One 
Begin and complete red series signs 
Begin yellow series 
Begin green series on major roads 

Year Two 
Complete Yellow series 
Continue green series on secondary roads 
Begin green series on residential Sll'eets 

Year Three 
Continue and complete green series on residential Sll'eets 

Year Four 
Replace any other series signing not yet replaced 

SIGN REFURBISHING 

Because of the declining financial resources of public agencies and the ever increasing 
cost of aluminum, many agencies arc now using some form or salvage and refurbishing for 
sign faces and posts in order to reduce their material costs. 

Currently, most refurbishing is accomplished by using some form of mechanical 
stripping or by sign overlaying. 

M.cluullct,J Stripping 

The Missouri Highway and Transportation Department (MHI'D) estimates that it bas 
saved $3 fur every S l invested in a sign reclamation effort 1hat is able to salvage 
approximately 75 percent of Missouri's used sips. The MHID reclamation pocess includes 
a sign blank sttaigbtencr, a mechanical suipper which u1es a sanding procedure, and shearing 
and punching equipment for m-sizing the blanks. 

Durio& the first year of operation, h wu e•rimatN by MHl'D that 139,000 sq ft of 
metal signs had been reclaimed by this process and the savings amounted to more than 1hc 
cost of establishing the system. 

The Pennsylvania Department of Transportation (PennOOT) also salvages its damaged 
.iuminum sips. 1bc actual ft!COvery of the sip blanks is done by a contractor, but sign 
shop labor is expended in aorting and blndlin& the used sips. In fiacl1 year 19~87. 33,770 
sign blanb, repre1e11ting 37 percent of PennDOT's annual sign usage, were salvaged. 
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An analyses of the PcnnDOT cost savinas per square foot of aluminum salvaaed is as 
follows: 

Cost EJemcnt 
SALVAGE 
Sign Shop Labor 
Vendor Stripping 
Scnp Value of Used Signs 

Total 

NEW SIGN BLANKS 
FAVORABLE VARIANCE 

Cost/Sq I Ft, 

$ .07 
.40 

_:J1 
$.84 

WU 
$.23 

For those agencies which do not have the volume to justify the initial cost of a sign 
reclamation system, there are private contractors available for doing this activity. 

Another method of sign refurbishing is the overlay of a new sign face onto an existing 
damaged or faded sign face either in the field or in the sign shop. This process uses a high
performance sheeting with a thin, semi-rigid aluminum backing that has a very aggressive 
pressure sensitive adhesive. The sheeting can be overlaid on old signs by wiping the old sign 
with a solvent, then positioning and applying the new sheeting. The retmreflcctive sheeting 
material is then pressed into the metal backing with a hard rubber roller applicator. Using 
this process. no stripping of the sign face is involved. 

Some agencies are using the pressure sensitive overlay material to upgrade large guide 
signs while still in place in the field. Other agencies are applying the new sign faces in the 
sign shop instead of in the field. They feel they have better control of the quality of the 
overlay by applying the new face in the controlled conditions of the sign shop. Whether the 
overlaying is accomplished on-site or in the sign shop, the ability to upgrade signs with the 
overlay retroreflective sheeting eliminates the cost of many new sign blanks. 

VANDALISM 

Sign vandalism cost taxpayen millions of dollars each year, and has been rcponcd as a 
conttibuting caute in a number of lerious ttaffic accidents. Surveys of State and local 
agencies indicate that up to 30 percent of all sign repair and replacement is due to vandalism 
and that an average of 30 percent of a typical sign maintenance budget is used to repair or 
replace vandalized signs. 

Many agencies indicated lhat the vandalism problem is related to a specific type of sign 
(i.e. street name. stop, etc.) and. in many cases, the same sign is repeatedly vandalized. Thus, 
whc~ this can be identified. there are countermeasures available to reduce the incidence of 
vandalism. 
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Excessive maintenance costs and the potential for serious traffic accidents due to 
vandaliu,d sip has resulted in the development of a wide range of remedial measures and 
programs. 

Most sign vandalism countermeasures fall into one or more of the following categories: 

I. Physical Countermeasures: This includes use of propcny identification seals and 
agency decals on the back of signs, vandal resistant sign face material and 
fasteners, raising the height of signs, improving the anchoring of posts in the 
ground, and using a different type of substrate such as lcxan or plywood that 
continue to perform the sign function, even though marred Plywood substrate, 
for instance, reduces the effect of bullet damage. 

2. Legal Countermeasures: This includes enacting and enforcing anti-sign vandalism 
laws and the placement of warning labels on the back of signs warning of penalty 
for theft. vandalism, etc. 

3. Educational Programs: This includes education programs targeted at specific age 
groups which detail the adverse effects of sigra vandalism on accidents and costs 
to society. 

4. Public Information Campaigns: This includes public infonnation spots on radio 
and TV, and conducting highway sign "amnesty" weeks. 

Other techniques to reduce maintenance costs through reduction in vandalism include: 

• Peen the bolt threads and nut to eliminate the ability to remove it with normal 
band tools. 

• Place signs that must be close to the roadway at the maximum practical mounting 
beigbL 

• Use exttuded aluminum sign blanks for street name signs to increase the 
resistance to bending. 

CONTRACT MAINTENANCE 

An incrcuin& number of States and municipalities arc relying on private conttacton to 
do roudnc maimaumce 1J11 our highway system, including sign fabrication and maintenance. 
A number of RUODJ ha~ been ciled for this trend including. staffing problems due to budget 
coosnints, lack of specialiDxl equipment or skills and taxpayer pcn:cptioo tlw government 
bu grown too large. 

Some qencies may c:oam out only a portion of their sign mainacnancc activities such 
u cwerbead freeway sip replacement or the wtaJl•tioa of sips on new roads or major 
m:omDUCtion projects. Ol:her agencies have contracted out the sign main1enancc activity to 
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such an extent that the cono:actor is perfocming the entire aign maintenance activity - from 
fabrication of the sip in tbe contracun sign shop to the installation, rq>air and replacement 
of the signs on the roadway. 

CONTRACT MAINTENANCE IN TORONTO, ONT ARIO 

The Meuopolitan Toronto Roads and Traffic Department. Ontario, Canada has utilized 
contrlCt m1U1ten1nce of traffic conttol devices since the early 1960s. As IIICd in Toronto, the 
cootractm' basicaUy replaces every aspect of a nonnal municipal traffic operations unit, 
including the produc1ion, installation and repair of all traffic conaol devices including signs. 

The Municipality of Toronto feels that the privatization of the sip maintenance activity 
has resulted in a number of finance and budgetary benefits, including: 

• Connet mainten&OCC avoid& larp: capital costs far the qcncy. By contnctina 
out the sign maintenance function, large outlays for facilities, equipment, and 
training of pcrsooncl arc not needed. 

• Comract maintenance provides for easier budget conaol Sign maintenance 
programs can be accurately estimated since the contractor is paid a fixed price for 
the maintenance activity. 

• The variable costs associated with the work force are eUminated since the 
contractor is responsible for sick time, vacation time and workers compensation. 

• The contractor is able to vary the si7.e of the work force to meet the demand for 
sip main1a1ana, activity. During the winter months when sign maintenance 
activity is low. the contractor is able to reduce the staffina levels by up to SO 
percenL Ourina special aign replacement prosrams or durin1 peak maintenance 
periods, 1he conttactor is able to add personnel to gear up for the larger 
mai1ttenaoce effon. This adjustment 10 staffing levels to meet maintenance needs 
would be difficult to obb&in with governmental penonncl. 

The implcmenwion of the contnct maintenance in Toronto in the early 1960's was 
faciliwcd by the absence of an existin& sign mainlCDaDCe activity. The Metmpoliam Toronto 
Roads and Traffic Depanment bad just assumed maintenance iaponsibility for the road 
system. After, an eumin&tion of the personnel requirements and the large capital cost 
outlays for equipment, it wu decided that the most effective way to provide this service wu 
tbrou&h die udlimioa of con1r1Ct services. In many agencies with existing work forces and 
cquipmenc. this IDcal connctual sczvices concept might not be feasible. 
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CONTRACT MAINTENANCE IN MONTGOMERY COUNTY, MARYLAND 

Montgomery County, Maryland, in March, 1988 entered into a sign maintenance 
contract with a contractor to supplement their existing sign crews. Due to political 
constraints, the county was unable to expand their mdntenance staff S!Z.C to accommodate the 
npid population growth dlat was occUJTing. As a resuh, the backlog of signing work orden 
became unacceptable. 

As an initial test, the contractor has provided one, two-man sign crew which is assigned 
all of the street name sign installation and repair work. As the county gains confidence ia the 
quality of the work of the contractor, other types of sign maintenance activity may be 
assigned 

The contractual agreement in Montgomery County diffcn from the Toronto agreement 
in that the contractor is providing the labor and equipment, the county is providing all signs, 
posts, and related hardware. 

Montgomery County staff attribute the good results they have obtained to the very 
detailed specifications that were developed and aided by the fact that the contractor's foreman 
is a retired county sign crew foreman who is familiar with county policies and guidelines. 

SUMMARY 

I have briefly discussed a number of sign maintenance strategics and techniques which 
agencies are using to improve the quality of their sign maini.cnancc activities. There are 
many other lcchniqucs which you may find useful. These methods include: implementing a 
sign inventory process; improvements in worker productivity ua.--ough more efficient 
cquipmem such as computer aided drafting systems for sign legend layout and fabrication; use 
of robotics to reduce personnel requirements; selection of materials which provide better 
performance and bcnef.'its versus costs; improved procurement specifications and dctennination 
of manufactlRr comµliancc to spccificati.001; obtaining quantity discounts through joint 
purchase with other &\gencies or projection of material needs to allow the purchase of larger 
quantitie&; utilizatioo of sign installation techniques that n,<iuce and expedite maintenance; and 
improved r.ontroi :JVCr the purchasing, storage, and distribution of the many items used for 
sign maintenance. 

In conclusion, by developing a systematic approach to sign maintenance, an agency can 
effectively manage its traffic sip maintenance and insure that the roadways are safe and 
efficient for the motoring public. 
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STRATEGIES FOR MANAGING SIGN REPLACEMENT 

Dwayne Hofsteucr• 
Traffic Engineer, Highway Division 

Oregon Department of Transportation 
504-A Trarsponation Building 

300 E Summer Street, N.E. 
Salem, OR 97310-1354 

Oregon is in the process of ~placing Interstate freeway signing through a series of 
rehabilitation projects. This is in response to the need to replace signing that is at or beyond 
its life expectancy. Interstate freeway signing replacement will be the major topic of 
discussion, but 0\11' experience with off Imcrstaie sign replacement and sign replacement 
throogh maintenance propns is also discussed. 

INTERSTATE SIGN REHABILITATION 

After the completion of the majority of the Interstate freeway system construction 
during the 1960's, no large signing projects were undertaken on our Interstate system. As 
time elapsed, the existing signing soon began nearing its intended life span. The constant 
changes in s1.unmcr and winter weather conditions and age had a direct effect on sign 
condition conuibuting to poor reflectivity, particularly nighttime visibility, as the button copy 
legend began to decay. Almost all of the freeway guide signs were button copy legend on 
opaque backgrounds. Vandalism and sign damage also added to sign deterioration. Not only 
were the signs in need of rehabilitation, but a portion of the sign supports were in need of 
replacement due to damage and new improved design standards. Bccau~ of the ~ondition of 
the existing signing, it was decided to embark on a series of projects to upgrade our Interstate 
freeway signing. The original scope of the undertaking was to replace only the mainline 
freeway signing. As the projects developed into final form, it became ap!)arcnt that ramp 
tenninal signing and conaol signing was also in need of replacement and these added to the 
project scope. Funding for the rehabilitation projects was accomplished through Interstate 
4-R (J'CSttrfacing, n. ,toring, rehabilitation, reconstruction) funds. 

ALTERNATIVE METHODS OF REHABILITATION 

As pan of the rehabilitation ptoccss, a determination between rehabilitating the signing 
with an overlay or opting for complete sign replacement had to be made. After reviewing 
available marerials we chose a sheet aluminum overlay faced with encapsulated lens reflective 
sheeting for the rehabilitation projects. Deciding factors in the use of this material were the 

•Presented at western workshop only. 
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guarantee, the expected life cycle costs, and higher levels of service associated with the 
sheeting. Signs that were damaged and not able to be overlayed were to be replaced. 

A number of items need to be consideml in determining the use of an overlay versus 
total replacement. Thickness of overlay, durability, projected lifespan, field installation, and 
cost should be weighed against the ease of installation, life expectancy and cost of total sign 
replacement. 

When the first of these rehabilitation projects was let, the contractor requested that all 
the signs be replaced a.s opposed to overlaying with sheeting for the same bid price. This 
request for complete sign replacement might have been due to the difficulty of installing the 
overlays in the field versus sign replacement. The expected sign life was the same for both 
options, so it was appropriate to approve the request. 

PAST AND PROPOSED PROJECTS ON INTERSTATE SYSTEM 

Upon determining the scope and method for the sign rehabilitation, a series of contracts 
were awanied beginning with Interstate 5. Three projects were let with the letting date, 
length, and contract bid price listed below, 

• Section 1 - August, 1984 - 210 mi - $ 987,000. 
• Section 2 - August, 1985 - 80 mi - $ 497 .000. 
• Section 3 - October, 1985 - 25 mi - $1,190,000. 

(Includes 14 mi of urban freeway in Ponland.) 

As previously mentioned. the contractor requested to replace the signs instead of 
overlaying the signs i1'l the first prujcct. In the following two projects a choice between sign 
overlay and sign replacement WMS given. 

In both cases the contractor chose to replace the signs. Contractors will have the option 
of sign replacement in future projects. 

In addition to signing projects completed. four additional projects arc t0 be contracted 
on the intentate system. These projects are listed below. 

Project Proposed Date Length Approximate Cost 

Interstate 205 March, 1990 13 mi $ 700,000. 
Interstate 84 (I) 1991 70mi $1,200,<XX>. 
lnlel'St&tc 84 (II) 1991 120mi $1,200,<XX>. 
Interstate 84 (Im 1992 140mi $1,200,000. 
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OBSTACLES ENCOUNTERED 

The formation and execution of the sign p!r-laccment conttacts did not develop witilout 
leavina a number of barriers to clear. The first 1ignin1 contract called for the use of button 
copy legend on high iniensity sbccting. After the contract wu completed, complaints of poor 
sign lcpbility uose. Upon investiption, it wu discoveied that as the temperature reached the 
dew point, the reflectivity of the buaon copy legend, due to moisture collection, was reduced 
producing a "wuhed out" effect of the sign legend. To correct this problem, a separate 
contract calling foc high intensity demountable cutout legend was leL Future contracts were 
to use the high intensity demountable cutout legend. 

Another obstacle experienced was the age of our sign inventory from which contract 
plans arc fonned. Due to delays in project scheduling our sign inventory now needs to be 
reviewed. Signs once schcdulcd for replacement have been replaced due to damage and/or 
legend changes and no longer require upgrading. Jn addition, a number of other signs and 
supports arc now in need of replacement since the original sign inventory. Project costs have 
also escalatr.d since the original rehabilitation concept due to inflation, cost of materials, and a 
need for belier project scoping. Consequently, the previously quoted project costs may 
change considerably for the future projects. 

PRODUCING POSITIVE RESULTS 

A number of past experiences have helped in determining a better approach to replacing 
our interstate mcway signing. Improved project scoping, reducing the contracts to a size 
more manageable, and opting for compleie sign replacement u opposed to overlay has 
assisted in producing an upgraded interstate freeway signing system, producing improved 
target value, daytime and nighttime visibility, and legibility that will last until the updating 
process must be repeated 

OFF INTERSTATE SIGN REPLACEMENT 

Unlike the interstate signing replacement projects, we do not have a program set up to 
replace our off intcntate signing. This signing is normally replaced through an ongoing 
maintenance process and construction projects. All projccas that are scheduled for contract 
construction are reviewed for signing needs. Due to the limited number of construction 
projects undertaken in a year, not all signing wortc nccdcd can be completc:d. We contract 
approximately $17S million of consll"UCtion with approximately $1 million of signing each 
year. We arc dependent upon our maintenance proa:rams to upgrade any deteriorated or 
damaged signing not ~laced by contract signing. 

MAINTENANCE PROGRAMS & SIGN REPLACEMENT 

Damaged or vandalif.ed interstaie highway sign replacement and most of our 
off-intenWe highway sign maintenance is done by our State maintenance aews. We have 16 



crews to cover apt)roximately 7,500 centerline mi with over 100,000 signs. In addition to 
sign maintenance (replacement) the crews also install new signs including logos and tourist 
oriented directional signs for the Travel Information Council. Each district sign crew keeps 
an inventory by hand. but we don't have a computcrir.ed State inventory and our current 
maintenance management system docsn 't have the capability of providing any categorical or 
location sign replacement projections or needs other than by district. 

We continue to add more new signs each year and in order to maintain our signs at an 
acceptable level, sign replacement on our construction projects and projects such as the l-4R 
signing projects are necessary. No additional State personnel are expected to be added for 
sign maintenance in the future. We are doing a good job of keeping up our regulatory and 
warning signs, but many of our guide and sen.ice signs in several districts are in poor 
condition. 

A computerized sign inventory and sign maintenance management system would help 
us be more effective, be proactive, and accomplish more. At the present time we don't have 
any good way to project needs Statewide other than using averages of signs made by our sign 
shop. We also need some good performance indicators to measure our effectiveness in sign 
maintenance. A reasonable reflectivity standard would be appropriate when we can 
practically and efficiently measure sign reflectivity in the field. The inventory sign 
maintenance management systems and qualitative reflectivity measuring would be very 
helpful for our sign maintenance programs as well as our sign design work for contract 
projects. 

In closing, coordination between maintenance and construction signing activities on 
both interstate and non-interstate sign programs must be maintained to ensure that duplication 
and gaps in signing procedures do not occur. Communication between maintenan-;e and 
design units will assist in the completion of higher quality signing projects and provide for a 
sign replacement system that will continue to address the needs of the motoring public. 

DISCUSSION AT WESTERN WORKSHOP 

Q: I noticed you dropped the worJ "limit" from your speed signs when I was travelling in 
your State? 

A: The reason tha1 we weren't using the word ''limit" is that we've been a basic rule State 
for years. We just started to use some limits. For example, the legislature this last 
session went to a limit in some of the residential areas, a 25 maximum speed limiL 
The only other limits we have arc the 55, the Federal maximum, and the 65, but most 
of our speeds arc still basic rule. We didn't use the word limit because of that. When 
we've gone gradually to some of the limits, we didn't want to have two different signs 
so we've stuck with just the larger numeral. 

166 



THE ROLE OF INDUSTRY FOR BETTER SIGNING 

Victor H. Licbe1 

Director of P.ducation 
American Traffic Safety Services Association 

S400 Jefferson Davis Highway 
Fredericksburg, VA 22401 

The topic of this prescnaation is "The Role of Industry for Better Signing." Highway 
signing, or a mOJ'C descriptive broad term would be Highway Sign System Management, has 
characteristically been a public agency function that goes band-in-band with traffic operations. 
Tbcrc is no doubt that such a function will remain a public agency responsibility and function 
even though more elements of the system management are being performed by private 
industry. So that we all arc on the same wavelength, perhaps it is in order to establish just 
what part "industry" plays in management of the Nation's highway sign system. 

Private industry members include quite a number of different entities. Manuf actu1en 
that make clements that arc <tircctly relaled to the signs themselves, such as substrates and 
faces, whether plain or preprinted, arc major components. Sign fabricators arc those that use 
the fint two items in production of the finished signs. Service companies arc those that 
perform the field function of inSlallation, repair, removal, and refurbishing of the signs. 
Ancillary businesses include post. fastener, and other similar manufacturers. A final broad 
category is the Technical Support Services area. These arc the consultants and others skilled 
in a variety of professions that perform valuable and indispensable services to the sign 
management system. Thcse include Traffic Engineers and Technicians, Computer Science 
professionals and Technicians, and a variety of other supporting classifications of personnel. 
The list is nearly endless if it is canied to second. third, and levels beyond, but this should 
suffice to identify the primary industry categories. 

Let's look for a moment at the clements of the sign management system itself to see 
where these industry components fit in. An ideal Sign Mainienance Management System is 
comprised of the following clements: 

• Physical Inventory; obtaining an accurate, up-10-date record of what signs arc in the 
field, their location, oricnaation, etc. 

• Conditions Inventory (may be included as pan of physical inventory); serviceability 
of sign and post. color (as compared to standard color charts), retroretlectivity. 

• Technical and conditions evaluation of system; determination of the signs' value u 
a regulatory, warning or guide media, placement, meeting of wlITlllts, proper 
placement; does the sign meet the standards for color, retroreflectivity, etc. 

1Prescntation given by Rohen Garret at western workshop. 
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• Selection of maintenance strategy and plan; on what basis should a sign system be 
maintained. secror basis, overall system based on category-i.c. regulatory, warning, 
guide, pmting-wbt should the cycle be, etc. 

• Funding support for plan; general fund as routine maintenance, capital improvement 
funds, bond issue, grants-in-aid, special assessment, etc. 

• Records system selection; manual system, electronic data systems, video log, 
graphics, etc. 

• Implementation; how to perform work, Wl~ existing work force, special hires added 
to force account, outside contract, etc. 

• Inspection plan; use in-house staff, special hires, outside contract, etc. 

Let's look at how the industry components fit into the clements of the sign maintenance 
management system. 

The Technical Service Support finns may be involved in all of the clements except the 
implementation, or actual field activities. Generally the consultant finns arc brought in to 
perform the physical inventory and the conditions survey. To a lesser extent, they are 
retained to organize recud systems for maintaining documentation of work completed and for 
input back into the inventory to keep it current. Often they are involved in the inspection 
phase on maintenance and upgrading programs. 

Tbc shce1in1, substrate, post, and fastener manufacturers' roles are clear, as well as the 
role of the fabricators; they provide the nc<:CSsary materials used in the sign maintenance 
system. Their participation is a necessary ingredient in the implementation phase of a 
program. 

A growing pan of industry is the role of traffic service companies. These finns got 
their stan a number of years ago in providing traffic conaol services for contractors that 
perfonn consuuction and maintenance functions. Their role has been expanding, especially in 
the last half decade, to include other services as well. Pavement marking and sign 
maintenance programs have particularly grown on an outside contract basis. The experience, 
to my latowledge, bas generally been quite favorable. 

I'd like to review one such case study of contract maintenance of a highway sign 
system that ICCIDS ID have worked quite well. 

In the lale 1970's, the Cook County Highway Department, in Northeastern Dlinois, 
reviewed their highway sign system to assess the stllUS of a number of activities. Response 
time to emergency sign repair and replacement, the cost and efficiency of operation of their 
sign shop, oost and cfficicncy of sip field operations, capital invesanent and annual cost of 
the overall sip maintenance management program were the items investigated. 
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At the time of the study, the county had approximately 550 mi (1100 curb mi) of urban 
and rwal roadway apportioned into 5 management districts. 'The system encompassed many 
separate suburban municipalities. Each district had one engineer with the responsibility of 
directing the sign maintenance operation and used one sign CICw of three workers. 

In order to have a basis for evaluating the current operation, the County Traffic 
Operations Engineer collaborated with a local Federal Highway Administration (FHW A) 
representative and a local prominent traffic control contractor. Options to the present system 
operation were explOICd from the point of view of an outside contracting source pcrfonning 
the sign maintenance function. Estimates of time to pcrfonn given tasks were made and the 
associated cost estimates were assigned. The overall scope of work considered was 
acquisition of materials, fabrication of the finished products, maintaining a working inventory, 
disposal of waste materials, and actual performance of sign repair and replacement tasks. A 
key clement in evaluating the potential operation was the projected ability of the contractor to 
respond to emergency sign requirements. Since the contractor had a larger work force than 
the county, as well as a more extensive array of equipment, including service fleet, it was 
clear that the flexibility existed to provide a more rapid response to the emergency needs. 

The assessment of the feasibility exercise was encouraging. Funher evaluation 
continued, concentrating on lines of communications and procedure; an essential element of a 
contractual relationship if the system was going to work at all. The bottom line conclusion of 
the study group was that there appeared to be significant benefit to contract maintenance. 
Since the projected benefits seemed so significant, the county decided to make the move 
toward trying contractual signing services and bids were taken on May 7, 1980. Evaluation 
of the bids further indicated a "go" situation. The first contract was awarded on June I, 1980. 
Several highlights of the contract merit special attention. 

One of the critical clements, as mentioned earlier, was the response to emergency 
. needs. It was necessary for the contractor to respond to a knockdown or other emergency 

need within a time frame of 4 hours after official notification. 

A second factor was the necessity of the conttactor to purchase signing materials on 
hand in the county inventory. 

A third principal clement was the requirement to respond to routine work order 
assignments within a period of seven days from date of work order. 

And, a founh element was the provision of the option to extend the contract one 
additional year, without going through competitive bidding, and with no change to the 
previous years contract unit prices or conditi ,ns. This could be done upon written mutual 
consent 'lf both the county and the contractor, 90 days prior to the tentative expiration date. 

The contract was executed and actual work commenced on sign maintenance on June 1, 
1980. 'tbc county personnel previously on sign duties were either reassigned within the 
system or were accounted for through nonnal attrition. 
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Duc to good first year results, the contract was extended for the optional year. A 
second contract was let on June I, 1983 to the successful bidder. After four months of 
progressive experience with below standard performance with respect to meeting task time 
limits, especially emergency responses, and failure to perform to material and quality control 
specifications, the contraet was terminated and reverted to bonding control with another 
contractor performing the work. Subsequent contract were let in June 1984 and June of 1986, 
each wilh one year extension, with the original contractor, in June 1988 and in June 1989, 
which is the present contract year. 

A simple item, but nonetheless an imponant one, was given careful thought: the task 
assignment procedure and record keeping. A simple but effective five-part work order was 
s'dcsigned with essential infonnation on iL The work order assigned the task, gave 
authorization to do the work, provided a suspense record, provided an inspection and 
documentation of work done record, provided the basis for accounting and payment, and most 
of all, provided a means of communication amongst all parties involved. One of the 
highlights of it was that it provided a system for updating the inventory. 

After nearly a decade of contraet sign maintenance experience, a number of conclusions 
are quite clear. During the first year of operation, there were ups and downs in the operation, 
from both parties' points of view, until the system was "debugged." However, both the 
county and the contractor personnel worked well together since both had a great deal invested 
in the project. The overall conclusion is that the expectations of benefit from the contract 
were met and in most cases exceeded. The emergency response in particular has worked far 
better than anticipated. 

An additional benefit has been realiz.ed, according to the engineer. The potential for 
tort liability suits related to the sign system was reduced. In this day, that in itself may be 
more than enough justification to encourage more of this kind of operation. Overall, the 
engineer found that the tasks completed were done well within the required time frame, and 
more quickly than was previously accomplished. 

Many things were learning that first year of operation. Some changes in operational 
strategies were implemented after the first contract period, but the contraet remained 
essentially the same. 

1bc most important ingredient that led to the success of the operation was the 
cooperation and willingness to wort together, along with well established lines of 
communication between the county and the contractor. Conflicts and differences were 
quickly worked out which assured continued smooth operation of the arrangemcnL 

One lesson learned after a contractor defaultr.d was that a successful bidder would be 
n:quired to have their own sign shop, to the county's satisfaction. This ensures that an 
adequate inventory of supplies is on hand, or at least able to be fabricated on short notice, 
and would prevent delays in performance due to lack of matcriab. 

Although many direct and indirect benefits were rcaliz.ed in the county's experience, 
they cannot be quantified here. Evaluation of the operation is still ongoing. Generally, some 
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of me benefils have been ,ower unit cost and thercfme less cost to the taxpayer; fewer 
adminisll'ative beldlches in directin1 the system; reduced liability claims; and gencrally a 
resultant "better peace of mind" through confidence in the contractor. 

This example of one insrance of contract sign maintenance has been presented. not to 
offer evidence that such is the only way to go, but rather to show how in one instance, a 
public aaencY havin1 a large hipway sign system reduced the cost of the operation and in so 
doing, realiz.cd somr. significant side benefits, through worldng with and relying on private 
enterprise. 

To summarize what l have covered, I have shown the principle components of those 
involved in the highway sign industry. I've highlighted the major clements of a typical sign 
maintenance management system. And finally, I showed an example of how the two tit 
together to accomplish an important public works function. 

As lO the future of the role of industry in participating in more and in other kinds of 
activities in the public works area, this kind of complementary relationship can only grow. 
A~ emphasis in governmental spending continues to be a major concern of the general public, 
so will the effort of the governmental agencies to reduce spending and increase output 
continue to be a high priority item. Following the Cook County lead in highway sign 
mauaganent, a district of the Dlinois Department of Transportation in the same Chicago area 
contracted the maintenance of its system in 1984. This system encompassed the State 
roadways in two counties with extensive roadway networks. 

As new standards are promulgated for signs, pavement markings, and othr;r devices, 
such as retroretlcctivity standards, industry will respond quickly and favorably. 1'1 sign 
inventories, for example, since technology has jumped in quantum leaps in compu,·er system~, 
video systems, and in combining the two with integrated video-discs to fonn an cwn more 
powerful system, industry bas provided the wherewithal to most any public agency Io have a 
very comprehensive and up-lO-date sign inventory. When integrated with the CAD ~vstems, 
we can get nearly instant graphics on sign inventories and conditions. 

When we look at the need 10 have up-to-date data on sign system conditions, with 
respect to retron:flectivity, it will not be possible, nor practical, for each public agency to 
have its own rcflectomctcr, much less the trained personnel needed to use iL Industry will 
certainly be able to satisfy that need. 

And. when it comes to having a systematic replacement and upgrading program, public 
agencies will just not have the ability to staff up in order to react to the program needs. 
Private enterprise will respond. Due to the nature of private competition, costs will be kept in 
line. Industry can fflCft quickly respond to the needs for skilled technicians, and can better 
weather the peaks and valleys in work load because of its greater flexibility. There is even a 
more important side benefit to having industry assume a larger role in public works 
operations: that of transfer of risk. 

When I look at the problems that governmental agencies are facing today, such as 
increasing traffic congestion in even small urban areas with no foreseeable solutions, 
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inc1"eased levels of interest in and concern for the older driver, increased levels of concern for 
driver, worker, and pedesllian safety, and increased pressure for governmental agencies to do 
even more without increasing costs. It says to me, "Irdustry can and will play a more 
significant role in public works projects in the future." It's in the Nation's best interest. 
Hipway sign maintenance is but one of many areas that industry can respond favorably to. 

DISCUSSION AT WESTERN WORKSHOP 

Comment: 

There is a video of the sign management systems in each FHW A regional office if 
anyone wants to borrow a copy. ATSSA has completed a video on how thennoplastic 
pavement marking materials should be applied and inspected. This seems to be the 
main area of problems. The video is directed toward the public agency inspector. 
FHW A is purchasing copies and will send out copies to each of the regions and 
divisions. 

Comment: 

It sounds like the Government sign shops are not as efficient as private contractors. 
My feeling is that the Government sign shops could make signs just as cheaply as 
outside contractors, but they're being managed by too many high-salaried people. 
There are too many people trying to manage the Government sign shops, which raises 
the overhead. They could be run efficiently if they would just put someone with a 
good bead for business in the sign shop and let him or her run the place. 

A: I didn't mean to indicate that public sign shops, or State sign shops, were poorly run or 
not as well run as private sign shops. I tried to emphasi1.e that there is a place for 
everything. The best thing is for Government and private industry to work together. 
As a basic principle, personally, I think our system in this countcy is based on the free 
enterprise system, and when that is allowed to work well, it works the best. I think that 
if a pivate industry is available it will serve a function for Government that should be 
used rather than Government getting into that business. Government agencies have 
gotten into some businesses that they shouldn't be in-those where there is private 
industry available to do things. But there arc instances, for example, the Cook County 
situation, in which that's not going to work. Th<' best thing is where the public and 
privarc sectors work together at solving problems. 

Comment: 

What has been successful for us in Los Angeles, is that we do most of our work as half 
forced account and half on contract. Contrac10rS arc able to tuutdlc peaks. Conttactors 
arc able to do things that our government system can't do. For instance, if you really 
want to get work out, a contractor can pay his people a little more to wort longer days 
and get the work done faster. That is not possible in our government system. We have 
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conb'ICt work and also our own sign shop and the same for sttipcn. That's also 
worked out well. That also lets me know what's more efficient 
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BREAKOUT SESSION TWO 

On the third day of the eastern workshop and on the second day of the western 
workshop participants attended a second simultaneous breakout session to discuss one of tlm:e 
additional topics: 

I. Using contracting vs. in-house forces and prison industries. 
2. Alternate procedures for sign replacement. 
3. Traffic control procedures during sign maintenance. 

In each breakout session, one panicipant briefly discussed a group topic as it related to 
his agency's experiences or policies. The moderator then led a group discussion by posing a 
series of questions. In the general session that followed, the moderator presented a summary 
of discussions. Below are the key discussion points, grouped by breakout session topic, as 
summarized by i:he moderator. 

CONTRACTING VS. IN-HOUSE FORCES AND PRISON NDUSTRIES 

• Initial Contract. When initially developing a contract for sign replacement or 
maintenance by outside contractors, the contract should last for at least 2 years. 
Developing a working relationship with a contractor to arrive at a steady flow of 
deliveries and activities takes time. Unless the agency has a good program of 
prequalification, penalty clauses for nonperformance or late delivery are 
suggested. 

• Finding Qualified Contractors. Several agencies expressed concern in getting 
qualified contractors to help with sign fabrication and installation. This might be 
due to the fluctuation in State activities. Often when there is a new sign 
improvement program, there is a lag period before contractors start :responding. 
Local and regional firms are not likely to move beyond an area where they can 
be cost efficient unless they know there will be a sustained program and 
opportunity for them. 

• Raw Maurial Problems. Sign shop operators, both public agency and prison 
industry, expressed the com :!ffl for signitican1 problems with the raw material, 
both the sheeting &1d the substtalC. 

• Prison Industries. Many Saatcs use Prison Indusuics for sign fabrication because 
they are required to do so by Stale law. For the most part, States have worked 
with their Prison lndmtry to ensure a good product and are satisfied. 

• Cost Comparison. Oregon has one central sign shop in which it fabricates all but 
large overhead guide signs. Recendy the State put out for contract bid 2,700 
standard signs for building up its stock. The lowest bid was only $200 under the 
sign shop estimate of $120,558 ($45/sign). Oregon felt it was a good idea to put 
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lip fabrication out for bid-to cbect the cost competitiveness and cffcctivcne11 of 
in-State sip shops. 

• Co,1 Con,parllon. Tbc Utah Deparanent of Trlnsportation ltaled it can produce 
more sips at lower cost and in quicker time than if done by outside contract. 
When the closina of the sip shop wu bein1 considered. the sip shop staff 
proved that they could fabricate signs 7-13 pcn:cnt cheaper than Utah Correction 
lnduaries; the shop also responded more qwckly in replacin1 critical aipll. 

• In-Hou.st Vs. Contractors. Los An,eles discussed its prolflJll, which consists of 
about SO/SO sign fabrication by in-house forces and outside contractors. The 
county considers this policy to be effective-it keeps the in-house shop active and 
keeps the conttacton' bids down. The contracUn iealize that they could lose all 
business to in-house operations if their bids become too high. 

• Conditions for Ejfectiv, Contracting. The western group agreed that under 
cenain conditions (including those that follow) contracting of sip fabrication can 
be cost effective. 

Men than one sip fabricator in the area. 
Agencies do not have to rely solely on contractors. 
Agencies cannot afford or allow overtime for its own staff or cannot hire 
ID(ft employees for peak demands. 

• Contract Methods. Reganling some contract methods, the following points 
emerged: 

Agencies need a person to monitor the contract for performance and 
quality. 
Penaldes for late delivery or inferior products should be included. 
Incentives (cash bonus, etc.) may be helpful for emergency situations but 
,enerally are difficult to include in contracts. 

SIGN REPLACEMENT AND REFURBISHING METHODS 

• Sys,- 5 OWrlllys. The eutem ,roup reached a comensus that 3M's System 5 
overlays have not always been good for large guide signs, but are Satisfactory for 
small, post-mounted standard signs such u St.op signs. 

• Si1n Owrlays. Many Stan uae aluminum overlays for sign refulbiabing. 
Thickness of the aluminum bu been e,wnined with tbicknea11e1 nnJing from 
0.050" to 0.063". Rivetii,g is used with spacing of usually 12" wilh 6" on the 
cdpa. Use d band-held ponable power drills are being used effectively. 
eliminating the need for pneraton. Mississippi uaea exb'Udcd aluminum for new 
sign substrate. When refurbishing, the State uses overlay with vertical sttips of 
0.063" aluminum and rivets the slripa to tht existing sign panel. The sipl shop 
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SESSION 6 

IMPROVED INVENTORY TECHNIQUES 

111 
..,__;, _________ .,_.__._ 



MICROCOMPUTIR·■ASED SIGN INVENTORY SYSTEM 

Stcwn C. Hcam1
• 

Alliltlnt Dil1rict Tnfftc lmgineer 
Vqinia Depanment of 1'rlDlponation 

PO Box 259 
Colonial Hoighu, VA 23834 

The Virpnia Depat1ment of TraDlportadon ii composed of nine consauction diltricu. 
We currendy haw: 360 miles (951 lane miles) of intmtare highways for which Tnftic 
Enpneer'a1 bu IOle lelpOlllibility for lipin1 mainrcaancc replacement ICtivitica. 

Our intiema1e 1)'11ml nm the entire ranac from niral to highly urban. The number of 
illllel'Cllan&a included in dlil S)'llelll is 96. 

Prior to 1987. no one wu awue of what signs were 011 the system. where they were 
localed or the lip's•· It wu understood that the Department hid a large invc11ment in its 
mMl'IWe sips. but no one hww bow much. 

It WU decided by Tnffic P.naineeri11g manaarment that an invauory would be 
CXJllducmd ., delmmiae die liJJe ol our lipina UleCI. The Dia1l'icl WU IOJd that DO funds 
MR available 11D haft this 1Uk done under comnct; dwa. an in-bomc inw:mory was planned 
llldcuriedOUL 

In COlljunction with our inventory, the District Administrator asked for a report of 
llipina coaditiou. k wu dc1mDincd tbal to be cost effective all inwmaory data would be 
caUecled at Dipt 10 lbat a night inspection could be perfOlmed at the ame lime. 

Work on dm poject bcpn in October, 1987. W"Ulta' mandls were lelec1ed because ol 
die mended holn ol dldmeu and the reduced ttaffic on our inla'ltllel. Virginia is a prime 
Dlrilr desdnadaa u well u die mid-point locllioa ma 111¥"' nonb-1Gldh inlalWe route 
(1-95); dlenrfcn. our wintDr moatbs saw a siioificant tlecleue in aw:iqe daily llafJic (ADT). 

We aled two teams for data colJectioo Bach ~pmon team wu amped a vehicle 
wida I dillND 1lleUUlina device. and data c:oUoction WU lllned with the mainline CX our 

---l'OUD. 
TIie bllil b dlla coUecdoo wu lbe miJepoa mllbr. Bach tip's locadaa wu 

.....,.. by iD dill■a fram die Jnviam milepoM.. Specific dlla far each lip wu DOied 
• 1111 daaa onPecdon Joa (Le., me. --.. IIUdlld number. color, and type of lip 

•-=-•>· 
1PIIIH at 1179 .pal by Rabat Feldman. 
-,.,, .. d mw -orbhap ..ay. 
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.._. ,,,._ ._ ...._. ... _...._. .... allfetw.., ••••-. .-.... ... p11111 ar 
a•r Ill 2 ... OJWlm) ..... ...... 8-d • ..,,.heioe 'Y .. fll n i :enence 
•111 1 1-.wWlDllldllllll'•llllll10 .... •m-,_.p1a.,..,.. .... .,..c,r ■1fad. 

la ... , ... ,-n. eei IE F,..,,...._,.. funda WIie pnwided CID• lump - llllil 
wllll wry Hale ....... ~ how QI' .... ,... WIie ulrld. TIie canal Depanw •i•1e ... CzW 11 a.,........., m:tu r~ me,......, nliped 11D 
apedflc ehzs pg AD 1nftlc CIODllal dcYicel a wiped tr fflr •• 1J8. ...... ia du 
IIH- - funller....,,., aped&: OOlllllia. ,peciftc IOUlel. l)mCiflc meu OD die 
r:dpsd-.. ad 1prclftc -• ~acemeat ICdYidea (i.e., lip,.. anent Ind/cir 
......... n,plwa!IIDI). 

Fundlq fbr eldl locldoa WII pnwided Ollly aim - ICCIIIClble jurificldoa WU 
lalllaiaDd U ID what work would be performed and die IDlicipued COIL If dlil jllllificalion 
WU approved. fuDdina wu n,qur II ~d dnup die M~ Divilion'a BudaelmY Procela. 
The campklld pnx,1111 could reault in full n,qllellDd fgndjna., ndaced fundina ar no fundina. 

All fundiaa. 11¥uwd for Element 08 lllllll be apent oa ll'lfflc rmarol devices. In lhe 
put,, .,,._,__,..,., .. maaey wu wry fluid 111d could be IIICld for any mainlmance 
.:dvily, laCll • lllilt,D llplir or die pllaa mu rbedvle. The new.,._ hu been 
........... ., die - .. Cmaal 0fflc:c approval -- lie olltliaod bdcn movina 
avaDlble faadl firm one localiaa ID IDOlher widuD R1ement 08. 

Tbia new proceduae • menchllM! dllt each diarict ..,_ a fully jmtified plan « bow 
noedl will be met ..a how .... and dmely faDdiq would be wiped 10 specific 
1a .... 

AlW 1pp1ncimllely faur mandls. all mainline hltallale muaea had bcea iaYenlorillDCL 
kw dal • • rn11 - IJ dMelmile in wllll farmll die data wauld lie lllnd and 
prlll II d It w dtl miwd dllt lbe LO'IUS apz•ede DI WGllld meet._ DDoda. A 
¥1 r1 t It 'ftl llid - 111d die eDll'y ~ dala WII bepn. 'l1lil proeell WU c:andDcled duriaa 
die day, ... • ....... imllllCII)' dMa collfx:lion WU llepa a■~ inlmdwqe 

Elda rap WII llliped m llplllbedc clunclDr, M W11 eldl clncdoll ~ UPel Oil die CftJI- 111m a& .... W 0111 .... fmm die 11ft .. ., 1111 .,..,,__ fl die rmp 
wida ml lip'a lN:a,!ma l■d fflClllp .... Oll-nmps WIie ■Fl 111 "'m. dleil' 
I I _....ndadle~JIWIDdlebaaamllftaawidallllipalogDd. OOlalOllllll 
_.._..,.. .. J•Climl· 

Dlla oallesg of - _, • ....,., .... wry dme-aJNmn!na eft'an. Two bomly 
l ■tflaJ•-lllllll•ealllclf ill)[ ...... Tlda ... callaelklllWlldaalduriqdle 
day 11d a ...... Ill rt' SF 14 ..... per..,. TIie ..... Jf DDd ,_, ell • Wll foaad ID 
l,aw. llelw- 30. 40 i■dlYidlltl llpl. wlllile fall dowdeaf i I chenlDII ca haw, U 1111f1Y 
• tl)illllwilllll lips. A flltk:t-m::,ymall daat time .. avtr 3,800 i••c....., llipl. 

Al .. co■cl 11'1111 ~ all dlll coPecdo■ llld dala eaay, I eompk• 9ridD 111roup• w 
ca■lll•c••WllfJllpplec1mrnl■d~...,.._lipi■ac:henp1 
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A filll dlla paiww wu ....... far OICb ol our wWeucy offlcea and their IOldCI ol 
l'lllpCJMIMllly. A ■nct11 Wit c:mducted .tdlin wll "Nicleacy ID empbuia BOW impmam 
.. ilrna la&) ftl a4 ID .... It dNd)r andan1ood JbM Ill lip.,..,. __ or c:lulqes Dllllt 

be MNftjd 11> die 'Jnfflc Bnlineerinl Secdoa IO t:bal our rocordl can be mainwned ICCUl'ate ......... 
'1111, CGllplelign al Ilda wt 1111 1811 and aceeded our initial expectl!ims. Our 

objocl:lveswbiclaW91ddned ...... fallowiq= 

• ,._ Q .... _,_ - cadl'llilCd dala bae ol iDWntlle lips. 

• Ail inwmory which. aboup compuraued. wu "mer friendly" while utilizing 
..... IIUCIOfflt'lpRM I .md IClfrWlre and mquiriq WII)' little additional 
employee lrliDina-

• ClellD • in-...y wbicb could be maiDlained cunma with minimum 
~tdemuds. 

• The ftedbilily IO pdler llUlllmOUI ficJda ol dara throup ue ol die Lobll 
sp,c adah 111. wllidl permitllld ICkcled field displays hued on data i=ieval 
clemudllllll .......... 

• CreadaG ol a lbnplc invenay fomw which would enable OCben to conduct field 
ta~ wi1h a 1iaailDd tmOUDt ol lninina, 

• ea.. - ICICIIIUe. verifiable system upao which future budaeWY requeac could 
he bued. 

• c..ae. cu.., ... ...., .,... which woald c1Ndy p6npoint milling Ii.pa 
wlida WGlld addlw &he illlae ol poaihlo DI liability. 

• C... a C'l-a 12 lll'coaciae lipiaa iafoaiilldoo IOUl'Ce wblcb would wwer 
aipina qlllllians wbboat ...... field 1rip. 

• a.. • .,... ID Wlrify fll1ae daiml wllich may be ma apiaat our lip 
a 1 tal(1) fll)tider .._. wma, flillal may oacur. · 

• C... ........ UMIIDy syslem wllicb wu wnadfe enoup IO be med iD 
... field• • lap-ea, COlllplller. 

• ) .,.. wlddl rmld llo don-lDlded in dlD fubn ID a 
~ dwd tafflc CCIIID'Cll device ---,. 
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<JoodAfaDOOll. 

,"IIIOBU. NPARTll&NT or TllANlfORTATION 
ff Al &WIDI T&Vl'IC CONTROL DEVICE 

MANAGDIKNT SY8TDt 

Prod F. Small• 
A.._ SIIID Tllfflc P-nliaer, 

Vqinia Deplrtmeat of Trwpormioo 
UOl Bllt Broad Snet 
Ricbmmd, VA 23219 

Stne Heam bu provided you a .,.aen11don m compuemed sip in\'enlDriea lllilmn1 
micro compuaer M Ibo local --. At ibis lime. I would lib 10 lddreu e,q,anlioa m dW 
cancept IO a IIUeWlde plOll'IDl, 

The Viqinia Depanment ol Tnmporwion (VD()'O, u I am ame OICh m your 
cqa,rizationa ba\'eo -,c,npiaed the need 10 develop a 1)'111em 10 ICClllalely and timely mamp 
1be illlpol1aDt 1nfflc rmaol clmce Jll'OIDID. MillialUI d dollan an spent each year in 
iD•Dation wl mll.,.,,.,.,._ d lllffic COldlOl deYica. Mtnapment and Leplalon an 
mquirina rm ltlePl'oo ao accn-...,wlity and clemoutrlled badFtina nquilrmentl. bolb 
Fi1ca1 ud Human ltaomcel, far the Jll'OIDID· This. coupled widl die need to ma•imia, the 
utitineioa ol oar limiled ... al ad in ampoae to lllffic complaintl and invatiprinn• 
111d im:nued •••.,., ID ean liability dictale that we de,,elop and ..,.,.,.;a • effecd\'e ,..,., __ .,....,.... 

One ol our fint iaidltiwl in dlil area wu to dnelop a l)'lllelD 1h11 would brina all 
u.jar ftJlldway comp- into I dalllJI• with I CXJIDJDCJII locaJr l)'W, Tbia aystrm 
ilmlparllll u..mc --. IOadway invadariel. pnllDIDt mampoent, accident da1a, 
...... nilma4 pade aoainp and traffic rmaol and safety dmcea. Tlnoup dlia 
.,_ delip. ay ane of daelO ..,._.. can hmrflce with the odlS and allow Vlrioul 
-..,c:apal,ility. 

TIii ........ I • now 11D1 m dilplay (fipma 18 111d 19) iwln .. tbal data 
wllidl caa be C..-.S ill die lllfflc rmuol device llllllyllem. You will DOie. dllt ._. ii a 
a:1 t t:::w PW- ~ dlla dilplayed; bawew:r, it mlllt be kept iD mind tbat Ill dm dlla doel 
•awfllaa ......... 11111.--...,111e11hoc..p,c11ed.......-o1indffidual 
-, #11 ........... Ille DlipaW I •■..I,._ poillt oal •■•• Ill die dala will 
.......... hmrdlouly ..... .,... COIDCI an lillc. II wiD be I hniJcHna poceu 
willa priadlJ jllad • - (lilkilly ol lbe .... baled an IDp.....,.,.. and die 
......... , cat fawd. 

"'PNH UdltWMn .. anly. 

IIS 



1..U. tbi1 bu been a._., bdef cwen,iew d da ~; lloweftl, time.,_ aot 
permit mm, lpeciftc dellill ID•......._ Sllaald JOii dean, IIICD Womwiaa, ploue feel 
,._ ID CGIIIICI me after die ,need. ar II VDOT. 
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DESCRIPTJONz 

DESCRIPTORS: 

This file consists of one r•cord for ••ch TCD/TSD 
r•cordvd •• being on the Link/Nodv Sy•,••• Th••• 
rwcora• cont•1n a•t• d••cr,01ng s,on• •nd Sign 
Moynt•, Sign•l•, ou.rar•1l~IU•rr1wr•, P•v•-nt 
Markings, Str1p1ng, •nd Dvlinw•Cors. 

TCD/TSD ID 
DU~LiCATE TCDITSD JD 
01STRICTIRCSIDCNCY/MAINT. COUNTY/AHQ/OCVICE GROUP 
DJ~TkICT/ROUTE 10/DEYICC GROUP 
OlSTRlCT/DEvlCE GROUP 

RELATIONSHIPS: This file is used in conjunction with the Link 
r,1., by u~1ng the ~out• 1D .and Link Svqu•nc• No. 
or Nodw, to o~t•in &ddational dAtM concerning th• 
cn•r•ctvrastac~ of Chw ro•a. 

SI 2E: 

Tnas fil• is us•d with th• TCD/TSD Activity ril• 
to accv~• •ctiv1tiv- for• TCD/T~D for specific 
-ect,on<•> of ro.d. 

Figure 18. Traffic controVsaf cty device inventory file. 
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TCD/TSD IWENTDRV f'ILE 

Pelf' f:bfM£NT$ 
D 

D 

D 

TCDITSD 10 
1CDITS0 PRIMRY ID 

DISTRICT 
kESlDENCY 
Ak£A tt£AD0UARTERS 
TCD/TSO HO. 

TCDITSD su.-r I x 
DEVICE GROUP 
STATUS 
'1AINTENANC£ COUNTY 
ROUTE ID 
1.A~T Ut'DATE DATA 

I.AST UPDATE USER ID 
I.AST uPDATf DATE 
I.AST UPDATE TIPIE 

DUPLICATE REf£RENCE INDICATOR 
UcA'JEL DIR£CTIOIII 
P\.ACEPCNT INDICATOR 
PLACEl"ICNT rEET 
~ACING DIRECTION 
8CGIN LINi< SEOUENCE NO. 
BEGIN Of"fSET DISTANCE 
£.Nil I. I NI<: S£0U£NCE HO. 
END Of'~W:T DISTANCE 
~£~IN USER kEfl~ENCE 

&EC.IN NODE 
ilEC:aJN DHrECTIDN F'RON NOD£ 
&EGIN DISTANCE F'ROl"I NOD£ 

END USER RE~EkENC£ 
ENO NOOE: 
~ND OlkECTIDN F'RDN NODE 
END DISTANCE F'AOft NODE 

SP£CI.-SC DATA 
f'll"IS CODE 
l'IUlCD CODE 
I.AST INSPECTION PERIOD 
I.AST INSPCCTJON 1.IGHT C0NDJTIDN 
I.AST INSPECTION DATE 
1.AST INSPECTION REPORT 
~LICATi TCblTSD ID 
ENGINEERING DRAWING 9CI. 
fAil~ICATION DkAWING NO. 
IJSCR k£rCA£Nl:E DOCUfCNT NO. 
u~tk k£f"~k£NCC DOCurlli:NT DATE 
GCNCIIH. CCIN'ICNT 

A l 
A 2 
A ~ 
N ~.o 
N :3.0 
A l 
A l 
A :.! 
A 14 

A B 
p f.1.0 
p 1.0 
A I 
A l 
A l 
N 3.0 
A I 
p 7.0 
N :J.3 
p 1.0 
N 3. 3 

A 6 
A I 
N :J. 3 

A ft 
A l 
N :J. 3 
A 32:S <•st£ REDErlNITIDNS> 
A 10 
A 6 
A l 
A l .. 11.0 
A 1 
N l:loO .. 4.0 
p 4.0 
A 10 
p (t 
A 70 

FipR 18. Traft"ac connol/lafety device inventory file. (continued) 
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SUPrR PE5tBJPTORS 
S DISTRICT/ RESIDENCY/ MINT. COUNTY/ AHQ / DEVICE GROUP 
~ DISTRICT/ ROUTE ID/ D£VJCE GR0UF' 
~ DISTNJCT / DC.VICE GROUP 

•EACH or THE rDL.LOWING GROUPS REDErJNES THE SPEClrJC DATA r1ELD1 

DELINEATOR ROADSIDE DATA 
DELINEATOI"< COL.Oil 
DCLINEATOR TYPE DESCRIPTION 
OELINEATOR COUNT l'IETHOD 
OELlhCATOR NUl'\DER Of" llE"S 

GuARD~AILIUAA~IER DATA 
(;UARDRAIL/SARRIER TYPE 
YUARD~AIL/BARRIER SUITYPE 
GUARDRAJL RErLECT0R Pl"S CODE 

LIGHTING DAlA 
LIGHTING TYPE 
LIGHTING NUl'l8ER Dr JTE"S 

PAVEN~NT NARKING DATA 
PAv£r1£NT f'IARKING TYPE 
PAVE~CNT f'IARKING C°'-OR 
PAVEftCNT PIARKING PIATERJAL TVPE 
PAV£"ENT l'IAR~lNG NUf'IU£R Qf" JTC"S 

SIGN DATA 
SIGN TYPE 
l:iluN HEIGHT 

t'ICJCaNT rEET 
HEIGHT INCHES 

SIGN WIDTH 
WJOTl"I rEET 
WIDTH INCHES 

SJGN THJCKNCSS <INCHES> 
SIGN RErL£CTIVITV 
!ilc.N l'!ANUfACTI.MEk CODE 
SIGN 1"1£SSAGE 

SIGN t'IDUNT DATA 
SIGN ..at.INT TYPE 
SIGN ftOUNT DESCRIPTION 

II~ DATA 
SIGNAL NUf11£R or IULBS 
SIGNAL ACTUATOR TYPE 
SIGNAL CONTIIKL'-ER TYPE 
SIGNAL CA&JNEJ BT NO. 
&le.HAL COORDINATOR 
SIGNAL GRDIJP NAtE 
SIGNAi. EQUIPftENT ...... ACTURER 

STRl"JNG DATA 
GTICIPING TYH 
STRIPING LlNE MILES WHIT£ 
~TRJPJNG LINC "JLES YELLOW 

A I 
A 30 
A I 
N ~.0 

A I 
A 2 
A 10 

A l 
N ~.0 

A l 
A I 
A 2 
N :l.O 

A 1 

N 2.0 
N 2.0 

N 2.0 
N 2.0 
N l.3 
A '2 
A lO 
A 30 COCCURS 10 TINES> 

A 2 
A 30 

N 2.0 
A 1 
A l 
N 5 
N 7.0 
A 20 
A 10 

A 2 
N 3 
N :I 

Fi&ure 18. Traffic conaollsafety device inven10ry file. (continued) 
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rJLE NAl'IE1 TCD/TSD Activity rtl• 

DESCRIPTION 1 This file cont•ins • r.cord ef .each activity 
pert•ining to Work Orders or rJ,l•c-nts/reeov•ls 
p•rfor-d on any TCD/TSD contAinN on the TCD/TSD 
lnv•ntory rile. Th•• file is used for WO,k Order 
pl•nning, inst•ll•tion, rapair, raplac•-nt, and 
r••ov•l •ctiviti•• M\d the stor•o• of historic•l 
d•t• for repl•ced/reaoved TCD/TSI>'•• 

ACCESS METHOD1 Nor••l Indices 

DESCRJPTORS1 TCD/TSD JD - to provide• ynique key for each 
Activity ril• r•cord with th• ID .. ,ching the 
Jnv•ntory r11e record. 

DISTRICT/WAS ACTIYITV/SUI-ACTIYITV • to allow the 
•cceasing of •11 work done of• •pecific type. 

WORK ORDER NO. - to •llow •cc••• by an outstanding 
or old Work Order No. 

RELATJDNSHIPS1 This fil• is ya•d, in conJYIICtion with the TCD/TSD 
Inventory rile, to pro~id• Work Order 
1nst•llation, r•p•ir, and aodlfication history. 

IUEa 350,000 Records 

Fipaae 19. Tnff'IC control/safety device activity falc. 



TCD,,._ ACTIVITY P'IL.a 

Ntt &PDD 

D 

• 

D 

TCDITU ID 
TCDIT8D NUIMY ID 

DJSTIUCT 
•SINNCY 
MM HIADCIIMRTlltS 
TCDITSD ICI. 

TCDITU IUfTII 
DIVICS---. 
ACTIVITY DATA 

ACTIVITY TVN 
ACTIVITY MT& 
ACTIVITY cnw 

I.MT _,.DATE DATA 
LAST _,.DATC UIUt ID 
UIIT &,DATE DATE 
LAST _,.DATE TUC 

WOIIK ORDD MTA 
W0IIIC DRDllt. CMMNJZATION CODI 

WORK D1mER Dl8TRICT 
WCNIK DltDEII RIIIDENCV 
WOIIIC DltDD NtQ 

WOIIIC ORDP NO. 
WORK ORDD MTE 

WM ACTIYITY/ .. -ACTIYITV 
WM ACTIVITY TYN 
WM SI ••ACTIVITY TYN 

,,. ACTIVITY/IUI-ACTIVITY 
,,. ACTIVITY 
,,. IUI-ACTIVITV 

PHIi CON 
__,.TIW 
HISTORICAL DAT" 

_,,,..ID 
K81N NDN 
K■IN Of'rl&T DIITMCS 
MD NDN 
MD an'IST DIITIINCE 
~ DIIISCTIQN 
FACINI Dllla:TIQN 
PI.ACDIINT INDICATOR 
~FDT 
Dl■INIDINa DMWINa Im. 
FMRICATION DMWINa Im. 

A ' A 2 
A 2 
N s.o 
N 3.0 
A ' 
A I 

" ■.o N 3 

A • " ■.o .. 7.0 

A I 
A 2 
A 2 
N 10.0 ,. a.o 
N S 
N 3 

N a.o 
N 3.0 
A 10 
A 70 <OCCURS I TINO> 

A 14 
A 6 
N a.:a 
A 6 
N a.I 
A l 
A l 
A l 
N a.o 
P 4.0 
P 4.0 

I DIITIUCT I IN acTIVITVISUl-cTJVJTV 

..... 19. 'lnfflc OGDllal/llfllJ de¥kle IClml)' file. (cmdwd) 
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-..Ute tch V>.0215 
»l■Pl•r Nodes 000604 

.. tore,.o• Mo&101 000614 
fl• Nelp P2 • lleftl& 

'')) 

•. c. . .. o 

.... 
.c •. ..... C.( .... 

1
1

~11 
. ... .... 
... o 
.... .... 

C( \ >) .... 
11111 I .... .... 

CWntr, 11 Clt71 NI 
Duor1ptiana auava.L IIGAD 
Daan1pt1on1 aucu.MID ll'lU. 'ID. 

Pl• I.ink Data P4 • Other 

!'CJ 1D 
DIIY1CS 
ftATUS 
CQllft 
MIO 
IIQl!ID) 
NOD& 
onsn 
DJIIICflCII 
PLACl:llft> 
PLAC&Rft 
PACING 
llGN 'l'YPI 

IIUGlff I nft) 
IIIIGIIT l JNCIIU) 
VJDl'II 
VJDl'II C JIICIIDJ 
'ftlJc:asss 
UPLICT'IVJff 
NISSAGE 
IWIUFAC"l'VIID 

IJGIIIICMl't 
nn 
NSCalftJCII 

1>1.rectlona • 
OffMtl 0.01 

Dl.atanee I O • lt 
" - ...... l\t 

Fi1111e 19. Traffic conarol/safety device activity file. (continued) 
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ffD ii clllNIII) WQlklaaa on•.,.,,.... 11> me a lap q, ~ in the~ Tho 
a I 7 PIPCft 411a will be emmed in die ftel41114 damped ID the mainframe from die Dilcrict 
08k,e. 

DIICUISION AT WESTEllN WOllDIIOP 

Q: How do )'OU bandle eq1llliom in milepoltl? 

A: 1t•1 done by a plOll'IID, 

Q: Wbat about IOlda dial - not Oil the aystem? 

A: We don't keep anything on bese except our own hipways. They'ie nrilepolu,d. 

Q: Can you call up lips older than • lpflCified date you can entea1 

A: Yea, we can pm panws on them and find out bow old a c:enain lip h. 

Q: How much deWl do you have on auide lips? 

A: On - maaer ICftleD dwft WU one entry dW WM caDed "Jopmd" and you can put ii 
in dlere. ?f it doelll't flt JOU CID pill it in die zemnl aecdoa Oil tho bouom. 

Q: You Slid bieoaial aq,0111 and you can ,el prinlOUtl twice a year? 

A: You can aet k any dme you want. 

Q: How Jona don it"lake ID pint? 

A:. Aa fal& u the '-st prinler can ID- h doan't 11b ¥CrY loa&-

Q: C. yoll 11111. far emple. what lip, _, 5 )'NII old, hip inlmaily 111d IO fardl? 

A: Yea, 1 1lillt-. 

Q: I dldl9t • -, indlcadoD fer dfnctklD DDl1bbound ar Mldil>owl 

k 1111l'1 la dllle. Plft fl. tlllt W awa WU adlned far die ddwr. It lilts a code. 

Q: Wllllt lffll ~ 00::nf UII - ia die ftekl oftlcc? 

k ltallal--dlllw, I \r ......,caallebaa,lht11> ..... PCapalltianl. 

Q: c..,- ... .,1111c1111arcneofap7 

A: Y• We aa .a IIIDw nay we lme. dllir-. .._ llleyw lacMld, •· 

tM 



Q:- 11ow.., ..... .,,. ........ .,..., 

le A baada. It would be euy ID find out. All we ~ ., do ii look at our lerial number, 
die Irey IMIIDbcr, and ii wil ~l ,au bow 1D1DY we'\'e Ft 

195 



MILWAUDB'S COMPUnlUZED SIGN INVENTORY 

Ricllald J. ButuJa. p .B.. 
TnftSc BnaiMer lDll Superilllladmt 

Buaeau of 1nftlc Enpeerin1 and Bleclrical SCMcea 
Depu1ment of Pub1k Wom 

Cily of Milwaukee 
841 Nonb Bmadway 

Milwaukee, WI 53201 

M lbe tide of mil prcacntadon indiclla. I will be Delling you about Milwaube' 1 
c:cmpulerized lip inffll&Ory. But before we p,t 10 wbclc we me today, I want to reflect back 
ID bow our lip lnwmUJry developed. Knowinc lhe blctp>und and die evolutioa lbouJd 
pnwide you with a arearer appreciation for what we are able to do today. 

In the beginnin1, befme I was CYm bom. individual mcmds were kept for each sign 
localion on index canls. As crude u tbil method may seem today, it did provide a m:ord of 
wbele 111d when a panicular lip wu iulalJcd UnfonUIWely, tbil only showed the oae 
locadon. 

The next dlm,lopment in lhe euty 19601 wu ID show die sip invenuy on quancr 
leCdoo maps. This wu able IO provide a bcacr visu1Ji11fion of an ma but. space limilations 
remicled tbe IIDOUIII of dall that could be entmld. 

Startin1 in 1964, inwatory card, W'Cft ~ for eaeb lineal block. They provided 
iafonnalion for all die lips oa die block u well u informadoa about lips that may have 
been n,placed. Abboup dm a,-m provided rmre infonnation. ii did have its limiwion. 
u will be shown a 1itde bit luer. 

Jn 1973 the City fX Milwaukee WU awarded I Pedcnl pant 10 de'¥dop a computaiud 
up inwatuy. This project conailled fX tine parts. AJ initially planned, each pm1 WU to 
llaw beeD COIDpleled ill a up year. Phuea One ud Two were a complele field invemmy 
al all tipa aader lhc jurildk:dan of die City of Milwaukee. Phae Tbne WU the caadoG of 
a COlllplllrir aynem. and may al die dlla o4Nained in Pbuea One and Two. 

Al1baup dae UMldUI)' pbaea wen complctrlCl wry dole to die dr,dule, lbe sy11em 
duip. lJl'OIIUllllUII ad dlla .ary took more dme du expeclDCl. The 1Dll1 coat over lhc S-
5-,-, period of lhc pa W11 $135,796.67. 

The pmjccl lfflllnf!'_, 111 al die pll .a fordl ill 1be ori&iul p1D1 appticadoa. It 
J1101t11D 1CC1i01D iDfmmdDa ID die coar11. IIIDrneya, IDCl potice depalmelll. II allows lbe 
ICNdak,d teplacemeaa of qDd lipa wbbout llktitioNJ field impecaan. It allows for Ibo 

-...e,e_. at w WOlbhap ..i,. 
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• Sia 

• 

'l1lil field o1 IIUIWical c1a1a conma ol tw0 dine-dip,-. a apociftel 
die nomt,wl lip me. 1bc daee-clip fteld allows far the ,-Ible Olllwnioll ID 
mm1c ......... 

1hh t'MHti&it alpblbetical field specifics on what the sip ii r,lOIIDIIDd-

• Cammelltl 
Tbil ii a 65-di&it mixed numerical and a1pbabedcal ftekl wllich fully 

delcribel die lip. This provides boCb die field c:rews and die ea,inecrins 
penoanel widl ID cuily readable deteripdon of lbe DID• The dmcaiptiaa ii 
UIUIDy ablftvialed. for eumple HAZ MRIC is "Hazlnl Marbr." Kil ia "!Cap 
IUpt" and Sat XJNO is "School Cmsan,." 

• b,tq)Jldm U. 
Tbil ii a m-dqit numerical emry 1hat idemifia the dale on which the sip 

WU inmJlecl at the Jocadan. Oil die mountiq. and for die direc:doa ol tta\'d 
pmousiy tndk:11ed. 

• Replrmt Dale 
Thia is a lix-dipt aumerical entty lhat ia used 10 idenlify the • ol the 

lip. It iDdit:11 I when a sip is inlllllecl in the field. 'J'be replacement dllie ii 
med to lllticipale when the lip sboukl be iq,laced becau1e it bu micbed or 
em,eded ill cxpeclCd life. 

Odm mfbnnllim wbicb may be added to lbe lip ill\'eDIOl'y ID become pan ol the 
IIICIGld 1ac11•: 

• Ranova1 Dale 
This ii a lix--diait numerical entry 1hat lpecifiea the dale on which the sip 

WU pennaaendy removed. 

• Mlineemmc:e Dae 
Thil ii I lix-diah JhlllWical entry dW spedftel llt'llea. durin& die cunmt 

year. die lip receiwd maia1emmce ...,..,__ ladl lip reemd may contain up 
ID 1-4 mnl 11a:anc:e dllel. 

• Type ol MliNN.-.ce 
Tllllilalill&ID-dl&it .........- cade lbll apeciftealbe aadifrelcaltypes 

af Ni ·1 I X parfaaied; Le., lip, miniDI, lleW inlllDecl "M." delibenlc 
't'lldllfe, lip I f i1IPnd "V,• deliberlll "IMllilln, 11DW lip inllllled "U," 111d 
......., • ....,, new lip....._, "D." 
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W..... dlt cc.mp wwlwd llnaalory, bowover, dlb wauld haw been a slpifJcandy more 
dffllcglgWk. 

WIIIIII die clilmct CNDIN we alrhnllely approved. die ftlCOld upcllle in the CCIIDpUIS 
Ir I any WU llllldwly ..... IUD all ...... Oil Ibo apociftc blacb ..,. cbenpd It one ..... 

Ba ill die mid-1910'1 all we bid fflilable 1D111 .... maiafnme mm;-•• 111d a■ 
yua c:a - ha OIII' ......... Ibo blfarmadon provided ii.....,. Vllulble. It llloald 
Illa llalpia pl0¥idiaa •ownll hlfn■INclun dala .,._ far oar .. Deplr1ment of Public 
Wadm. 

I do feel. lloMMJr, lbaa widl Dlay'1 hip demity penanal c:ampnws. our lip 
UIVCDIDl'J maid be pv¥idecl by one of dae deallq, dllitl. Al with 1D01t ddnp in dlb 
world. 1111ft n ..... and~ If you should decide ID compumm your lip 
inemory, 1ho owaall well and objeca~ of your a,eacy will haw 11D delermine your 
cboice. 

Dl8CUSSION AT EASTEaN WOllDIIOP 

Q: How many lip■ n "C)IIICCd Ulina lhil pm1icular medlod? 

A; We propmn ., niplla about 5,000 ID 6.000 lips a :,ear. Lui Jell' we wn aaly Ible 
ID Jq,llcc .. 3,500. We• nor bad,-t by rut. We m budpted by die cwcnll 
bureaG apndan. and if we ud ap paina a lot of 11orm pn,blem■ and lbinp of lhat 
mtun:. our wen boln tab away from winleaanc:e ......_ UllfonuaalDly we an not 
able ID n,piace II dlo nae the lips 1111 dellriorlliaa-

Q: How.., ....... Nplaced becau■e of vanclalipn? 

A: VendeMw ...,.....C. we bad 570. k wa■ a .,ad year. 
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COMPUTEIUZED HIGHWAY SIGN INVENTORIES 

Tbomu M. Pickford. P .E-♦ 
Director of Public Wolb 

Shawnee County 
CounboUle B-11 

Topeka, KS 66603 

1bc need for complete, accura1e and easily accessible Hipway Sign Inventory ii a 
known flCL 

Sip inventories are used for a number of eaential pwposes. The most imponant me 
of the in\lCnlOly is to provide a written record of the type of sign, iu location, 111d the 
authority med to place the sip. 

Sip in-va1aories are allO med f<r evidence in court cues, f<r budgeting functions and 
for replacement and MJ)air 1cb•1d11tin1. 

There are dwe basic ways to produce a sign inventory: 

1. Hand Recorded Manual Records. (A typical sample is shown u figure 25.) 

2. Compu1Crilled., using a simple IOftwue program with keyboard entry from field 
DOICS. (Figure 26 illustrates a print-out form from this type of sys1em.) 

3. Computerized and VHS n,conkd in the field using a mobile vehicle equipped to 
produce a finished product 

Here in a few slides that help illusttale the inventory options and equipment needed to 
maintain sign n,cords. 

1. Manual Jnvenlory. F1eld book. inventory form. This method is the slowest far 
boCh entry a.nd recall purposes 111d is subject to ffiXllding errors. 

2. ComJ_,lltailed Inventory. Mini-computer, compma print-oui. field book. 'Ibis 
ayscm ii slow for entry, fut for recall and subject to JeCOldina erron. 

3. Mobile CompU1aized VHS System. Van, camera, computer, printer and OPS 
(film 27). 

The Shawnee QJunty Public Wolb Depanment, after analyzing die various optiom. 
decided to not only compulerize the inventories, buc allo computr:rin: die generation of die 

?raellled at wesaan wolbbop only. 



field information ptberin1 system. We also decided to VHS tape the records and tie lhe 
tapes and computer generated information together. We also enhanced the system by 
equipping the van with a OPS position localOr. 

A lilt of the equipment. with 1988 bid prices, ii included to illuattate how the 
individual components fit toFtber to make up the complete unit For an inveswent of less 
than $50,000.00, a very flexible road inventary machine ii bandlin1 the Shawnee County Sign 
Proaram (fipre 28). 

The aynem, u developed, bu the capabilities to completely mania and invenlDry the 
county's signs and pavement markings. 

A 10-minlllle VHS tape, produced by the rccordin& system, is shown to illustnUe the 
recordin1 capabilities of the VHS-Computer---OIS System. 

The opcrau,n of the van and equipment can produce a high quality, VHS visual record 
of the lipaaae on the mads. They can enter onto the tape automatically; the time and date, 
the latitude and lonaitude, speed of vehicles; and, from a diamzing board, they can enter into 
the computer the description of the sip, iu condition and information to produce 
maintenance work orders directly from COlllputer memory at the end of the day. 

The aoftwm program produces a comple1cd sign inventory chat includes the dare of 
inspection, type of sign, condition of sign, location of sign by route and where located on 
route, dnction of ttavel, date sign originally installed, dale of ~pw:cmcnt or repair, size of 
sip. mJcccivity, and commcnu such u 'Too far from pavement" and report on standaidized 
or coded defects. 

The system, from iu basic capabilities, keeps historical records of what the drivers on 
roads actually see a& any aivcn time period. It can recud the time a driver tint views the 
aip, up 10 any required reaction necessary to ufely travcnc the road. 

It can be med for accident investigations. to wrify what the driver, or drivers, viewed 
lpplOIChia1 the accident lite. Driving the rou11e at the pon,d speed and at the estimated 
vduclc '• speed. These tapes are admissible evidence and. because they me timed, dated, and 
loca1ed dim:tly onto cape, they are difficult to amck or degrade in court. 

The system aJao pmducel a ftlCOld of pa¥ement llripina and can be UJed to position the 
llriping. It a1lo is aet up to provide speed limits for borimntal cunes. 

Shawnee County's operation plan for maintlinin1 cunent highway sign invcntmies 
iadudel· driviq, filmina the m:ording Ill county IOldl duec times a year. Doing the same 
• die TOWlllbip ROlda one lime a year. 

Our tyl1IClll wu produced by HMR Communications, lnc. of West NCW1011, PA. 



Not only have we pady enhanced our highway sign inventory capabilities, we also 
have a aysaem that can be nriJi:md (or other count)' road pUlp()lel. The system will pay for 
illelf in approximately tine years. 

I highly recommend this type of road ICCOl'ding vehicle fer sign invenlOl'y and 
mainu:nance. 

DISCUSSION AT WF.STERN WORKSHOP 

Q: What kind of a price, roughly. is a vehicle like that? 

A: This vehicle WU bid Oil and delivcrm IO Ill widl 5 days of 1niniq for $48,500. I have 
all of the prices for you in the proceedings. We had them bid individually for each 
item because we wanted IO pick and choose. It turned out that we got it at such a price 
that we picked the OMtiJlac of everything. We cot the best that wu available. 

Q: Why did you feel you had to Co IO that level of sophistication? 

A: We plan on tying this whole system inlO OW" geographical mapping system, which is 
presently in place u far u the parcels arc concemcd. We are actually going IO do 
design and estimating off of the systems. We have a current program of relocatin1 all 
the section comen in Shawnee County, and in Ibis proceu, we me con'Yel1in1 all of the 
altitude and longitude to the State and Federal plane and coordinate system. We will 
have a software program that will do this off of this computer system in the vehicle u 
well as off the main 01S system. Approximuely 5 years from now, the two systems 
will be compatible, we will no longer manually produce sign maps. We will simply 
produce the map the we have off of the main 01S system. 

Q: I noticed dull you don't have any mileposts marked 

A: We actually start out at O on the County line on each road The inventory of our tapes 
is by road or route. 

Comment from the speaker: 

We made one other wile move with this system. We bought the software 10 that it ii 
compatible with dBASE IV and Lotus 1-2-3. We did mat because they produce such 
beautiful ~s-graphs and circles for making presentations IO the commiuionen 
and at l'Old bearinp and thinp of that nature. That was the right move bccau1e we 
have already used it in two hearings for quanies. 

Q: How often does the system update the location? 

A: Every 10 seconds. 

Q: And you can do that on the p>? 



A: On die go. The quality of that varies depending upon whether you'm reading A, B, C. 
D, B, or F on your equipmcnL It's sketchy and the inenia1 guidance system or dead 
reckooing lakes owr. It ii plenty accurate for this service. You'm only talking about 
ban& off about 15 or 20 feet u most 

Q: Do you have a paper describing the equipment? 

A: We have a complete description of the equipment. I didn't put the bid documents in 
there, but all you have to do is contact me and I will supply you with the information. 
I did list each model of equipment, what its individual cost wu and the total deliveted 
cost of the vehicle. We made two mistakes: I told you about the post; the other one is 
the a-. The equipment is so sensitive that it picks up almost any glare that gets in 
front of die camera. We had to get some black, rough surface cloth and cover d-.ose 
areas w~ we M'J'C picking up the sun. It works great in the rain, and the pictlfts at 
night were unbelievable. You put the lights on and you can see the definition of how 
far out those tights reach in great detail. 

Q: What kind of an image do you get? 

A: We've had a little bit of a problem with that They tell me it's been msolved. You 
would lllllllly get die upper pan of the picture, which was causing some concern with 
bein& able to mad the printout across the IOp because of some moving lines. That is a 
problem that can be msolwd, and they tell me they have gotten that msolvcd. Your 
freeze-frame imagery is more than good enough for anyone who is ttying to pick up 
any information off the picture. 

210 



-

DilrE 

,Inti 
J/.~N 

f/ • .J!,l4 

,Y-~?.54 

''·J"-J; 

N 1/.~I~ -- 11 • .lS-H 
i/_~:;; 
,_..:_i-f 

!/o;1i 
,)_-i,t,'f, 

,I ~SJ, 

-''-k-~-1 
/~.l.1'Y 

)1.s,.; 
.J.2.b 

i~ . ./.r; 
~· :-"~ j, 

P,.J.,. .. ££ 
COt.'llt'T'I' SIGN MA1"4TENAr-wCE 

-

I 
... 

01sr~11,CE Fill~ SIGN ~ ... .. 
r~ ► 

i,. T£ 11$£ CT 1,:.111 '"' T[ .:1 SC:: T 1Clil 
UG£N:) s,zc ~ 

.. 
A'-0 t1i.ECTIGN Ali,:; I 011 :I ~ 

.. 
CC·CE i 

t'hf,~ ~ .. ,-ut< f. J ... /t'1~1:.J 7a 1: i.':7"' h,l.,,., t,Jt ... ~,c4
; ~ ~ "r,tti. j,,;'11' 

(,,1.!: el -~~1/.!N >/...) <e.(, • .t,.._ 1(--..P. r:,~i ?..., x z. '- IJ:.r r-,., 
i ~ !r..,,. ,J . .. _ . .,,,./ (...J ,.,1.,:1,.i..,, ~ .. ,. ~ /l. L. 

,-~ ,-.,. ':l -dl-;-,..,.. -nJ.. ... JI )/v C •~ .,•1,t, •;-r-..,p 1-o ll t.. 
, ... ,. .. ,. 

.~~..1,.,,.:-, J..,a I !£-.~~~1:Ctt:!:~•c f) .:.a~:"-'" ii-.:, L '- r.,. , .. , .. 
{'/.,!£~ l,Jw;,f,t. "'"" ✓~, r- ..,_ /,i ~j', "-."L A .. ,. ,-(~.s<r ~,~ K..t~ ;,_- -
.ff.:!-y4~.,1.:• r. .. ; '-.eo' ,.,c ~., I- ~ ,~J..,.J) :;, l rz. L ---~ .r . ..,. 

'-t',, ~qi~.,, r - / .. ,,..' ,,.,,- -f"(,.":[;3";51 ~--'.k ,2 ,., 
i, f,#0 

5'7 .. ::. CV k •, ~ ~,• wtsr- -t-,•,.:Ls~:1 ... 5 1-c-1~- ,Z L 
,:,.r 
,. •...> 

S'1~c+3:.,;-,-nv .1!S,-~ ,-., ... ~~· I .l.~11..-.1.k /~o(, ,,.. /L. /,.,'i, ~!s, 
?7 ;;! ..J. ~d( •$ 

/ , 41Jl'rl-....... ...., ,.., .... , ... .c.., ~-.,, ,?.. I<. 
~, 

•,•C(\ -r--n -~ ,-. "' lo(.1_., 

~1!/'-,'-4~~·~-• ~#-~ <"'"-<~ F.,•;r -....: /}.:::, I -1..,.- 2 :-:--rr..;;. r,,, ...... q. 
It-::!'~ 1,,/',t/ .... ~~- ~--~,,.._ ~2. '(, ... ; ;;:?._.., 2.. ,e. lf'-r 

~-10 

,]. . 1• ~ "' ·,·:,;t, (' . ~,- ·t·;,.,_ S.•.:-..<... .,..._,_. 
~ D '-

'f''J _._.,_,.._,- cl,· ...rJ ,.,,._.,.,.. .r.· ___ .. _ ..... -..::. f ,c 
7'~~;:L~::h a..: , ... ,c I' ,, '-"" ~ ..... t .!5" .. · .. ,.._, ...... , 

~ R '- 's-~,e ,~...:~· ~ •• ...,.L JF ✓ --..:-f. 

.1tt.:.' <IJ.1J, "-' l., 11 1!:: ('., ... -:::./. -~ ;.~ ... l,1 ~ ,: ;.,,,_ 1! r., 
I .•,,,.1.,'c,: ,•,.!_.,. /,. •'. I) 

', - I \ I .... - c-,- a:~--~·-~ ;.:~, //.·, ' ... :' .... '.?.',.,.:/_ ;--'<t..J .-;; 
L. :2 !- r 

f-. J 

f'._,,,:J f::.r1 .~,,:-~ ;·, /_;-~ ,,.1 ~ .:.· -~:: "." :=-- I.:.-.::,: , ·~ ✓ :-- ~ 
. .., 

! . 1-e ~:, 
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Figure 25. Hand-recorded manual reports. (continued) 
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COH Mt-:SSAGK IIOUTI MILK DIR IN~T/M~Pt s~ ran HllF DKF INSl'ECTKP COKNINTS 
370004 4 WAY STOP 37 l N 2i-Jul-78 S 0 a 0 12-Jul-04 
820102 NO LKfT TUMN 82 12 W 12-Jul-611 s I 0 0 IO-Jul-85 SIGN MISSING 
760002 NO PASSINO 76 IU W 20-0ct-71 S p F 2 16-Nar-83 TOO FAR FiON PVNNT 
1120001 ONK WAY 02 3 I I 17-J1u1-?l s I 0 2 IO-Jul-85 SJGN POWN 
760006 SPUD 40 76 21 I 21-Sep-74 N f , 3 01-0er.-Ul 
420005 SPl!l:I 55 42 6 I JO-Jua-UI S , r 0 16-0cl-84 

N 87000 I STOI" 87 30 S l 7-H11,-76 N r .. 3 10-Jul-85 POST ■ INT - 170001 STOI" 17 IDS Ul-Ocl-7G S F .. 0 12-Au&-U2 J,OOSI MOUNTING 1O1.T ... 
620002 STOP 62 2 I UU-01:L-78 S .. ,. 0 10-Dec-04 
9.2000 I STOI' 92 o1.6 I I U- t'.,b-77 S a 0 0 111-Jun-UZ 
160002 STOP 16 5.2 I 03-t'eb-69 S p p 0 2B-Har-U4 VIRI OLb SIGN 
HiOOOI STOP 16 23 N 09·-HDr-76 S r 0 u 21-0cl-03 
670001 STOP AHf.AD 67 4 S O'I-Ocl-79 N a p 4 12-Jun-HS TRil OISTRUCTION 
710008 WKl~U STATION 71 40 N 22-Hnr-111 N r 0 0 05-M•v-uz IHPIIOPKII SJZI SIGN 
240008 HILD 24 ., If 05-Jun-UO s. p p 4 l0-Jul-H5 OISTNUCTiD IY TNIIS 
560004 YJIJ.D 66 7.3 N 14-Au1-H2 S .. G l 01-.Jua-82 

Figure 26. Hypothetical sign inventory data base. 



SHIPMATE::: RS 5100 

1115100. ___________________________ _ 

Sii1e1i1C lo< IICQ6,t;y O.Cl61'-N nMS (MflOl va,e) IJIUI IPNd enor 
___ .,;_ _________ _,;;.,, __ "---__________ _ 

UTC• time IICCUrllCY '-" 1 IICDM --------------------------Alc.-19quency 400Wil 

Rec:1<.er llftll!NIY ___ -_149_dBm_.'-------------~~~--
lr,rlUl pcMel ,0.32V,ma,,.13W~powetiedl,ctianUldo\ .• W(SlaepModeJ 

Mo,111,11y SIOlil(JO! lnletnul IJIIIUty .... lllilholA e...,,. r,o,,,e, Tme, dllle. 1111, IOn. lllflYl)Oft. 
OIO~- mag. ,..ian. no Cl9WIIIICln. am dill. Ion pa ft! turn 
lug. '-ding. IPN(I. ---Clfflll Olla tor pwdcliona and ..... ,. 

~_u ________ .u __ .,._,__1N11C1 __ ._10nt __ llltl)UI_:.__• ___________ _ 

~_..,, __ ..,_w.,._!l'_.,. ______ "...,•,,....er._. w_11_n:_._o_&_.'JJ1' __ ,_e._B2_.,._. ________ _ 
~>etllhtt range M"F I0131'f 

tunOl__;_y ________ 0-95_%_iet_. -----------------
\lhMoon 0-5()-v, 1 0 ------------=---------__,_ ______ _ 
5t"'ll~J ~UICIIOfl.-YSI~ 

Func1oens 

.NMEA0183 ~. 
AS232c 300. flOO, 12'00baud 

IUO•erttng. MD geo"'911, uolime, ~. Qleel e,,cle ~ ~'°"' between MV waypoinls, ETA en IOIAI, Cle,lielieln llble. 3 past 
and!) lulure Ill Olla~.,.._,......., no wilt! CIINal,on 
""8, Ill counlll. --aoe calCullllO',s Oft ffUlllilal, _.. aciprason on 
_, .. ,and~OlhlltpetllllUICIIOnl 

I00-3'.CDJ,,.....__ 

SN.COSIW 
~l'lplA ______ Swrao __ ._...,.. __ F'U¥ __ 11110_prog, __ .""""11_, ___________ _ 

ComeCltClns ,.__ RS 6150. ,.._ AS 2000. AS 5200GPS. Ml'IWJle AS !>110 
•~Tll'III ~ 

IIISMIAMIIIM ... ·--- - ------.,......,,...------------------
~IJlll' _______ =15-d8/5Qatm----:---~~-------------..,f'Ollllf TllrOughOINlallC.-
Cltlll-.-l!Jlh---.-----~ro=-iwu~-~. '"!:RG~~--~.Will-.------,.,.._---,AG,..,..llii-~-.-----
~ IIIIWJ'! - O'f ID 1fl7'f 
~ (),100'11, .... 

Wlqll ~---~-":"unglh-::---------:.=-a-111D-,""':,t"::7r.~.-q,---=-o.7r=-~30=7f1'~-----------

~~--- 1.50'~..,.., 

t•"'9'1-••---

Figwc 27. Specifications for mobile computerized VHS system. 
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110&1> BCORDING VEHICLE 

YIIIICL1£ - CIIIVY 1/2 'l'OH trlllDOII PUSDGD VAIi 
- C•10 SPOJlTVAlf 

1,,,u.00 

Van ahall N full ■bed and equipped vith the follov
lftCJs ~vo (2) captain'• avivel aeata, one rear bench ■eat, 
crui■e control, autoaatic tranai■■ion, in■truaent 9au9ea, 
ride packa9••• carpetin9 an4 lnaulation pacJta9e, outside 
apar• tin carrier, povar brak•• and ■t••rin9, hi9h capac
ity beater/air conditioniNJ, heavy duty altemator and bat
tery, 9a■olin• powered, V•I •nvine, heavy duty au■pen■ion 
packa9e, •ini•ua 25 9allon fuel tank (dual tank■ pre
ferred), and all interior alteration■ and inatallation of 
equipaent. 

POWER EQUIPMENT: (Total a and b) 3,267.00 

(a) 115V • 2,000 watt AC 9enerator(9a■ powered fro• vehi
cle tank■), ruote ■tart, iaolated cosapart.ent, low rp11 and 
■ound deadened(if needed), tot.ally ■erviceable fro• out.aid• 
of vehicle. 

(b) Roof-top •ounted auxillary air conditioner/heater, 
4,000 BTU, therwo■tatically controlled. 

VIDEO EQUIPMENT: 

ln■t.all•d to operate by fil•in9 throu9h windshield 
fra in■ide of van. C&••ra aount■ to be ■o de■i9nad to al
low aaay ace••• to van en9ine c:o.partaant. 

(a) 

(b) 

(c) 

(d) 

<•> 

VHS Color ca.era - Broadca■tor Studio 
Quality 

l'Urni■bed Panaaonic IIDV 1000 vith lll>CIU>, 
WPHlO, WVlllP 

ltabililed looa Lena vtaaaot• control 
Panaaonic WDI.114/IAP 

Tvo (2) VHS Video llecordar/Playens 
one for van and one for offio■• 
cwnten to be ■ynauoni1e4. 

3VC DU0OU 

Video color Monitor - Por Van 
DC 1111211.A 

11• Vidao Color Jlonitor - Por Office 
DCP, 1t7U 

1,375.00 

135.00 

1,350.00 

465.00 

140.00 

Fillft 28. Bquip11cat lilt with 1988 bid prices for complele invenay machine. 
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(f) Video caura Pan and Tilt v/Reaota control 
(Thi• included with cuara de■cription) 

(CJ) Ollni Directional Microphone 
Panaaonic VYNC12 

(h) All Kace•••ry CBl••• CoMactor• and Mount• 

COMPC'l'ER HARDIIAR!/PIJUC 1IAU: 

<•> IIM Coapatible Coaputer (DOS 3.21) 
(Bu■ine•• ly■ta XT2000 PX) 

(b) Double Diak Drive s.2s• Ploppy Diak 
(DSSD 40 Track loft Sectored Diaka) 

(C) HOK R.A.M. 

(4) IBM 1081 Procaaaor and Jlath eo-proce•■or 

<•> Graphic• Generator for Video overlay 

(f) Parallel/Serial Printer+ coaunication■ 
Porta 

( CJ) 9" Video Screen (lnteqral to Unit) 

( i) Di9itizin9 Tablet• 

(~) Di•tanc• Keaauring Davie•+/• 2' Accuracy 
par Mile (Tranaaiaaion Mount and Self 
Calibratinv) 

(k) senaor■ for Roedvay Profile Data 

(l) Peripheral■ for Auto Date/Ti•• and 
Data Aqui■ ition 

(a) All lfecea■ary CablH and CoMector• 

SOFTWARE SYSTEM: (Total a, band c) 

(a) 

(b) 

(C) 

Shall be .. nu driven and user friendly 

'!'ha •Y•t• wtput N■loa11y llhwld praduoa 
video t.apaa of t.ba roadvay anvircmaant. and 
an inventory data ):)aae. 

capable of Inquiry, Zdit and .. port 
Gentration. 

1,100.00 

120.00 

470.00 

702.00 

lt.00 

110.00 

10.00 

2,110.00 

110,00 

12.00 

645.00 

440.00 

122.00 

120,00 

120.00 

s,120.00 

Fll'ft 28. Equipment 1ila with 1988 bid prices for complete inwnUJry machine. (ccndnued) 
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'l'he ■yate• IN■t allow t:be overlayi119 of coaputer or key
board iftforaation °" to the v14eo tape aftd N able to poei
tion data at any location on tape, ftfflde ai119le ■troke 
data entry. 

IIUUALI/DAlllllfG: 1,100.00 

Two (2) ooaplete Mt■ of Operati.ncJ Naftual• are to be 
turniahecl with eca-aipaent, incl\ldi119 ach ... tlc• and 
Dravi119a, any ■pecial tool■ or cleaning iutruaant■, and 
trainincJ of peraonnel in \IN of eCl'li,-.nt. 

DELIVERY: Shall !ta .. d• to th• lhavn•• County Garav•, 21•t 
and Topeka Blvd. , Topeka, D Hl12. 

Plea■• ltate ... t and rira Delivery Date: 

po Daya A.R.O. 

Plea•• ltate lfuUer of 'l'rainlnv Day■ aun••ted; 

5 Dan (Quotation baaed on thb period) 

Ba•• Price for Autoaated aoa4vay lnforaation 11,445.00 
syat•• (WITHOUT van, Generator or Auxillary 
Air Condition/Heater) 

Baae Price for Autoaated aDadvay Infomaticn 31,501.00 
sy■te• (IHC:WDING Van, Generator and Awcillary 
Air Conditioner/Heater) 

Deliv■ry Charv• (if ■ppllc:abl•) 
(Appli•• only if van i■ ordered) ,10.00 

Total Price vith DeU.very: f H 1tll.00 

Options: 

<•> Geo-location opt.ion in latitude and 
lOIIIJit.ude 

Shipute U 5100 

TOTAl. RICE lfl'l'H DELlVD AlfD Ol'TIOJI: 

t,7to.O0 

t u.·na.oo 

fl,- 21. Bquip;ikilll BIi wilb 1911 bid prica fbr CDIEDFletr ilnemy macbiae (candaaed) 
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VIDEODISC TECHNOLOGY AS AN IMPROVED 
INVENTORY TECHNIQUE 

William Baker' 
adef, Traffic Performance Branch 

Office of 1iaffic Opentiom 
Federal Hipway Admini111'11ion 

400 Seventh Street, S.W. 
Washington, DC 20590 

The need for beaer informati<Ja manapment is increuinJ rapidly in many areas and 
highway eogineerina ii no exception. All highway agencies, State and local, conduct 
inventories and must same and manaae highway-related infonnation. Roadway features, 
ll'lffic control devices and pavement condition are some examples of the types of data that are 
expected to be routinely coUccted, manapd, and analyad by highway agencies. Recent 
advances in luer and videodilC technoloaY offer a promising concept for improving the 
c:oUcctioo ol tbe1e data and maximizing its usage. 

During die put 1eveml decides, Stale highway agencies have traditionally obtained 
pbotoJop of their bipway network. Basically, these combine pictorial, geoaraphical, 
pomeaic, and other digital data designed to assist personnel in identifying, analyzing or 
otherwise using the information in a home-based situation without traveling many miles to the 
field. Tbc1e systems have been generally based on phou>grapbic film techniques and are used 
for inventory purposes, accident analyses, maintenanec, design, and a variety of fact gathering 
information and decision makin1 proccs1es. Automated systems ro identify and collect 
pavement distress data have been recendy developed or are being studied. Again, most of 
this CUlffllt leClmology involves pbolopaphic recording and digital quantification of the 
severity of the distre11 in pavement. These cunent systans require expensive equipment and 
large amounts of srorqe and produce a film m:onl that must be ~viewed scqucntwly. The 
pboloplpbic ncordl are expensive to process and still difficult to equate to corresponding 
digital dala altbollgh in recent yean microcomputer technology has greatly enhanced 
combining pbotopapbic records with microcompulCJ' data base information. 

Video ii euy to JeCOld, relatively inexpensive to process or duplicate, and easy to 
handle. T'bele cbanctaildcs, in conjunction with recent advances in obtaining higher 
retOlution imqes from video, have made video technology more atttactive to the highway 
indusay. There ba-vc aho been ldvlDCClllCDIS in the use of laser 11:ehnology. Laser 
tDChnoloaY ia now med in highway-related mas such as surveying and rut measurement. 
The moll ldffDced pneral public me of the luer bas been in the reading of video imagery 
from eacodDd videodilCI for home movies. A prime benefit of laser videodisc leClmolol)' ii 
1h11 ncmda CID be acce1aed rudomly to display high iaolu1ion stills or continuous pictures 
on a monitor. Additionally, 11'np rcquimnenu for tbclC records are gready reduced. 

1 Additional author includes Vincent Nowakowski. 
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Combinina video imqery and luer disk ltOl'lp with microcamputer technology allows 
one to combine lbc pJctorial and diptll d;1ta for a variety of specific applications for use by 
bipway profeuioaal1. Tbe Federal Highway Administration (FHW A) has recognized the 
paeendal of combining mete IDClmologia and ii putting toptber a demonstration project 
citied "OISNideo Imagery Applicatiom." Two pilot inacntlliom arc planned for the summer 
of 1990 and about 40 more pJaentlliom anddpatcd over the two year life of the project. 
The Video lmapry ICIIKJIII of tbil project will focus on two ~. Fust, it will provide 
bandl-on dcmomttations of two types of video luer disc systems. PrelCndy, both systems 
1110 video luer diac1 produced fJOm 35-mm phorolog film. However. each uses a different 
process to produce the discs and each can play laser discs produced diJectly from video 
cameru. Second, it will provide a bands-on dcm011111'1tion of a van equipped with an 
elecamically lhutleled video camera that can rec:ord imap1 directly onto videodiscs. This 
will clemonsum thl1 it is possible to recom, ame. and retrieve picma]/digital data usin1 
off-the-sbelf-equipmenL 

Al indicatal by the dde of the demonsnlion project. Oeopapbic lnfmmation System 
(OIS) teclmololica will also be demonlUatecL Basically. a 01S is a computeru.ed data bue 
llllllqCIDCIII system for the capture. 1tonp, reaieval, analysis. and display of spatial 
(Jncarionally defined) data. At leut dne different 01S softwme packages will be 
dcmonsa'.aled and each of the videodilC lyslrml will be tied into a OIS. While this 
demonstralion project biplip~ OIS and videodilC 1eclmoloay, dlil paper diSCUllel the two 
video dilC syllmll that will be dcmonsualed by fHW A. 

CONNECTictrr LASER VIDEODISC SYSTEM 

Tbe finl system is the Connecdcut Depuanent of Tnnsporwion 's (ConnOOTs) 
Pbololo& Luer Videodisc Syllem. ConnD0T bu de'Vdoped an optical video laser disc 
ayweem to lliCn and lelrie\'e a pbotopaphic in'fflltory of the Sta1e'1 highway system. 
lnfonnadon accumulaled flan an annual ~ 11J1WY is procesled and stored on 12-in 
luer 'Videodilcs The phaeolog auney inwntmy is coUec1ed by two vans manufactured by 
die TecbMSt Corporalim of Vancouwr, Brimb O>lumbia. c.onnDOT'1 3.800 mile State 
bipway · 1ya1em is pbotoloued in both directions at 0.01 mile inlCIVals. The -,qucndal 
pholopapba contain imaps m the pavement surface and the roadside environmenL On-boud 
equipuw .-.a iaformaaion on the bipway locllion, date, and lime the data are collecled. 
OIiier OIHOlnl UIIIIUIDfflt8don simultaneously collects typical leCOlld pncration 
,..,.._,. dala such u bcrim1 and l'a1ical Clll'Vltln. croa llope. grade, side friction. 
llldma.,,._ 

The collected mney dlla ii l1lnd an llpC Clftridacs in Ibo pbololog ~le, daeo 
llml&rn,d ID perml COUljNIIE 11. 'l'hele dlla me .,.,.._ iDlo unique files depeuidin1 oo 
-, diaecdCJll wl year colleclDd, cbeclral Car man. and reformaaed. The ediled elm are 
.... uploaded ID die Cc,on[)(Yr maiafnme crmputer. 

Productiaa of die lwr videodilCI pmceeda lilnultancoualy with the pbocolos opcnlion. 
The ..,. capacity of the double-sided .. dilCI ii 108.000 imqea c54.ooo unaaes per 
side). The 12-in ...... dilCI. which lelelllble phonograph iecorda with I reflective 
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aluminum aurface, are wrile-oDce-leld many times (WORM) san&e media dlal CID be 
economically copied. In simple lrmll. pbolc>kJI UJ111N are dipmed and JeCCllded onto the 
ndleaiw surface by a bip-encqy luer beam. A low-eneqy Iller beam relricws the atored 
dlra. aadin1 om tide rA 1be dilc at a lime. 

Tbe ConnDOT delamined lbat appoximalely 53.000 frames on each side of the dilc 
would be coded wilb die pbodos imqea. One-bllf of meae frames contain die oriJinal 
imapa obcained in the inventory. During procealing a 6: 1 enlargement of a partion of the 
pa-vement surface ii ~ 'lbil roomed imap is tund on the ,emaioin1 16.500 fnmel 
on the ume side of the disc. Tbe resuhinl dilc conllin1 26.500 nonnal imap of the 
pa'Vffllmt and ript--of-way, and 26.500 CC111eapnndin1 momed paftllleftt surface images. The 
final product is an inventory of 265 mi of the Stare's hipways per disc side. 

As l1llud earlier, the dilcs ue produced from 35-mm pbocolol film. The film is 
dewq,ed. edital. and spliced onto reels comainin1 about 26,500 fnma ( 1656 ft) of film. 
This film is sent to a videodilc pmnutering facility and tranlfened to one-in Type C 
videotape. After adjusting the color balance, brightness, and contrut. lbc normal and 
enlupd portions of die film iJDaac are rccmdrd 0011> videotape. 1bete rape, ue then 
lbipprd to the 3M Coq,ondon in St Paul. Minnaola, wb= each is muund onto one lido 
of a double-sided luer Yidc,odilC- The eocaJ plOduction COIi of each double-sided dilc is 
about $5,000 per dilC per side. Bc:momiel resllla, bowewr, during disc replicaaon. Tbe 
nplbtion COit ii oaly abour $30 per side per due. 

C'.onnDOT's Pbofo1og Luer Videodisc Viewin1 Stations consist of the following 
budwlrc: 

• mM PC/AT with 640K RAM memory, two 3<IOIC floppy disk driws, a 20 
mepbyle bard dist driw, moni10r, and printer. 

• New Media Graphics Oraphowr 9500. 

• Hit1ebi VIP-9550 Luer Videodisc Player. 

• Studio quality video moni10r. 

• Onpbics tablet with puck (IIIOUle). 

• Color video printer er black and white video pinter (opcioaal). 

Tbe viewiD& syacm ii COllll'OIJed widl ID IBM 'PC/AT penoaal computa' duoup a 
apocial1y ~ IOftwlle plCDF called "SapaHIW AY." The plil3fll'l COllll'Ols tbe 
opention « the miao u well u die papbics pnellUJr and die ¥ideocliM: p)aya-. Durina 
opeaatk.l tbe ucr cu l'Cllieve any pbololoc hnql,. normal or enJarpd. and 'View it on the 
video moailOr M1hin 3 .-aids. WMllllly, lhe PC moaiw can display information from 
any dlla file tbal ii apllially idmw.ed ID die imqe on die video monitor. Olba' features al 
111e Yiewin1 lflMID illclude: *winl die oppOlilD dnelione varyma me speed 1or -viewinl lbe 
ic,.,.; 111d ovedayiaa ■ pid for lonpnctiaal and Jrml meumemam. 
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Some typical uses of the system include: 

• Roule/milea,e location determination. 

• Pavement condition rating, roughness evaluation, and paving quantity estimale. 

• Inventory data base with geometric data and roadway feanues. 

• Reference of existin1 bipway. roadside feuures, and land UIC. 

• Preliminary engineerini localion and sue review. 

• Pavement marking inventory and design. 

• Review accident locations. 

ROADVJEWm 

The leCODd 1y11em to be demonstrated by FHW A is the ROAD VIEW m manufacnRd 
by Mandli Communications of Middleton, Wisconsin. The ROADVIBW m con■ists of a 
Panasonic TQ-3032 player which is interfaced with an Apple MacIntosh D-X computer. The 
system is a self-contained highway photolog viewing station based on analog optical disc 
1eehnology u the visual storage medium. 

The ROADVIEW m is intended for high density storage and retrieval of film and 
video based photographic recmds at speeds less than half a second. It uses a map based 
in1erface to lid in the search of data and images for highway pbotolop, aerial photograph 
files, mad plans. and other imaae data bues. 

There are two basic differences between the laser discs used in ROADVIEW m and 
ConnDOT. Fmt, ROADVIEW m•s 12-in discs arc encased in plastic CUICttel and use 
36.000 frames per side per disc when recording in a hip resolution mode. The other 
diffelfflce ii productioo costs. Each blank double side dilc used in the ROADVIEW m 
system costs about $330. Data is rccomed onto each blank disc in a m:mling studio in real 
time. Thus each disc costs $330 plus studio n:cmting time. 

If one usumes a COit of $1,000 per 1e11ion for• rccording studio and dw rwo double
ddcd dues can be produced in a session, this wades out to about $830 per double-sided disc. 
Bwry dilc produced using Ibis procedure will cost the same IIDOUDL Natmally. the COit can 
., up ar down depending on actual studio costa and the actual number m dilca produced each 
ICuian 

Afw:r imqel ba'VC been recorded. the next step ii IO index the images hem die dilc ii 
placed ildo the wort slllion libnry. The ROADVIEW m IOftwarc package allowl die UICI' 

., ICll,a die facility, dimct. route, and counl)', The openlOI' lhen is inslrucled to inJa1 the 
appopriae diJc into die videodisc llot. Once 1be CJ11eDtar bu done dm, a menu bar appears 
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• die eap of die ICftlell. The IDmll lllr IDowa Ibo 111m' ID display a daa acreen and cxmuol 
ICIIIIII; Dlex ad lelldl a dbc; duplay laldway 11pbarmmeric dllll fmm odla' data blw; 
111d Cftlle I_,..., playback flJe ~ ua Nlecld imqoa. ADOCber by featme of lbe 
wen -- ii die ability ID orpaillD ima,e dm ID facllitm lllllysis. The opc::rat0r can view 
die appwiq dileclion by p 1sbiq one buaon. Olber f'oallnl include: 

• Defioin, 1he speecl for viewina die imqel. 

• Ovedayina dlra (or mnovina data) on 1hc screen over the unaacs. 
Tbe flllW A ii Vf/r/ endlusiudc about die furme of luer vidcodi,c lecbnolol)'. It 

l!dicipllN .... and aecepd\'e ludicacc for tbclc 1eCbnolop, and coosiden them I nallnl 
.-,peaion ol c:omemiou1 phou,loa aystrms. 

DISCUSSION AT WESTERN WORKSHOP 

Q: Did they ,o out every 10 many years or every ocher year? 

A: They ., out. I beliew, at least once a year and resbocx. A number of S1a1e1 do that 
wirh phololoaing uyway. I believe W'IICOlllin is one of those. But. it's cheaper now 
ID produce dm medium. You're not pmccuing or bandJing film, or any omer procea 
IIIOCialed wilb dW. 

Q: How much does it COit to COll\'at the disc? 

A: Well, thin are two different formm for dilcl. A lot of it ia a function of bow many 
dilCI you baft. In Connecticua, die fint ditc com $5.000. Each dilc afa mat is $60. 
In WilCCOUD, 1be fint dilc is Sl,00 and to ii each due lbcreafter. I can't explain that 
ID yoo any more dlan I just did becaute we're ICill pining die cosrs toptber. There a 
two difl'aall formats and what's going to come out of all of ddJ wort in Iowa. 
Wik-own, 111d MiJUICIOII ia nailina these kinds of com down. 

Q: Yoa ltlR ii dincdy on die dilc in 1be YID? 

A: Ript in die ¥111. You WIik away wirh dm disc, and it's all Rady IO I(). 
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INTRODUCTION 

SIGN MANAGEMENT SYSTEM 

Jeffrey F. Paniati 
ffiabway Racan:b Enpneer 

Federal Highway Administration 
6300 Georgetown Pike, T-210 

McLean. VA 22101-2296 

Today's )qbway system is a dynamic one which continues to grow and change. As 
the complexity of the system increases, the motorist's rclkncc on traf& signs for infonnation 
also increues. Nighttime conditions add to the problem by reducing the driver's visibility 
and eliminatin1 many of the other cues that the motorist uses for guidance. This problem is 
refJecm in bigbway fatality swistics which show that the mileage fatality rare (fatalities per 
vehicle-mile) is three times higher at night than during the day. While it is known that there 
ac a number of facton which contribute to this (for example, alcohol IUld fatigue), it is also 
known that driven rely on siplS for the necessary warning, regulation, and auidancc to move 
smoothly ,ad safely lOWll'd their destinations. 

If traffic sips ac to wmk as intended, then they must be installed properly, inspected 
rcplarly, and replaced when the rctrorctlectivity of the sign is no longer adequate. The 
Federal Highway Administmlon (FHW A) has undcnakcn a major rcseareh program to 
address the problem of sign retnntlectivity. The goal of this program is to establish 
minimum in-aerw:e rcttolefleclivity levels for traffic signs and markings and to develop the 
management prop'UDS and measurement tools necessary to effectively implement these 
requirmnents. An memew of the entire reaucflectivity rcscareh program is presented in a 
paper 1itled, "The Fcdcnl Highway Administration Retroreflectiviry Rcscan:h Program," 
which is included elsewbae in lhcsc Proceedings. 

~ paper delcribcs oac pan of this research program, the Sign Management System 
(SMS). In its most buic fmn, this system allows a sign inventory to be crcared and the age 
and canditioo m signs to be Ulcked. Howewr. the SMS goes beyand a simple inventory; it 
will me computer models to pedict when a sip is likely to nc,ed replacemenL This will 
auw highway ldmiDil1nron in localing deficient signs. using limited maintenance funds 
men dficiendy, and projecting budget needs. 

This paper prelBlltl 111 overview of the SMS along with a discussion of the current and 
pllllDCd capabilities ~ die ays1an. 

SYSTEM UQIJlllEMENTS 

Tbc SMS is desipc,d '° nm on IBM-campadble microcompuams with 512K RAM and 
eilbcr two 360K floppy dilk drifts or a bald dilk. The soflware wu developed using dBASE 



m PLUS and then compiled. 1bis allows the sysem to run on a microcomputer equipped 
widl MS-DOS (Vcnion 2.0 or laler). dBASE m PLUS ii Nor required 10 run this propam. 

SYSTEM OPERATION 

Tbe SMS operates from a series of menus and input screens. The menus allow the user 
to move tbmup the syn:m, while the input scrccns allow data ao be entered and die 
inventory ~ A Help Key is provided IO usist the user in the data input process. 

SYSTEM DUIGN 

The SMS is comprised of fom modules, each of which can be accesaed through the 
main menu. 

This is the main module in the system. It allows the user to creare a 'ICW sign 
inventory data base, add new signs (records) ao an existing data base. modify fields within 
existing records, and delete unwanted records. For each ~ entered, two screens BR 

creaaed. The input tcreen (figure 29) contains information on the location of the sign, its 
characteristic data. and predictive information. The history screen (figure 30) is automatically 
created when a new record is entered and is updated each time the sign is inspected. This 
screen provides an inspection history fm the sign. This information can be used to track sign 
deterioration and cslimate sign life. A prassigned function key allows the Ulel' to switch 
between the two screens. 

Other features of the Sign Inventory Module include: 

Default - Allows default values IO be set for any fie]d(s). This is designed u a 
timcsavcr by allowin1 redundant information to be entered once and reused on subsequent 
records. 

Locate - Allows records to be viewed. modified, or deleted. The ieconl ID number 
can be used to locate III individual recud. In addition, any combination of route name, 
swion number, and inllCl'ICCtion name can be med to 1elect a let of iecordl. 

Archive - Allows iaactivc records (for signs which have been removed from service) to 
be stond in a aepuue udlivc file. The infomwion in archive files can be accessed. but it 
cannot be chanpd. 

Sip Dkdtl,,.,,, 

The sip dictionary contains standard sign cbaracterisdcs such u color. shape. and size 
far each sign in the ManlllJI on UIN/orm Trq,/fic Control Device, (MUTCD). When the SMS 
is fully operational. the dictionuy will be uacd u a standard reference by the models to 
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reduce die daaa enuy requirements and ,ajnimizz, the possibility of error. The diaionary can 
cunendy be med u a refeance IOUl'Ce for mfornwion commonly found in the MUTCD. 
SiPI cu be located usin& the MUTCD code or the sign legend. 

Thia module allows the user to enter estimated sign replacement costs ($/square foot of 
ma1Crial). This cost ia then med in the Reports module to gcncratc estimated sign 
replacement COits for any poop of user-aelected lips. In the future, this module will also 
contain the panmcten for the available reuorctlcctivity, required reuorcflcctivity, recognition 
distance, and replacement dale models. 

Thia module allows the user to gencrale bani-copy iepcrts from an SMS invcntary data 
bue. Tbele reports can be med to output information from active or archive files. 'The 
reports are hued on four U1Cr-sclccled criteria (location, sign type, installation data, and 
relnJlalecdvity level) which can be used in any combination. 'The replacement cost for each 
lip mectin1 the criteria is provided. along with a total cost for the cntile set aelccted. 

CURRENT STATUS AND FUTURE RESEARCH 

In ill piaent form, the SMS can be used to creale a sign inventory and implement a 
systematic review process based on the age of the sign and a subjective assessment of its 
condition. Qnaoing re11CUCb studies on the "Minimum Visibility Requirements for Traffic 
Conaol Devices" and the "Service life of Rettorefleclive Traffic Signs" will provide the 
informalion nec:euary to develop and implement the predjctive models. It is anticipaled that 
the complete SMS l)'l1ml will be available in the spring of 1991. The prac1ical application 
of lbc SMS will be lhMlicd in a planned FY 1991 study. This effort will involve the 
implemenwion and evaluation of the SMS in a small-to-medium sized jurisdiction. It will 
document the costs of implementing the SMS and any modifications or enhancements which 
a required. 

DISCUSSION AT EASTERN WORKSHOP 

Q: When will diis project come to Dallas? 

A: At diis point, people come up and say. "Put us on the list." and that's just how we're 
doin& iL 

Q: You don't jun produce one set of disks, you produce a lot of disks when you get them. 

A: The COltl dW we aet arc two different ways with cost per disk information on iL It 
naturally ii a function ex how many you buy but in Wisconsin, it is costing $600 per 
disc with infCJl'lllllion on it. that is boda sides with approxima1ely 1,000 mi of 
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......... ml dl8 dilk. Baell copy ia $600. And tbll'I, wilb die Panuonic fmnat. In 
CaanecSicul it'• $10,000 mr die ....- disk 11111 S60 per dilk atw tbal. We're iD ID 
eady .... iD all ol dda. We'm puaiDa Ill the COIII IOfD:!!ftr. 1'be only inbmadan 
we'a paiaa fmm WilCGlllin, MtllMl<U. and Cmnecdcut ia lb.lt it ii cheaper cban 
pbololoain1 It loob lib it'• well wardl doiq. Fun 1bc reacdoal we're putna, it 
appom ewrJ State wkh OIP' manna pbaloloa u .,.. '° aet dlia u fui u _, caa. 

DISCUSSION AT ~ WORKSHOP 

Q: How ~ yau call up • lip? 

A: To call up a lip. you have a variety of different ways you can do it You can me a 
nan•• unique ID number if you know iL I pea I abould mention dial in infflltory, we 
haw ICJft oldie ume cr.eeaoaia M deteribed earlier. You can add a tip. Y011 can 
de1ele a lip. Yoa can Joelle a lip or modify one. To 1oca ir. you can uae. u I 
mendoned, die JD number- "If you mow lbe locaaon, you can eneer lbe raute 111d 1bc 
mUepoa. "If it'• .-ed by inrenecdon -1 ditaance, you can ems lhat. You can lllo 
enter a nqe. If you're IIOt ame, you can enter the imertectiaa mm tbia inWICCDOll ID 
lbat inMneCtim or from ti. milepolt 10 lhat milepoll and flip lbroup the ligm until 
you find die one yoa'ie looking for. So. there are a variety« ways depcnding upon 
bow much lmowlcdp you have lbom dl8 iDdMdual lip. 

Q: Did you tee ii up IO lbat YCJll Clll do 1DISI updala? 

A: We baffll'I n➔nly becaUle die lbcapt ii dial you would 11> down 111d want to ftCOld 
10188 iDfonDadall about die indiYidml oa& I daa't aee my muoa why we couldn't do 
11111 beclw 111at'1 baically wbat we do when we're .-ina new dala. We have lbat 
1DIII ClplbQky wlwn we lane certllin laformllian 1bll1

1 --•dcally put mu, lhe 
a.a eacb lime and we haws the flaibiHty at chanpn1 tut if we wana 10. But you 
don't haw .,_ IO I'm 11ft we could do die IIIDO ddaa whb .... mode u well 
11llll lllipl be DNd,in1 we need ., loot iDID. That'• die ldad al die daing m wbicb 
we'te Jaoldna for feedblck----inpllt about dlinp 1bat you nerd ID do; dlinp that would 
make .,,,,. life euler. And dlat'1 wbac we want die s,-m to do. 
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FUTURE FHWA :USEARCR, DEVELOPMENT, 
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Federal Hipway Adminimalion 
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McLean. Vqinia 22101-2296 

The Federal Highway Administration (FHW A) has developed a comprehensive research 
propun to study the issue of minimum in-semce iettoRflectivc rcquimncms and to develop 
the manqement propams and measurement devices DOCCSSIIY to implement tbeae 
requitemeaca. Status reports for all of the majar mearch studiea appear cuticr in the 
)Jl'OCfJedinp. The completion daces for thclc sades vary, but the majority will be completed 
bet-ween July 1990 and July 1991. 

At this time, FHW A plans to develop and refine the rcsuks of the rell"CftfJectivity 
retearCh prosram. While FHW A baa not completed allocating funding for individual studies, 
future rcacarcb will most likely fall into the following four arcu: refinin1 telelJ'Cb results, 
lelCinl and evaluatin& management and measurement tools, demonstrating results and training 
uaen, and preparing tccbnical handbooks and guides. 

REFINE RDEARCH RUULTS 

Upon completion of the research on minimum rearcnftectiviay requirements. FHW A 
cxpecu that sood information will be available for DIOlt typical driving situations. However, 
additional refinements will be required 10 fully examine dle ranae of. facfOn tbat impact these 
requirements. 1bete facton include the effect of rain, snow, dew, and ocher wcatbcr 
CCJlldidom, die ndeoff betwn increasml sip a and lip rebOleftectivity, dle impact of 
dwnsina beldJamp delipa, the effect of compJex visual blcqrounda. u wd1 u otbcn. 
Pilot nudiea in dlele areas haw bepn, and FHWA anlicipalDI mat additional reaearch e.ffrm 
in dime IIUS will 11b place in the fulme. 

TEST AND EVALUATE MANAGEMENT AND MIA.SUUMENT TOOLS 

M Jm1 of. the lelrOlefloctivity meadl propam, FHWA is~ lhc Sign 
,.....,,,,,, Syam (SMS) and the meuurement dm:a for qn and pawment marting 
IIIUOleflectivity. Additional wodt will be ~ ID field teat 1bele poplllll and 
iDatllllllCllll 10 1bat alley Clll be fully ~ ialo eff'ecciw enpncerina IOOII. WOik in tbil 
DI will include implemell1iJII die SMS in a mull municipllity to OVl1ualD ill udlity, u well 
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PARTICIPANT FEEDBACK 

Following the final piesentation session, participants were liven the opportunity to ask 
any linFrinl qucllioos or mm any final comments concerning me workshop. The 
pardcipant feedblc.k period IOOk place at boch workshops following lhc last presentation in the 
Look ID the Fwuro 11e11ion. A summary of the comments is set out below. 

EASTERN WORKSHOP 

Acdo111 for 1..,,,.-. Slpl,a1 tllM p,,.,.,_,.,, 
To maintain goals and objectives consistently, one participant suggested that me Federal 

Highway Administration (FHW A) write down national positions and distribute them to each 
division office. Another participant DOied that funds for signing will not be available from 
State budpts unless they are initially designated as such at the Federal level. Another 
participant cmunented that, because of the heavy snowfalls in the Northern States, agencies 
in the Nonb canno1 replace markings within 14 days year round. He also suggested that the 
FHWA do 1eltina of pavement marldnp in northern States such as Michigan« New York. 

ll•NIII, Co11e•nu 

One panicipaol expressed concern about establishing a minimum range of numbcn for 
relnRflccuvity, beca111e they may offer "lawyers IOfflCthing to run with." In respome to this 
ar.x.em, Philip Ruuell commented that FHWA cannot "make evay agency liable f« every 
sign." ADOlber pudcipant, also commenting on the question of legal liability, suggested that 
FHW A talk with attorneys to find out wbelher rctroreflcctivity standards would, in fact. invite 
lcpl difficulties and bow. AnoCher participant suggested that standards may actually decrease 
liability problems because they will establish a definite level for the highway community to 
adhere to. Without IWldalds, any 1000 lawyers can find a different expen to refute the 
scandard let by an apncy' s expert. 

Because indus1ry sees bripeer u beaer, one participant sugesm dw established 
ltalldlrdl will a\'Oid funher eumion of this trend and the economic burden that KCOlllpanies 
iL Philip Ruaell dlCll commented dW the numbers determined IO far are lower than be 
eqected. He lqlea lbal ncb a l1IDdard will cum industry away from creatina: bripD' and 
bripaer IDllaia1I and toward developins IIKft durable matmals with more anpluity. 
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WESTERN WORKSHOP 

A participant from the Denver office noted a topic rartly addressed during the 
dbcuuions: oblervltion an&Ies of sign sheeting and the decreased luminance as viewed from 
trucks u compmd to cm. Richard Schwab addressed the concern by saying that FHW A is 
loolcin1 at this problem, which applies to IOllle other drivers u well u uuck driven. Another 
element dw mllll be factored in with observation angles is required characteristics of braking 
systen.s. Wort is also bein1 done to look at vision standan1s for truck drivers. 

A participant remubd that fHW A had given no guidance on vision requirements 
regarding problems with older drivers. Guenther Lerch responded that FHW A has created a 
new program emphasis area that addresses older drivers. One participant suggested that 
problems of older drivers are not vision problems, but are political problems and noted the 
need to consider the entire human not just their vision. 

One participant, who cxpressco concern that new car headlight designs cut off the top 
and bottom of the lipt beam, thus eliminating a driver's ability to sec signs or pavement 
marldnp at night, asked whether there was any Federal movement to create headlight 
requirements. Guenther Len:h responded that the National Highway Traffic Safety 
Administration, which has the authority for rulemaking of vehicle designs, is concerned about 
the new ¥1dl•mps. Ano1ber participant commented that the new headlights are designed to 
look p,od and to sell can, not to help consumer safety-a problem that stems from not 
enough rulemakin1 in the past. 

Concerning the retroreflectivity values, one panicipant asked under what conditions 
would the standards be applied and pointed out that if the standards will apply under wet 
conditions more re1eareh specific to these conditions m1111 take place. He finished by asking 
wbclher there wu uy currmt or planned re1eareh in this area. In response, Richard Schwab 
described one study under way that simulates wet weather conditions. The study is the first 
step in die Iona J110CC11 of developin& standards for adverse conditions. Initially, however, 
the llaDdlrdl will be created for dry, ideal conditions. 
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