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National Perspective on 
Pavement Management .‘). 

T 
he nation’s hlghway network 
represents a multtbtlhon dollar 
tnvcstment chat allows for the 
essential movement of people 

and goods. 
Sound decisions on preventive mamre- 

nance, rehabtittaoon. and reconsuuctlon 
of highway pavements are cructal to pro- 
tectmg that tnvestment. For this reason. 

, . Pavement Management Systems (PM) 
have become increastngly important and 
are now federally mandated on ail Fed- 
eral-ald highways. PM5 pronde valuable 
asststance to dectston makers in deter- 
mmmg cost-effective strategtes for pro- 
vtdtng and mamtatnmg pavements in ser- 
viceable condttton. 

History of PMS 

Unlike other management systems that 
have begun In, recent years. PMS were 
started two decades ago. Although they 
have made steady progress since tht 
time. they are still new compared wtth 
other msntuttonal functions such as plan- 
nmg. destgn. constructton. mamtenance. 
and research. 

By the mtd-1980s -were proving 
themselves and the benefits were being 
documented. By the end of the 1980s 
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more than half the states were deveiopmg 
or lmplementmg PW. In 1989 the Fed- 
eral Highway Admlmstranon (FHWh) 
Issued a pohcy requtnng all states 10 have 
a PVS that would cover pnnctpal artenals 
under the states’ Junsdictton It was there- 
fore apparent to FHWA that a PMS was 
needed by all LO ensure the cost-effecttve 
expenditure of FederaLaId funds. 

The scope of federal and state involve- 
ment in PMS expanded when Congress 
passed the Intermodal Surface Trans- 
portation Efficiency Act of 199L ([STEM 
and required all states to have a PMS that 
covers all Federal-ald highwlys. The most 
sigmficant aspect of this law was the 
expanded network coverage. FHWA‘s 
1989 policy covered 313.700 centerhne 
miles and 1STEA approximately tripled 
that coverage. increasing IL to 916,200 
centerline m&s. This expanded coverage 
translaks mto a need for agnificant coor- 
dinatton among state and local govem- 
merits. For example, of the total of 
916.200 miles covered, 365.200 are under 
local jurisdiction. 

In December 1993. FIWA issued a reg- 
ulation covering all managemtnL systems. 
Section 500. Subpart 9. of the regulation 
describes the EYEA tequirements for PMS. 
The following items are noteworthy 

. 1. The regulation is nonprescriptive: 
2. Federal-aid funds are eligible for the 

development. Implementation, and an- 
nual operatton of a PMS; 

3. SULCS must develop their work plan 
by October 1994, deslgncd to meet the 

Implementation requtrements; 
+ Standards are Included for rhe 

Sattonal HIghway System (NHS); 
5. The P.MS for rhe NHS must be fully 

operatlonal by October 1995; 
6. The states have full flextbtlity to 

develop the standards for the PMS rhat 
cover the non-NHS routes; 

7. The PMS for non-NHS routes must 
be fully operational by October 1997. and 

8. PMS mformatton must be used as 
Input into the development of the merro- 
polltan and statewlde transporrarlon 
plans and Improvement programs. 

Sectton 500.207. PVS Components. 
coniams the components of a PUS for 
hlghways on NHS, There are three prt- 
mary components: data collecnon, analy- 
ses. and update. The components under 
data collectton m&de 

1. Invcnrory. physlcat pavement fea- 
tures mcludtnq the number of lanes. 
length. width. surface type. functlonal 
classlficauon. and shoulder mformanon; 

. 2. History: prolect dates and types of 
construction. reconstNcnon. rehabdlta- 
tion. and preventive maintenance; 

3. Condition survey: roughness or nde. 
pavement distress. rutting, and surface 
friction; 

4. Traffic: voiume. vehicle type. and 
load data; and 

S. Data btasc: compllatlon of all data 
files used m the PMS. 

The components under anal~ mclude 
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Advantages of PM . 

.i PM mvolves a systemanc approach that 
suppltes quannfiable engmeenng mforma- 
rton to help hIghway engmeers and admm- 
tstrators ‘manage htghway pavements. The 
total dectston-making process 1s based on 
tnformatron from PMS coupled wth en@- 
neenng experience. budget constramts. 
isheduling parameters. management pre- 
rogattves. public input. polincal constder- 
jtlons. and planntng and programmmg 
factors. 

The purpo>e oi J PW IS [I) enhance 
the UJV in J<enc\ manages Jnd znymeers 
thr prrsenJtwn dl )I> ?JIemrnt net\\ork. 
i P\lS brines to rhe ruble .condltlon 
JJtd. rhe past. present. Jnd predIcted 
lurure iondlrlon of the pavement net- 
~~,,rk. C<?uplrd II Irh Invenrorv. project 
nistom. .ind ~321 JJt3. .i PU5 cm perform 
J myriad of en<tneenng. management. 
and Investment Jnslxses. 

.A PM helps pro\--lde the engmeenng 
]ustt!icauon for a multtyear network-level 
pavemen: presenauon program. It can be 
used to rcasure the cost-effecuveness of the 
preservation program and m domg 50 It can 
determme the value Added to the assets. 
N hen 111 the mforrnatton m J PMS IS ana- 
Iy:ed ~mcludmg key Items such as the 
remamtng sentce life). an agency can derer- 
mme if it 15 meenng tLs own goals.. Some 
basic quesuons a P.MS should ansu-er are 

l Is the network III acceptable condi- 
tlon according to the agency’s policy? 

l Is the trend in condition sraytng the 
same. tmprovmg. or dtchnmg? 

l Is rhcre a backlog. and if so. how 
large ts tt? 

A PMS should explore and SCILC 
opportunities to extend the service life of 
pavements-a major tnvestment in the 

* 

ISTE.4 requlres that states have pavement management systems covering 111 Fedenl-aid 
hIghways, many of which are under local jurisdiction. 
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future of the natton 5 tnlrastruc:ure Tills 
JOJ! Can be xcompllshed bv using :he 
:nformatton In J PM5 d.tta base I e per- 
formance dote) to evliuare how ~xell 
pavements xe destqned. constructed. Jnd 
mJlntJ)ned The quallw &)f eng[neerTnu, 
2nd the materl.lls used Jre of the utmost 
Importaxe hecJu>e these factors deter- 
mine the rate II u hlch pat cments detert- 
orace. In general terms. J PW should 
help Jccompitsh \rork more effwentl\ 
xtd provtde a wa\ to measure how well tt 
IS carrted uut 

PUS Perspective 

The followmg IS an Item-by-item perspec- 
tive on current practtces. future trends. 
and common hurdles in PMS. 

Inventory 
Mosr. tf nor all. states have an inventory of 
the phystcal features thar are on the sur- 
face of the pavement (i.e.. number of lanes. 
length, wdth. surface type. Funcuonal cl: 
stficanon. and shoulder tnformattor. 
number of states are lacktng tnformatt: 
ori features that lie below the surface 
because of the time and expense Involved 
m coring the pavement. The newest 
proven technolog)- %nr used by the states 
to measure pavem:!:; Iyer thtcknesies IS 

ground-peneuatmg r&r. Uhen caltbtated 
and usmg computer *ndysa. ground-pen- 
etrating radar can mesure pavement layer 
thickness wtthm plus or mmus 5 percent 
for materials th3t have different dtelecrnc 
constants. Swte-of-the-an equtpment oper- 
ates at htghwav speeds that makes It fast. 
safe. and cost-effecnve. 

Project History 
Most states do not have a complete proj- 
ect htstory (I.e.. preventwe mamrenance. 
rchabllnatlon. dnd reconstruc1ton data) 
for the NHS. ,Matmenance tnformanon IS 
the weakest Itnk. Most states have 
recentiy developed. or are m the process 
of developtng, a PM file for preventive 
maintenance acrintles. In USC: loi whtch 
it IS impractical to resurrect t? - 
htstoty because of time. labor 
agencies are now begtnntng t3 
prolect htstory. 

pavement 
and cost. 
track the 1 
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Roughness 
The technology for measuring pavement 
roughness at the network level generaIl> 
bqdn \~~rh response-tape devices. foi- 
liJ\Led bb uirrasonic Jnd visible optlcal 
devices The future [rend 15 reward 
inlrared apr~cal Jnd Ia$rr ptc’hie cir~~crs 

Ruttmg 
LL’hen n!S teas Krsr introduced 15 10 10 
years ago. rutrmg was measured using 
jrralght edges and stnng lines. Dunng the 
past 10 years. most state htghway agencies 
(5H.4) have acquired automated devices 
that measure rutting at htghwai speeds. 
These are typtcally uitrasotuc de$xxs mth 
either three or five sensors. There are two 
other devlccs: one has 19 ultrasomc sen- 
sors and another has 11 lasers. 

Cracking 

, 

In general. cracktng is the distress that 
-drives- most PMS. For many years, 
cracks were measured using tramed &t- 
vey crews who walked or drove on the 
pavement. There arc tw? types of driven 
surveys: slow and highway speeds (typi- 
tally 30 to 50 mph). Currently, various 
SHAs use 35mm film and super VHS 
video to photograph the surface of the 
pavement. The film and videos are then 
viewed on a monitor at an office work- 
statton by a trained observer who per- 
forms the distress survey. 

Vtewmg a film or video at an office 
workstation ts safer and more convenient 
than conducting a walking field survey. 
However. pavement management cngi- 
necrs using walking surveys are able to 
detect more low-seventy distresses than 
they can by watchtng a film or video sur- 
vey because of its limited resolution. 

A number of PMS engtncers bciicvc the 
opttmum system is a fully automated 
approach that uses the science of pattern 
recogmuon. This type o&yaust~ videoupa 
the pavement surfia. * the irmga 
using gny scales and pattern recognition. 
and counts the cnckr using computer soft- 
ware and algorithms. The obvious adnn- 
tagcs of thistype of system are htgh-speai 
data processing. safety. labor savings, and 
consistent data. Fully automatai sy~vrr~ 
havenowbeendewl0pd.~udingO~by 
the Texas Department of Tnnsportaaoa. 

Pavement management systems provide valuable help in determining costtffccrivc 
strategies for providing and maintaining pavements in serviceable conditioa. 

~Structunl Carrying Capacity 
Only a handful of states are currently 
measuring the structural carrying capac- 
ity of their pavements at the network 
level using deflection measurements. Net- 
work-level measurements are not 
intended to have the same degree of accu- 
racy as project design measurements. 
States that collect network-level data have 
shown than 1~ b good general indiaton 
of the overall carrying capacity of the nct- 
work. These types of data and analysis 
an flag attention to special situations; for 
example when certatn roads appear to 
have less carrying capacity than needed. 
Stationary deflection-measuring devices 
do not lend themselves to network-level 
PMS because the process is slow and 
costly. In the future. PMS wiil need a 
deflection-measuring devtcc that operates 
at or near highway spcids. The deflccnon 
measurements obtained from a ‘rolling 
deflectometer,’ as it is known, and the 
pavement layer thicknasa obtained from 
the ground-pcnctraang radar. are used to 
compute the structural canying capacity 
of the pavement. 

Perfonnanu 
Most states have the raw data needed to 
monttor and predict pavement perfor- 
mance, which IS typically measured as 
condition or serviceability over a penod 
of time. Currently half the states have 
performance cuTyes. one-quarter are In 
the process of developtng performance. 
and the rcmamdcr are not yet actwe. 
Excellent off-the-shelf software packages 
that PMS engineers can use for regresslon 
analysis are available. In the future. these 
software packages. coupled with today’s 
high-speed and ever-more-powerful PCs. 
will enable PMS engtneers to track and 
predict performance on a ‘route-spectfic” 
buts. This capabtlity has already been 
proven and put into opcmuon in at least 
some SHk 

Traffic and Load Data 
PMS need average da11y traffic flow maps 
and equtvalent stngle-axle load (ESAL) 
flow maps on a route-specific basis. Cur- 
rently all SHAs have traffic flow maps. 
However, few SHAS have or an produce 
ESAL flow maps. Most traffic-coliecuon 
procedures are geared toward collecting 
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rrjfflc volumes. \\ hlch are prlmarllv used 
b\ hlghwav rnglneers Jnd planners for 
i3p3c1[\ 2nai\ils. Lnril PLIS came Along. 
rhrre NJS no need IO collecr lrafflc data 

iar lo.~ci ~JI\SIS on a route-specific basis. 
L nfarrunareit. Lx PllS engmeers. collect- 
tnq load LIJLJ on J route-specific basis IS 

m,rre expenzlve rhJn rhe exL>tmg trafhc- 
Lallectlon process and IC IS not known if 

the Jddlrlonal expense (which has not 
been calculated for each state) is Just& 
able. \lore study IS needed on this topic. 
Jlany PMS engtneers and planners believe 
that better trafhc- and load-prediction 
models are needed. 

Ranking Projects 
The backbone Jnd hezrl of a PMS is 115 
ability to rank in pnonry order pavement 
preservation ptoJects that are jusrlfiable 
and cost-effective. The most Important 
phrase In the new (December 1993) 
FHWA regulation on management sys- 
tems 1s the requirement that PMS for 
NHS produce *a prioritized lls~ of recom- 
mended candidate proJects with rccom- 
mended prcsematlon treatments thaat span 
smgie-vear and multi-year periods using 
life-cycle cost analysts.” Currently most 
state PMS do not produce a multiyear 
ranked hst of pro~ecrs with recommended 
treatments using life-cycle cost analysis. 
but are expected to have this capability in 
the future. 

Remaining Service Life 
Determmmg *rematnmg senrice life” is a 
requirement in the new regulation for 
NHS. Currently only 10 SHAs perform 
this anaiysls. but m the future it is antic- 
spared that most will find this an unen- 
cumbered task. It IS lmporrant to monitor 
the long-range health of a network and 
rhis anaiysls enables managers and pro- 
grammers to mainram a -steady state” in 
their m&year workload and budget - 

Relational Data Bw 
A PMS cannot automatically. system& 
caiiy, consistently. and cffic~ently function 
wlthout a ‘reiatlonal data base” because 
the amount and Lompicxiry of data cannot 
be computed w~uzlly for a ryplcal state 
PMS. Currentlv calf the SHAs have rela- 
tional dara bases, onequarter arc develop 
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mg [hem. xxi Ihe wmatnder xe ncll .\cuve 

at rhe pre>cnr [ime Gl\rn rhe ytlte-of-the- 
& cJpabllLtles In relarlonal Data-base 
mangement jvstems. I( IS Jnrlclpated that 
most SH.45 ~~rlll have relauonal data bases 
m the near furure. 

Uniformity 
Currently there IS little-to-no unlformlty 
among the states m the way the)- mea- 
sure. collect. and report PblS condtrlon 
data. The reason IS that all states devel- 
oped thetr PMS independently This mde- 
pendence. ol course, has many advan- 
tages for deslynzq a PSI’S to meet the 
needs 2nd oblcr::** zs of Jn b. .lgency. But 
SGNCS we at .I Aadvancagt when com- 
municating wit6 crch other about basic 
condwon mformauon such as roughness, 
rutting. and crackmg. They WIII fmd a 
lack of umformity. which means that they 
cannot communicate or help each other 
to enhance this area of PMS. Efforts are 
under way and accomplishments have 
been made by ASTM and the Road Pro- 
filer Users Group (RPUG) that deserve 
commendation. The other management 
systems such as bridge and safety already 
have national standards for data collec- 
tion and reporting. 

PMS will benefit if the 50 states. 
Puerto Rico, and the District of Columbia 
agree to adopt more un*! rm methods to 
collect and repoti con&t*. n sta. Future 
efforts by ASTM; RPUG; -rrateg~ High- 
way Research Program. Long- rcrm Pave- 
ment Performance; FHWA; and the 
American Association of State Highway 
and Transportation Officuls’ Task Force 
on Pavements are aimed in that direction. 

In-House and Outside Resources 
Pavement management is a procedure 
that includes a wide variety of technical 
components. Some of these require a high 
degree of technical skill to develop and 
~mpiemenc. whereas others require a high 
concentration of effort to estabhsh. Each 
agency should carefully and obJecliveiy 
weigh its m-house capabIlities, and if it 
does not have tbe resources, It should 
senousiy consider seeking assisrancc from 
a consultant or a universtty. In the long 
run. it will save a lot of umc and money 
and result in a better final product.. 

Staffing 
The btggest problem the .IJ[C, IJ~C ‘0 

developing. implementing. updlrlng. lnd 
operarmg a PUS IS jtafhng. There IS 1 ,IC- 

nlftcant shortage of people ivho under- 
,la.nd PVS C7nce emplovees xe rralnrd 
Jnd yin \u,ne cxperrence. rhev dre d,Tren 

promoted or transferred to other Jobs Fx 
the pasr hve fears. the Inn& Lurnoter 
rate of state PUS engtneers has bet.. 
approxlmarely 14 percent. TIC . 
incentives for es+ reriremeni; .:.I\ -2 
fueled lhal rate m the past IUO vedr5 ,&en- 
eraiiy, most SH.\s have ~1%. oqe persl’n 
who ovcnees the man+emc:l! and dallv 
operation of rhe compietr P’lS program. 
and when that person ic:Jves. most often 
the PMS shuts down. Thts sttuatlon 
occurs quite frequently and because of rhe 
current budget constramts and staffing 
celirngs m most highway agencies. It LS not 
llkelv 10 Improve. Unfortunately there IS 
no quick fix to this problem. 

Future Implementation of PMS 

In gauging the future success of.11 
mentmg PMS as called for tn ISi’. 
organirallons must first dcclde whether 
they are scnous about PYS. If so. and the 
commmnent IS made to do rhe work. sup- 
ply the resources. and use the svstem. 
then PM5 use IS likely to be successful. 

Students In the.nation’s colleges and 
unlverstnes wtil provide the life blood Cor 
PMS In the future. Currently 24 such 
mstltuuons offer courses on PMS. but 
more are needed. FHWA and SH.-Is 
should support academia m provrdmg 
more education about PMS and other 
management systems. 

The largest mstitutlonai obsracle fac- 
mg PMS today IS acceptance by dll man- 
agers and engineers In all agencies 
(Including federal. state. and local). The 
reasons for this are many. The future 
holds more hard work for those who are 
serious about pavement management. 
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NOTICE 

This paper was prepared in the interest of technology sharing. It 
is not intended to be an all-inclusive discussion of the pavement 
data collection equipme@ available today. 

The paper is distributed under the sponsorship of the Department 
of Transportation. The contents do not necessarily reflect the 
official views or policies of the Federal Highway Administration, 
and the United States. Government assumes no liability for its 
contents or use thereof. This paper does not constitute a 
standard, specification, or regulation. Trade or manufacturers' 
names which appear herein are cited only because they are 
considered essential to the objectives of the paper. The Federal 
Highway Administration does not endorse products or manufacturers. 

Additional copies of this paper are available by contacting: 

Federal Highway Administration 
Pavement Division (HHO-11) 
400 Seventh St. S.W. 
Washington, D.C. 20590 
Attn: Bob McQuiston 
Phone: (202) 366-1337 
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AUTOMATED PAVEMENT DATA COLLECTION EQUIPMENT 

PAVEMENT MANAGEMENT 

Our nation's pavement network, 
is growing older. 

much like the national population, 
Resources to meet the needs of pavement 

preservation continue to fall short of existing needs, and the gap 
can be expected to widen as we approach the twenty-first century. 

In order to address pavement needs, many agencies have turned 
toward a systematic process for Pavement Management. The AASHTO 
Guidelines on Pavement Management define Pavement Management as 
"the effective and efficient directing of the various activities 
involved in providing and sustaining pavements in a condition 
acceptable to the travelling public at the least life cycle cost." 
Simply stated, the purpose of Pavement Management is to get the 
most bang for the buck. 

An effective Pavement Management System encompasses many of the 
disciplines within an agency's organization. These may include 
planning, programming, budgeting, data collection, design, type 
selection, construction, materials, research, maintenance, 
monitoring, and performance evaluation. The Pavement Management 
System draws from these disciplines, providing feedback to assess 
the adequacy of important decisions such as selected 
rehabilitation alternatives. Through the systematic Pavement 
Management System process, the individual disciplines may be 
constantly evaluated, refined, and improved. 

In order to preserve pavements in a cost effective manner, the 
pavement condition for the agency's entire system, or network, 
must be known and periodically monitored. The condition of all 
pavements deteriorates with time and traffic loading (Figure 1). 

I Rehabilitation 
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Figure 1 - Pavement Condition vs. Time and Loading 
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Following initial construction, pavement condition deteriorates 
slowly at first, then more rapidly as load applications are added. 
At some time after initial construction, the condition 
deteriorates to a minimum acceptable level at which time the 
pavement is rehabilitated. The condition is improved to a point 
above its minimum acceptable level, depending on the type and 
extent of the rehabilitation performed. This process continues 
indefinitely for every pavement section on the network at varying 
rates depending on variables such as design, construction, soils, 
materials, drainage, environment, loading, etc. 

The minimum acceptable level varies depending on the 
classification of the pavement. For example, the minimum 
acceptable level for a heavily travelled Interstate facility can 
be expected to be considerably above the minimum acceptable level 
of a local se-ice road. 

If an agency is to make the most effective use of its scarce 
resources, then maintenance, rehabilitation, and reconstruction 
should be performed at the proper time (Figure 2). As the slope 

Figure 2 - Pavement Rehabilitation Cost vs. Time Performed 

of the pavement deterioration curve changes from a horizontal line 
(zero) to a line approaching vertical (infinity), the incremental 
cost to repair an equal number of additional loads increases 
considerably. In a very short period of time the cost to 
rehabilitate the pavement to an equivalent level of serviceability 
may double, triple, or more. 

Effective Pavement Management begins with the collection of the 
most reliable, consistent, and objective pavement condition data 
obtainable. The technological explosion of the past 10 years has 
permitted a tremendous improvement in the types; accuracy, repeat- 
ability, reliability, and degree of automation of available equip- 
ment to collect this data. Significant improvements are now being 
made annually, and can be expected to continue in the years ahead, 
especially in the area of automated crack detection technology. 
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CONDITION SURVEYS 

Pavement condition data is collected by means of a condition 
survey. In past years, condition survey teams, made up of tra 
raters, walked or drove along the pavement and recorded 
observations of the pawment condition (Figure 3). On some 
networks, this technique is still in use. 

ined 

Figure 3 - Condition Survey Team 

Depending on the size of the network, one or more teams obtain the 
condition data. This data may be collected either for an entire 

.^ .<, network or statistically representative samples of the network. 
The productivity, accuracy, repeatability, reliability, and 
sampling intervals are related to the team's speed and the amount 
of data required. The limitation of this type of survey is its 
slow speed, the data collected is subjective and often varies from 
one observer to another, and the team members are exposed to 
traffic. Variations in the data collected inevitably result. 

The use of high speed automated equipment is becoming more 
prevalent. While human observers are more versatile and creative 
than automated equipment, machines are fast, objective, tireless, 
consistent, and generally less disruptive to traffic because they 
travel at high speeds. Some State highway agencies (SHAs) have 
been moving toward automated pavement data acquisition. This 
trend is expected to increase in the years ahead. 

AUTOMATED DATA COLLECTION 

Most SHAs rely on four important pavement condition measurements 
to determine priorities for maintenance, rehabilitation, or 
reconstruction. These measurements generally include skid 
resistance, deflection, roughness, and distress. This paper 
provides an overview the state-of-the-art practice in automated 
data collection equipment. 

_-. 
The concept of automated collection of these and other desired 
data is not a new one. A roughness device was developed as early 
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as 1923. The Bureau of Public Roads (now the Federal Highway 
Administration) standardized the BPR Roughometer, a devise to 
measure ride, in 1940. Automated procedures have been used to 
measure skid resistance since the 1940's, structural capacity 
since the 1950's, and distress since the early 1970's. New 
technology has been developed for various uses and is now being 
adapted to pavement evaluation. Examples are the use of non- 
contact transducers (sonic and ultrasonic probes, incandescent 
light, and lasers), 
photography, thermal 

ground penetrating radar, stress waves, still 
infrared photography, and video technology. 

Each of these areas is undergoing continuous change and constant 
improvement as more public and private funding is provided to 
develop the technology. 

A SHA may realize cost and time savings through the proper 
selection and application of automated equipment for Pavement 
Management. Larger networks may realize greater savings by using 
automated devices. The most commonly used devices to collect 
skid, deflection, roughness, and distress data, and the equipment 
which may be seen in the future is described in the following 
sections. Appendix A contains a partial list of the commercially 
available equipment to collect pavement condition data. 

Equipment for skid Data Collection 

Pavement skid resistance or surface friction is measured to 
evaluate pavement safety. Skid resistance varies with many 
factors such as pavement material, texture, aggregate type and 
amount of polish, temperature, 
such as rubber, oil, grease, 

type and amount of foreign material 
and dust on the pavement surface, 

water film thickness, and tire type, condition, inflation, tread 
pattern, and material composition. 

Pavement skid resistance is usually measured directly through the 
use of locked wheel skid trailers. The trailer is towed over the 
pavement surface at a speed of 40 mph or higher and water is 
applied in front of the test wheel (Figure 4). The test wheel is 

Figure 4 - Locked Wheel Skid Tester 
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locked by a brake, and after it has been sliding along the 
pavement for a certain distance the force that the friction in the 
tire contact patch produces or the resulting torque on the test 
wheel is measured and recorded for a specified length of time. 
Either a ribbed tire or a smooth tire can be used to perform the 
test. The ribbed tire 'is insensitive to the pavement 
macrotexture, allowing water dissipation through the tire grooves. 
The smooth tire is sensitive to the macrotexture. 

Standard procedures (ASTM E 274-85) have been developed for the 
performance of skid testing with the locked wheel skid trailer. 
The result of the test is reported as a skid number. On-board 
computers are now being used to record and calculate the skid 
number,. as well as to plot skid number versus speed, and peak 
incipient friction, if desired. 

Another device available to measure skid resist 
meter (Fisure 5). 

ante is the mu- 

Figure 5 - Mu-Meter 

The mu-meter, like the locked wheel tester is trailer mounted. It 
uses smooth tires, yawed at equal but opposite angles to measure 
side friction force. Operation procedures are similar to the 
locked wheel trailer. On highway pavements the mu-meter may not 
provide an accurate indication of the pavement skid resistance due 
to the location of the narrowly spaced trailer wheels. The wheel 
paths of the mu-meter wheels generally fall between the normal 
wheelpaths of highway traffic. The use of the mu-meter has 
declined on highway pavements during the 1970's and 1980's. 

New methods to improve testing efficiency and reduce skid testing 
costs are being studied. Recently completed research indicates 
that the spin-up tester may produce accurate results at lower 
costs. Like the locked wheel tester and mu-meter, this device is 
also trailer mounted. Testing begins following the locking of the 
wheels, and continues after the release of the brake until the 
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wheels reach full angular velocity. The time interval between the 
moment the brake is released and the achievement of full angular 
velocity is indicative of the skid resistance of the pavement. 

Automated equipment is now available and being refined to measure 
or correlate skid data yindirectly with lasers and video 
technology. Two indirect methods to collect data for skid 
correlation are under development. Devises using laser sensors 
are capable of measuring the macrotexture of the pavement surface, 
which has some influence on skid resistance., 

Video technology may also hold promise for the future, but has not 
yet been fully investigated in the United States for the purpose 
of correlation to skid resistance. A device known as the Yandell 
Mee Texture Friction Device is now in operation in Australia. The 
device uses a video camera, tracking device, and image enhancement 
to capture an enlarged video picture of the pavement surface. An 
on board computer collects the data. Software performs a 
statistical analysis of the texture, and produces output data on 
the locked wheel braking force friction and the sideways 
coefficient of friction. 

Equipment for Deflection Data Collection 

Measurement of pavement structural carrying capacity provides 
valuable data for the selection and design of a pavement 
rehabilitation strategy. Until recently, deflection was only 
collected and used at the project design level, but now several 
SHAs collect it at the network level, and the trend in this 
direction will probably continue. 

Stronger pavements deflect less than weaker ones, and support far 
more traffic loadings. Deflection measurements are taken through 
the measurement of a deflection basin which is created by 
application of a load to the pavement. 
in several forms, 

This load may be applied 
such as by parking a loaded heavy vehicle of 

known axle loading, or by dropping masses onto the pavement 
surface. The load applied to the pavement surface creates a 
pavement deflection basin (Figure 6). The size, shape and depth 
of the deflection basin represents an overall system response of 
the paving layers and the subgrade to the known load. When the 
load is applied, all layers deflect creating strains and stresses 
in the supporting layers. 

Differences in the size, shape, and depth of the deflection basin 
can be measured both at the surface and the underlying layers. 
Deflection will most often be measured at the pavement surface for 
network or project level analysis. On some research studies 
measurements may be taken at various depths in the pavement 
section, such as at the asphalt-aggregate interface, and the 
bottom of the subgrade. 
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Figure 6 - Typical pavement deflection basin 

Many factors influence the measured pavement deflection and 
interpretation of the results requires a thorough analysis. As 
the load is increased the pavement deflection will also increase, 
but not linearly, since most pavement material properties are 
stress dependent. Factors influencing the measured deflection 
include the pavement type, stiffness of the pavement/subgrade 
system, location of the test, proximity to joints or cracks, 
location of drainage structures, 
and moisture, 

variations in soil composition 
and voids beneath the pavement structure. Climatic 

factors such as temperature, thermal gradients, moisture, and 
depth of frost greatly affect the results, as does the season of 
the year in which the tests are taken. All deflection data should 
be adjusted to a constant temperature and season prior to plotting 
or use. Proper procedures must be followed for temperature and 
seasonal corrections to obtain reliable results. 

Four classes of equipment exist to measure deflection: static 
deflection equipment, automated beam deflection equipment, steady- 
state dynamic deflection equipment, and impulse deflection 
equipment. 

Static deflection eouipment 

Static deflection equipment is used to measure the deflection of 
the pavement to slowly applied loads. The most commonly used 
static deflection device is the Benkelman Beam, a 12-foot beam 
pivoted at the third point. The pivot provides an 8-foot probe 
with the extreme tip resting on the pavement and supported by the 

-. pivot point. The rear end is a 4-foot cantilever beam which moves 
upward when the pavement deflects downward. The basic components 
are depicted in Figure 7. 
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Figure 7 - Basic Components of the Benkelman Beam 

The device uses a loaded truck to create the deflection. A dial 
indicator rests on the rear end and measures this movement. 
The only measurement recorded with the Benkelman Beam is the 
maximum rebound deflection. The limitations of the device are 
insuring that the front supports are not located within the 
deflection basin, 
the basin, 

the inability to determine the shape and size of 
and poor repeatability of the results. Due to these 

limitations the SBAs are moving away from the static devices and 
toward other types such as the impulse deflection equipment. 

Other devices in this category are the Curvature Meter and the 
Plate Bearing Test equipment. 

Automated Beam Deflection Eouioment 

Equipment which automates the Benkelman Beam process is placed in 
this class. Included is the La Croix Deflectograph which has been 
used widely in Europe and other parts of the world, and the 
Travelling Deflectometer which is used by the California 
Department of Transportation. 

Steadv-State Dynamic Deflection EUIlioment 

Steady-state dynamic deflection devices place a static preload on 
the pavement surface. A steady-state sinusoidal vibration is then 
induced in the pavement with a dynamic force generator. The 
advantage of this type of equipment over static equipment is that 
a reference point is not needed.. An inertial reference is used 
and the change in deflection can be compared directly to the 
magnitude of the dynamic force. One of the limitations of this 
type of equipment is the use of the static preload. This load is 
relatively large in comparison with the maximum peak to peak 
loading. The most commonly used steady-state dynamic deflection 
devices are the Dynaflect and the Road Rater. 
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Dynaflect - The Dynaflect (Figure 8) was one of the first 
commercially available steady-state dynamic deflection devices. 
It is trailer mounted, and can be towed by a standard automobile. 

- -  
. .- .: 

__ - - -  -2. 

Figure 8 - Dynaflect 
. . A 

The Dynaflect applies a static weight of 2000 to 2100 pounds to 
the pavement while the dynamic force generator produces a lOOO- 
pound peak-to-peak force. Deflection is measured using five 
velocity transducers (geophones). The transducers are suspended 
from a placing bar which is normally placed in the center of the 
loaded area and at one-foot intervals away from the load 
(Figure 9). 

Figure 9 - Schematic of the Dynaflect in testing position 

The device is moved to the test point and the loading wheels and 
geophones are hydraulically lowered to the pavement surface. The device is then moved to the next site on the loading wheels. The 
limitations of the Dynaflect are the maximum peak-to-peak loading, 
which is limited to 1000 pounds, the inability to vary the load, 
and the fixed frequency of the loading, which cannot be changed. 
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Due to this limitation this device may be inadequate to evaluate 
thick pavement sections and other devices with heavier loading 
systems should be considered. 

Road Rater - The Road Rater (Figure 10) is the second type of 

Figure 10 - Road Rater 

commercially available steady-state dynamic deflection device. 
Three models, 
available. 

which vary in the magnitude of the applied load are 
The static load is applied to the pavement surface 

through a steel plate. 
peak-to-peak force which 

The dynamic force generator produces a 

preload. 
is one-half the magnitude of the static 

The amplitude and the frequency can be altered. This 
allows different dynamic peak-to-peak loadings ranging from 1000 
to 8000 pounds. The loading frequency can.be varied between 5 and 
70 cycles per second. Three sensors are attached to an arm 
trailing the loading plate, with an additional sensor in the 
center of the loaded area. 

Testing starts by moving the device to the test point, and 
lowering the test plate and the sensors to the pavement surface. 
A test run is performed at selected loads and frequencies, the 
loading plate and sensors are lifted from the surface, and the 
device is moved to the next site. The limitations of this device 
is the limited load level for the lighter models, and the 
requirement for a heavy static preload for the heavier models. 

Other Steady State Deflection Equipment - Other devices in this 
category include the FHWA Thumper, a custom-built device that can 
perform static, dynamic, or intermittent pulse loading, and other 
custom-designed dynamic deflection devices. 

Imoulse Deflection Ecuinment 

These devices deliver a transient force impulse to the pavement 
surface. They use a weight which is lifted to a specified height 
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,.^, 
on a guide system, and dropped. 
plate, 

The falling weight strikes a 
which transmits the force to the pavement: 

amount of weight and the drop height, 
By varying the 

varied. 
the impulse force can be 

The advantage of the impulse type equipment is the ability to 
model a moving wheel load in both magnitude and duration. The 
resulting deflection closely simulates deflections caused by a 
moving wheel load. The impulse equipment has a relatively small 
preload compared to the actual loadings. The preload prior to 
releasing the weights varies with the equipment. It is usually in 
the range of 8 to 18 percent of the maximum impulse load which is 
9,000 to 24,000 pounds. The preload during the period the weights 
are dropping is normally in the range of 5 to 14 percent of those 
same maximum impulse loads. 

Dynatest Falling Weight Deflectometer - The most widely used 
falling weight deflectometer (FWD) in the U.S. is the Dynatest 
model 8000 FWD (Figure 11). The system is trailer mounted and can 

Figure 11 - Dynatest Falling Weight Deflectometer 

be towed by a van or pickup truck. Its impulse force is created 
by dropping weights from different heights. 
height and weights, 

By varying the drop 

developed. 
a force range of 1,500 to 24,000 pounds can be 

The load is transmitted through a rubber buffer system 
and an 11.8 inch diameter loading plate to the pavement. The 
deflection basin is measured using up to seven velocity 
transducers which are mounted on a bar and lowered with the 
loading plate to the pavement surface. The device is moved to the 
test site, and the loading plate and transducers are lowered to 
the pavement. A test sequence is completed using a number of 
drops at each selected drop height. The loading plate and sensors 
are then hydraulically lifted, and the FWD is moved to the next 
site. 
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Other Impulse Deflection Equipment - Other devices in this 
category include the KUAB and the Phoenix FWDs. Both are trailer 
mounted and are operated in a similar manner to the Dynatest FWD, 
using various combinations of number and size of weights and drop 
heights. 

A summary of the most commonly used deflection devices and their 
various measurement properties and features is contained in 
Table 1. The most important limitation of current deflection 
equipment is the inability to collect the data at high 
Stops must be made at each test location, requiring the 

speeds. 

maintenance of traffic. Developmental efforts are underway to 
automate deflection equipment to reduce traffic conflicts. Again, 
it should be emphasized that pavement deflection data should be 
used carefully. Appropriate correction factors for temperature, 
moisture, time of season, test location, etc. must be applied in 
order to produce meaningful data. Proper use of this very 
important data can yield effective information for the design of 
pavement rehabilitation strategies. 

TAELEl- DEFLECTION EQUIPMENT 

---_--__------------________I___________--------------------------------------------------------------------.------------- 

1 DEFLECTION 1 PRINCIPAL 1 LOAD ACTUATOR (STATIC ME“411 TYPE OF LOAD 1 RELATIVE 1 DEFLECTION INUMBER oF( 
1 OF OPERATIm { TRANSMISSION 1 MEASURING SYSTEM 1 SENSORS 

Transducers 

~DtfLectograph(DtfLection Bta( Truck I WA I nhtels I Ext. High I mmt Transducers I 2 I 
________________-___---.--------------------~--------------------- ____________--_--_--____________________---------------~ 
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Equipment for Roughness Data Collection 

Over a period of time all pavement surfaces become increasingly 
rough. Ride quality, a subjective evaluation of pavement 
roughness, may be evaluated through the use of rating panels 
(which may be part of the condition survey team), or through the 
use of manually operated or automated equipment. Other equipment 
may be used to objectively measure roughness. In terms of 
pavement profile, roughness can be defined as the summation of 
variations in the surface profile of the pavement. This pavement 
roughness consists of surface irregularities with wavelengths and 
amplitudes ranging from fractions of an inch to several feet. The 
measurement of pavement roughness corresponds to the measurement 
of the actual pavement profile or the measurement of the response 
of a mechanical system to the profile. 

Knowledge of the extent of pavement roughness is essential since 
roughness often provides some indication of a pavement's need for 
maintenance, rehabilitation, or reconstruction. Roughness is also 
one of the primary criteria by which the public measures the 
credibility of an agency that manages pavements. FHWA considers 
roughness data collection to be of vital Lzportance in the 
assessment of pavement condition. The States will be required to 
have automated calibrated equipment operational for the collection 
of Highway Performance Monitoring System data by the end of 1989. 

Equipment for roughness surrey data collection may be broadly 
categorized into 4 categories, the relative degree of automation 
and complexity of which increases in the order listed: 

l Rod and level survey-including the Dipstick Profiler, 
e Profilographs, 
l Response type road roughness meters (RTRRMs), 
l Profiling Devices 

Each category has its advantages and limitations, and selection of 
appropriate roughness equipment should be made following a careful 
assessment of the primary purpose for which the equipment is to be 
used, and an analysis of the advantages and limitations of each 
device. One of the most important considerations in selection of 
a roughness measuring device is the tradeoff between the 
relatively low initial and data collection costs of devices such 
as an RTRRM, versus the frequent need to calibrate the device. 
Other tradeoffs must also be carefully considered. 

Laser devices may also be used to measure pavement roughness. 
Since the laser can also be used to measure other pavement 
parameters, its use will be discussed in the section "Equipment 
for Distress Data Collection~~. 
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Rod and Level Survey and the Dipstick Profiler 

Rod and level surveys provide an accurate measurement of the 
pavement profile. The use of the rod and level survey for network 
or even large project survey data however, 
prohibitive. 

is impractical and cost 
A first-sftep automation of the rod and level 

which may be used to collect a relatively small quantity of 
survey 

pavement profile measurements is through the use of the Dipstick 
Profiler (Figure 12). 

Figure 12 - The Dipstick Profiler 

The Dipstick Profiler consists of an inclinometer enclosed in a 
case supported by two legs separated by 12 inches. 
displays are provided, 

Two digital 
one at each end of the instrument. Each 

display reads the elevation of the leg at its end relative to the 
elevation of the other leg. The operator then l'walkslV the 
dipstick down a premarked pavement section by alternately pivoting 
the instrument about each leg. Readings are recorded sequentially 
as the operator traverses the section. The device records 10 to 
15 readings per minute. Software analysis provides a profile 
accurate to pJus or minus 0.005 inch. 

A common application for the dipstick is to measure the profile 
for the calibration of RTRRMs. A strip can be surveyed by a 
single operator in about one half the time of a traditional survey 
crew. 

ProfilooraDhs 

Profilographs have been available for many years and exist in a 
variety of different forms, configurations, and brands. Due to 
the design they are not suitable for condition surveys. Their 
most common use today is for portland cement concrete pavement 
construction inspection, control, and acceptance. The major 
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differences among the various profilographs involve the 
configuration of the wheels and the operation and measurement 
procedures of the various devices. 

Profilographs have a sensing wheel, mounted to provide for free 
vertical movement at th'e center of the frame (Figure 13). The 

SW ELEVATION 

Figure 13 - Profilograph Layout (California type Profilograph) 

-. deviations against a reference plane, established from the 
profilograph frame, is recorded (automatically on some models) on 
graph paper from the motion of the sensing wheel. Profilographs 
can detect very slight surface deviations or undulations up to 
about 20 feet in length. 

Response TvDe Road Roughness Meters 

The third category of roughness data collection equipment is the 
response type road roughness meters. This category includes such 
devices as the BPR Roughometer (Figure 14), the Mays Ride Meter 
(Figure 15), and the PCA Road Meter. RTRRMs have been used for a 

Figure 14 - BPR Roughometer 
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Figure 15 - Mays Ride Meter 

number of years and are currently the most widely used roughness 
data collection device in the United States. Their primary use is 
for network level roughness data collection. 

Road meters or RTRRMs measure the vertical movements of the rear 
axle of an automobile or the axle of a trailer relative to the 
vehicle frame. The meters are installed in vehicles with a 
displacement transducer on the body located between the middle of 
the axle and the body of a passenger car or trailer. The 
transducer detects small increments of axle movement relative to 
the vehicle body. The output data consists of a strip chart plot 
of the actual axle body movement versus the time of travel. 

The advantaues associated with the use of RTRRMs are: 

The initial and operating costs are low. 
Reasonably accurate roughness data is provided if the 
device is DroDerlv calibrated. 
Reproducible results may be obtained when the device is 
properly maintained. 
Data can be collected at high speeds, i.e. 50 mph. 
Efficiency-- numerous pavement sections can be evaluated in 
a relatively short period of time. 

In spite of the advantages of RTRRMs, there also several 
limitations: 

l Response type equipment records the dynamic response of a 
mechanical system travelling over a pavement at a 
constant speed. Therefore, the characteristics of the 
mechanical system and speed of travel affect the 
measurement. 
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RTRRMS measure a dynamic effect of the roughness but do 
not define the profile of the pavement. 
In order to provide accurate, 
data, 

consistent and repeatable 
the device must be frequently calibrated, through a 

range of operating speeds, against sections of known 
profile, rangihg from very smooth to very rough. The 
annual costs of the calibration checks can be quite high. 
The vehicles in which the RTRRMs are installed contribute 
many potential sources of variation including rear 
suspension damping, tire nonuniformities and inflation 
pressure differences, and vehicle weight changes. 
Due to the variations of the various mechanical systems 
of RTRRMs, comparability of data among users with the 
same user, or with the same device is difficult, unless a 
common standard roughness index is used. 

Several standard calibration procedures have been developed for 
the RTRRMs which are in use today. Careful operating and 
maintenance procedures should be followed, including frequent and 
precise calibrations, 
consistency. 

in order to improve device accuracy and 
The degree of accuracy desired in the calibration of 

RTRRMs ultimately depends upon the proposed use of the data being 
collected. 

RTRRM systems are adequate for routine monitoring of a pavement 
network and providing an overall picture of the condition of the 
network. 
indication 

The output can provide managers with a general 
of the overall network condition and maintenance needs. 

Profilins Devices 

Profiling Devices are used to provide accurate, scaled, and 
complete reproductions of the pavement profile within a certain 
range. They are available in several forms, and can be used for 
calibration of the RTRRMs. The equipment is expensive, with 
complexity increasing depending on the types and number of 
transducer sepsors contained on board. 
profiling systems are in use today: 

Three generic types of 

l Straight edge 
l Low speed systems 
l Inertial Reference Systems 

The simplest profiling system is the straight edge. Modifications 
to the straight edge, such as mounting it on a wheel are very 
popular (profilographs). Low speed systems such as the CHLCE 
profilometer (Figure 16) are moving reference planes that have 
little or no dynamic effect due to their low speed. The CHLOE is 

_ a long trailer that is towed at low speeds of 2 to 5 mph. The 
slow speed is necessary to prevent any dynamic response 
measurement during the readings. The device measures the 
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CARRIAGE 
WHEELS 

Figure 16 - CHLOE Profilometer 

difference in slope between a small arm with two wheels and a 
trailer frame with 2 larger wheels. A few agencies still use the 
CHLOE to calibrate their RTRRMs. 

Most ssphisticated road profiling equipment uses the inertial 
reference system. The profiling device measures and computes 
longitudinal profile through the creation of an inertial reference 
by using accelerometers placed on the body of the measuring 
vehicle to measure the vehicle body motion. The relative 
displacement between the accelerometer and the pavement profile is 
measured with either a gfcontactlg or a VVnon-contact" sensor system. 

The earliest profiling devices used the contact system to measure 
the profile. The contact system uses a mechanism in direct 
contact with the pavement. Several contact systems have been 
used, and are still in use today. The French Road Research 
Laboratory developed the Longitudinal Profile Analyzer (APL) in 
1968 (Figure 17). 

Figure 17 - Longitudinal Profile Analyzer 
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This system is presently the most fully operational, proven system 
to measure a wide range of types and severity of pavement 
distress. The frame by frame analysis, however, is tremendously 
time consuming, adding significantly to the cost of the system. 
Efforts to automate the data reduction process are underway. 

Video Technolosv 

Nowhere has the effect of the technological expl.osion of the past 
10 years been more apparent than in the area of video technology. 
Some agencies have turned to videos to provide permanent records 
of the pavement surface and for other purposes. Features such as 
identification of signs, utilities, and safety hardware, have been 
recorded, as have ongoing construction projects, to provide a 
record of the work and traffic controls during periodic intervals 
or at key phases of construction. 

Videos are replacing the photologging systems in many agencies. 
In photo-logging, a 35-mm camera is aimed through the windshield 
of a van, photographing the features in the field of vision 100 
times per mile. Video cameras may be installed either to 
inventory through the windshield, aimed directly down at the 
pavement surface, or used in both positions. 

Video technology offers several advantages over 35-mm photography. 
Relatively inexpensive, reusable, 
readily available. 

off-the-shelf technology is 
The tape can be replayed in the field where 

the quality of the record can be immediately verified. 
Replacement parts and equipment can be easily obtained. The 
limitation of video is the inferior resolution of the recorded 
images compared to photographic records. The resolution gap 
between the two technologies, however, is rapidly narrowing. 

The addition of condition rating keyboards and on board computer 
systems and other instrumentation, allows the condition surrey 
team to supplement the recorded information with distress 
observations.. Review and supplemental input to the permanent 
record may be performed in the office, and added to the field- 
obtained data. Recent systems have added one or more cameras 
aimed vertically at the pavement surface. 

Automated Video Imaue Processinq 

Video technology has been in use for about 10 years, and 
procedures to fully automate the processing and reproduction of 
the captured images both in real time (immediately after capture 
on board the vehicle) and in the office environment are now being 
developed. The automated processing of the recorded analogue 
images may take several forms. 
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Conversion to a digital format suitable for image processing is 
presently the most common. The more limited resolution of video 
cameras requires use of a very expensive high resolution camera 
for the detection of small cracks. The high resolution camera, 
however, is often incompatible with available recorders and 
digitizing hardware. In order to overcome this shortcoming, 
either 2 or 3 cameras mounted closer to the pavement surface, each 
covering an area of about 4'x 4' to 6'x 6' are now in use. This 
permits detection of small cracks and other surface defects of 
about l/8"' in sizti, or smaller. Constant, controlled lighting 
eliminates the background shadows of passing vehicles and adjacent 
structures, and minimizes problems related to the changing of the 
angle of the sun throughout the day. 

Digitized processing involves one frame at a time analysis of the 
recorded analog images. The first step is known as filtering, a 
process that removes extraneous information that could be 
misinterpretated as distress. Next, the signal is segmented. 
Segmentation is based on an intensity threshold and allows the 
system to identify distinct objects in the scene. Intensities 
based on the gray scale range from 0 (the whitest white) to 255 
(the blackest black). Each analogue image is divided into a 
matrix of pixels-ranging in size from 256 x 256, 512 x 512, or 

_, ._ 1024 x 1024, depending on the resolution of the camera. Each 
pixel in the matrix is assigned a numerical value based on its 
intensity. A small portion (10 x 10) of a typical matrix is 
depicted in Figure 28. 

In this elementary example, most of the pixels are representative 
of the normal pavement surface. Processors apply a statisticai 
analysis algorithm to the pixel distribution and establish the 
range of pixels representing the normal pavement. In this case, 
values below 107 represented the normal pavement. Values of 107 
and above (bold) represent distress, in this case a crack. 

. 99 111 103 98 97 100 103 100 101 102 
104 102 110 100 100 104 104 100 102 101 

I 112 107 114 112 109 119 114 108 111 99 110 101 109 100 111 96 100 100 104 99 
I 101 101 98 98 103 104 104 112 115 114 
) 101 g7 104 96 100 99 100 97 101 99 102 101 100 102 100 98 100 97 100 95 

I 99 95 103 97 103 99 104 98 103 97 100 101 103 102 100 100 101 99 102 98 
' i 104 103 100 97 98 101 102 98 100 i 100, 

Figure 28 - A portion of a Pixel Matrix 
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The resultant reproduced data output may be represented 
covered area in a graphic resembling Figure 29. 

I I -_----------------------------------------- 

for the 

Figure 29 - Reproduction of Pavement Crack through 
Digitized Processing 

The-extent and severity can be determined from the matrix and the 
power of the software. For a 512 x 512 matrix representative of a 
4' x 4' pavement section, each pixel would represent an area of 
pavement measuring 0.09375 square inch, or a little less than 
square inch. Three dark pixels side by side would represent a 

l/10 

crack slightly over l/4 inch wide. 

Processors apply software algorithms to identify the edge of the 
distress, the perimeter and area, and the distress classification. 
Summary information on distress characteristics is stored and used 
to create pavement condition summary statistics at intervals 
specified by the operator. Ultimately, scaled reproductions of 
the data may be produced on maps; the type, extent, and severity 
of the distress summarized, 
rehabilitation. 

and the output used during pavement 

In a 512 x 512 matrix each image contains 262,144 pixels. In 
standard video formats 30 frames per second are recorded, 
resulting in the formation of almost 8 million pixels per second. 
Assuming 3 cameras are used to record a 12 foot wide pavement 
section, with each camera covering a 4 foot width, about 85 
billion pixels would require analysis and processing for each mile 
of pavement (at 60 mph). Processing obviously requires an 
extremely high speed microprocessor. 
computers, 

Even with today's high speed 
most data is post processed in the office environment 

due to the amount of data collected. It is expected that the 
technology which will be available in a few years to process even 
this vast amount of information in real time. A summary of these 
and other distress data collection technologies is contained in 
Table 3. 
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TABLE 3 - PAVEMENT DISTRESS DATA COLLECTION TECHNOLOGIES 

OTHER TECHNOLOGIES 

Other technologies are also now available and are being used and 
developed for the purpose of evaluating pavements. 
seismic and dynamic test methods, 

These include 
ground penetrating radar, 

infrared thermography, slit integration, and flying spot laser 
scanners. A few of these technologies are now in use, others are 
being evaluated, developed, or refined. A summary of their 
respective features is contained in Table 3. 

CONCLUSION 

Automated processes to collect skid, roughness, and rutting are 
now available. Automated equipment to measure cracks, and moving 
deflectometers are still in the research and evaluation stages. 
Improvements in the ability to collect important pavement data 
through equipment automation can be expected to continue. 
The technological explosion of the 1980's has been a great benefit 
to Pavement Management Systems. Technologies which were only a 
theory in the 1960's are now being used on an every day basis. 
The rate of development of many of the new and innovative 
technologies is expected to continue into the 1990's and the 21st 
century. Automated data collection and processing of collected 
pavement condition data can provide considerable cost savings to 
user agencies, and improve the mechanisms through which agencies 
effectively manage their pavements. 
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APPENDIX A 

LIGT OF AUTOMATED PAVEMENT DATA COLLECTION 
EQUIPMENT MANUFACTURERS & SUPPLIERS* 

Cox & Sons, Inc. 
P.O. Box 674 

Dynatest Consulting, Inc. 
209 Bald Street 

Colfax, CA 95713 P.O. Box 71 
(916) 346-8322 Ojai, California 93203 
Cox RTRRM 
Friction Tester 

(805) 646-2230 
Dynatest 8000 FWD 
Dynatest 5000 RDM 

Foundation Mechanics Inc. 
421 East El Segundo Boulevard 
El Segundo, CA 91245 
(213) 322-1920 
Road Rater 

Highway Products International 
R.R. #l Paris, Ontario 
Canada N3L 3El 
Mr. Don Kobi 
(519) 442-2261 

ARAN (i PURD 

Infrastructure Management Services 
3350 Salt Creek Lane 

K. J. Law Engineers 
42300 W. Nine Mile Rd. 

Arlington Heights, IL 60005 Novi, 
Mr. Robert L. Novak 

Michigan 48050-3627 
Mr. Ken Law 

(312) 506-1500 
Swedish Laser RST 

(313) 347-3300 

690DNC Profilometer 
8300A Roughness Surveyor 
Friction Testers 

Kokusai Kogyo., Ltd. 
Abenatak Corporation 
1179 Fernwood Drive 
Millbrae, CA 94030 
Mr. Taizo Abe 
Roadman 

MHM Associates, Inc. 
1920 Ridgedale Road 
South Bend IN 46614 
Mr. Jerry Mohajeri 
(219) 291-4793 
ARIA 

MAP Inc. PAX0 USA Inc. 
1825 I Street, NW. Suite 400 
Washington, D.C. 

1-J Franssetto Way 
20006 Lincoln Park, N.J. 07035 

Mr. Michael Grippon 
(202) 429-2089 

Mr. Wade Gramling 
(201) 628-8433 

Gerpho Pasco Road Survey System 

Pavement Condition Evaluation Services Pavedex, Inc. 
1145 Icehouse Avenue N. 800 Hamilton Ave. 
Sparks, Nevada 89431 Spokane, Washington 99202 
Mr. Bert Butler Mr. Don Bender 
(702) 355-0225 (509) 483-4126 
Pavement Distress Imager 1 Pavedex PAS I 

South Dakota DOT 
700 Broadway Avenue East 
Pierre, SD 57501 
Mr. David L. Huft 
(605) 773-3871 
South Dakota Road Profiler 

VideoComp 
500 Sawtooth Ave. 
Boise, Idaho 83709 
Mr. Basil Dahlstrom 
(208) 385-1575 
Distress Survey Trailer 

* This list has been prepared on the basis of currently available informatic 
in this office. We would appreciate the readers' input if others are known 
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Smith, Roger E., Stanley M. Herrin, and Michael I. Darter, 
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Administration, Pavement Division, 1988. 
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Rating Guide, 'I developed for the Federal Highway Administration, 
Report No. DTFH61-83-00153, September, 1985. 
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0. Memorandum 

suolccr "Addressing Institutional Batrieis to Implementing 0a,e 
a PMS" ASTM Paper by Dr. Roger E. Smith ml91991 

F,Om Chief, Pavement Division HNG-41 ’ 

TO Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

At the recent American Society for Testing Materials Symposium (ASTM) on 
Pavement l4anagement, the attached stand-out paper, was given by Professor 
Roger E. Smith, of the Texas Transportation Institute. Dr. Smith has given 
his permission for us to share his paper with others interested in Pavement 

. Hanagement' Systems (PM). 

The paper addresses institutional barriers to implementing PUS (using the 
San Francisco Bay Area Metropolitan Tranrportatlon Comaistfon (HTC) as an 
example) and is not only an excellent description of these issues, but is also 
a perfect lead into the September symposium that we are co-sponsoring with the 
Illinois Department of transportation (IDOT). 
our divisions and the State highway agencies. 

You ray wish to share it with 

As the States move from development of their PM's into implementation, 
success could well hinge on recognition that these barriers exist, and taking 
steps to overcome them. 

Key issues identified 4n the paper are: 

1. If the PM is not affecting the ultimate decisions on the highway 
agency's program, then the agency cannot claim to have a PMS 
implemented. 

2. Many W's are not being utilized to their fullest potential--often 
because of surmountable barriers. 

3. JLfaF;t troublesome barriers to implementation of a PMS are people 
. 

4. Some of the barriers in capsule are: 

@ Fear of exposure - Prevjour decisions may have been incorrect. 

e Turf Protection - There are formal and informal lines of 
communication within an organization that need to be recognized. 

. 
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. 
I Black Box Syndrome - The YS is not fully understood, therefore its 

products can not be verified. 

I One person show - The champion of the PMS leaves and the system . 
dies. 

5. Some of the concepts to be considered in surmounting barriers art: ' 

Innovation - 'It is not the actual newness of the innovation but. 
rather the perception of newness to the potential adopter that 
influences adoption and use.' 

Consider the "Opinion Leader" - Know who they art because 
without their support the system will not be implelllrnted. 

Compatibility - The new systm must be comatiblt with the 
existing because a cmltte ovtrhrul or reorganization is 
usually ilmpossiblt. 

frirlrbility - Innovation needs to be adopted in stages. 'New 
ideas that can be tried on a liaited basis art RK)re likely to be 
adopted." 

Observability - This is the degree to which results of 
innovations ate visible to others. If you can show positive 
results it goes a long way toward selling PHS. 

These art of course, only key paraphrasing of the paper and a full 
understanding of the issues requires a complete reading. We rtcomnand 
it to all with responsibility for imglrl#nta 

Attachment 
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,- .., t ‘) c/ U.S. DeQomt 
of Transpcmnon 

FedemlHighway 
Administmtion 

,Order 
SuDJect 

PAVEMENT MANAGEMENT COORDINATION 

C:asslfication Coae Date 

5080.3 April 13, 1992 

. 

Par. 1. Purpose 
2. Cancellation 
3. Washington Headquarters Coordination 
4. Field Coordination 

1. PURPOSE. To provide a forum for coordinating the Federal Highway 
Administration’s (FHWA) Pavement Management Program in the Washington 
Headquarters, and to provide guidance for coordination in FHWA field 
offices. 

2. CANCELLATION. FHWA Order 5080.2, Pavement Management Coordination, 
dated March 23, 1987, is canceled. 

3. WASHINGTON HEADOUARTERS COORDINATION 

a. Pavement issues often Involve the activities of several Washington 
Headquarters offices. To ensure coordination among related 
offices and activities, a Pavement Management Coordination Group 
(PMCG) was established in 1980. The membership has been revised 
from time to time to reflect-organizational changes in the 
Washington Headquarters since establishment of the group, 

b. The PMCG consists of the following members: 

(1) Chief, Pavement Division, Office of Engineering, will Chair 
the Group. 

(2) Chief, Planning Programs Division, Office of Environment and 
Planning. 

(3) Director, Office of Engineering and Highway Operations 
Research and Development. 

(4) Director, Office of Technology Applications. 

(5) Director, Office of Policy Development. 

(6) Director, Office of Highway Information Management. 

CISTqle;TION 9PI 
Headquarters HNG-40 

Spxirl: Regions 
Divisions 9.4.1 



Fl-!WA ORDER 5080.3 
April 13, 1992 

(7) Director, Office of Motor Carrier Information Management and 
Analysis. 

(8) A Regional Administrator appointed by the Executive Director will 
serve for 2 years. This assignment will be rotated among the 
Regional Administrators. 

(9) Chief, Pavements Division, Office of Engineering and Highway 
Operations Research and Development. . 

(IO) Chief, Long Term Pavement Performance Division, Office of 
Engineering and Highway Operations Research and Development. 

(11) Chief, Materials Division, Office of Engineering and Highway 
Operations Research and Development. 

(12) Chief, Engineering Applications Division, Office of Technology 
Applications. 

L 
(13) Chief, Strategic Highway Research Program Implementation Staff, 

Office of Technology Applications. 

C. The PMCG has the following responsibilities: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

ensure that pavement related activities [including the need for, 
the gathering of, and the use of pavement data] by the several 
Washington Headquarters offices are cooperatively developed .and 
properly coordinated; 

identify pavement problems or issues which merit attention by the 
FHUA; 

participate in field reviews as requested or needed; 

serve as the Research, Development, and Technology Coordinating 
Group for the pavement area as required by FHUA Order 6000.2, 
Research, Development, and Technology Advisory Councils; 

support the FHWA involvement in the Strategic Highway Research 
Program (SHRP) and the implementation of the products resulting 
from SHRP, and coordinate the activities of the various programs, 
studies, and groups involved in the Long Term Pavement Performance 
evaluation; and 

recommend FHWA policies, programs, or actions to improve 
effectiveness of pavement-related activities of FHWA, State 
highway agencies (SHA), and local governments. 
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d. A Technical Working Group (TUG) will assist the PMCG in developing and 
monitoring pavement-related activities. Each Office Director in the 
PKG will appoint at least one representative to serve on the TUG. 

(1) The Chief, Pavements Division, Office of Engineering and Highway 
Operations Research and Development will chair the TWG. 

(2) The chairperson may create working groups for specific technical 
areas as they deem necessary. Each working group will elect its 
own chairperson, who shall be a member of the TUG. 

4. FJLD COORDINATION 

a. To provide necessary emphasis to pavement management activities, and 
to provide the support required to implement FHUA policies and 
program in the pavement area, FHUA field offices should develop 
coordinating mechanisms and assign specffic responsibilities for 
pavement actfvfties. 

b. Each 

(1) 

(2) 

(3) 

(4) 

(5) 

regional office should: 

assure coordination of pavement-related activities within the 
region, including but not limited to research, technology 
transfer, Highway Performance Monitoring System (HP!&), SHRP, 
annual conferences, and vehicle weight enforcement program; 

develop regional operatlons plans to assist division offices in 
aiding States and local governments in the conduct of 
coordinated pavement management programs; 

monitor and evaluate pavement-related activities within the 
region and provide recomnendations to improve their 
effectiveness; 

designate a pavement management coordinator to serve as the 
focal point for all pavement-related activities in the region; 
and 

promote the full range of resources available to strengthen the 
technical capabilitfes of local government, WA, and FHWA 
personnel in pavement-related areas. Resources available 
include annual conferences, trainfng courses, and other 
technology transfer activities and materials, as well as 
technical expertise within the FHYA staff. 

9.4.3 



FHl%.A ORDER 5080.3 
April 13, 1992 

C. Each diviston office is expected to: 

(1) designate a pavement management coordinator to ensure that 
pavement-related activities, including new and rehabilitated 
pavement design and construction, pavement management, research, 
technology transfer, HPMS, vehfcle weight enforcement program, 
etc., are well coordinated among functional/administrative areas 
of the division office; 

(2) monitor and evaluate pavement activities and programs, determine 
short and long-term needs, and formulate operations plans for 
meeting these needs; and 

(3) take full advantage of available resources to strengthen the 
technical capabilities of local government, SHA, and FHWA 
personnel in pavement-related areas. Resources available include 
annual conferences, training courses, other technology transfer 
activities and materials, as well as technical expertise within 
the FHWA staff. : - 

Federal Highway .4dministrator * 
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The purpose of this pert is to 
implement the fequ~rements of 23 
U.S.C. 303. Management Systems. 
which requires State development. 
establishment. and ippiementatlon of 
systems for managing highway 
pavement of Federai-aid hlghways 
(PM.5). bridges on and off Federal-aid 
highways (BMSI. highway safety (SMS]. 
traffic congestion KMSI. pubhc 
transportation facilities and equipment 
P’lWSl. and intermodal transportatton 
facilities and systems UMSL Section 303 
also requires State development. 
establishment. and implementation of a 
traffic monitoring system for highways 
and public transportation facilitms and 
equipment. This subpart inciudw 
definitions and generai requirements 
that are applicable to all of these 
systems. Additional naquirements 
applicable to a specific system are 
included in subparta B thr~ugb H of this 
Pa 

Unless othsnwi~ specified in this 
put. the definitions in 23 U.S.C 101(r) 
are rpplicmblo to this put Aa used in 
this put: 

Gxtijjhg oficialld memu the 
porition(r] dsrignated by the Governor 
of l Stata or the Commonwwltb of 
Puerto Riw or the Mayor of the District 
of Columbia to certify that tbe 
murqetnent system(s) is/am being 
implemexlted in tha state. 

Gwpemtion meana working together 
to acbievo L common goal or objective. 

Faieml agencyfisr) means for the 
Ph4S Ufd BMS. the Fedoral Highway 
Adminlrmtion (F?lwAl: for the S?Gi. 
tiam FHWA and tha National Highway 
Tnfflc Waty Adroinirtrrtion; for the 
C34S. PMS. and MS. the FHWA md 
tit. Fe&ml Truuit Mministratioa 
(=A). 

Fedm&zid highwup means thorn 
highwmyr eligibh for usistanca under 
titIa 23, U.S.C. l mpt thor 
b&~rsifiad u Iowl or mml 

Highway patfortnanw Moniton’ng 
systun (HFMS) mana the stAtJFa&lrl 
qstemumdbyth.FHWAtopmvid~ 
informatiaa on the extent and physial 
condition of tbr nrtion’r bighwa 
SyuenLita UI. perfonnulw. UlJ nad8. 
llm syaem incitldm an inwmtory of the 
n&ion’s highwrya including trafRc 
*oluma. 

lif~hvctmttln~srwuua 
pmadum far ev8luatfng 0x1 economic 
worzhofmwermerrprojeCtaor 

(p11 1.W md 1.51. inveumanu by dIrountlng futuNaxu 
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over the life of the propt or 
investment. 

.Lianc?gement system means il 
systematic pmasS. dwigned to assist 
decrsionmaktra in srkting cost- 
effeaive strategMI8ction.a to improve 
the efficiency and safety of. and protect 
the tnvestment tn. the nation’s 
transportation infastructura. A 
management system includes: 
Identrficatton of performance areasums; 
data collection and analysts; 
determination of need: evaluation and 
68ktion of appmpriate strategiss/ 
actions to ad& the kda: and 
evaluation of the rffectiveaev of the 
implem8nted stmt8giee/actions. 

hfetropolitan pionnmg area meus the 
g8ographic ama in which the 
metmnolitan transoortation ~lanninn 
pro& mquimd by 23 USC 134 lnvd 
seaion 8 of the Fe&ml Transit Act (49 
USC. app. 1607) must be carriad out 

Metropolitcn pbnning oganisotion 
OiPO~ means the forum for wopemtive 
tmnsponatin~ deciaionmaking for a 
metropolitan planning ame. 

National highway sydem (.VHSj 
means the system of h.k.hwvs 
designated &rd l ppm*;l iu~accordanu 
with the tmvisions of 23 U.S.C 103M. 

Pafortkntxmsusumsmeans .- - 
operational chamcteristic. physical 
conditia. or other appmpriato 
parametemuudurlmnchmukto 
fwaluate the ad+cy of t~~~~prtation 
fociliti~datimaceawdui 
im rovemeutr 

B tats means my one of the 5fty 
States. the DistricZ of ColumhiL ur 
h8rtO Rico. 

TZPnspo~on Management Arcu 
(~~menmtmtububedatnwitha 
population over 200.099 (aa determined 
by the latest deamnkl wnsusl or other 
eiea when TMA desfgnation k 
requestd by the covexnaMdtlt0~ 
(a afktd Id o@cids!. anfwi5d&y 
designated b the Mmfmdxa 
FHWAand eFTA.‘l’heTMA J 
designation ap lies to the eutin 
m-pow P L . armw. 

Work plan means l wdtta~ 
description of nmjar etvftha neuasay 
todevescfp,esmhllrkwf~a 
management or mouiw ystam 
including identiflaUat af 
re!3ponsibisiuau twaaw% =dtypr( 
dates for armpl~the major 
ectsvitiea. 

fa)&chSteteshaU&v&op.ateMi& 
and implement the systems iden- in 
5500.10l.hcbstataahautdathe 
sydalnatoImmt~~alwl 
go&. pokiee, and mm but tin 
8yduMmustmntthenquirrnwnUir 

specifiad in subplrc, B tbrougb H of this 
part. Documentation that dsscribss each 
management system ahall b8 maintained 
by the States for the Fedeml agencies to 
determine. on a periodic basis. whether 
the systems meet the nqtummenta in 
this subpart and subparts B thmugh H 
of this part. as ap licable. 

(II) Each State s 1 all have procedures. 
within the State’s orgauiration. for 
coordination of the development. 
establishment. implementation and 
operation of the managsment systems 

Yi /ZiZG!GY~~Sf!i- that 
adequate resources are available for 
implementation and that target dates in 
the work planfs) am met; 

(Z~Theusoofdatabasoswitha 
common or coordinated nferemw 
systems and methoda for data sharing 
and 

(3) A mechanism to addrsss issuer 
releted to the purpar of mom than one 

m?$!?!z; implamsnting 
each management system. the State 
s&II ctxYpMam with Mpol in 
metmp0lSta.n wu Id of&ids in 
non-metmpdStan umk a&cud 
agencies mceiving essist~a under the 
Federel Trenslt Act and other ageucia 
Iincluding rivate ownem and 
opemtas) Lth44iitt 
opmtion of the 
systems a fecUitiu 

(d) In ecmrdaua with the pmvirioru 
of 23 U.S.C 134iSH31 aud 49 USC ano. 
laCn(SX3) and the m&nrments of 2s. - 
CFRwut4SO.theCbSahaUbnutd 
the nietmpolitan plan&g pm&in 

(0) Within mdmpolitan Iarming 
ama&thaads.pTMs. IMsdmK MJ 
to the axtent l ppmqhte. be part of the 

proai8nquhdtid8tth8~rorisio~of 
23 U.S.C 134 and 49 USC l pp. 19OT. 

(0hlzmtmpoAitanpknnin -that 
IwommthanoorMKlan at&t (& 
SncSuda mom thus mo Stete. the 

PwvJ=pmi@-~)of~ 
hdividual mauagemenk ryateme &il he 
cunsidemd in the development of 
me~~poSSt~ and statewide 
tmMponAtion phr and smp-t 

U.S.C. and unbl th Pm&ml Transit 
Act. 

(h)Tbrrwle.amdxaqmsui~of 
the St4te. MPO(rl. mcipeuta of 

aeeistencn under th8 Fed-1 Transit 
Act. and other ag8nci8e involved in the 
&w8lopmant. 8stablisbtmmt. and 
implementation of tscfi system shall be 
mutually datenninbd by the parties 
invoiv8d. A State may enter into 
agreements with local governments. 
regional agencies (such aa h4POs). 
recipients of funds under the Federal 
Transit Act. or other entities to develop. 
establish. and implement appropriate 
pans of any or ail of tb8 systems. but the 
State shall be responsible for overseeinn 
and coordinating.aucb activities. ” 

Lil Section Z(W(a) of title 23. U.S.C. 
requires the Secmtary in cooperation 
with the Secret~~es of the Intenor and 
Agricultun, to develop the safetv. bridge 
arid pavement managknent &ems loi 
Federal lands highwavs. as &fined in 
33 U.S.C lOl(a),To avoid duplication 
of effort. the management systems 
tvquimd under tbia part should be used 
to the extent appropriate to fulfill the 
requirement in 23 U.S.C 204(r) 
mgarding establishment and 
impiementatlon of pavement. bridge. 
and safety manege&nt syst8mr f0; 
Fedetnl lands hittbwave. Tb8 State. the 
Faded qpmci& and-the agencies that 
own the mada ahdl coopemtively 
d8teratfne msponeibtfity for coverage of 
Federal lands higbweys under thar 
remactive iurtsdictid amtml and 
ah&am&thatthersarhroftheFMS. 
BMS.audSMSfaF8demllands 1 
highway8 am available. u rppmpriate. !r 
for,considemtion in dsveloplng 
metropolitan and statewide 
transportation plans and improvement 

fz!Et-2~YE:~$~ems 
lendshi waypv 

(jl Es 2 manapment rystmm must 
include appropriate means to evaluate 
the et%ctivsnesl of implemented 
actions developed through uu of that 
6ptW.ThOdfC4UiVMWOft&U 
managamantsydenninrtnhcing 
transportation invsrtment decisions and 
improving the 0veralS efkiency of the 
State’s truuponation systenu and 
kihiea shall be evaluated priodiaklly, 
preferably as part of the tuetmpoli~ 
and statewide planning procaea. 

Ism.lol - 
(a) States must ba imphmmtiug the 

management syatema apecKed In 
subputlBthmu&Cofthisput 
~iIlF&XRlE.¶Ul 

f31Dr11sss (octDberLl994tDsapt 30.1995) 
mdmusttxrt@umuallytothe 
Seaetuy of Trans~rtatiou that they am 
implementing eech of th management 
ay8tlmrASUteddlbeanuideredto 
be ittlpfementing a memgemalt system 
sftha#ydem~underdwlopmenta 
Snwinaamdanwwiththe 
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compliance schedule for that system as 
specilied in subparts 6 throu& G of this 
iart. 

(b) The Gowmor of the State or the 
tommonwealth of Puerto Rko or the 
Mavor of the Dislria ofCoh~m&a shall 
noc;fv the FHWA Diesian 
Adminunator In writing by Scpkmber 
30. 1994. Of the tltidd Of Ihe fxrtlfying 
offic~.alrsJ for each management system. 
If them IS a &anee In dcrignated 
posItton( the Srate shall provide 
documcrtm~loo of the revissd 
deslgnatlon wath. or prior to. the ne*l 
annual certifkatlon. In thoa S4ate.s 
where respcasrb&ty for all of the 
manafjement systems IS within a singk 
agency (e g.. State DOT). deagnatim d 
one wrtdym8 off&l (or aIi d Ibe 
mana em&; stems rs recommended 

(cl #ha wrtiLon sutement(s) skiI 

,, -. 

,. ., 

be submitted by thhr wmfyisg o&i&(r) 
to rhe FHWA Division AdmrPrrrntor by 
january 1 of euh year. be@aoirq 
januazy I. 19%. To the l xteat pouib&. 
one wrtifdon statunenl shoukl cover 
ail rix management syrteuu. LI more 
than one unifioclon IW~~WR 4.l ho 
submitted by a State. the Raremoms 
should k amrdiati u ti Slate )sud 
and su&utted iaukmdy. Tlu furt 
certifiutioa auumwru sh8u inchId 0 
copy uf tin workpbdrA rapid ia 
rccord8na with tbu?lnpCuro 
sclwduloforucfYm8n8~8olsyuuIl. 
and a v of * statu1 ot ,. 
implemeotrtioa d ti rnv 
syuem(sl. Subsequent certifiation 
statement(s) shall inciu~a summq d 
the status of irnpiemetiti d UCL 
mmagemrnc system and l discuab 04 
pbnned -iv0 actions for any 
management systamW or subsystn&) 
that M not under development 01 
operational in l aofdmce with the 

furry 

compliance 8cbeduIr l d work pIan h 

autifiution state&t(r) and &ty 
felsv- WpporWlg dactlmaMMoa uu4 
co~tuatbw~ 
rgenci88 idwdlkd kr the spaffk 
syrtemls) in 5 SOO.loJ. Wit&o W dqs 
of rsosipt. lbe FM qn6n uftl 
review tlw cutifkatiaa d the PHWA 
Division Adminim rRI tie W 
State whether the axtificmtian b 
l cceptabfe or 11 ~OIW nuy be 
imDosed in accofdana with th0 
prdvisiona of 5 SW.% 

Is1 A suto shall ISaaILsidered to ku 

tha FHWA Diviti M&&n- b 
lanuay I. 1995. 

5 500.109 SanctIona. 
la1 Beqinnlng lanuary 1. 1995. Ifa 

State faris to ccrtlfy annually as required 
by this rtuufatlon. or If the Federal 
agencies drtennine thar any 
management system or subsy*em. 
speckfred IP subparts B through t 01 thts 
part, is not being adequately 
lmplemenred. notwlthstanding the 
Slate’s certikat4on(sl. the Secretary 
may withhold up to 10 penent of Lhe 
funds apponioned to the ate under 
title 23. U.S.C.. and to any recipient of 
assistance under the Federal Tnnsit ACI 
for any fiscal year beginning after 
September 30. 1995. Sanctions may he 
imposed on a statewide basis. 00 a 
subarea of a State. for specific ~t~oriu 
of funds or tyws of ~roisctt. or for 
specific mcr~ients 0; s&racipianu of 
funds under title 23. USC.. or under 
the Federal Transit Act depelrdiag on 
the l dqucy of impbmanutia of the 

agrwmeats with local bvemznents 01 
other l genctr to develop. establish. d 
implunmt rll or pun of tbo 
management systems. in l uordubw 
with )500.105(s). thobtate &AU ho 
responsible br ensuring t&t the 
systtrms an being implenunud 
statewide and for t&ing any v 
comctiw l Uion. indudiq 
implementing the systems rl lhe 

. 
T 

ml and local LVO& ifneassary. 
d Rfor to imposing8 sanctioc~ a 

Stata will b sotiISd tn writing by tf~ 
FHWA of tbr nndonlrl to he fmpavd 
lh.ruoMllprtb8wRuioIu.8nd~ 
actions n- to comd lb. 
ddficionciu. Aftk 60 days km rb &a 
of notifiatbo to tbo Sat.. thr Feda8i 

Transit AU upan a detenn~nar~~~~ bv the 
Federal qam5c.s that th naanagemenr 
syswua M bug drqwdy 
implemcntod. 

(al The foflowmq categorlu of Lnds 
may be wed for development. 
estabilshment. and lmplemeoratlon of 
any of the manwement and monrtorrng 
systems. Nationai Highway Skrlem. 
Surface Transportatron Proyam. FH\iA 
State planning and research and 
metropolitan plannrng funds (m&ding 
the optional use of mlmmum ollocat,on 
funds authorized under i3 L.S.C. kS’1\c; 
for carrying out rhe provlrrons ol23 
USC. 307kJ(11 and 23 U.S.C. 1>4(al). 
Federal Transit AQ Section a (49 U.S.& 
app. 1607J. Federal Transit Act Section 
9 149 L&CL app. 1607aL Federal T~~SII 
Act SectIon 261al(21 (49 U.S.C. app. 
1622(a)(2JJ. and Federal Transit Act 
Section 26(bl(l t 149 U.S.C. app. 
162#bYlU Congemroo Mtqtion and 
AU Quehty impfwexnent w hmdr 
(23 USC IM(bH2H my he und ta 
those Nnqlvnsnt sy- that M be 
-shown to matribute to the ettunnmn~ d 
a national l mbicc air quality s?en&rd. 
Apportieaed bridge hmds I23 U.S.C 
144(e)) ray he used hr developmeat 
and establishment of the bridge 
management system. 

cb) F&l funda identified in 
pwqmph 681 d this section used for 
developeol. ~ishmertt . or 
impbmentation of the menagarnefrt snd 
monitv q*srm shall be 
administered in accordance with tka 
procedures and mqui nmewtr 8ppkabb 
tothargrlofrurr& 

~~--a* 

(blIf8sateh8a~i~i~nIke. 
of procedww tbrt il wants to um Lo - 
meet the requilsments of this part. n 
shall submit a written request to the 
FHWA LBefdcm Administxetor that the 
FsdOrJr(pur#CQpttbeeMi&g 
m8n8pnuaqsmintieuof 
dswlopmeat of a DIW rgltrr - 
request shall include a discussion. end 
MY n- PPpatintl 
daunrrrdarbushamhowLb 
8xitirlg sv M Ibe mpimmarrc, 
ofthbpvcrn cbomrrutiwl SW1 
relbctrlrrimofrL~LIPQI.badl 
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operators. and other affected agenciu. 
as appropnrte. and the acttons to b 
taken to assum that the coopetarton 
required under 5 5OO.lOS(c) is 
established. 

[cl Capon receipt of a request. the 
FHWA Divtston Administrator ~111 
cgordlnate review of the request with 
the other Federal aqenctes specified in 
?j iG0 103 and with appropriate FHWA 
oifices. Wlthm 90 da>s of receipt of the 
State’s request. the FHWA will notify 
the Stare that the exlstlng system is 
elther fully acceptable. acceptable 
subiect to specific modificattons. or 
unacceptable and that a new system 
must be developed. 

(d) To meet the compliance schedule 
for a system. the State must submit any 
requests under paragraph la) of this 
seaon no later than June 1.1994. 

subpart ~*vafrwrtt hlatlagan?ant 
sy9wll 

~500.201 Pulpcaa. 
The purpose of this subpart is to set 

forth requtrements for development. 
estabiishment. implementatton. and 
continued operatton of a pavement 
management system (PMSI for Federai- 
atd highways tn each Stat. in 
accordana wtth the provisions of 23 
U.S.C. 303 and subpen A of this part. 

~soo.203 wwbwans 
tinless othetwisa specified in this 

patt. the definittons in 23 USC 101(a) 
and 5 500.103 are l pplioblo to this 
subpart. As used in this part: 

Pavement destgn means a prow 
level l ntvity whers detailed 
enginscrtng and economic 
constderations are given to l hernativa 
combinattonr of subbase. b. and 
surface mauriair which will pmvida 
adequate load carrying apecity. Futors 
which am considerad in&b: 
materials. trsffk. dimato. main- 
drainage. and likcycle coata. . 

Puwmcnt managemeti v VMSI 
means a systematic proceu th8i 
provides. analyoss. and auntme 
pavement informatioo for uI in 
selecting and implamantiq co4- 
effective paveatanl mm 
mhabilitation, and irtMara0 
P’ograma. - .* 

s== -e-w--- 
(a) Each State alwawmWaFMstor 

Federal-aid highways that m tha 
rquirements of 5 500.207 of this 
subpart. 

[b) The State is nmponsibla by 
assting that all FecIaraI-aid hi&vaya 
in the St&. aapt lh0r that M 
federeUyowned.umco*mabyepMs 
Coverag of fadantly ovnd publk 

roads shall ba determined cooperatively . 
by the State. the FHWA. and the 
agenctes that own the reeds. 

(cl PM% should be based on the 
concepts dennbed in the “AASHT0 
Cuideiines for Pavement Management 
&stems.” 1 

Id) Pavements shall be designed to 
accommodate current and predicted 
traffic needs in a safe. durable. and cost- 
effective manner. 

5 soo.207 pus ccrfvoMntr. 
(a) The PMS for the National Highway 

System (NHS) shall. as a mmimum. 
constst of the following components: 

(I) Data collection and management. 
[iI An inventory of physical pavement 

features including the number of lanes. 
length. width. surface type, functional 
classification. and shoulder information. 

(ii) A history of pm$ct dates and 
types of constntction. monstnrcticn. 
rehabilitation. and preventive 
maintenance. 

(iii) Condition surveys that include 
ride. distmss. rutting. and surfaca 
friction. 

(iv) TtafIk information including 
volumes. ctassification. and load data. 

(v) A data bass that links all data filaa 
nsiated to the PMS. The data basa shall 
be the source of pavement nlatad 
infomtation repotted to fha FHWA for 
the HPMS in accordanna with the HPMS 
Field Manual.~ 

(2) Analy9a9. at a frequancy 
establishad by the State consistent with 
its PMS objaztiw 

(9 A pawman t condition analysis that 
indudaa rida. distrasa. rutting, and 
sutfaa friction. 

(ii] A pavament pa-a analysis 
that includes an aatimata of prasant and 
pndictad parfotmana of spaczific 
pavement typaa and an estimata of the 
twmaining mrvia lifa of all pavements 
ontbnatwd. 

(iii] An inwatmant analysis that 
includaa: 

(A) A r3etwoA-level analysis that 
awthatw total cortr for pmaant and 
projacted coaditkms m the network 

(El A pmjact kaval andyais that 
determinea investment smegia 
induding a priariti?A list of 
mammtandad andidate prow with 

recommended ptwsenratlon tmatments 
that span single-year and multi-year 
penods ustng Itfe-cycte cost analysts. 

(Cl Appropriate horizons. as 
determmed by the State. for these 
investment analyses. 

(iv) For appmpnate sections. an 
engineering analvsls that tncludes the 
evaluation of de&n. construction, 
rehabilitation. matenals. mix designs. 
and pmventlve maintenance as they 
relate to the performance of pavements. 

(31 Update. The PMS shall be 
evaluated annually. based on the 
agency’s current policies. engineering 
criteria. practices, and expertence. and 
uodated as nmxtssarv. 

‘0~) The PM.5 for F&eral-aid highways 
that are not on the NHS shall be 
modeled on the components described 
in paragraph (a) of this section. but may 
be tarlomd to meat State and local 
needs. These components shall 
incorporate the use of the international 
mughness index or the pavement 
serviceability rating data as specified in 
Chapter IV of the HPMS Field Manual. 

~soo.20# waon@mao- 
(a) By Octobar I. 19% the Stata shell 

dmalop a work plan that identifias 
major activities and responsibilities and 
includes a schadula lhdt demonstrates 
full owration and use of the PMS on the 
NHS by October 1.1995. and on non- 
NHS Federal-aid highways by October 
1, 1997. 

(bl8yoctober 1.1995: 
(l]ThePhiSforthaNHSshallba 

fully opntional and shall provide 
pmjacts and pmgramr for consideration 
in devaioping metropolitan and 
statewide transportation plans and 
improvement pmgrams; and 

(2) PMS deaign for non-NHS Fedanl- 
aid highways shall ha complated or 
underway in rcc~rdanca wtth tha State’s 
work plan. 

(c) By oclobar 1.1997. tha PMS for 
non-NHS Federal-aid highways shall be 
fully operational and shall pmvido 
projects and pmgmnw for consideration 
in developing matropoli~and 
statewide transportatioa plans aad 
improvemant pm 
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