
Pavement Management at the Local
Government Level

C. L. MoNrslr¿rru, F. N. FrNrrr, J. A. Errs, AND M. Kunvrrr

Described in this paper are the results of a stucly of pavement
management practices used by 13 local government agencies in
the United States and Canacla. Included is a discussion of
factors to be considerecl in planning and cleveloping â pâ\,e-
ment management system based on the experiences of these
organizations. fn the planning phase consicleration is given to
resource requirements (personnel, equipment, ancl funds) and
to information requirements (primarily the type of data to be
collected). Specific consiclerations associated rvith actual de-
velopment includel (a) section identification, (å) conctition sur-
veys, (c) maintenance ancl rehabilitation alternatives, (d) data
utilization, and (e) report prepâration. Practlces of the 13
agencies relative to these considerations are sumntarizecl in a
series of tables for ready reference, Developnent and annual
costs as well as personnel requirements of the 13 systems are
summarized. I)evelopment costs of the order of 9100 to 9300/
mi appear to represent a reas<lnable range that might be
anticipated. Annual costs to operate the system of about $100/
mi are considered average, While personnel requirements x,ill
vary depending on the size of the systent, it is important to
recognize that one engineer rvithin the organization shoulcl be
responsible for and fully knorvledgeable of the system.

At every level of govcrnment, insuflìcicnt funds arc available
to maintain our strcct and highway systcms at currcnt lcvcls of
serviceability (1), Accordingly, public funds that have bccn
earmarked for pavemenLs must bc usccl as cffcctivcly as pos-
sible. A proven way to mitigatc thc cffccrs of thcsc Iunding
problems is through the usc of pavcmcnt ntanagcmcnt consid-
erations (2, 3).

Considcrable effort is now undcr way at thc statc lcvcl to
implement working pavcmcnt managcmcnt systcms, and a

number of states are alrcady cflcctìvcly using pavcmcnt man-
agement techniques for maintcnance and rchabilitation ac-
tivities, e.g., the statcs of Arizona (4), Cal\fomia (5), and
Washington (ó).

At the local governmcltt icvcl elfo¡ts arc also undcr way to
implement pavcmcnt managemcnt systcms, Dcscribcd by
Monismith et al. (7) arc a survcy ancl cvaluarion of a numbcr of
these agencies that havc alrcady initiatecl such acrivirics. [An
overall indication of thc state of pavcmcnt managcmcnt ac-
tivitics as of 1985 is providcd in Lhc Proceedings of the North
A me r ica n P av e ment M anage me nt C o nfe re nc e (8 ).1

There are, howeve¡ many agencics at thc local govcmmcnt
levcl with a diversc range of strcct and highway systcms and
with a multiplicity of requirements for effcctive use of the
systems. The purpose of this papcr is to briefly dcscribe the
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results of the study reported by Monismìth et al. (7). This study
is sponsored by the State of Califomia Department of Transpor-
tation and the Federal Highway Administration @HWA) to
enhance the development of pavement management activities
at the local goveûtmenl leve]. It is considercd worthwhile to
present the rcsults of the study obtaincd so far; essentially it
consists of a summary of what 13 local govemment agencies,
identified generally in Table 1, are doing to implemcnt pave-
ment managemcnt activitics in their organizations. It is hoped
that this summary will prove of assistance to local goveûirnent
organizations who may wish to undertake pavement manage-
ment activities.

Local Government
Organization General Location

Westem United States
Central West Coast, U.S.
Southwcstern Unitcd States
Central West Coas¡ U.S.
Northern Wcst Coast, U,S.
Central East Coast, U.S.
Central West Coast, U.S.
Central West Coast, U.S.
Westcm United States
Northcrn Vy'est Coast, U.S.
Wcstern United States
Southcrn Wcst Coast, U.S.
Easte¡n Canada

City A
Ciry B
County A
City C
City D
City E
City F
City/County A
City G
County B
County C
City II
Regional Municipality A

Summarized in Table 2 is gencral information about the
organizations whose systems wcrc evaluated. It is included to
provide a perspcctive on all of the information presented.

The results will be discussed within a gencral framework for
pavement managemcnt, illustrated in Figure 1.

PAVEMENT MANAGEMtrNT SYSTEMS FOR
CI'I'IES AND COUNTIES

Thc dcgree of completcness of a pavcmcnt managcmcnt systcm
(PMS) can range from a simple data base to a systcm that
includes the feature of optimization. Between these two levcls
there is a range in possible systcms. The lcvel rcquired will, to
a large extent, be influenced by the objectives set for thc
systcm.

Based on discussions with personnel in local government
agencies visited in conjunction with this project, there appears
to be a primary requircment for a PMS at the city-county lcvel:

TABLE 1 ORGANIZ,{TIONS PARTICIPATING IN STUDY



TABLE 2 GENERAL INFORN{ATiON

AGENCY POPUI,AT TON

STREET/ ROA¡
HILEACE
Miles

BUDGET, Dollars, x l0
DEVELOPMENT

OF
SYSTE}lRehabili.-

tatlon
Halnle-

nance

Rehabilf-
Låti.on and

Malntenânce

i ty A 90, 900 286
Conterline

L ,500 288 L,788 consul!ånt

i cy B I 00 ,000 550
CenLerline

500 500 APWA - I'I\VLR System

UounÈY A L , 600 ,000 1, 700
Cente¡ I ine

(1,100 Paved
Center.Llne)

County St¿f f (in-lrouse)

Clty C 50 ,000 220
Centerline

500 Consu i tånL
and Clty St¿ff

ClEy D 500,000 Consultant
ând Clly Staff

CiEy E 219,000 1.716 l-,'ne 600 ConsullanL
and City srafl

Ctty F 85,000 200
Cenlerline

I ,400 City 5L¡tl
l'llH^ - C¡\l-1R¡liS Syslem

Clty/County A 700 ,000 850 6,000 3,000 9,000
( r 985-86)

Con6ul tant
and Clty Staff

1rv C 46,000 160 Laûe ÀPl,l^ - P^VER SvsLem

Counly B I 19 ,000 860 r ,687 6tB 2 .36') Consul cant
wltlì State and CounLv S!af

Corrnty C r 25,000 3,l.50
CenLerl ine

500 5 ,000 5,500 County Staf f
FtlWÀ-C^.l,TR.I\NS SYstcn

Clty H 80,000 260 800 15 815 Ciry SLaff

Reglonal, Muni-
clpallty A

225,OOO 500
Centerl ine

1 2 ,000
Can.

Consullânt
wlth Munlclpallry Staff
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thc system should be simple to maintaìn and opcrate. It should
be noted, however, lhat thc dclìnition of what is simple will
vary from agency to agency, dcpending on its size and the
resources available to support a PMS. It was also indicated that
user-friendly, mcnu-driven softwarc is a desìrable attributc of a

PMS. Such a system provides interactive use for data entry,
editing, and retrieval of information rapiclly and easily and at

remote terminals by uscrs at various lcvcls of managcmcnt,
After the requirement for simplicity, agency prioritics vary
somewhat. Wclls, et al. (9), as the rcsult of a development
program in the PMS area by the Metropolitan Transportation
Commission (cncompassing thc nine-county area surrounding
thc San Francisco Bay), have listcd three fcalures as bcing of
primary importance in a PMS for local govsrnmsnts, as

foilows:

1. A procedure to objectivcly quantify pavcment condition,
2. A listing of the most cost-cffcctivc maintcnance treat-

mcnts, and

3. A mears of matching trcatmcnts to problerns,

General Approach

The framcwork of Figure 1 providcs the gcneral format for
pavement management activities, Thc data bank is the hea¡t of
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the system. Exactly what is includcd in the data bank will
depend on the system requiremcnts. As a minimum, informa-
tion conceming the conditìon of pavements in the network
must bc obtained. Based on pavement condition, it will be
necessary to establish a sct of actions considcred appropriate
for each condition state; i.e., single or multiple variable indiccs.

The best treatmcnt f¡om the feasible set must be determined.
The treatment may be obtaincd from a conscnsus of knowl-
edgeable people, usually within the agency personnel. This
"best" action can also be detcrmined by use of predictìon
models and optimization procedures.

Priorities can be devcloped based on ranking procedures;
bcnefit-cost ratios; maximizing performance or condition of
network; minimizing cost; or other methods may be developed
using performance, bcnclìts, and cost as primary considcra-
tions. In most cases, the needs will exceed the funds available,
P¡iorities can be used to sclcct sections for correcLive action. It
should be noted, howcver, that corrcctive measurcs for somc
scctions may havc to bc dcfcrred to a future ycar,

A careful evaluation of each scction will be essential to
ensure that the information in the nctwork data base is corrcct
and that there are no site-spccilìc conditions that would altcr
the plan developed for the nctwork branch of the system.



DATA BANK

PAVEMENT CONDITION
(ACTION FEASIBLE )

,.BEST ACTION "

ESTABLISH
PR IORIT IE S

SUM MARI ZE
'' NEEDS 

..

COMPARE WITH
FUNDS AVAILABLE

SELECT AND
PACKAGE PROJECTS

PLANS
a

SPECIFICATIONS

REVIEW BACKLOG
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STANDARDS

coNDrlr0N
SÏAÏE

RAVE LLI N G

CRACKING
RUÏTING
ROUGHNESS

Finally, plans and specincations are prepared for implementa-
tion of the program.

Feedback is an important part of the PMS. That is, what is
happening to the overall condition of thc pavcmcnt nctwork? Is
it improving, deteriorating, or remaining thc sarne? This rcvicw
of the backlog of needs will be useful in requesting funds to
maintain the pavement network at a dcsirccl levcl.

Planning a PMS

There arc a number of factors to bc considcred in planning the
development of a PMS. Some of the morc important ones

discussed with the agency personnel include

1. Availability of rcsourccs,

2. Information requirements,
3. Level of sophistication (completeness),

4. Data management,

5. Reporting, and

6. Administration,

Resource Requirements

Resources can be dividcd into tlucc catcgories: (a) pcrsonnel,
(b,) equipment , and (c) funds. The rcsource rcquircmcnts can be
divided into two levels, i.e., those needcd for development and

those required for operation of thc system.

Because of a shortagc of pcrsonncl with training o¡ back-
ground in development of PMS, most agcncies havc called on

SELECTED BY CONSENSUS,
EC0NOlr¡lC C0NSIDERAIIONS
OR OPTIMIZATION

T RAFF IC
INITIAL COST
LIFE CYCLE

consultants to assist in the development process, There are

exceptions, e.9., personncl in Citics F and H and County C
have developed or adapted systems for their respectivc agen-

cìes. When consultants are retained, it is usr.rally a joint effort,
with the agcncy providing the kind of assistance for which it
can be most helpful.

Cities and counties, for the most part, have not acquircd
equipmcnt to be used in the fleld, i.e., car ride meters, dellcc-
tiorr tcsters, skid tcsters, road loggers, and so on. Again, there
are some exccptions in the case of dcficction testing equipment;
however, the majority of agencies rcly on commercial com-
panies to provide this type of equipment.

Computcr equipment is available and is being used by all the
agencies contacted. Some cities and counties have access to
mainframe computers in house; some have microcomputers
assigned within the department that will maintain the PMS.

Most of the agencies contacted would prefer to have their
own computer, usually a microcomputcr, assigned to the re-
sponsible department. In this way, the department can maintain
direct control of the syslem, update it in a timcly manner,
produce reports whcn and of the type neccssary, and interact
with the data base for cditing and retrieval. Gencrally, the
system uscrs want a user-fiicndly (interactive) capabiliry and
mcnu-drivcn program.

Funiìing is always a problem for cities and counties, both for
development and operation of the PMS. As will bc seen subse-
quently, the cost of devcloping a PMS can range from as littlc
as $10,000 to as much as $500,000 or more (not counring data
acquisition), dcpending on thc lcvel of sophistication rcquircd.

COST

COSI / BENEFIT
CONDITION STAÌE

PERF0RtvlANCE

COM PUTE R

MAN UAL

PRO J ECT
MANAGEMENI

IìIGURIì 1 Framervork for pavement management system: city and
county level.
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TABLE 3 continued

AGENCY

City F

City/County A

CiÈy G

County B

County C

City H

Regional,
Mun ic ipal i ty

CLASS I FICATION

a) Arterial d) Collectors
b) FAU Route e) Residential
c) Bus Route

4 | a) Arterial - wÍÈh buses
b) Arterial - r{¡ithout buses
c) LocaL - with buses
d) Local - wiËhout buses

3 a) Commercial
b) Primary
c) Residential

a) Prinripal Arterial
b) Minor Arterial
c) Major Collecror
d) Minor Collector
e) Local Access

a) Ma-j or - FAS/FAU
b) Select
c) Minor

a) Arterial c) Industrial
b) Industrial d) ResidenEial

SPECIAL CONSIDERATIONS

&

Ho

COMMENTS

Sections identified by node nwbers.
(I) for FAU routes.

Consideration of tracks

Sections and 2500 ft.2 sample uniÈs

I Segments less t.han or equal Èo 0.5 mi.

Lengths between intersecEions (usual
mife maximum length).
Roads classed as diskable.

rvl

Desígn traffic leve1 associated with each
classification.
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In planning the PMS, a realistic estimate of the amount of
funds available is very important.

I nformation R equirements

The three main types of daia lìles consiclered by the agencies

include (a) design and construction, (b) maintenance history,

and (c) pavement condition.

The design and construction file can include information
relative to parameters related to construction or reconstruction;

for example, dates, traffic, soil support, materials, and layer

thicknesses. More or less information can be included as

desired.

The maintenance history file can include information relative

to what was done to maintain a segment as well as its timing'
Overlays, surface treatments, base repairs, and crack sealing

are speciflc examples of maintenance activities. Historical in-
formation of this kind is useful to the enginccr whcn packaging

projects.

Information to be included in the pavement condition file
wili vary depcnding on local experience' Typical kinds of
information for flexiblc pavements include surface type; trans-

verse cracking; fatigue (alligator cracking); defomiation (ruts

and comrgations); edge deterioration (cracking, shoulder drop

off); block cracking; patching; utility cuts; ride; and raveling.

In most cases agencies agree that they started by trying to

collect more information than was necessary. This slows down

the condition survey, reduces rcliability of information, re-

quires increased computer storage and programming and, in
general, is nonproductive, Thc rule should be: Collect only
what is necessary,

PAVBMENT MANAGEMENT SYSTEI\{S :

SPtrCIFIC CONSIDERAI'IONS

When developing a PMS a numbcr of items must be consid-

ered. Thcse include

Scction identilìcation,

Pavement condition surveys,

Other files,
Maintenance and rehabilitation altcmatives,

Performance prediction,

Network programming,

Optimization,

Data management, and

Reports.

Some of these items will be discusscd in this scction; they are

based on rcsults of the survcy and are summarizcd in Tables 3

to 8.

Section Identification

Street or roadway identification is required for data collection,
analysis, and reporting purposes. Codcs or strcet namcs, or
both, have been used for section idcntifìcation. Alphanumeric
codes can be used to dcscribe street classilìcation (arterial,
collector, and so on); general location in city; maintenance
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responsibility; and number of issues. The codes are tied to
specific street sections with defined iimits. A street or road

section should be a consistent Pavement type [portland cement

concrete (PCC), asphalt concrete (AC), and so onl; pavement

structural section; and traffic volume. The beginning and end-

ing of the sections or section limits should be clearly identifìa-

ble in the field. Table 3 provides a sunmary of the procedures

used by the organizations interviewed.

Section Length

Some cities have elected to designate sections on a block-by-
block basis. Other organizations have sectiors that are several

miles in length. Selection of section length should give consid-

eration to the following:

1. Uniformity of the section:

Pavement type,

Pavement structural section,

Traffìc volume,

Age of pavcmcnt,

Rehabilitation history, and

Maintenance history.

2. Classif,cation

Functional (artcrial, collector, residcntial); and

Funding (federal, slate, coruìty, and city special funding
categorìes).

3. Scheduling rehabilitation and maintenance activities.

As a general guide, section limits should be selected on the

basis of uniformity, with consideration given to classilìcation
and scheduling. If this approach is followcd, section length wiil
not be a constant,

ClassifLcalion

Most cities use a functional classification for their streets.

Requircmcnts for typical structural sections, geometrics, drain-
age, and so on, will be associated with the classif,cations used,

These classifications may aiso be associated with funding cate-
gories. For example, major arterials may be eligible for federal
funding, whereas rchabilitation of residential streets must be

paid for by adjacentproperty owners. These consideratiors are

important when scheduling rehabilitation and maintenance
activities.

Other Considerations

The prcparation of budgets requires an estimate of the area of
pavcmcnt to be rehabilitatcd or maintaincd. Thus, the street or
lane width, number of lanes, parking areas, and so on, in
addition to scction length, become important, It may or may not
be necessary to measure strcct width. For example, if scction
limits are based in part on strcct classilìcation and if geometrics

are based on strcct classilìcation, network budgct prcparation
will not rcquire strect width to bc mcasured as part of the
inventory.
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Intersections have special pavement and drainage problems
that require separate considerations. These special problems
can be handled by notes attached to street evaluation forms or
by separate special forms. If special forms are used for inter-
sections, the limits of the intersection need to be def,ned.

Considerable time and expense is often required to establish
street section limits. As indicated above, construction, re-
habilitation and maintenance history files, as well as traffic
files, should be consulted before establishing limits. Unfor-
tunately, many cities and counties have poor records that can-
not be readily used.

Pavement Condition Surveys

Pavement smoothness (ride quality) and safety (skid resistance)
are important functional considerations. Pavement distress,
while important from a functional standpoint, is extremely
important as an indication of structural condition.

Ride quality is usually evaluated during pavement distress
condition surveys; e.9., by use of a car ride meter. Safety is

often evaluated by measuring a pavement friction number or by
accident frequency information, or both. These objective mea-

suring techniques are not widely used by cities and counties at

the present time. Subjective measurements of safety are some-

times made by recording the presence of flushing or bleeding.

Pavement smoothness and coeffìcient of friction are depend-

ent on speed. The slower speeds of city traffic decrease the
relative importance of these functional perfoÍnance items com-
pared with those of rural county or state roadway networks.

Types of Distress

Pavement structural condition surveys are performed to iden-
tify the t)æe, extent, and severity of several distress types.
Indicatiorx of permanent deformation (rutting, shoving, cor-
rugations), surface distress (flushing, raveling, surface wear,
fuel damage), cracking (alligator, longitudinal, transverse) and
maintenance (patching) are usually included in these surveys
(see Table 4). As seen in this table, the number of distress types
and the detail to which the extent and severity of each distress
type is recorded are highly variable among existing city and
county pavement management systems, The detail required
should be dictated by the end use of data. If selection of
rehabilitation and maintenance altematives is desired from re-
corded distress information, the distress condition survey forms
should be developed to include the required detail. Experience
suggests that the amount of detail required is usually much less

than was originally envisioned.

Method of Data Collection

Condition survey information can be collected electrome-
echanically or by visual surveys. Visual surveys are usually
performed by a single individual or a two-person team, Survey
techniques require driving the street sections at a slow speed or
walking along all or portions of the street scction. Windshield
or driving surveys may involve stopping of the vehicle for short
periods of time. Walking surveys range from walking the entire
length of the section to walking three to five randomly selected
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portions of a pavement section, Walking surveys provide more
accurate data than riding surveys, but costs are higher. The
degree of accwacy required of the data should be considered
when selecting the data-collection methodology.

A variety of electromechanical devices are available to re-
cord pavement distress. These devices range from units with
electronic input for recording data as they would appear on a

manual input form to the use of enhanced video images to
record the type, degree, and extent of selected types of pave-
ment distress. None of the existing PMS reviewed for this
study presently uses electromechanical devices,

Frequency of Surveys

Condition surveys should be performed at sufficient intervals to
monitor pavement condition changes that will affect selection
of rehabilitation or maintenance alternatives, Roadways in rela-
tively poor condition may need to be surveyed annually,
whereas new sections with relatively good performance can be
evaluated every 2 to 3 years. Usually rl3 t6 rl2 of all pavement
sections are evaluated annually. Thus, a 2- to 3-yr cycle is
considered adequate by many organizations.

Condition surveys are most often performed in the spring.
Current condition information is then available to assist in
scheduling summer rehabilitation and maintenance activities.
In addition, roadways are usually in their worst condition
during the spring. However, some cities will perform condition
surveys in the winter and summer,

Condition Survey Index

Condition survey information can be used together with an

appropriate scoring system to develop a condition index. Most
systems assign deduct points to specific types, degrees, and

extents of distress. These deduct points are summed and sub-
tracted from 100. This process results in a single value index to
describe condition index.

Several systems used this pavement distress in combination
with other numeric scores, such as roughness, drainage, and so

on, to calculate a combined score, which is used to describe the
roadway or street condition.

Supporting Information

In addition to the data and information associated with pave-
ment condition, most pavement management systems provide
for supporting data to be used for such things as priority scores,
engineering analysis, and cost data. Table 5 provides a sum-
mary of the other general t¡pes of data collected.

Files for the supporting data are often refer¡ed to as (a)
design and construction, (å) maintenance history, (c) rehabilita-
tion and maintenance, (d) drainage, and (e) geomerrics. There
may be others; the above are mentioned as illustrations.

To illustrate further, the design and construction file would
contain information to relate design to life-cycle performance;
maintenance history would provide information on the se-
quence of actiors (treatments) subsequent to construction and
life-cycle evaluation. These supporting f,les could also provide



TABLE 4 CONDITION SURVEYS

AGENCY

City A

City B

County A

City C

CiÈy D

CiÈy E

City F

City/County A

PHYSICAI DISTRESS

rYPE I or narn leu¡r{-

.d
!
o

o
Ê

COMMENTS

See final page
of tabIe.

Special Report

502 Arterials
302 Locals
Dynaflect Deflections

Relative performance age
eva 1 uated -

* - Sections not receiving
Maint./Rehab. surveyed
yearly.

** - Deflections meas. wiÈlì
Dynaflect on entire
sys Èem

* - ContribuÈion to ride
qual. mde by RR tracks
is assessed.

** - Only when structural
evaluation required.



TABLE 4 continued

AGENCY

PHYSICAI DISTRESS

City C

COMMENTS

AC overlays assigned
based on deflection data.

Worsc l/3 of system lst
year; 4 yr. sequence
then foÌlowed
Deflections meas. on
cand. proj. using FWD

CounÈy B

County C

CiËy H

Regional,
Municipality A

*-Key:l{=winter,sp=spring,su=smer,F=faII;¡t=March,A=April,Jan=Jmuary,andJuI=JuIy.

I
o

oo

I lF l(Jloo la l4lzl zzlzlolÅlàHlÉlÞl-lJ
F l> ld lØ¡e
F lo lÊ¿ lÞl>
? lã ls ldlÍ

lËl l-o lvl lzz lal l-:ls¡ lf;tgt tútolol l<lo< I lalr/, lzp¿lJlzlolH
Ol<lÈl l:¿lzlvlHlol I

ãlãl3lHlÉl::ln3l=l"lãl,"lildÉlolHlziolÈlE

;lãlHlÉl:l;lH
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TABLEs OTHERDATA

information required to calculate benefit-cost ratios based on
such considerations as number of users, e.g., average daily
traffic ({¡1¡, type of users (equivalent axle loads), and the

maintenance-plus-rehabilitation costs,

Drainage information, which could influence performance,
may be included as a speciai file or in the design and con-

struction file. Geometrics, signs, legends, and so on, could be

added, provided some benef,t or use could be identif,ed.

One of the major problems in developing a PMS is the

tendency to collect more information than is necessary or
useful for the system. Experience indicates that care should be

taken not to collect more information than is necessary to
support the system. Thus, in developing a PMS, every bit of
information to be collected should pass the following test as a

minimum:

1. The data will be used to identify sections with poor
performance,

2. The data will be used to establish priorities,
3. The data will be used to sclect maintcnance or rehabilita-

tion actiors,
4. The informatìon will bc uscd to calculate the cost of

maintenance and rehabilitation actions,
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5, The information can be used to estimate life-cycle costs

of each maintenance and rehabilitation action, and

6. The information can be used to estimate the life-cycle
costs of newly constructed pavements.

Additional information can be selected; however, the criteria
for selection should include how the information is to be used

in the PMS or some other system useful to the agency. Avoid
collecting information that would be "nice to have."

Maintenance and Rehabilitation
Alternatives

Table 6 shows the types of rehabilitation and maintenance
altematives used by agencies surveyed in this study. From 3 to
16 altematives are used in the various systems.

Performance Prediction or Network
Programming (Data Utilization)

Figure 2 provides an illustration of the various levels of a PMS
that can be produced, starting with a data base of information

f¡¡
IA

z
F¡

Ci t-y A

City B

County A

City C

Clty D

CiEy E

City F

CiEy/Count.y A

City G

CounEy B

County C

CiÈy H

Regional,
Municipality A

* - Data gaEhered for se€inents during project design, not for entíre neËwork as yeÈ.

** - Basis for classification of non-arEerial or non-co11ecÈor streets.



TABLE 6 RETIABILITATION AND MAINTENANCE ALTERNATTVES
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CounÈy

City H
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COMMENTS

present.Iy consldered
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(I) ALternatives con-
sidered by design
engineer.

Other alternaÈlves con-
sldered by PAVER

AlternaÈe rehab strate-
gies may be considered.

Also uses sand seal



TABLE 7 DATA UTILIZATION

Basls for
Predict fon

l,lodels

AGENCY

City A

Ciry B

CounÈy A

CiÈy C

City D

City E

City I

City/CounÈy A

CiÈy G

County B

County C

Ciry H

Regional,
Munic ipallty

Netl¡ork
Programing

ul(J>, 1zf lõÊr/<zl9,HLO<t<

o
H
Èo
Fl
EI

trlâ

f,(J
oúÀ

COMMENTS

i'{o prediction models

Prediction nodels not used

Changed from mainframe to PCIAT in 1985

Initially on mainfrane (1979)
Changing to PC (1985)

PrioriÈies based on type of treatment
heavy overLays first

Prior, based on cosÈ effec.
with high deflect" get firsÈ

ÈreaÈ. PwÈs
priority.

Changing Èo PC during second year

Input and ouËput
Ìåtion ând daÈa

opÈional
sÈorage on

on PC - manipu-
main frame

ln-house

Consu lÈant



TABLE 8 REPORTS
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City A

City B

County A

CiEy C

City D

City E

Cicy F

City/County A

CiEy G

County B

County C

CiEy H

Reglonal,
Municlpality A

(1) By DynafLecÈ analysis, rater score.

(6). The f,ve components of the data base are construction
history, inventory, traffic, surface friction, and pavement
condition.

It is not necessary to include all of the lìles indicated above;
however, some agencies may want to add additional flles for
maintenance history, signing, drainage, shouldcrs, and so on.

The key information for most city and county sysrcûts will
be contained in the traffic, construction history and condition-
rating files. Depending on what information is contained in the
construction history file, a record of maintenance may be useful
and may be incorporated in a separate lìle. With these data,
various methods of use are available, These are sununarized in
Table 7 for the organizations involved.

The condition file can be used to evaluate the overall healrh
of the pavement network by a simple tabulation of condition, as

illustrated in Figure 3, taken from reports prepared for the ciry
of Vacaville, Califomia (not included in rhis study). In this
report, each street segment has been ranked according to the
severity and extent of fatigue (alligaror) cracking. Scverity
ranges from I to 3 (with 3 being rhe mosr severe) and extenr
ranges from I to 4, according to the pcrcent of the length
affected (4 being the greatest exrenr). Thus, if fatigue cracking
is considered to be the most critical con<Iition rated, the flrst
nine sections listed would be givcn trst consideration for

corrective action. Other statistical information could easìly be
produced from this type of information. For example, what
percentage of the segments in the network have fatigue cracks
in severity level 3 and extent 4?

The interpreting program referred to in Figure 2 translates
(interprets) the information into a combined rating for each
section using condition data in the data base. This is accom-
plished by applying weighting values to the extent and severity
of each distress category.

The combined index can be used in a number of ways:

1. To establish priorities;
2, To summarize overall condition of pavements in the net-

work, i.e., health of system;

3, To develop performance curves (predictions) over time;
and

4. To provide performance trends based on budget level.

Priorities are necessary to determine which projects to re-
habilitate when there are funding constraints, However, bcfore
priorities can be established ir is necessary to identify which
segments nced rchabilitation or maintenance,

Figure 4 illustrates a technique for establishing threshold
values for maintcnance or rehabiiitation. Using this method,
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deduct values are assigned to each type of distress to be
remedied by treatment. Dependìng on the condition and traffic
(as measured by the Traffic Index, TI), an action is recom-
mended. If more than one deficìency is notcd, a selection logic
is used to defìne the action that will correct all recorded defì-
ciencies below the th¡eshold value, as shown in Figure 5. This
latter technique is similar to procedurcs used by cities and
counties that use the California Department of Transportation
PMS (ó).

Thus, priorities can be established without prediction models
or optimization. A procedure of this type is relatively simple;
however, it relies almost entirely on engineering judgment and
experience to identify th¡eshold values and the best action or
treatment. In many cases, this is all that is needed. If prediction
models are available, it is possible to develop an optimization
procedure. Only a limited number of systems for cities and
counties incorporate such procedures. The general approach is
to develop some objective function that is to be minimized or
maximized; for example, costs can be minimized, or the ratio
of benefits to costs can be maximizcd. Virtually all of the
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face
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0ther 5t¿i"isticaì Anaìysis
and Sunmari es

0ther Statistìcaì Anaìysis
and Summ¿ries

tecluriques used depend on some measure of performance and
cost.

The benefits of optimization are considerable, providing the
resources can be made available to develop and maintain such a
system. Optimization will compare a large number of altema-
tive treatments for a pavement section in such a way as to
recommend the best action and the best time to initiate a

treatment, depending on prevailing conditions.
Regardless of the level of sophistication incorporated into

the system, the final stcp is to package the projects into a

program for development of a set of plans and specifications,
and eventually an action plan.

Reports

Existing data-management programs provide an opportunity
for the user to sort and provide data in numsrous report for-
mats. St¡eet listings, rankings, and budget information are

examples of the reports providcd by all surveyed PMS. Table 8
contains a summary of the various kinds of reports generatcd.

ts
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Þ

FIGURD 2 Conceptual florv chart of Washington State operations (ó).
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The .{ol)or¿lng abbreviåtions ¡re used to dercribe the geverity and
extent of the sever¡l di¡tresseç, end the recommende'd tre¡tment.

Street Listing

Street listings can be presented by sections for the entire street
or for an area or district of the city by functional classification.
These listings are useful as ready reference for present pave-
ment condition and for location of sections for the annual
pavement distress surveys,

Ranking

Ranking reports can be prepared based on a pavement distress
condition score and from priority scores that may combine
dist¡ess condition score, trafflc, drainage, and so on, into a

single numeric value. Reports that list roadway segments by
distress type, ride quality, and rehabilitation or maintenance
altematives provide an opportunity for ranking actions, For
example, all roadways with severe alligator cracking may be
the highest priority for rehabilitation. Rankings can be pro-
vided within maintenance area or district or within functional
classifications.

CS - Crzck Êeel fng
FS - Fog Eeal
FrFt,O- Fllll, Fl11. & Over¡¡y
OL - Overl ey
RES - Re¡torr or Reconrtruct
TI - Tr¡f Ç lc lnde¡,.

Budget

Reports describing yearly budget requirements are provided by
all surveyed PMS. A few systems forecast budget requirements
over a 3- to 5-yr period. Budget requirements by rehabiliration
and maintenance altemative are provided by some systems on a
routine basis.

COST AND PERSONNEL
CONSIDERATIONS

Development and aûtual costs of the 13 systems, together with
their personnel and equipment requirements, are summarized
in Table 9. Costs to develop ranged from less than 950/mi to
more than $400/mi. Values on rhe order of $ 100 to $300 appear
to represent a reasonable range that might be anticipated by an
organization. Generally, if little historical data are available, the
costs will be on the higher side, e.g., City D.

Annual costs of about $100/mi to operate the system are
considered to be average (see Table 9). This amount should
provide a reasonable guide for budget-estimating purposes.

CpS - Cape Seal
DN - Do Nothi ng
llLF - hill & Fl ll*
N,/0 - Not Observed
P - P¡tch
SS - EIurry Sa:l
. - Include¡ recYcled rn¿teri¡l¡

FIGURE 4 Deduct values for pavement distress and recommended treatments (7).
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FIGURE 5 Rehabilitation logic (7).

Personnel requirements will vary depending on the size of
the system and whether the system is devcloped in house cr by
consultants. For smaller cities it would appear that a minimum
of 2-3 person months are required to conduct the necessary
activities associated with the system once it is operational. This
requirement will increase as the size of the system increases,
see Table 9. Regardless of the size of the system, however, one
engineer within the organization should bc responsible for and
fully knowledgeable about the system.

As previously noted, and seen in Table 9, other than comput-
er hardware, little additional equipment is required by the
majority of the agencies surveyed. For decisions at the project
level, after projects have been packaged (Figure l) and before
final designs are set, a number of organizations use the scrvices
of other organizations (e.g,, consultants) to conduct structural
evaluations to ensure that the treatments selected are correct.

SLURRY

SËAL

08 AU6UST 1984

CONCLUDING REMARKS

As funding becomes increasingly constrained, systematic pro-
cedures to assist in the decision process for fund allocation for
pavement maintenance and rehabilitation activities assume
greater significance. Pavement management systems, if prop-
erly formulated, can be of immcasurable assistance in this
decision process to engineers responsible for road and street
networks. To be effective, however, a commitment must be
made to maintain and update the system and to follow the
strategies proposed,

In the organizations surveyed in this investigation, the repre-
sentatives stated that their systems were most helpful to them in
making maintenance and rehabilitation decisions and that they
planned continued use of the systems.

OVERI.AYSLURRY

SEAL



TABLE 9 COST AND EQUIPMENT REQUIREMENTS

MAN-UONTIIS EQUIP. REQUIRÑIN¡TS
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cosr. $ x l0

Cit.y A

City B

County A

CiÈy t)

City D

COMMENTS

Softr¿are cosÈs approx. $5'000
per year.

FuÈure annual costs expecÈed Èo

be abouÈ $30,000 - 935,000 for
1,300 centerline miles of roads

*DevelopmenE costs:
$ 98,000 Consultancs
200,000 In-house

**Data entry and daÈa processing
COSÈS:

$r2,000 - $r7,000
***Personnel costs are approx.

80 percent of ÈoÈal
****2 engineers and I Èechniclan

devote part-time Èo sysÈem

CiÈy E *ConsulÈantts charges
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TABLE 9 contînued

City F

City/County A

City G

J
Ff

Þzz

j
H
ñ

Fl

Fo
F

COMMENTS

(l) By consuJ.cant

*Development Costs:
$ 56,000 ConsultanÈs
300,000 ln-house

**Duplicate computer hardware
in mainEenance and engl-
neering sections.

One full-Èlme employee performs
al1 functions

See (a) below

*Once every 3 years.

*Development cost for city:
$9s ,000

,**ConsultanÈ perforns update
every 3 years

#30** .57r76

County B

County C

CiÈy H

Regional,
Municl-
paliry A

CoST, $ x 193

(a) Low developmenc cost due to availability of a compatible road 1og daÈa test.
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Finally, it must be noted that the user of the PMS should
remember that the system cannot make decisions, only the

responsible authority can do that. Thus, professionals wiil
always be required to properly formulate and effectively use a

pavement management system.
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