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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most effective 
approach to the solution of many problems facing highway 
administrators and engineers. Often, highway problems are of 
local interest and can best be studied by highway departments 
individually or in cooperation with their state universities and 
others. However, the accelerating growth of highway transpor-
tation develops increasingly complex problems of wide interest 
to highway authorities. These problems are best studied through 
a coordinated program of cooperative research. 

In recognition of these needs, the highway administrators of 
the American Association of State Highway and Transportation 
Officials initiated in 1962 an objective national highway research 
program employing modern scientific techniques. This program 
is supported on a continuing basis by funds from participating 
member states of the Association and it receives the full co-
operation and support of the Federal Highway Administration, 
United States Department of Transportation. 

The Transportation Research Board of the National Research 
Council was requested by the Association to administer the 
research program because of the Board's recognized objectivity 
and understanding of modern research practices. The Board is 
uniquely suited for this purpose as: it maintains an extensive 
committee structure from which authorities on any highway 
transportation subject may be drawn; it possesses avenues of 
communications and cooperation with federal, state, and local 
governmental agencies, universities, and industry; its relation-
ship to the National Research Council is an assurance of ob-
jectivity; it maintains a full-time research correlation staff of 
specialists in highway transportation matters to bring the find-
ings of research directly to those who are in a position to use 
them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway and transpor-
tation departments and by committees of AASHTO. Each year, 
specific areas of research needs to be included in the program 
are proposed to the National Research Council and the Board 
by the American Association of State Highway and Transpor-
tation Officials. Research projects to fulfill these needs are de-
fined by the Board, and qualified research agencies are selected 
from those that have submitted proposals. Administration and 
surveillance of research contracts are the responsibilities of the 
National Research Council and its Transportation Research 
Board. 

The needs for highway research are many, and the National 
Cooperative Highway Research Program can make significant 
contributions to the solution of highway transportation problems 
of mutual concern to many responsible groups. The program, 
however, is intended to complement rather than to substitute 
for or duplicate other highway research programs. 

NOTE: The Transportation Research Board, the National Research Council, the 
Federal Highway Administration, the American Association of State Highway 
and Transportation Officials, and the individual states participating in the Na-
tional Cooperative Highway Research Program do not endorse products or man-
ufacturers. Trade or manufacturers' names appear herein solely because they are 
considered essential to the object of this report. 
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PREFACE 	A vast storehouse of information exists on nearly every subject of concern to 
highway administrators and engineers. Much of this information has resulted from 
both research and the successful application of solutions to the problems faced by 
practitioners in their daily work. Because previously there has been no systematic 
means for compiling such useful information and making it available to the entire 
highway community, the American Association of State Highway and Transportation 
Officials has, through the mechanism of the National Cooperative Highway Research 
Program, authorized the Transportation Research Board to undertake a continuing 
project to search out and synthesize useful knowledge from all available sources and 
to prepare documented reports on current practices in the subject areas of concern. 

This synthesis series reports on various practices, making specific recommendations 
where appropriate but without the detailed directions usually found in handbooks or 
design manuals. Nonetheless, these documents can serve similar purposes, for each 
is a compendium of the best knowledge available on those measures found to be the 
most successful in resolving specific problems. The extent to which these reports are 
useful will be tempered by the user's knowledge and experience in the particular 
problem area. 

	

FOR EWO RD 	This synthesis will be of interest to pavement designers, maintenance engineers, and 

By Staff 
others responsible for the management of highway pavements. Information is presented 
on pavement management systems—the established, documented procedures used to 

Transportation 
Research Board 

treat all activities involved in providing and sustaining pavements in an acceptable 
condition. 

Administrators, engineers, and researchers are continually faced with highway 
problems on which much information exists, either in the form of reports or in terms 
of undocumented experience and practice. Unfortunately, this information often is 
scattered and unevaluated, and, as a consequence, in seeking solutions, full information 
on what has been learned about a problem frequently is not assembled. Costly research 
findings may go unused, valuable experience may be overlooked, and full consideration 
may not be given to available practices for solving or alleviating the problem. In an 
effort to correct this situation, a continuing NCHRP project, carried out by the 
Transportation Research Board as the research agency, has the objective of reporting 
on common highway problems and synthesizing available information. The synthesis 
reports from this endeavor constitute an NCHRP publication series in which various 
forms of relevant information are assembled into single, concise documents pertaining 
to specific highway problems or sets of closely related problems. 

As highway agencies focus more attention on maintenance and rehabilitation of 
highway networks, the use of some form of a pavement management system becomes 
increasingly important. This report of the Transportation Research Board describes 
the features, applicability, and uses of a pavement management system and recom- 



mends five general steps for implementing a new pavement management system or 
improving an existing system. 

To develop this synthesis in a comprehensive manner and to ensure inclusion of 
significant knowledge, the Board analyzed available information assembled from nu-
merous sources, including a large number of state highway and transportation de-
partments. A topic panel of experts in the subject area was established to guide the 
researcher in organizing and evaluating the collected data, and to review the final 
synthesis report. 

This synthesis is an immediately useful document that records practices that were 
acceptable within the limitations of the knowledge available at the time of its prep-
aration. As the processes of advancement continue, new knowledge can be expected 
to be added to that now at hand. 
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PAVEMENT MANAGEMENT 
PRACTICES 

SUMMARY 	As highway agencies have shifted from construction of new pavements to main- 
tenance and rehabilitation, more attention is being focused on ways to better manage 
the huge investment in paved highways. Pavement management is not new; highway 
agencies have been making decisions about pavements for as long as there have been 
pavements. The emphasis in recent years, however, has shifted from perceived needs 
and best judgments to a systematic approach. 

Pavement management is the effective and efficient directing of the activities in-
volved in providing and sustaining pavements in an acceptable condition at the lowest 
life-cycle cost. A pavement management system (PMS) is an established, documented 
procedure that treats all of the activities involved in pavement management in a 
systematic and coordinated manner. A PMS usually includes condition surveys, a 
data base of pavement-related information, analysis scheme, decision criteria, and 
implementation procedures. 

Pavement management can be applied at the network level or at the project level. 
At .the network level, pavement management is concerned with information related 
to the entire highway network; as such it involves policy and programming decisions. 
Network-level pavement management is used to establish programs, set policy, and 
estimate budget needs. At the project level, pavement management is concerned with 
detailed technical information on specific pavement sections and can be used for 
activities such as establishing priorities for maintenance and rehabilitation. 

Of 53 agencies responding to a survey, 35 have some form of pavement management 
system or process and 11 have a partial system or are developing a system. The 
agencies reported that the most effective method for developing a PMS was for the 
chief administrative officer to initiate the effort and a steering committee or task force 
to guide the development. Almost all of the pavement management processes include 
some form of pavement evaluation or monitoring. Outputs from the PMS covered a 
wide range of information including pavement condition, deficiencies, priority listings 
in various categories (e.g., repair needs), predictions of remaining life, strategies and 
treatments, and costs. 

The agencies use the information from their PMS for such activities as establishment 
of priorities for overlays, maintenance, and allocation of funds; budget preparation; 
development of rehabilitation strategies; and identification of problem areas. Most 
survey respondents believe their PMS is cost-effective. Benefits cited were cost savings, 
better budgeting and allocation of funds, improved priority listings of projects, better 
selection of projects, ability to evaluate alternative strategies, improved data collection 
and thus knowledge of pavement condition, and more uniform, consistent, and accurate 
information from location to location and from year to year. Some areas where 
improvements are needed include life-cycle costing, optimization models, prediction 
capability, data collection and processing, and intradepartmental coordination. 
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Development of a pavement management system involves the following steps: (a) 
commitment from top management, (b) establishment of a task force or steering 
committee to guide development, (c) selection or development of a system that meets 
the needs of the agency, (d) demonstration of the system on a limited scale and 
revisions as needed, (e) full-scale implementation, and (f) follow-up and improve-
ments. 

In general, the following components are recommended for inclusion in a pavement 
management system: (a) a means for monitoring or evaluating pavement condition 
(may include measures of distress, roughness, friction, structural capacity), (b) a data 
base (including costs, pavement history, traffic volume and loads over time, and 
inventory data), (c) methods for analyzing data and generating reports (at both 
network and project level), and (d) an updating capability. 



CHAPTER ONE 

INTRODUCTION 

Construction of new highways, including the Interstate sys-
tem, has been the primary emphasis of highway agencies since 
the 1950s with many new miles of pavements being added to 
the various systems. During the 1960s and 1970s, construction 
of the Interstate system was the largest public works project in 
history. Many of the pavements constructed then have reached 
or soon will reach the end of their design lives. The highway 
systems are now basically complete, and the emphasis has 
changed from new construction to system preservation consist-
ing of maintenance and rehabilitation. 

There are nearly four million miles of public highways or 
roads in the United States. Over 50 percent of these miles are 
either flexible or rigid pavements with the remaining either 
gravel surfaced or unsurfaced. The highway system supports an 
estimated economic activity of more than $400 billion annually 
or nearly 20 percent of the gross national product. The highway 
system is also dedicated to the needs of national defense (1). 

Lamm, in his comments at the North American Pavement 
Management Conference in Toronto, said, "The network of 
highways, roads, and streets across America has always been 
one of our Nation's most important assets. All Americans are 
affected, directly or indirectly, by highway transportation. It is 
the lifeline over which nearly all consumer and industrial goods 
are transported at some point in their journey" (2). The costs 
of transportation affect the price of virtually every product used 
by the consumer. Good roads are beneficial to industry and 
thus to the consumer through cost savings in vehicle operations. 
Good roads benefit industry by helping to maintain competi-
tiveness and increase productivity. Evidence has shown that 
better roads are important for the regeneration and development 
of industry (3). 

There has been a steady increase in vehicle miles of travel 
per year in the United States from 1955 through 1985, with the 
exception of a slight drop in 1974 and again in 1979 and 1980. 
This is illustrated in Figure 1 (4). Motor fuel consumption 
paralleled vehicle miles of travel through 1978 (Fig. 1) after 
which there was a drop in fuel consumption caused by energy-
conservation measures. 

A comparison of the growth in volumes and loadings on the 
rural interstate system from 1970 through 1985 using three-year 
moving averages revealed that the percent increase in daily 
traffic load as measured in equivalent single-axle loads (ESAL) 
has been increasing faster than the percent increase in total daily 
traffic. This is illustrated in Figure 2 (4). From 1970 through 
1985 trucks with five or more axles increased from 9 to 17 
percent of total daily traffic, which is nearly a 100 percent 
increase in 15 years. On many pavements, 25 to 30 percent of 
the daily traffic volume consists of trucks with 5 or more axles. 

By contrast, twenty-year traffic forecasts made in the 1950s and 
1960s   included 10 to 15 percent heavy trucks for rural Interstate 
highways. Trucks with 5 or more axles produced 69 percent of 
the ESALs in 1970 whereas in 1985, because of the increase in 
their percentage of the total traffic, they produced 92 percent 
of the ESALs on the rural Interstate (1, 4). Data from the 
Highway Performance Monitoring System (HPMS) indicate 
that a substantial portion of Interstate-system pavements are in 
poor condition (Table 1) (1, 4, 5). 

The Interstate system contains one percent of the total mileage 
in the United States and carries 20 percent of all vehicle miles 
(2). In 1983, more than 6,000 miles of the pavements on the 
Interstate were in poor condition and needed improvement (1). 
In 1985, 4,700 miles were reported in poor condition according 
to the HPMS (4). Lamm (2) reported at the North American 
Pavement Management Conference that America's other arterial 
routes were in worse condition than the Interstate system. 

These roads account for 9 percent of all roads in the United 
States, but receive nearly 50 percent of all highway travel. Ap-
proximately 45 percent of the pavement mileage on these roads 
either needs now, or will soon need, some level of restoration. 
Over 11 percent of this mileage demands major improvements 
immediately. . . . On our rural collector systems (21 percent of 
our road mileage and 18 percent of total vehicle miles of travel), 
2 out of 3 miles are in poor condition or are approaching poor 
condition and in need of attention (2). 

Considering the Interstate, arterial, and collector systems, 
nearly 170,000 miles of pavement are in need of attention 
throughout the country. In addition, there are many thousands 
of miles of state and local roads. From 1980 to 1982, the rate 
of pavement deterioration was reported to be increasing twice 
as fast as the rate that improvements were being made to correct 
the deficiencies (1, 5). A comparison of 1983 and 1985 data 
based on the HPMS showed that there were 16 percent fewer 
miles of pavements in poor condition in 1985 than in 1983 (4, 
5). This would indicate that in this time period at least, pavement 
improvements were moving ahead of pavement deterioration. 
Some of this, however, may be caused by variations in the data 
within the HPMS. A further comparison between 1983 and 
1985 showed that there was not a corresponding increase in 
pavement miles in the PSR range of 3.5 to 5.0 as there was a 
decrease in miles in the poor category. The increase showed up 
in the range of 2.1 or 2.6 to 3.4, which may indicate that the 
improvements made were minor in nature (4, 5). 

With the poor condition of many pavements and cost increases 
caused by inflation, highway agencies have been faced with an 
almost overwhelming problem. In 1976, the U.S. Congress es- 



VARIOUS INDEXES USING 1977 AS A BASE YEAR 

FIGURE 1 Motor fuel consumption and vehicle miles of travel in the United States from 1955 to 1985 
(4). 

tablished the 3-R program consisting of resurfacing, rehabili-
tation, and restoration to provide funds for the preservation of 
the Interstate system. Reconstruction was added in 1981 to 
change the program to 4-R, and this expanded program ex-
ceeded $4 billion in 1983. Table 2 shows the estimated costs for 
maintaining the existing conditions on the primary, secondary, 
and urban systems and including the 4-R Interstate needs 
through the year 2000. In addition to those costs shown in the 
table, it has been estimated that it will require $15 billion to 
complete the construction of the Interstate and $45.8 billion to 
take care of the bridge deficiencies (1). 

Pavements now represent the single greatest investment high-
way agencies have in their systems and as such they deserve 
considerable care and attention. Larson (6) stated at the North 
American Pavement Management Conference: 

The central issue for our industry is to serve the public well 
enough that we continue to gain public support. And of course 
the circularity here is obvious. Unless we have money, unless 
we have good systems we can't serve. And unless we serve we 
will have even less money. So we've got to break out of this 
downward spiral and my sense is that the states, the federal 
government, are in fact doing that, but unevenly and with con-
siderable amount of effort required. We must control costs, we 
must give good products, and pavement management systems 
are tools to do that job. Pavements are highly visible to our 
public. I have said many times in Pennsylvania that two things 
count: pavements free from potholes, and having a license and 
title delivered on time. These are the things that motorists care 
about and they care about these things passionately and contin-
ually. We can't stop where we are with the state of our knowledge 
or with the state of our technology. From any perspective, unless 

we can have a stream of innovations that will take the generally 
shrinking buying power available to us and produce equal or 
even better services to the public, we will cease to be competitive 
and our profession will suffer. More importantly, society will 
suffer so our challenge is very clear. 

Much of the current interest in pavement management has 
been brought about because highway agencies realized that man-
aging the tremendous investment of billions of dollars in paved 
roads requires the exercise of sound judgment. The task is large 

TABLE 1 

PERCENTAGE OF INTERSTATE HIGHWAY PAVEMENTS IN 
VARIOUS CONDITIONS 

Type Year 

Condition (!) 

PSR < 2.5 (495) Poor 	Fair 	Good 

Rural 1981 9.0 	53.3 	37.7 - 
1982 13.5 	55.9 	30.6 - 
1983 13.1 	55.1 	31.8 13.5 
1985 - 	- 	- 10.9 

Urban 1981 10.0 	50.8 	39.2 - 
1982 16.3 	49.3 	34.4 - 
1983 17.5 	52.4 	30.1 17.0 

1985 - 	- 	- 11.2 



and the funds available have been relatively limited. Formalized 
pavement management provides the tools that a highway agency 
can use in making the most beneficial and cost-effective use of 
funds in rehabilitating and reconstructing pavements. This pro-
vides the highway manager with the capability for properly 
evaluating all possible alternatives in the process of selecting 
the best. 

BACKGROUND 

The management of pavements is not new because highway 
managers have been making decisions about pavements for as 
long as there have been pavements. Decisions have been rela-
tively routine and part of normal operations regarding such 
things as what pavements will be constructed or maintained, 
what materials will be used, and when the work will be done. 
These decisions may be motivated by public pressure or may 
be based on the knowledge and experience of the individuals 
involved. Questions such as what, where, and when have been  

basic, but the solutions used have not always been the best or 
the proper ones. They were generally based on a perceived need 
and on the best judgment. Initially, there were not as many 

TABLE 2 

ESTIMATED COSTS FOR MAINTAINING EXISTING 
CONDITIONS ON VARIOUS SYSTEMS THROUGH YEAR 2000 
(1) 

Maintain System 

1983-2000 Costs (billions) 

Total 	Pavements 

Interstate 4-R $64.3 $35.6 
Primary 93.3 53.8 
Secondary .48.6 26.3 
Urban 72.7 47.1 

278.9 162.8 
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pavement miles and the bulk of the work was new pavement 
construction with new geometries and routine maintenance. 
Then the situation began to shift from new construction toward 
mostly system preservation. The various processes for managing 
pavements have evolved over the years in response to needs that 
existed. As stated earlier, pavements have always been managed 
to one degree or another; the recognition of pavement manage-
ment as a unique process or system has only come about in 
recent years. 

Major research in the areas of pavement design and perform-
ance were started in 1920 at the time the Highway Research 
Board was organized. The research was a mixture of theoretical 
and empirical studies (7). After World War II, there was an 
increase in allowable truck weights and administrators began to 
recognize the need to allocate roadway costs among different 
vehicle classes. Various road tests were used as the basis for 
setting or changing the cost distribution among different vehicle 
classes. The WASHO Road Test was conducted from 1952 to 
1954 in Malad, Idaho and the AASHO Road Test was con-
ducted from 1958 to 1961 in Ottowa, Illinois. The AASHO 
Road Test was the most comprehensive ever conducted and 
contained 836 test sections and 169 different pavement com-
binations. The Road Test was designed to provide information 
needed by engineers for pavement-design purposes. The pro-
cedures developed from the Road Test results are still in use 
by many agencies. One significant result from the Road Test 
was an increased awareness of the value of pavement service-
ability and performance monitoring (7-9). 

At the completion of the AASHO Road Test a program of 
satellite studies was proposed to verify or modify the results 
from the Road Test for conditions and materials different from 
those that existed at the test site. Unfortunately, few states took 
advantage of this program. In 1966, AASHO, through the Na-
tional Cooperative Highway Research Program, initiated a study 
on pavement design. These efforts evolved into a systematic 
approach to the design, construction, and maintenance of pave-
ments (7, 10). 

In the late 1960s and early 1970s, the term "pavement man-
agement system" came into use as the means of describing the 
range of activities that are involved in providing serviceable 
pavements; it was based on a systems engineering approach to 
the problem of economical design, construction, and mainte-
nance of pavements (7, 11). In the early 1970s many states were 
beginning to use a form of objective rating of pavement condition 
as a way of prioritizing rehabilitation projects with more funds 
being allocated to preserving pavements (8, 12). Similar research 
efforts were being accomplished in Canada as well as the United 
States. 

The California Department of Transportation began the de-
velopment of a pavement management system in 1977 in order 
to meet their pavement needs. Their new system was imple-
mented in 1979 (13, 14). Arizona started with a pavement 
evaluation program in 1974 and then expanded to a management 
system (15-17). The State of Washington began in the late 1960s 
with priority planning using biannual pavement condition sur-
veys (18). Several other agencies such as Utah, Kentucky, Flor-
ida, Pennsylvania, Texas, Ontario, Saskatchewan, and New 
York started at about the same time with pavement monitoring 
programs (10). Pavement evaluation is considered to be the 
foundation for pavement management, and for many agencies 
devising rating schemes was their first formalized effort at man- 

aging pavements. The Air Force developed a pavement man-
agement system known as PAVER in the 1970s (19). 

The Federal Highway Administration has emphasized the use 
of pavement management and has encouraged state and local 
highway agencies to improve techniques and programs for the 
preservation of the highway system (9). NCHRP Report 215 
(12) identifies a number of factors that provided impetus to the 
interest in and development of a pavement management system 
(Table 3). There was an extensive pavement building boom in 
the late 1950s and 1960s and many pavements constructed then 
have reached or soon will reach the end of their design lives. 
As a result of the accelerated pavement construction during this 
period, agencies have a large number of pavement miles that 
are now in need of maintenance or resurfacing. However, buying 
power has eroded because of inflation and fuel-conservation 
measures. Deteriorating pavements, insufficient funds to provide 
adequate maintenance, and excessive user costs have been re-
ceiving increased publicity. The realization of the need to main-
tain a safe, serviceable network of highways has contributed to 
the development of systematic procedures for managing the 
resources needed for pavements. 

PROBLEM 

An important mission of a highway agency is to provide 
serviceable pavements through design, construction, and main-
tenance for the benefit of the highway user. This is an enormous 
challenge given the great number of miles of pavement that are 
either currently in need of treatment or those that will soon be 
so. This is a particularly difficult situation because pavements 
often are deteriorating faster than they are being corrected. 
Effective management of the system is essential in these chal-
lenging times. 

Considerable effort has been made over the last decade in the 
development and implementation of procedures and practices 
for managing pavements. The various highway agencies are 
organized in different ways in their efforts to address pavement 
management needs with the placement of pavement responsi-
bilities varying from agency to agency. 

The state of development of pavement management within 
agencies varies from no program at all to those that are very 
sophisticated. Some agencies are in the process of developing 
pavement management processes while others are planning the 
approach they will be using to develop such a process. Many 
agencies are looking for guidance to assist them in their efforts 
to develop pavement management within their organization. 

Conditions such as climate and materials vary within a state 
and between states. Practices that may be successful in one area 
may be total failures in another. Pavement management must 
be able to take into consideration and properly evaluate local 
factors that may influence performance of a pavement. 

There is a considerable variation in the types of information 
generated in existing pavement management systems and in the 
use of that information. There are also similarities in some of 
the information types. There is a need to identify the different 
types of pavement management outputs that can and are being 
obtained and used. A description of the types of outputs that 
can be obtained and the beneficial application of each would be 
helpful to many agencies. 



TABLE 3 

FACTORS PROVIDING IMPETUS TO PAVEMENT MANAGEMENT SYSTEM INTEREST AND 
DEVELOPMENT (12) 

1950 	1960 	YEAR1970 	1980 FACTOR 

Road building boom of 1950's and 1960's 

Developments in pavement technology, systems methods, 
information growth, data handling capabilities, 
computers, etc. 

Direct application •of systems analysis to design 
component of pavement management 

Increased emphasis on management of existing network; 
i.e., rehabilitation and maintenance needs 

Recognition of direct effect of pavement condition 
on user costs 

Increased emphasis and capability in pavement 
monitoring as a management tool 

- - - - General growth in management methods and awareness 

Increased maintenance costs with decreased 
availability of funds (inflation) 

Energy and material shortages 

The technology used and available for use in pavement man-
agement systems has advanced considerably over the last several 
years. Equipment for monitoring pavement performance and for 
storing and processing the large amounts of data has shown 
extensive advancements, making it possible to manage pave-
ments more effectively. 

Agencies learn from the experiences of each other. An eval-
uation of the current practices of the various agencies in man-
aging pavements can be helpful to those beginning to develop 
or those in the process of developing a pavement management 
program. Because of the variable nature of organizational struc-
tures, it is necessary to customize procedures within each or-
ganization. 

There is a need to properly answer the "what if" questions 
regarding pavements. Some of the types of what if questions 
are: 

What if no maintenance is performed on a section of pave-
ment or if the maintenance is delayed? 

What if preventive maintenance is performed? 
What if one pavement is rehabilitated before another one? 
What if the budget is reduced? 
What if the weight limits are increased for trucks? 
What if a pavement fails prematurely? 

A well-designed pavement management program or system 
can effectively help an agency answer these questions plus many 
others. For example, it can help in identifying and selecting  

alternative procedures for rehabilitating pavements and it can 
assist an agency in its efforts to justify more funds through a 
legislature. There is a need to identify the existing and potential 
applications of pavement management. 

Pavement management can assist an agency in dealing with 
changes that come about from day to day and year to year. 
Some of the conditions that have changed over the years that 
bear on the management of pavements are: 

Escalation of highway construction costs 
Decrease in fuel tax revenues 
Increased vehicle miles of travel 
Increase in numbers and sizes of trucks and changed con-

figurations of trucks 
Unexpected pavement failures 
Pavements deteriorating at a faster rate than they are being 

restored 
Higher tire pressures 
Different vehicle suspension systems 
Development of new or improved rehabilitation techniques 

and materials 

There is a need to better understand the pavement manage-
ment process and the tools available to be able to effectively 
manage the pavements to compensate for any changes that may 
come about or to minimize the effect of a proposed change or 
even prevent it from occurring. 



RESEARCH APPROACH 

Most of the information for this synthesis was obtained 
through a survey of practice sent to highway and transportation 
departments in the United States and Canada and through an 
extensive literature search. Approximately 250 different docu- 

ments and reports were reviewed. Pavement management prac-
tices of a large number of states and provinces were reviewed 
and evaluated. The processes used by a number of agencies in 
developing a pavement management program or system were 
studied. The information was then prepared in synthesis form. 



CHAPTER TWO 

WHAT IS PAVEMENT MANAGEMENT? 

Pavement management is a continuous ongoing activity that 
has always existed in highway and/or transportation agencies, 
and it crosses over the various organizational boundaries within 
each agency. It has always been practiced in one form or another 
in the process of making decisions about pavements but it has 
not always been known as pavement management. Within an 
agency, it can be a very systematized process or it can be very 
simple and informal. Pavement management is generally clas-
sified into two levels: the network level or the project level; 
these will be discussed later in this chapter. 

An important mission of a highway or transportation de-
partment is to design, build, and preserve pavements. Some of 
the primary objectives of pavement management are to furnish 
answers to questions such as:. 

What needs to be done for a given pavement? 
When are improvements needed in order to prevent failure 

and extend pavement life? 
Where or in what order should potential projects be done? 
How should improvements be undertaken given a wide 

range of potential materials or techniques? 

Pavement management is concerned with doing the right 
thing, at the right place, using the right type of materials, with 
the right thicknesses, with the right design details, and all for 
the lowest total cost (2). Pavement management is the means 
of "organizing, coordinating, and controlling all of the various 
activities that may have an effect on the cost and life of a 
pavement. It is the exercise of management control over any 
activities related to pavements" (20). 

AASHTO defined some of the terms associated with the 
management of pavements in their publication, Guidelines on 
Pavement Management (21). These were prepared to foster a 
common understanding of the various terms associated with the 
management of pavements. 

Pavement Management (PM) is the effective and efficient di-
recting of the various activities involved in providing and sus-
taining pavements in a condition acceptable to the traveling 
public at the least life cycle cost. Examples of these activities 
include, but are not limited to, the following as they relate to 
pavements: 

planning 
budgeting and programming 
design 
construction 
monitoring 
research 
maintenance 
rehabilitation 
reconstruction 

A Pavement Management System (PMS) is an established, 
documented procedure treating many or all of the pavement 
management activities listed above in a systematic and coordi-
nated manner. It consists of five essential elements structured to 
serve decision-making responsibilities at various management 
levels. 

Pavement surveys related to condition and serviceability. 
Data base containing all pavement related information. 
Analysis scheme. 
Decision criteria. 
Implementation procedures. 

The difference between the practice of pavement management 
and a pavement management system is the establishment and 
documentation of each of these components to formally treat 
one or more of the pavement activities in a coordinated and 
objective process. Feedback on these activities is an important 
part of both PM and a PMS. 

A Pavement Management Information System (PMIS) is an 
established and documented procedure for collecting, storing, 
processing, and retrieving the information required in a pavement 
management system. It represents a foundation for PMS since 
all pavement decisions must be based on a common, integrated 
source of information derived from reliable, good quality data 
(21). 

There are a number of other definitions for pavement man-
agement and pavement management system that have been de-
veloped over the years (7, 12, 22, 23). Figure 3 illustrates how 
a simplified pavement management system might be structured. 
Some flow charts become very complex as all components are 
fit together. 

There are different management systems that exist with high-
way or transportation agencies. Some of these systems may be 
rather narrow in scope whereas others may be very broad and 
far reaching. For example, a highway or roadway management 
system may contain some information on pavements as well as 
geometrics, bridges, drainage, and other roadway characteris-
tics. The pavement information may consist of dates constructed 
or improved and ride or serviceability data. A maintenance 
management system may include information on the mainte-
nance of all items such as pavements, bridges, drainage struc-
tures, signs, shoulders, guard rail, etc. A pavement maintenance 
management system would cover just the maintenance activities 
on pavements. Accident data or information may also be rele-
vant to specific pavement sections. 

The most important characteristic of any management system 
is the information gathered, stored, and available for use. Some 
of the information obtained to satisfy the needs of one area or 
system may also be valuable to another system within the same 
agency. To minimize costs, multiple access and use of certain 
data would be very beneficial and would assist others to meet 
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some of their needs. Common terms and units for use by all 
(where certain data may have multiple application) would be 
cost-effective. A careful and coordinated developmental effort 
by all potential users is essential. 

OBJECTIVES OF PAVEMENT MANAGEMENT 

Some of the objectives of pavement management are to obtain 
the best possible value for the available public funds and to 
provide a transportation system that is safe, economical, and 
comfortable. Further objectives are to improve the efficiency of 
the decision-making process, to provide feedback on the con-
sequences of decisions, and to ensure the consistency of decisions 
that are made irrespective of where they are made within a given 
organization (24, 25). Effective pavement management should 
be able to determine the relative significance of local factors 
that may contribute to pavement deterioration. Some of these 
factors are climate variability, poor or variable aggregates, in-
adequate asphalt mixture design, deficient load-transfer devices, 
etc. 

There are a number of features that are essential to a good 
pavement management system. Some of these are: 

Easily updated or modified using better models or new 
information as they become available. 

Useful for identifying and evaluating alternative strategies. 
Applicable to decision making based on rational proce-

dures with quantified attributes, criteria, and constraints. 
Utilizes feedback information from the consequences of 

decisions (12). 

Contains systematic techniques or methods for collecting 
and storing data for making decisions. 

Includes an objective and repeatable system for evaluating 
the condition of pavement. 

Contains procedures for retrieving and analyzing data for 
network, project, and project management level decisions. 

Useful for conducting research on questions regarding pol-
icy and technical matters. 

Includes procedures for updating the data base (25). 

NETWORK LEVEL AND PROJECT LEVEL 

Pavement management activities and system components are 
usually characterized at two different administrative levels that 
are referred to as network and project levels. A possible sepa-
ration of these two levels in pavement management is shown in 
Figure 3. 

Network Level 

Pavement management at the network level deals with summary 
information related to the entire highway network. As such, it 
involves policy and programming decisions, frequently made by 
upper management. An example of network-level pavement man-
agement is the use of graphic representations to establish reha-
bilitation programs, Set policy, and justify budget requests. These 
graphic representations might consist of: 

The current condition of the highway network. 
The performance trend of the network with past history 
and future needs. 
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A projection of future needs. 
The estimated impacts of alternative funding plans on future 
pavement condition (21). 

Network-level decisions are generally always made for large 
groups of projects or for an entire highway network. It is used 
for estimating overall budget needs and is very helpful in an-
swering the "what if" policy questions. Figure 4 is illustrative 
of the elements contained in a network-level management sys-
tem. Data collection is an essential part and is identified as 
network monitoring in the figure. 

Some of the characteristics or applications of a network-level 
system are: 

Identifying candidate projects for improvements consid-
ering rate of deterioration, type of distress, etc. 

Prioritizing the candidate projects considering the perform-
ance characteristics, traffic, user costs, and other local factors. 

Generating budget requirements for the short- and long-
range needs of the agency. 

Supporting funding needs and requests. 
Assessing the present condition of the system and fore-

casting future conditions based on funding or level of effort 
applied (1, 25). 

Project Level 

Pavement management at the project level deals with detailed 
and technical information related to a specific pavement section. 
As such, it involves decisions made by middle or lower man-
agement. Examples of project-level pavement management in-
clude the following as they relate to specific pavement sections: 

Establishing priorities for maintenance, rehabilitation, and 
reconstruction based on criteria set by top management. 
Obtaining feedback relative to pavement performance to 
provide input into pavement design, construction, and main-
tenance activities. 
Applying life cycle cost analysis when considering alter-
natives. 
Considering major design parameters such as foundation 
strength, number of projected axle loads, materials speci-
fications, climate, etc., when designing a pavement structure 
(21). 

Project-level pavement management is concerned with man-
agement decisions that are more technical and more specific for 
individual pavement sections. It provides a more detailed anal-
ysis on selected highway segments than is possible or needed in 
network-level analysis. Figure 5 illustrates the elements con- 
tained in a project-level management system. 
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Some of the characteristics of a project-level analysis are: 

Diagnosis of the problems with each pavement through 
evaluating distress, load-carrying ability, pavement friction, and 
engineering judgment. 

Analysis of life-cycle costs of the alternative strategies being 
considered for the pavement. 

Assessment of the benefits associated with improvement in 
pavement condition, extending pavement life, etc. 

Estimation of costs for various methods or materials that 
can be used. 

Design of the rehabilitation or reconstruction improvement 
to be done (25). 

Project-level management allows for a detailed analysis of 
pavements scheduled for improvements and includes a detail 
diagnosis of the actual deficiencies, the probable cause for those 
deficiencies, and alternative corrective methods. It may include 
a preliminary design that would contain a description of what 
needs to be done and when it needs to be done. The most cost-
effective strategy can be determined (1). 

PAVEMENT MANAGEMENT COMPONENTS 

There are a number of different roles within a highway or 
transportation agency that affect pavements. Many of these roles 
are defined as the responsibility of different units or sections  

within an agency. This section of the synthesis will not deal 
with units or sections but with the functions or activities as they 
relate to pavements. Chapter 3 will discuss specifically how 
different states or agencies are organized and how they operate 
in their efforts to manage pavements. The order with which the 
various activities will be discussed in this section is not neces-
sarily the order that they may occur within an agency. Figure 
6 (26) illustrates many of the functions or activities that may 
be involved in managing pavements. How particular agencies 
structure their pavement management processes and how the 
information may flow within the agency is given in Chapter 3. 

Planning Activity 

The planning function within an agency is generally concerned 
more with performance of the network rather than with indi-
vidual projects, and as such identifies which roads should be 
constructed or improved and when. Planning assesses deficien-
cies in the network, identifies improvement needs, establishes 
priorities to eliminate or minimize the identified deficiencies, 
and develops a scheduled program and corresponding budget. 

The emphasis has changed in recent years from system ex-
tension through additional or new routes to system preservation 
within existing corridors through 4-R-type activities. There has 
been a continuing transition to rehabilitation of old or existing 
highways rather than building new (1, 7). 
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Programming Activities 

Programming is responsible for developing actual programs 
for the construction of new roads or the rehabilitation of existing 
pavements. The program is developed within budgetary con-
straints and from recommendations made from the various areas 
or divisions in the department. Programming lists the projects 
that are to be done, the sources of funds, and the time frame. 
Good reliable data are essential in programming projects (1).  
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Environmental Conditions 

Environmental conditions such as moisture and temperature 
have a significant effect on the design and performance of a 
pavement. There is an interaction between the environment and 
traffic in that as environmental conditions become more severe, 
the effect of a given number of traffic loads increases and pave-
ment deterioration tends to accelerate (1). 

Maintenance 
Design 

The design phase converts each selected project from a pro-
grammed item to a set of plans and specifications. Design in-
cludes selecting the pavement type, the materials, the structural 
section or layer thickness, and the design life. A variety of input 
information is used including projected traffic loads, materials 
characteristics, site conditions, etc. The AASHTO Design 
Guides or some variation from them are the most common 
procedures used in designing pavements. 

With the advent of more rehabilitation projects of the 4-R 
type, a number of new variables and information needs have 
been added to the design process. Some of these include detail 
evaluation of the existing pavement condition, more materials 
and techniques options, and greater variation in design life. The 
process includes generating a number of feasible alternative de-
sign strategies, analyzing the alternatives, and selecting the best 
strategy (1, 7). 

Construction 

The construction process translates the design recommen-
dations for new or rehabilitated pavements into reality. Con-
struction must be in accordance with the plans and specifications 
using quality materials and workmanship. Advances and in-
novation have been made in recent years in construction equip-
ment and techniques that are particularly beneficial for 
rehabilitation-type projects (1, 7). Information from construc-
tion is an essential part of pavement management and needs to 
be input into the system. 

Traffic Loads 

Reasonably accurate traffic load information for the various 
highway sections is needed in order to properly design pave-
ments and evaluate their performance. Highway agencies need 
to know the accumulative effect of actual loads that are being 
applied to pavements. It is important that the weights of traffic 
loads that are being reported are accurate. There is a problem 
of documenting illegal loads on the highway system and there 
is continuing pressure being applied to highway agencies to allow 
bigger and heavier legal loads (27). Agencies need to know what 
the probable impact might be before the heavier loads are al-
lowed on the system (1). Many agencies are obtaining weigh-
in-motion systems to assist them in enforcing truck weight laws 
and in obtaining more accurate load information (28). 

Proper and timely maintenance of pavement sections is es-
sential to attaining the planned performance of a pavement over 
its design life. There are variations in how maintenance is defined 
but generally it consists of such activities as patching, crack 
sealing, and seal coating. There are two general types of main-
tenance: corrective and preventive. Corrective maintenance is 
performed after failure occurs; preventive maintenance is per-
formed before failure and is intended to prevent or delay failure. 
Patching is corrective because there is a pavement failure that 
is repaired or corrected. Seal coating is a form of preventive 
maintenance. 

Timing is part of good pavement management and consists 
of taking proper action when needed. Preventive maintenance 
before failure is much more cost-effective than corrective main-
tenance and involves doing the right thing at the right time. It 
is important that maintenance be done properly using correct 
procedures, the right materials, and trained personnel. One main 
problem in pavement management information is the lack of 
good, reliable unit-cost data that can be tied to specific pavement 
sections (1). 

Materials 

The properties of materials used in construction, rehabilita-
tion, and maintenance are very important in the performance 
of a pavement. Materials variability and specification conform-
ance are critical factors. Materials vary naturally, which will be 
carried over into their use in the construction of a pavement; 
therefore, quality control of materials is critical to performance 
of the pavement. Inspection and testing on construction needs 
to be done by competent personnel. 

There are many new and innovative materials that are now 
available for use in rehabilitating pavements. Some exotic ma-
terials increase costs and may or may not increase pavement 
life or improve performance. Knowledge of the properties of 
these new materials is very helpful in selecting the right material 
for use (1). 

Monitoring 

Monitoring of pavement performance consists of measuring 
pavement characteristics such as structural capacity, roughness, 
distress, and friction on a periodic basis. Distress normally in-
cludes cracking, rutting, patching, etc. The results from mon- 
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itoring pavement performance provide a number of useful 	Data Management 
products or benefits, some of which are: 

Assistance in determining which improvements might be 
needed and when they should be done. 

Descriptions of how various pavements are performing 
through rates of change in performance level or condition and 
by the amount of life remaining until failure. 

Generation of priority listings for future improvement 
needs. 

Development of maintenance programs and identification 
of future rehabilitation needs and corresponding potential stra-
tegies. 

Improvements in the technology for design, construction, 
and maintenance of pavements (1, 7). 

Because of the importance of pavement monitoring in the 
process of managing pavements, a subsection titled Evaluating 
Pavement Performance is included later in this chapter. 

Research 

Research is the process of finding solutions to existing prob-
lems and in seeking better and more cost-effective materials and 
methods (1). Research should be a continuing process in pave-
ment management to ensure that all component parts are always 
up-to-date and effective in getting the most from pavements. 

Cost Records 

Accurate, up-to-date cost data for initial construction, main-
tenance, and rehabilitation are needed in making the most cost-
effective decisions. These cost data should be tied to specific 
identifiable pavement sections. Cost data are useful for esti-
mating future expenditures and needs for pavements at both 
network and project levels, for developing and defending budgets 
and for demonstrating how the funds are being spent (1). 

A pavement management system has the potential of gener-
ating a considerable quantity of data from all of the component 
parts as identified above. Much of the data has been gathered 
and stored but has not always been easily accessible. Sometimes 
the data have been fragmented with different divisions within 
an agency keeping data of particular interest or use to them 
resulting in some gaps and overlaps in information. Computers 
have made it possible to store and analyze very large quantities 
of data, to perform complex analysis, and to provide output 
summaries or reports. The data records for each project con-
sisting of construction as built, maintenance activities, costs, 
traffic volume and loads, and performance history can be saved 
for future use. A good data bank is the heart of a pavement 
management system. 

EVALUATING PAVEMENT PERFORMANCE 

How well a pavement performs under traffic is a primary 
concern in managing pavements. Pavement performance is a 
measure of the accumulated service provided by a facility and 
the adequacy with which the pavement fulfills its mission based 
on all of the various indicators or measurements (29). As such, 
it is most important to both the highway manager and user. 
Pavement performance in general is illustrated in Figure 7 with 
the higher values on the vertical scale indicating better per-
formance (30). As loads are applied to a pavement, the per-
formance level (pavement condition) deteriorates resulting in a 
curve decreasing over time (1, Z 25, 30). 

There are four primary measures of pavement condition: (a) 
roughness or ride, (b) distress, (c) structural capacity, and (d) 
pavement friction. There are variations in the measures used by 
different agencies but they all have essentially the same overall 
purpose, which is to have some means of determining how well 
pavements are performing or serving their intended purposes. 

ACCUMULATED TRAFFIC LOADS 

FIGURE 7 Pavement performance curve (30). 
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Roughness 

Roughness of the pavement surface, sometimes identified as 
riding comfort, is probably of the greatest concern to the high-
way user of all the different measures of performance. Many 
agencies combine roughness with distress factors of cracking, 
patching, and rutting to produce a numerical index referred to 
as Present Serviceability Index or PSI. The change in this index 
with traffic and time produces a performance curve. As a pave-
ment becomes rougher, it becomes less serviceable to the public 
and increases user costs. 

There are various roughness or ride measuring systems that 
have been developed and that are in use. These include rough-
ometers, ridemeters, profilographs, profilometers, etc. The In-
ternational Roughness Index (IRI) has been developed to 
provide a common scale of measuring roughness regardless of 
what type of equipment is being used (31). The IRI is a stan-
dardized roughness measurement related to those obtained by 
response-type road roughness measurement systems. It is based 
on a mathematical model described in NCHRP Report 228 
(32). 

Distress 

Evidence of distress is generally of considerable concern to 
maintenance personnel and generally shows up through such 
characteristics as rutting, cracking, patching, spalling, potholes, 
etc. Once visible signs of distress appear, then the more expensive 
corrective maintenance would be required. Distress is quantified 
or evaluated visually. Some forms of distress require early action 
to prevent further, more severe deterioration. For example, 
cracks left unattended can lead to spalling, ravelling, potholes, 
and softening of the support. Timing is important. Automated 
equipment is now available for gathering information about 
some forms of distress (33). 

Structural Capacity 

The structural capacity of a pavement is the load-carrying 
ability of the pavement. As loads are applied to a pavement, 
the pavement structure gradually weakens until the system even-
tually fails. As the system fails, distress manifestations begin to 
develop. Deflection measurements are the most common tech-
niques used to assist in evaluating the structural capacity of a 
pavement. The Benkleman beam, Dynaflect, Road Rater, and 
the falling weight deflectometer are the more common ways of 
measuring deflection, which can be used to determine the load-
carrying ability of a pavement (33). Deflection characteristics 
are different for flexible and rigid pavements. 

Pavement Friction 

Pavement friction is more closely associated with safety than 
the other types of measurements that are made. Pavements with 
low friction numbers may constitute a safety hazard for mo-
torists. Measuring pavement friction on a periodic basis provides 
a means of identifying hazardous or potentially hazardous pave-
ments that may require corrective action. 

FIGURE 8 Increase in maintenance and user costs caused by 
pavement deterioration (1). 

Factors influencing Performance 

As pavements deteriorate by one means or another, mainte-
nance and user costs increase. This is illustrated in Figure 8. 
Performance of a pavement is influenced by such factors as 
construction quality, materials, traffic loads, environment, de-
sign, maintenance activities, and timely and proper rehabilita-
tion. 

Construction quality can and does significantly affect how a 
pavement performs and how long it will last (Figure 9). A 
poorly constructed pavement can have a significantly shorter 
life than one that is well built in accordance with the design 
and specifications. 

Materials vary in nature and fluctuations may occur in the 
process of producing a mixture or final product. There are a 
very large number of material types and combinations that have 
been used in constructing new pavements or in rehabilitating 
existing pavements. Figure 9 indicates how materials of inferior 
quality might affect the performance of a pavement. It may not 

Poor 

t — — — — — — — — — — — — — — — — — 
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Level 

TIME/LOADS 	 OW 

FIGURE 9 Effect of construction or materials quality on pave-
ment performance (1). 
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be a good buy to use a reduced quality, lower cost material if 
the pavement does not last as long. 

Heavier traffic loads will reduce the life of a pavement when 
compared with lighter loads. As axle weights increase, either 
because of change in limits or because of illegal overweights, 
pavement life is affected. This is illustrated in Figure 10. 

The environmental conditions at a site can affect pavement 
performance. Some of the local conditions that can affect pave-
ment life are moisture, temperature, freezing and thawing, and 
expansive soils. Environmental conditions in addition to traffic 
loads do have an affect on pavement life. 

Variations in the structural design of a pavement also have 
a significant affect on pavement performance and life. Pavements 
are sometimes underdesigned as part of stage construction, or 
they may be underdesigned or overdesigned unintentionally be-
cause of inaccurate or uncertain design data. The affect of design 
on pavement performance is given in Figure 11. 

Pavements require proper and timely maintenance in order 
to achieve the intended performance and life. Many times, main-
tenance has been too little and too late resulting in shortened 
pavement life and increased agency and user costs. How main-
tenance may affect the performance and life of a pavement is  

presented in Figure 12. Preventive maintenance is not a solution 
or alternative to underdesign. 

The appropriate rehabilitation strategy accomplished at the 
right time can significantly increase the life of a pavement and 
alter the performance curve. Pavements rehabilitated before fail-
ure can reduce costs by about one-fourth of what they might 
have been had the pavement failed before corrective action (25, 
30). The affect of rehabilitation on performance is illustrated 
in Figure 13. The timing of rehabilitation will have a significant 
effect on pavement costs with rehabilitation before failure being 
much more cost-effective (30). 

PAVEMENT MANAGEMENT OUTPUTS 

The outputs generated by a pavement management system 
vary from agency to agency. The most common types are those 
presenting pavement evaluation results (inventory of pavement 
condition) and those with priority rankings. The types of outputs 
being produced and their application will be discussed in detail 
in Chapter 3. 
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2m N Mm 	

Over Design 

U:gfl 	Proper 

n Acceptable 
I Level 

Minimum ,1'r 
Acceptable 
Level 

TIME/LOADS 
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CURRENT PRACTICE 

This chapter covers the current practices in pavement man-
agement by various states, provinces, and other agencies as 
obtained from replies to a survey of practice in 1986 and an 
extensive literature review. Responses were provided by 46 
states, the District of Columbia, five Canadian provinces, and 
one county; 45 of these agencies included copies of reports or 
procedures in addition to completing the survey form. Thirty-
six agencies furnished copies of their organization charts. 
The survey form and details of responses are contained in 
Appendix A. 

MANAGING PAVEMENTS BY THE VARIOUS 
AGENCIES 

The survey of practice included a request as to whether the 
agency had a pavement management system or process and if 
not, how pavements were managed. Of the 53 total responses, 
35 agencies indicated they had a pavement management system 
or process, 11 agencies said they had either a partial system or 
they were in the process of developing a system, and 7 agencies 
stated they had no process or system. These seven agencies with 
no pavement management process said they plan to develop one. 
Figure 14 illustrates the status(1986) of pavement management 
in various agencies. 

Based on the survey of practice, agencies that currently do 
not have a pavement management process or system indicated 
that they select projects for improvement through recommen-
dations from their district offices or from maintenance. 

The most common name used for the process of managing 
pavements by the different agencies is Pavement Management 
System or PMS with 24 agencies using this name. Seven other 
agencies include pavement management as part of the title such 
as Pavement Management, Pavement Management Process, and 
Pavement Management Program. Three refer to their process 
as an information system and two as an evaluation or perform-
ance system. Two agencies use "roadway" rather than "pave-
ment" in the title. Appendix A (Table A-l) contains details on 
what the various states or agencies are doing. 

Appendix A (Table A-2) contains greater detail on the man-
agement responsibility for pavements within each state or 
agency. Seven of the agencies indicated that they had a pavement 
management section, unit, or bureau with some of these falling 
under the direction of other divisions. Two agencies stated that 
management responsibility was under the direction of a pave-
ment management engineer, two said a pavement management 
coordinator was responsible, and two stated that their program 
was directed by a pavement management committee. 

Examples of some typical organization charts are contained 
in Appendix B. Examples of applicable policies as developed by 
some of the agencies on pavement management are contained 
in Appendix C. Those policies included are from Indiana, Kan-
sas, and Utah. 

HOW PAVEMENT MANAGEMENT DEVELOPED 

The various agencies were asked in the survey of practice 
how they developed or established pavement management within 
their organization and under whose direction it was accom-
plished. Table 5 presents the primary methods or means used 
to develop or establish pavement management, and Table 6 
identifies the position or group that directed or initiated its 
development within an organization. Further details are avail-
able in Appendix A (Table A-3). 

Generally, the most effective means for developing pavement 
management within an organization has been for the Chief Ad-
ministrative Officer to initiate the effort and for a steering com-
mittee or task force made up of individuals with different 
pavement responsibilities within the agency to guide the effort. 
Some examples of agencies using this approach include Cali-
fornia (34), Kansas (35), New Hampshire (36, 37), Pennsylvania 
(38), Tennessee (39), Utah (40), and the District of Columbia 
(41, 42). Some agencies borrowed ideas or systems from other 
agencies modifying them to fit their own needs. Some examples 
of this are (a) Colorado used the Arizona system as a model, 
(b) Idaho borrowed from Utah and modified for their own use, 
and (c) Hawaii modified the California system. 

PAVEMENT MANAGEMENT ORGANIZATIONAL 
RESPONSIBILITY AND STRUCTURE 

The survey of practice contained information on the position 
or division within the agency that is responsible for pavements 
or managing pavements. Table 4 provides a breakdown on man-
agement responsibility within the agencies. 

PAVEMENT MANAGEMENT COMPONENTS 

Each agency was asked in the survey of practice what elements 
or activities were contained in their pavement management proc-
ess, if it was formalized, and if it was computerized. A large 
number of elements or activities were identified by the various 
agencies as being part of their pavement management system 
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El 
NO RESPONSE - PARTIAL SYSTEM OR 

IN PROCESS 

- PAVEMENT MANAGEMENT 77,71. 

SYSTEM OR PROCESS L~j - NONE 

FIGURE 14 Status of pavement management programs in North America (1986). 

or process. The most frequently identified activity or element 
was some form of pavement evaluation or monitoring with vir-
tually every agency evaluating pavement condition in some man-
ner. Ride, distress, friction, and deflections are the 
characteristics most frequently monitored. Table 7 presents a 
listing of components as identified by the agencies in order of 
frequency with the first item identified most often by the agen- 
cies. 

In addition to those listed in Table 7, several different systems 
or system components, such as pavement information and needs 
system and pavement management system index, were identi-
fied. Further details on the elements or activities contained in  

the pavement management system as identified by each of the 
agencies are contained in Appendix A (Table A-4). 

Table 8 gives a summary of the status of pavement manage-
ment systems in the agencies; more details are contained in 
Appendix A (Table A-4). 

OUTPUTS GENERATED FROM PAVEMENT 
MANAGEMENT 

The states or agencies that indicated they had a pavement 
management system or process in their response to the survey 
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of practice were asked what types of outputs were obtained from 
their process and where and how they were used. Appendix A 
(Table A-5) provides details from the agencies. 

Output Types 

A very large number of different outputs were identified by 
the responding agencies. To better understand the various types 
that were developed by the agencies, the outputs were placed  

into a number of categories. The following subsections provide 
narrative descriptions of the different types of outputs. 

Pavement Condition 

Many agencies have summaries on pavement condition. These 
may be broken into listings covering roughness, distress, skid 
resistance (pavement friction), or deflections or they may be a 
composite listing or index. A knowledge of pavement condition 

TABLE 4 

PAVEMENT MANAGEMENT RESPONSIBILITY 

DIVISION OR POSITION 

NBR 
OF 

AGENCIES 

Pavement Management Branch, Unit, Section 3 

Pavement Management Engineer, Systems Coordinator 2 

Pavement Management Committee 2 

Pavement Design Engineer, Pavement Design Section 3 

Pavement Management Unit or Section in Planning Division 4 

Pavement Management Section or Pavement Systems Unit in Materials Division 2 

Pavement Management Section in Roadwa' Design I 

Roadway Management Division 1 

Program Development Division 1 

Technical Services Division, Pavement Management Section 1 

Technical Services Bureau 1 

Planning Division 3 

Maintenance Division 5 

Materials Division 4 

Planning and Maintenance I 

Maintenance and Materials 1 

Maintenance and Design 1 

Maintenance, Design, and Construction with one of the followingi Research, 
Materials, Planning 3 

Maintenance, Design, Construction, Planning, and Technical Services 1 

Maintenance, Design, Materials, and Program Development 1 

Maintenance, Design, Planning, Programming, Geotechnical, and Research 1 

Maintenance, Materials, and Operations Analysis 1 

Maintenance, Planning, Research and Training 1 

Maintenance, Operations, Surfacing, and Research 1 

Planning, Program and Project Development, Design 1 

Planning and Development. Operations 1 

Highwars, Planning and Programming 1 

Field Operations, Principal Civil Engineer 1 

Engineers and Superintendents 1 

Several Divisions have Joint Responsibility .1 

TOTAL 51 



TABLE 5 

METHODS USED BY AGENCIES TO DEVELOP PAVEMENT 
MANAGEMENT 

METHOD(S) USED TO 
ESTABLISH PAVEMENT MANAGEMENT 

NUMBER OF AGENCIES 
USING METHOD 

Steering Committee 7 

Task Force, 	Study Group 8 

Borrowed from Another Agency 6 

Evolved from Needs or Studies 5 

By Consultant 3 

In-House - By a Division, By an 
Engineer, 	Etc. 9 

Authorized by Chief Administra-
tive Officer 2 

In House plus University 1 

Under Pavement Management Engr. 
or Coordinator 3 

Pavement Management Unit 1 

Totals 45 
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is invaluable to an agency managing pavements. Figure 15 con-
tains an example of a pavement condition output summary (43). 

Pavement Performance 

Pavement condition generally relates to the present whereas 
pavement performance adds a time dimension. Some agencies 
provide tables or graphs illustrating pavement performance or 
history. These help the user to quickly ascertain what has been 
happening to a pavement over the years and to predict what 
may happen in the future. Pavement performance can be tracked 
for individual characteristics, such as roughness, or for a com-
bined index, such as present serviceability index. An example  

of an output from pavement performance is contained in Figure 
16. 

Deficiencies 

Some agencies provide listings of pavements that may be 
deficient in one or more categories. These are pavements where 
a given performance characteristic or other measurement has 
fallen below some threshold or acceptable level. This type of 
listing identifies critical pavement sections that are in need of 
immediate attention. A listing of pavements that are deficient 
in pavement friction is useful to the agency in eliminating haz-
ardous or potentially hazardous locations. Figure 17 is an ex-
ample of a pavement deficiencies summary (44). 

TABLE 6 

THE POSITION OR GROUP DIRECTING THE DEVELOPMENT OF 
PAVEMENT MANAGEMENT 

WHO DIRECTED THE DEVELOPMENT NUMBER OF 
OF PAVEMENT MANAGEMENT AGENCIES 

Chief Administrative Officer, 	State High- 13 
way Engineer, 	Director, 	Superintendent, 
Secretary of Transportation 

Steering Committee or Pavement Manage- 5 
ment Committee 

Pavement Management Engineer or Coordina- 2 
tor 

Other 3 



TABLE 7 

LISTING OF PAVEMENT MANAGEMENT COMPONENTS 

PAVIMENT MANAGIDIENT COMPONENTS 
IDENTIFIED BY AGENCIES 

FBEUENCY 
IDENTIFIED 

CONDITION RATING OR PAVI2IENT MONITORING 29 

ROUGHNESS OR RIDE 14 

DISTRESS 12 

SKID 8 

DEFLECTIONS 4 

TAFFIC 9 

PRIORITIZATION OR RANKING 9 

MAINTENANCE 6 

FUTURE NEEDS OR RUIRED DIPROV1DIENTS 6 

PREDICTIONS OR PROJECTIONS 6 

CONSTRUCTION AND REHABILITATION 6 

DESIGN 6 

RESEARCH 5 

DATA BASE 5 

MATERIALS 4 

PROGRAMMING 4 

PLANNING 4 

BUDGrING 3 

COST AND ESTIMATING COSTS 3 

MAINTENANCE COSTS 13 

Or'rIMIZATION 2 

AGE 1 

GESMETRICS 1 

TREATMENT TYPE 1 

LIFE CYCLE ANALYSIS 1 

CLIMATE 1 

ACCIDENTS 1 

01 

Prioritized Listings 

Prioritized listings of one type or another are fairly common 
among the agencies that manage pavements. Some types of 
priority listings in use are: (a) pavement condition ratings, (b) 
candidate 3-R projects, (c) rehabilitation projects, and (d) repair 
needs. The priority listings can be on a state-wide basis, on a 
system basis, or within a district. An example of a priority listing 
is contained in Figure 18 (45). 

Predictions 

A few agencies make predictions of the remaining life of a 
pavement or when it is expected to fall below some minimum 
acceptable performance level so that improvement work can be  

accomplished before failure. This requires the development and 
use of prediction models that many agencies do not yet have. 
Agencies that do have the capability find it to be very useful in 
planning their improvement programs and minimizing costs. 
Some of the agencies that have some type of performance pre-
diction capability as identified in the survey of practice are 
Arizona, Arkansas, Iowa, Kansas, Maine, Montana, and Wash-
ington. 

Strategies 

Some of the agencies are now developing strategy summaries 
or listings including types such as project planning, repair, rec-
ommended rehabilitation, and preferred and alternative strate-
gies. These strategy summaries are useful in the final process 
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TABLE 8 

STATUS OF PAVEMENT MANAGEMENT 

Number of 
Status Agencies 

Formalization 
Fully 25 
Mostly 4 
Partly 5 
In development 4 
Not formalized 3 

Computerization 
Fully 32 
Partly 7 
In development 5 

of selecting the best strategy for each pavement section proposed 
for improvements. 

The World Bank (46) has developed the Highway Design 
and Maintenance Standards model (currently HDM-III) to 
evaluate policies, standards, and programs of highway construc-
tion and maintenance. The model simulates total life-cycle con-
ditions and costs and provides economic decision criteria for 
multiple alternatives for a road, a group of roads, or an entire 
network. Versions of HDM-III are available for mainframe and 
personal computers. 

Treatments 

Some agencies generate listings of proposed or potential treat-
ments for sections planned for improvements. These may be 
either maintenance or rehabilitation and may include the year 
when improvements are needed. Figure 19(38) contains a listing 
of proposed treatments. 

Costs 

For either budgeting purposes or for allocation of funds, it 
is necessary to know what it will cost to undertake the needed 
work. This type of listing can also be helpful for justifying budget 
requests and in efforts to obtain needed funds. Figure 20 (47) 
is an example of a cost summary for one agency. 

History 

A few agencies maintain a history on each pavement in their 
system of the type shown in Figure 21. This history can be 
stored in the computer and updated as additional information 
becomes available. The information can be extracted at any time 
and used as the basis for planning needed improvements. 

Summary Reports 

A wide variety of summary reports are available in a variety 
of formats. Many of these are designed for use by administrators 
or legislators in understanding the current status of pavements 
and changes that are taking place. For example, is the pavement 
system getting better or worse and how much money is needed 
to keep pace with the deterioration of the system. Examples of 
summary reports used by two different agencies in describing 
their system are contained in Figures 22 (48) and 23 (49). 

Where and How Outputs Are Used 

The agencies with some type of pavement management system 
identified different ways they were using the outputs from their 
system or process. A general summary of their responses follow. 

CONDITION OF SlATE HIGHWAY SYSIEM PAVEMENTS 
1984 

Roadway Principal Arterials 
Condition Interstate Non-Interstate Minor Arterials Collectors Highway System 
Rating Miles % Mfles % Mfles % Mes % Mfles 

Very Good 62 9 303 12 149 6 22 1 536 7 

Good 281 40 408 16 464 18 153 9 1,312 18 

Fair 279 59 705 28 873 33 520 31 2,377 32 

Poor 83 12 941 38 909 35 789 48 2,722 36 

Very Poor 0 -- 143 6 206 8 180 11 529 7 

IOIALS 711 100 2,500 100 2,601 100 1,664 100 7,476 100 

FIGURE 15 Example of pavement condition output summary (Oregon) (43). 
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P A V E N E N T P C N F C N N A N C E N C C 0 R C 	 DISTRICT: S 
HIGHWAY S 

INNS OFFSET LENGTH DIRECTION FACILITY CLASS LANES AAOT TRUCE Z 	 FRON COLLINS SAT RD(YROHTCN*C RD2I 

.QáQ L1 A2J 	 Q _ 	 _9.0 
TO 	(LENNO)V*DDINGTON RD61 

OYERAI.I PAVEMENT PERFORIIANCE HISTORY 

YEAR 75 76 77 78 79 80 

AGE 	 4 	 6 

PCR 	 90 	 91 

PCI 	 80 	 00 

NCR 	 9.0 	 8.0 

DN 	 24 	 2 

Ii 	85 	03 	04 	85 	06 

7 	 10 

78 	 70 

01 	 76 

8.0 	 7.5 

30 	 44 

DETAILED PAVEMENT PERFORIIANCE HISTORY 

1978 1900 1981 1984 

SEY.SEVERITY, EX.CXTENT,Z SEV. LX. 5EV. LX. SLY. LX. SLY. EX. 

C. AGO. LOSS S RAV. S 35 2 65 2 	65 

FLUSHING 1 5 3 5 3 	5 

RIPPLING AND SHOVING 
WHEEL TRACK RUTTING 5 	15 

DISTORTION 2 5 2 5 5 	5 

LONGITUDINAL 	SING. S HULT. 3 5 3 5 5 	5 

(WHEEL TRACK) 	ALLIGATOR 

CENTRE LINE 	SING. & HUll. 3 55 3 	35 

ALLIGATOR 5 	5 

PAVEMENT EDGE 	SING. I NULl. 5 	5 

ALLIGATOR 
TRANSVERSE 	HALF,FULL S ISJLT. 2 90 2 	5 3 35 3 	90 

ALLIGATOR 2 15 

MEANDER AND MIDLANE 2 5 2 5 3 	15 

RANDOM 

SHOULDER PERFORMANCE HISTORY FOR TREATED OUTER SHOULDERS 

YEAR) 	1986 
SEV. LX. 

SEVERITY OF DISTRESS 
CODES 

VERY SLIGHT 
SLIGHT 

5. MODERATE 
4. SEVERE 
S. VERY SEVERE 

M8INTCMANCE TREATMENT IC(TENTZI 

EVALUATION YEAR 	 1986 
PAVEMENT MANUAL PATCHING 

SPRAY PATCHING 
ROUT S SEAL CRACKS 

SHOULDER 	MAMIAL PATCHING 
MACHIRE PATCHING 
ROUT I REAL CRACKS 
CHIP SEAL 

MAJOR MAINTENANCE HISTORY 

YEAR' 	1906 

ITEM 	 I II III 
1FF ((CODE) 
EXTENT Z 
COST 

FIGURE 16 Example of pavement performance output (Ontario). 

Prioritization 

Many agencies said that they use the output from their system 
as a means of establishing priorities within their respective or-
ganizations. Some of the applications include (a) overlay prior-
ities, (b) allocation of funds, (c) resurfacing, (d) Interstate 4-
R program, and (e) maintenance. 

Funding 

One of the needs of a highway agency is determining the 
amount of money required for maintaining and rehabilitating 
pavements and, if there are not enough funds available, then 
justifying the need for more money. Some of the uses for outputs 
identified in the area of funding were: (a) budget preparation 
and justification, (b) amount of funds required, (c) allocation 
of funds, (d) increase in department funding, and (e) mainte-
nance costs by districts. 

Legislature 

A few agencies said that they use the output from their pave-
ment management system in preparing and presenting infor-
mation to their state legislatures. 

Programming 

Pavement information has become a key element in program-
ming maintenance and rehabilitation activities within an agency. 
Some of the programs are being developed as far ahead as five 
or six years into the future. Programming 3-R and 4-R activities 
is becoming the most important part of the work in this area. 

Strategies and Alternatives 

The outputs from pavement management systems or processes 
are now being used to develop rehabilitation strategies at both 
the network and project levels. Evaluating various treatment 
and design alternatives is part of this process of selecting the 
best or optimum strategy. 

Problem Identification 

One of the most frequent uses of pavement management out-
puts is the process of identifying problem areas and needs within 
the system. It is useful from that standpoint in planning main-
tenance activities and nominating rehabilitation projects. It may 
be useful in helping to identify potentially hazardous locations. 
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DISTRICT: 5 	ROUTE: 1-96 	DIRECTION: WEST BOUNG 	DATE SURVEYED: 15 415 

SECTION I 	RIGID PAVEMENT I BEGINNING MILE POST: 0.00 	LENGTH: 0.07 	NUMBER OF SEGMENTS: I 

SEGMENT BEGINNING 	PAVT 	CODE & 	JOINT OR CRK 	HOLES S 	SUBSURFACE 	MILL 	ANALYTICAL JOINT 
NUMBER 	MILE POST RATING REMARKS DETERIORATION FAULTING 	DRAINAGE 	SURFACE 	SURVEY 	SURVEY 

	

I0.00 	SA 	........................... 	.................. 

SECTION 2 	FLEX. PAVEMENT ( BEGINNING MILE POST: 0.07 	LENGTH: 0.23 	NUMBER OF SEGMENTS: 2 

SEGMENT BEGINNING 	PAVT 	CODE & 	SURFACE 	TRANSVERSE 	SURFACE 	CRACK 	ANALYTICAL 
NUMBER 	MILE POST RATING REMARKS 	CRACKING 	CRACKING 	ROUGHNESS 	MAINT. 	SURVEY 	...... 

2 1 	0.07 	2 .. ...... 	...... 	...... 	...... 	ZETION 
3 	0.19 	3 	B 	.................... 	ACTION 

SECTION 3 : BEGINNING MILE POST: 0.30 	LENGTH: 0.03 	NUMBER OF SEGMENTS: I ( SEGMENT NOS. 	4 - 	4 

NO DATA PROVIDED FOE THIS PORTION OF THE ROADWAY 
ABRIDGE 

	

SECTION 4 : FLEX. PAVEMENT ( BEGINNING MILE POST: 0.32 	LENGTH: 0.25 	NUMBER OF SEGMENTS: 3 

SEGMENT BEGINNING PAVT CODE& 	SURFACE 	TRANSVERSE SURFACE CRACK ANALYTICAL 
NUMBER 	MILE POST RATING REMARKS 	CRACKING 	CRACKING 	ROUGHNESS 	MAINT. 	SURVEY  

S 1 	0.32 	2 	 ACTION 
6 1 	0.38 	2 	 ACTION 

	

7 1 	0.47 	2 	 ACTION 

	

V SECTION 5 : FLEX. PAVEMENT I BEGINNING MILE POST: 0.57 	LENGTH: 0.19 	NUMBER OF SEGMENTS: 2 1 

SEGMENT BEGINNING 	PAVT 	CODE 5 	SURFACE 	TRANSVERSE 	SURFACE . CRACK 	ANALYTICAL 
NUMBER 	MILE POST RATING REMARKS 	CRACKING 	CRACKING 	ROUGHNESS 	MAINT. 	SURVEY 	...... 
I 	B I 	0.57 	3 6 	 ACTION 
I 	9 I 	0.66 	5 B 	.. ...... 	...... 	:. . 	 ACTION 

SECTION 6 : FLEX. PAVEMENT ( BEGINNING MILE POST: 0.76 	LENGTH: 0.28 	NUMBER OF SEGMENTS: 3 

SEGMENT BEGINNING PAVT CODES 	SURFACE 	TRANSVERSE SURFACE CRACK ANALYTICAL 
NUMBER 	MILE POST RATING REMARKS 	CRACKING 	CRACKING 	ROUGHNESS 	MAINT. 	SURVEY  

I 	10 1 	0.76 	2 	 ACTION 

	

II I 	0.85 	2 	 ACTION 

	

12 ) 	0.95 	2A 	 ACTION 

	

V SECTION 7 : FLEX. PAVEMENT I BEGINNING MILE POST: 1.04 	LENGTH: 0.28 	NUMBER OF SEGMENTS: 3 

SEGMENT BEGINNING 	PAVT 	CODE & 	SURFACE 	TRANSVERSE 	SURFACE 	CRACK 	ANALYTICAL 
NUMBER 	MILE POST RATING REMARKS 	CRACKING 	CRACKING 	ROUGHNESS 	MAINT. 	SURVEY 	...... 
I 	13 1 	1.04 	4 	C 	 ACTION 
I 	14 1 	1.14 	2 	 ACTION 

FIGURE 17 Example of summary of pavement deficiencies (Michigan) (44). 

Decision Making 

Pavement management outputs are used either directly or 
indirectly by many administrators and by various divisions or 
districts in making decisions about pavements. 

Information 

The information generated in a pavement management system 
or process is useful in research studies, monitoring trends in 
pavement performance, and providing material for public dis-
tribution. 

EFFECTIVENESS AND WEAKNESSES 

Each agency with a pavement management system or process 
was asked how effective it is within their organization, whether 
it is cost-effective, and what weaknesses it has. 

Pavement Management Effectiveness 

Of the agencies that said they had a pavement management 
system or process, nine said theirs was highly or very effective, 
six said theirs was effective, and 10 said their system was mod-
erately or somewhat effective. Six said their system was devel-
oping or emerging and nine agencies said they did not know or 
it was too early to evaluate at this time. Comments were pro-
vided by some of the agencies regarding the effectiveness of their 
system. Some of these are: 

Success and acceptance beyond expectations. 
Being used to make decisions. 
More effective as program develops. 
In use since 1980, good support. 
Used by top management. 
Good for establishing resurfacing needs and priorities. 
Provides insights to changes within the system. 

Cost-Effectiveness 

Eighteen agencies said their system or process was definitely 
cost-effective. Four said theirs was probably cost-effective and 



25 

10 said they did not know. No one said their system was not 
cost-effective. One comment of particular note in the responses 
to the survey of practice was the one from California where 
they said, "Pavement Management System costs about 0.25 
percent of total annual rehabilitation budget." 

Weaknesses 

When asked what weaknesses existed in their pavement man-
agement system or process, the various agencies identified sev-
eral weaknesses in their responses on the survey of practice. 
These were categorized according to subject matter and are 
summarized in this subsection. Further details are available in 
Appendix A (Table A-5). 

Lfe Cycle 

One of the weaknesses identified by several agencies is that 
life-cycle costs are not currently included. The main problem 
has been either that there is a lack of data to perform life-cycle 
cost analysis or that procedures are not yet available within the 
organization. Synthesis 122 (50) should be of some help to an 
agency in developing the capability to perform life-cycle cost 
analysis, as would the World Bank model (46). 

Optimization 

Some agencies indicated that the inability to optimize was a 
weakness. They were not sufficiently advanced to optimize pave-
ment expenditures or the models were too complex and difficult 
to understand. 

Prediction 

The ability to predict the performance of an individual pave-
ment (project level) or the system as a whole (network level) 
is an important part of managing pavements. Some of the weak-
nesses in this area included: (a) lack of sufficient data base for 
project pavement life, (b) the need to refine prediction models, 
and (c) the need for better information on pavement perform-
ance. 

Data Collection 

Data of all types are necessary to adequately manage pave-
ments. The weaknesses identified in data collection were gen-
erally associated with pavement condition or monitoring. Some 
of those identified by the agencies were: (a) time and labor 
intensive, (b) need to modernize and update pavement condition 
survey techniques to increase quality of the data and reduce 

CONDITION RANXING OF PAVEMENTS IN NEED OF IMPROVEMENT IN 1985 

CONDITiON ROUTE LENGTH PAVEMENT CONDITION SURVEY 
RANKING (COUNTY) LOCATION (MILES) TYPE DIR. RI POINTS TREATMENT 

1 1-71 From: NP 1.60, 0.15 mi. S of Earn Ave. 3.84 NB PCC NB 3.2 17 Break, Seat 
(Jefferson) To: NP 5.44 (Exclude from NP 4.18 to 3.10 SB SB 3.2 16 & Overlay 

4.92 in southbound lane) 

1-264 From: HP 22.65 0.59 PCC EB 2.7 14 Break, Seat 

(Jefferson) To: NP 23.24, 1-71 WE - 13 & Overlay 

2 1-264 From: NP 0.00, 1-64 EB 0.48 PCC EB 3.0 15 Break, Seat 

(Jefferson) To: NP 0.48 WB 2.7 13 & Overlay 

1-64 From: NP 0.72, K. end of Ohio Rv. Bridge 0.62 PCC EB 2.8 13 Break, Seat 

(Jefferson) To: HP 1.34, Beginning of structure NB 2.4 10 & Overlay 

3 1-75 From: NP 83.20 NB 4.12 NB PCC NB 3.4 18 Break, Seat 
(Madison) From: NP 84.64 SB 2.68 58 SB 3.3 17 & Overlay 

To: NP 87.32, KY 876 

4 1-275 From: NP 0.00, 1-75 0.62 cRCP NB 2.0 14 Overlay 

(Kenton) To: MP 0.62, 0.62 mi. N 	(CW( 	of 1-75 SB 1.9 12 

1-275 From: NP 0.62, 0.62 mi. N 	(CW( 	of 1-75 3.44 CRCP NB 2.6 13 Overlay 

(Kenton-Boone) To: NP 4.06, 0.09 mi. N (CW) of KY 212 (Northbound) 

5 1-65 From: NP 55.00 NB 2.63 NB PCC NB 3.7 16 Break, Seat 

(Barren-Hart) From: NP 53.50 SB 4.13 SB SB 3.9 13 & Overlay 
To: HP 57.63, KY 218 

6 1-75 From: NP 50.77, Laurel County Line 5.03 AC NB 3.7 15 Mill & 

(Rockcastle) To: NP 55.80, US 25 (Northbound) Overlay 

7 1-75 From: HP 68.31, KY 1505 7.21 PCC NB 2.9 18 Break, Seat 

(Rockr.astle-Madison) 	To: HP 75.52, KY 21 SB 3.1 17 & Overlay 

FIGURE 18 Example of prioritized listing (Kentucky) (45). 
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SYOTEI(*TIC TECHNIRI t, MOtTlE sod MIlOGE PEN001tVMIR PMEIIERTS ($TAlrP) 

TREATNENT SUMMARY 
CENTRE COUNTY 
L.R. 27 
FRON STATION 1399+11 TO STATION 1609.87 
LENGTH 5.51 MILES 
1903 DATA (FILE NME 'CEHDAT03') 

TREATRENT NUIIUER  
F)..EIIDIE PAVED 	 UWUVU 

ITAT ION to STATION PAVENEIIT SHOILOER 	 SH0ILI 
(IIILEFOST) IRILEPOST) LANE 0 	I 2 	3 4 	5 	6 	7 	A 	N IA 11 	12 13 14 15 0 	I 	7 	3 	4 	5 	$ 	1 	9 	9 	IA 1112 13 

1399.11 1430+00 WA 0 	1 1 	1 0 
1430+00 1466174 WA 1 1 1 
1466+74 1404+00 WA I I 	I I I 
1484+00 1505400 WA I 	I I 	I I 
1505+00 1544455 WA £ 1 	1 I 
1544.55 1575.00 WA 1 	1 1 	1 1 
1575000 1611+00 WA 1 1 	I I 
1611.00 1641.02 09 1 1 	0 1 	1 	1 
1641.07 1665403 04 1 	1 I 	I I 	I 	I I 
1685103 1609.87 WA 1 	I I 	I I 

F1.ETIDIE PAYENENT TREATOENT SHOULDER TREATYTENT 
I 	0) ROUTINE MAINTENANCE I 0) ROUTINE MAINTENANCE 
I 	I) CRACK SEAL. I I) JOINT SEAL 
121 SKIN PATCH I 2) SKIN PATCH 
131 MANUIL PATCH ( 31 	SEA). COAT 
141 SEAL COAT 101 SHOILOER CUTTING 
I 	5) MECHANIIED PATCH IS) SURFACE TRE610€NT 
16) lOSE REPAIR 16) WEDGE & SEAL. 
(7) SURFACE TREATMENT - I I.,. PLANT 01) I 7) CUT OUT A SEAL. 
I 	9) LEVEL I SEAL COAT IN) NMUAL. PATCH 
I 	11 JOINT REPAIR I 91 RECONSTRUCT 
(10) MILL, LEVEL I SEAL COAT 	, (10) ROUTINE MAINTENANCE 
(II) WIDEN, LIVE!. I SEA). COAT III) 	GRADING 
112) LEVEl. I GESURFACE (12) 	CUTTING 
1131 ((ILL, LEVEL I. 9ES4FACE 1131 MENT*IIIITE 
($4) AlIEN, LEVEL & NESINcAcE 
US) NECONSTRUCTION 

FIGURE 19 Example of listing of proposed treatments (Pennsylvania) (38). 

1985 CONSTRUCTION SEASON WORKALL MILES 
STATE MILEAGE AND COST SUMMARY BY FUND 

(DOLLARS IN $1,000) 

- TOTAL 
MAINT MAINT PRES PRES SIX-YR SIX-YR MILES TOTAL 

TREAT TYPE MILES $COST MILES $COST MILES $COST TREATED $COST 

PATCH 115.03 911.0 45.60 762.0 .00 .0 160.63 1,673.0 

SEAL 42.85 187.0 344.94 5,818.0 54.71 1,344.0 442.50 7,349.0 

OIL MAT 20,11 251.0 48.71 971.0 16.70 381.0 85.52 1,603.0 

THIN OLAY .80 55.0 107.24 11,922.0 28.67 13,853.0 136.71 25,830.0 

OVERLAY .00 .0 5.72 355.0 110.89 37,114,0 116.61 37,469.0 

RECONST .00 .0 .78 170.0 68.83 125,067.0 69.61 125,237.0 

CONSTRUCT .00 .0 .00 .0 17.42 30,604.0 17.42 30,604.0 

OTHER 20.80 50.0 .00 .0 6.60 13,802.0 27.40 13,852.0 

FINAL TOTALS 199.59 1,454.0 552.99 19,998.0 303.82 222,165.0 1,056.40 243,617.0 

RECORDS TOTALED 

FIGURE 20 Example of cost summary (Oregon) (47). 



ACTION PLAN 	FACT SHEET 	 DISTRICT:$ 
HIGIMAY : 2 

LMRS 	OFFSET LENGTH 	DIRECTION 	FACILITY CLASS LANES 	AADT 	TRUCK Z FROM:COLLINS BAY RD. (FRONTENAC RD 2) 

19 	L.Z 10 .0 	 A 2 .1 	450 _22 
TO 	LENNOX/ADDINITON RD 6 

REHABILITATIONS 
STRUCTURE 1 2 	3 	4 

CONTRACT NO. 54306 74135 SUBBASE TYPE (CODE) 

SURFACE TYPE (CODE) H4 SUBBASE THICKNESS, NN 

TOTAL SURFACE THICKNESS, NH SUBGRADE TYPE (CODE) 	: 4 

ADDED OVERLAY THICKNESS, MM 40 

MILL / REPLACE THICKNESS, MN STRUCTURAL COMMENTS : CONTRACT 74135 INCLUDED PAVE- 

BASE TYPE 	(CODE) PIENT WIDENING 300MM ON EACH 

BASE THICKNESS, MN SIDE. 

100 • HISTORY OF PAVEMENT PERFORMANCE 

27 

40 •--+--+--+--,--+--+--+--+--+-------- •--+--•--+--+-+G+•"+-------- •• 
YEAR> 66 68 70 72 74 76 78 80 82 84 86 88 90 <YEAR 

URBAN SECTION,X : 0.0 

PAVEMENT WIDTH,N : 13.4 

SHOULDER TYPE 	: GRAY 

LOAD RESTRICTION : NON! 

YEAR OF LAST 
SKID TEST  

0TH ER 
DEFICIENCIES 	- 

90 

80 
P 

C 70 

60 

50 

PAVEMENT YEAR 	PCI 	RCR 	ON ESTIMATED CHANGE IN PCI AFTER 3 YEARS > < 
CONDITION: 124 	_IA 	Z. 	_Aj  

PREFERRED AND ALTERNATIVE STRATEGIES 

PART I 	 DESCRIPTION I 	CODE 	I PROC I EXTENT I COST/KM I PCI 	I LIFE 

I I 	I 	YEAR 	I 	Z 	I 	($1000) 	I AFTER 1 YEARS I 
gout aKd 	cfac4r .,( PS 	ec 	1 	100 	2 	1  '76  

STRATEGY II 

STRATEY COIS4ENTS 	 PREPARED PY 
DATC 	 ' 

FIGURE 21 Example of pavement history (Ontario). 

expense, (c) field testing problems, (d) lack of structural in-
ventory, (e) need improvements in evaluating surface distress, 

need improved data for better assignment of strategies, and  
lack of a common data base. 

Data Processing 

Data processing was listed as a weakness by some agencies. 
Some of the problems are: (a) personnel needs for data proc-
essing is greater than the available supply, (b) automation, 
software development, and staffing are the weakest areas, (c) 
length of time required to computerize portions of the system, 
and (d) sophisticated computer resources needed. 

Cost Data 

There has been a general lack of good cost data, in particular 
maintenance, and a good economic model for evaluating stra- 

tegies, although the World Bank model (46) may be a solution 
to the latter problem. 

Staffing and Equipment 

The need for more staffing and equipment was listed by some 
agencies. 

Coordination 

The lack of adequate intradepartmental coordination within 
some organizations was identified as a weakness. Some of the 
difficulties included: (a) need to integrate better with mainte-
nance management, (b) lack of effective coordination between 
divisions, (c) PMS strategies not correlated very well with actual 
activity, and (d) present system lacks a common referencing 
scheme. 
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COSTS NECESSARY TO PRESERVE THE EXISTING SYSTEM 
In+lation Rat. - 2.3% 

Based on the 1985 Pavement Managneot Report Reven,.e Grooth - 5.0 
Costs Sheen in Millions of Dollars 

Resurfacing, 	Restoration and Rehabilitation Work 	(3R) Normal - Heavy Maintenance Work 

"A" "B" C "D "E" "F" G. H. "I" J.  "K' 

Backlog 
De+ System Total Prop * Norm 3R Total Prop 

+ Deter 3R State Fed 3R Accun, $ paint Plaint Plaint Plaint 
F.Y. In+l. Costs Needs Funds Funds Espend De4icit * Costs Costs Needs Espend F.Y. 

324.10 * 
1996 332.20 58.99 391.19 18.30 24.43 42.73 * 11.67 6.13 17.80 17.80 1986 

348.46 $ 
1987 357.17 60.46 417.63 21.98 25.00 46.98 * 11.96 6.59 18.55 18.55 1987 

370.65 I 
1988 379.92 61.99 441.99 33.32 26.44 59.76 2 12.26 7.01 19.27 19.27 1988 

382.13 * 
1989 391.68 63.53 455.21 35.43 27.97 63.40 * 12.57 7.22 19.79 19.79 1999 

391.81 $ 
1990 401.60 65.11 46e.72 48.75 29.58 78.33 $ 12.89 7.41 20.29 20.29 1990 

388.39 $ 
1991 398.09 66.74 444.84 51.95 31.29 83.24 I 13.20 7.34 20.54 20.54 .1991 

381.60 * 
1992 391.14 68.41 459.55 63.94 33.09 97.03 $ 13.53 7.21 20.75 20.75 1992 

362.52 $ 
1093 371.58 70.12 441.70 68.20 35.00 103.20 9 13.87 6.85 20.72 20.72 1995 

338.50 * 
1994 346.97 71.87 419.94 72.75 36.96 109.71 i 14.22 6.40 20.62 20.62 1994 

309.13 $ 
1995 316.85 73.67 390.52 77.62 39.03 116.65 , 14.57 5.84 20.42 20.42 j995 

273.87 * 
1996 280.72 75.51 3M6.23 82.83 41.22 124.05 * 14.94 5.18 20.11 20.11 1996 

232.19 $ 
1907 237.90 77.40 31-539 88.30 43.52 131.01 I 15.31 4.39 19.70 19.70 1.1997 

183.48 $ - 
1998 188.07 79.33 2é7.40 04.33 45.96 140.29 1 15.69 3.47 19.16 19.16 1998 

127.11 $ 
1999 130.29 81.32 2:1.61 100.51 48.54 149.05 4 16.09 2.40 18.49 18.49 1099 

62.56 * 
2000 64.12 83.35 147.48 96.22 51.26 147.48 * 16.49 1.18 17.67 17.67 '2000 

00 $ 

FIGURE 22 Summary report (Nevada) (48). 

Other 

Afew weaknesses identified by some agencies were considered 
to be of enough importance to be mentioned here so that they 
may be useful to others. Some of these are: (a) low-volume 
roads never receive priority, (b) there is a lack of time to develop 
and implement final stages, (c) decision criteria used in the 
program is not well documented, (d) there is a lack of roadway 
functional classifications, and (e) the process developed in stages 
results in a large number of programs with each performing a 
specific function. 

BENEFITS FROM A PAVEMENT MANAGEMENT 
SYSTEM 

The agencies with pavement management systems or pro-
cesses were asked in the survey of practice what benefits they 
had obtained from their system. A large number of individual 
benefits were identified by the agencies but, to simply review, 
they have been grouped in this section by subject matter. Further 
details are available in Appendix A (Table A-5). The following 
subsections provide a summary of the identified benefits. 

Dollar Savings 

Reduction in costs and potential dollar savings were reported 
as benefits to the agency through the use of a pavement man-
agement system. Savings in personnel was also reported. Proper 
decisions made now with respect to pavements can mean mil-
lions of dollars savings in future years. A better perception or 
understanding of highway benefit/cost relationships is also a 
benefit. 

Budgeting-Funding Allocation 

Numerous items were identified by the agencies relating to 
benefits through budgeting and allocation of funds. Some of 
these are: 

Better means of allocating funds. 
Knowledge that rehabilitation and maintenance funds are 

expended in a consistent manner state-wide. 
Enables the agency to achieve condition goals at lowest 

cost. 
Agency can now forecast condition level that will result 

from current budgets. 
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Justification for increase in state funds. 
Background data for budgets and increasing funding for 

resurfacing and for pavement rehabilitation. 
Network-level analysis has proven to be an excellent tool 

for quantifying the department's needs for additional funding 
of pavement maintenance and 3-R programs. 

Legislature 

Some agencies reported that their pavement management sys-
tem assisted them in dealing with their state legislatures. New 
Hampshire obtained a gas tax increase in 1981 for pavement 
resurfacing. Tennessee reported that they were able to get a fuel 
tax increase for improving the level of maintenance. Utah re-
ceived a fuel tax increase for rehabilitation. Statements made 
by some agencies were: 

Invaluable in keeping the legislature informed concerning 
the condition of the roads in their jurisdiction. 

Integral part of funding request package to the legislature. 
Department has gained credibility with public and with the 

legislature. 

Prioritization 

The ability to prioritize pavements by some rational means 
was reported as a benefit by some agencies. A few of the state-
ments obtained from the survey of practice are: 

Better prioritized resurfacing programs. 
Rational prioritization of projects and a sound basis on 

which programming decisions can be made. 
Optimum use of available funds owing to prioritization of 

the road system. 
Accomplishing higher priority work first. 

Improved Project Selection 

It was reported that the process of selecting projects has 
improved. A few statements made by the agencies were: (a) 
better project selections and improved ability to assess the trend 
of network condition, (b) can now determine the mix of 
short-, medium-, and long-term fixes that will enable achieving 
goals at lowest cost, and (c) generally lowest rated pavements 
are resurfaced. 

Rehabilitation Strategies 

One benefit identified for pavement management systems was 
improved strategies. A few specific comments are: 

Pavement management allows the department to evaluate 
alternative strategies and to change direction and emphasis. 

The use of pavement management enables an agency to 
measure the effects of alternative strategies and to plan for these 
effects when the strategy is implemented. 

Getting people to think in terms of life-cycle cost when 
comparing rehabilitation alternatives. 

Development of long-term strategies, which can be pro-
duced through analyzing performance data for various pavement 
designs and conditions. 

Improved Data Collection-Pavement Condition 

Some agencies reported that their data collection process has 
been strengthened, which has benefited other component parts 
of pavement management. Pavement condition data is the most 
important information gathered for managing pavements. A few 
of the benefits listed by different agencies are: 

Highway system conditions have shown overall improve-
ments during the last five years. 

COLLECT I NE PAVEIWNT 
PRIORITIZED STRATEGY LIST 

(IGACRO ANALYSIS) 

STRATEGY IDENTIFICATION - TOTAL COSTS 
(Present AortA) BENEFIT/COST ANALYSIS D.O.T. EXPENDITURE 

TOTAL ANNUAL INCREMENTAL ACCUPRJLAT(D 
CONDITION RFJ4A8ILITA- TOTAL ANNUAL ANNUAL INCREMENTAL TREATMENT TPEUTIIZNI 

TRIAL PAVEMENT & STRATEGY STRATEGY lION COSTY R[IIEFIT EENEFIT/ COST BENCFIT BENEFIT/COST EXPENDITURE EXPENDITURE 
NtABER NUIE8 CODE DESCRIPTION (0 Al .000) (0 SI,000) COST RATIO (0 $1,000) (0 01.000) RATIO (0 	51.000) (x 	$1,(104) 

13 24" Lane-lenel(lXalvt.) 14.3 1,495.3 104.6 2.4 251 104.6 II 11 
2 3 38' Lane-level A 2" overlay 81.8 7.582.9 92.7 10.9 1.011 92.7 118 129 
3 7 100 Plan & 2 	overlay 89.2 7,269.8 81.5 12.7 1,035 81.5 155 284 
4 4 534' 2" overlay 77.5 4,309.0 55.6 11.9 662 55.6 111 395 
5 3 3K Lane-level 	A 5 	overlay 233.1 16,107.2 47.2 22.5 1.553 69.1 149 5.44 

6 3 418' $9611 	6 2' overlay 144.1 5,879.3 40.8 19.2 784 40.8 197 741 
7 4 536' 3" overlay 126.7 6,119.6 30.8 16.9 816 48.3 55 796 
8 6 l2A" 2 	overlay 418.3 12,549.0 - 	30.0 102.0 3.061 300 659 1.45$ 
9 6 128" 54111 	'. 2 	Xverlay 692.8 20,091.2 24.9 128.8 3.728 29.0 276 1.731 

10 8 41D 59691 	& 3 	overlay 206.4 7,616.2 23.3 24.7 912 69 1.840 

11 2 528' SUMI t 2 	overlay 459.7 9,469.8 20.6 70.5 1.453 20.6 751 2,551 
12 S lB 5' overlay 1,143.4 23,439.6 20.5 175.9 3,590 20.5 1.140 3.691 
13 10 NC 4' overlay 640.1 11,041.7 16.1 91.6 1.472 16.0 907 4.678 
14 9 1A 5' overlay 451.4 6,771.0 15.0 56.9 852 15.0 580 5,258 
IS 12 24"" Laee-level)llalnt.) 38.2 577.1 15.1 59 89 15.1 5753 

16 2 520 54191 & 3' overlay 701.6 12,940.3 12.0 93.7 1.731 18.5 269 5.527 
17 13 28 Plane 8 2' overlay 74.8 2.678.5. 10.5 9.0 320 35.8 120 5,647 
lB 4 53F 5' overlay 237.2 7,828.9 10.5 28.4 937 33.0 111 5,753 
19 6 12F 5" overlay 1,482.7 31,879.2 9.9 211.0 4.539 21.5 715 6,073 
20 I 624 2' overlay 268.9 2,232.4 1 	8.3 1 	41.3 1 343 1 8.3 465 1 	6.938 

A Sigher benefit/cost strategy Pal laos for this paeen.evt. 
RehabIlItatIon not recended-refer to Ilaintenance DivIsIon. 

* Total Rehabilitation Cost Inclades cost of treatment. alms cost of traffic delays 
during constr,actlOn, •lvas th, ialvage nalae at the cycle end. 

FIGURE 23 Summary report (Utah) (49). 
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Removing subjectivity from pavement rating. 
Documentation of pavement data. 
Better inventory of pavements and their condition. 
Identification of condition trend of the highway network 

and the relative condition of pavements in each district. 
Ability to analyze pavement performance since 1978. Value 

increases as history lengthens. 

Understanding the System with Up-to-Date 
Information 

Several agencies believed it was very beneficial to them to 
more fully understand their system and what was happening to 
it as demonstrated by current up-to-date information. This al-
lowed them to have an overall perspective of network condition 
and to better analyze their operating policies and procedures. 
They were able to assess pavement condition in a quantitative 
manner and to have immediate access to current road condition 
information. 

Data Storage and Analysis 

Some agencies reported that they were benefited through im-
proved data storage and analysis. They said that computeriza-
tion is an absolutely decided advantage over previous methods. 
It permitted them to easily retrieve historic data and to evaluate 
pavement performance over time. The linking of several infor-
mation systems to a common data base was listed as a benefit. 

Uniformity, Consistency, and Accuracy 

One very important benefit through a properly functioning 
pavement management system is the ability to provide results 
that are uniform, consistent, and accurate from location to lo-
cation and from year to year. It was reported that (a) all state 
highways are evaluated using the same criteria, (b) there is a 
consistent selection of resurfacing needs, (c) PMS provides the 
same up-to-date, accurate pavement performance data on all 
sections, and (d) planning and programming are more rational. 
The use of a common location reference system is very important 
in maintaining consistent accurate information. 

Improved Communications 

Several agencies reported in the survey of practice that pave-
ment management helped them improve communications within 
their agency. Communications were improved between the var-
ious divisions and districts, and there was an increased awareness 
of the pavement management process on the part of upper 
management. Internal disagreements were reduced. 

Other 

There were several other benefits that were identified by dif-
ferent agencies. A few that were considered significant are listed 
here. 

Selecting locations for improvements because of high ac-
cident experience when the proper interface exists with accident 
records. 

Provide for federal data reporting requirements. 
Long-term planning and programming of rehabilitation 

projects. 
Determining the effect of deferred or delayed action and 

reacting accordingly. 

BENEFITS IDENTIFIED FROM OTHER SOURCES 

The previous listed benefits from the use of a pavement man-
agement system were based on the responses from the various 
agencies to the survey of practice. The following benefits were 
obtained from documents other than from the survey of practice 
(1, 23, 25, 51, 52). 

A greater understanding and knowledge is available re-
garding the condition or health of the pavement network and 
individual pavements within that network. 

The agency now has the ability to know if the condition 
of the pavement network is improving or deteriorating over 
time. 

It is possible to predict the future condition of pavements 
more accurately. 

The ability to establish priorities for pavement improve-
ments is improved. 

A PMS helps provide realistic and cost-effective perform-
ance standards so that maintenance or rehabilitation projects 
can be selected through the use of a systematic, consistent, and 
documentable engineering basis. 

The ability to develop accurate long-term needs and plans 
and policies for maintenance and rehabilitation is improved. 

The ability to assess various funding levels and to justify 
the level selected is enhanced. The system would provide the 
facts for presentations to the legislature. 

A PMS provides the ability to identify the consequences 
of inadequate funds for rehabilitation and maintenance in re-
lationship to excess user costs and inconvenience. 

The funding backlog for projects in need of maintenance 
and rehabilitation can be identified. 

Rehabilitation and maintenance strategies can be identified 
and evaluated. 

Life-cycle costs for various types of construction and re-
habilitation can be evaluated and the cost-effectiveness for dif-
ferent types of maintenance can be determined. 

An objective and consistent means for evaluating the con-
dition of all pavements within the state or agency is available 
through a PMS. 

The probability for improved pavement performance is en-
hanced. 

Access to accurate factual information for use in dealing 
with materials suppliers and other pressure groups is easily 
accessible. 

Advancements in the state of the art in the design, con-
struction, maintenance, rehabilitation, and evaluation of pave-
ments have been made. 

The ability to assess the potential effect of any proposed 
changes in axle and gross truck weights is available through 
PMS information. 
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Assurance that the best pavement for the dollar expended 
and the highest level of service at a minimum of cost are being 
obtained are part of the benefits available. 

Improvement in the productivity of those responsible for 
managing pavements is obtained. 

NATIONAL ACTIVITIES 

Pavement Seminar 

In the late autumn of 1985, two Pavement Seminars for Chief 
Administrative Officers were held in the United States (1, 53). 
One seminar was held in Florida for the eastern part of the 
country and a second one was held in California for the western 
part of the United States. The seminars were prepared and 
conducted through the joint efforts of the Federal Highway 
Administration and the American Association of State Highway 
and Transportation Officials. The seminars were planned for 
the Chief Administrative Officers of the various state highway 
or transportation departments with the following objectives (53): 

First to encourage a review of current organizational needs in 
light of the shifting emphasis from pavement system expansion 
to pavement system modification and preservation. 

Second, to review the current state of the art in pavement 
management. 

The following items were addressed in the two seminars (53) 

What does a comprehensive pavement management process 
look like, as found in several states? 
What are the problems we face in pavement management? 
What tools do we have? 
What are some good strategies, and what has not worked? 
What research has been done? What do we need to know? 
Where does the Strategic Highway Research Program fit in? 

The states were asked in the survey of practice if anyone from 
their agency had attended the "Pavement Seminar for Chief 
Administrative Officers" and if so, what effect, if any, it had 
on the agency. Thirty-nine of the states said they did participate 
and seven said they did not. Of the 39 participating, 34 said the 
program was beneficial to them and 4 said it provided little or 
no benefit. One state did not indicate whether it was worthwhile 
or not. Some of the comments from the states regarding the 
effect the seminar had on their organization are: 

Alabama: "Better awareness of need for systematic pavement 
management." 

California: "California well advanced in Pavement Manage-
ment; should make even more use by managers." 

Delaware: "Pavement Management Engineer position created 
in January." 

Kansas: "Agency procedures were reviewed and implemen-
tation and development of the network and project level system 
has resumed without modification. Review consisted of devel-
oping answers for 16 typical management questions facing Chief 
Administrative Officers. Kansas DOT was satisfied that its Pave-
ment Management and priority optimization system provided 
answers to most of them." 

Massachusetts: "Commissioner has directed that a Task 
Force establish a Pavement Management system by April 1, 
1986." 

Nevada: "Pavement Management has been of highest priority 
at Nevada DOT for past 6 years and will continue to do so." 

Oklahoma: "Reaffirmed the need to develop and implement 
a program." 

Texas: "Task Force created to direct development and im-
plementation of Pavement Management System." 

Virginia: "Better understanding of Pavement Management 
objectives by top management." 

The 16 pavement management questions asked of the Chief 
Administrative Officers at the Seminar are contained in Ap-
pendix E. 

Strategic Highway Research Program 

AASHTO, FHWA, and the National Research Council have 
undertaken the Strategic Highway Research Program (SHRP) 
as a means of increasing the productivity and safety of the 
highway system in the United States through research. Six prior-
ity problem areas were identified for the program: asphalt, long-
term pavement performance, maintenance effectiveness, bridge 
component protection, cement and concrete, and snow and ice 
control (54). Long-term pavement performance is the study area 
that is most closely tied to pavement management. The stand-
ardization and improvement in pavement data collection that 
will result from the long-term pavement performance study 
should be of great benefit in advancing the state of the practice 
of pavement management. 

National Cooperative Highway Research Program 

The National Cooperative Highway Research Program 
(NCHRP) operates under the Transportation Research Board 
and is established through a contract between FHWA, 
AASHTO, and TRB. A number of research projects and 
syntheses have been developed over the years that have a direct 
bearing on pavements and on the management of pavements. 
Several of these reports and syntheses are referenced as part of 
this synthesis. 	 - 

Federal Highway Administration 

The Federal Highway Administration (FHWA) has taken an 
active interest in pavements and the materials used for their 
construction for many years. In more recent times they have 
taken an active role in promoting pavement management. 
Through research, they have provided useful documents to assist 
states in improving their management of pavements. Most re-
cently, they put together with the cooperation of AASHTO the 
"Pavement Seminar for Chief Administrative Officers" (1, 53), 
which was previously discussed in this chapter. 
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CHAPTER FOUR 

APPLICATION OF THE PAVEMENT MANAGEMENT SYSTEM 

The purpose of this chapter is to discuss how a pavement 
management system can .be applied or utilized in the various 
divisions or areas of an agency. Chapter 2 provided a description 
of pavement management including the basic parts or elements 
normally contained in the system. The information or data from 
each of these basic elements is stored in the data management 
element or the heart of the system. This chapter discusses how 
the information that is stored and available through a pavement 
management system can be used in the various divisions of an 
agency in getting the most for the pavement dollar. Developing 
strategies and evaluating alternatives while considering life-cycle 
costs is part of this general effort. 

APPLYING PAVEMENT MANAGEMENT WITHIN AN 
AGENCY 

Not all agencies can accomplish the work described in this 
subsection because only a limited number have all of the data 
necessary. Agencies lacking some of the required information 
within their own organization can work toward obtaining the 
additional data. During the interim, they can utilize information 
from other sources or make their best estimate of values relying 
on the experience and knowledge of department employees. 

Maintenance 

Data from pavement management systems or processes has 
been used as input for maintenance programs. Montana uses 
information from their pavement management system for ref-
erence in selecting projects for maintenance (55). Nevada em-
ploys their system to assist in the allocation of resources and 
to make the best use of available funds. They use two repair 
strategy categories: preventive and corrective maintenance (48). 
The number of centerline miles for each highway system is 
summarized for the various repair strategies and the costs are 
determined. Pavements can be placed in priority arrays for either 
preventive or corrective maintenance. Corrective maintenance 
is basically working on the worst pavements first, whereas pre-
ventive maintenance requires predicting when failure might oc-
cur so that some treatment can be placed early enough to prevent 
failure and extend pavement life. A comprehensive pavement 
management system should have information stored in the data 
base on all potential maintenance treatments along with their 
chances of success for various conditions. Costs should also be 
part of the stored information. Adequate maintenance cost data 
have been generally lacking for most agencies, and this area  

needs further work. Prediction models also need further refine-
ment. 

Rehabilitation 

Rehabilitation of pavements is of great importance to all 
highway agencies in these times when preservation of the system 
has come to the forefront. Rehabilitation (like maintenance) 
can either be corrective or preventive and thus requires reliable 
performance data and good prediction capability. Rehabilitation 
can benefit significantly from a comprehensive pavement man-
agement system. There are so many variables introduced in a 
rehabilitation project that it is a real challenge to identify and 
select the best, most cost-effective solution for the project (56). 
There are a very large number of materials and techniques 
available, and the pavement is undergoing continual change over 
time. A design made one year, based on conditions existing at 
that time, may no longer be adequate the following year when 
the project is done, owing to changes in the condition of the 
pavement. A pavement management system offers the best an-
swers to dealing with the challenges of system preservation 
through rehabilitation. 

Planning 

With the changing emphasis from system extension to system 
preservation, planning has need for more pavement data. Pave-
ment condition information at a network level is of particular 
use in planning. Past performance of the different systems within 
the various districts or areas, rates of change in condition, and 
predicted future condition are types of useful information for 
planning that can be obtained through a pavement management 
system. Cost information is also needed and can be part of the 
system. Planning also uses pavement performance data in pre-
paring reports required by the Federal Highway Administration. 

Programming, Budgeting, and Scheduling 

Programming develops the actual program for the construc-
tion of new or rehabilitated pavements based on input from 
other divisions or areas. The primary source of information for 
programming and scheduling rehabilitation projects is pavement 
performance data from a pavement management system. Prior-
itized arrays of pavement needs are helpful in establishing the 
sequence with which pavements will be improved. If cost data 
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are contained in the pavement management data base, then 
priority arrays can be developed including the estimated costs 
for each project. Pavement scheduling for future years can be 
enhanced if life prediction capability exists within 'pavement 
management. 

Construction 

Construction of rehabilitated pavements can be benefited con-
siderably through a pavement management system as discussed 
above. Knowledge gleaned from information stored on construc-
tion materials and techniques can be of significant assistance in 
obtaining quality durable pavements. 

Design 

Design faces many new challenges with the shifting emphasis 
from constructing new highways to the preservation of existing 
pavements and with the need to make the most cost-effective 
use of available funds. Many more factors and levels are intro-
duced that must be evaluated to guarantee a suitable final prod-
uct that will perform as designed. Further discussion will be 
provided later in this chapter on some of the newer methods 
that can be applied in the pavement design process. These in-
clude decision analysis, optimization, design alternatives, and 
life-cycle cost analysis. These all can be built into a pavement 
management system and thus be part of the input to the design 
process. 

Pavement Performance 

Pavement performance is a measure of the changes in pave-
ment condition under accumulated service and, as such, requires 
that pavements be monitored using different types of measure-
ment over extended time periods. Pavement performance be-
comes the vehicle for tracking pavement condition over the 
years, predicting future performance, and developing priority 
rankings. Pavement monitoring and traffic loadings are impor-
tant inputs through a pavement management system in evalu-
ating performance. 

Research 

A fully integrated pavement management system provides a 
tremendous pool of current and historical information covering 
all aspects of a pavement. As such, a wide variety of special 
studies, both long term and short term, can be undertaken. For 
example, it is possible to study the relationship between the 
pavement structure and maintenance costs or the effect of pave-
ment condition on accidents. One important research area could 
consist of developing the best combination and timing of main-
tenance and rehabilitation with the objective of getting the best 
pavements at the lowest life-cycle cost. Because data would 
already be available in storage, for the most part, it would only 
require the processing of existing data to satisfy the needs of 
the special study and then preparing a report. Study and analysis  

of data collected has the potential for very large payoffs in the 
management of pavements. 

Truck Size and Weight 

A pavement management system is a helpful tool for an 
agency to use in evaluating the effect of potential changes in 
truck size and weight. Knowledge of truck weights on various 
routes coupled with pavement performance on those same routes 
provides the basic information. It can also be used to determine 
the relative effect of trucks on different routes where the weights 
are known. 

STRATEGIES 

Strategy has been defined as "a plan or method for dealing 
with all aspects of a particular problem" (12). Tennessee (39) 
considers four major strategies in their program: (a) routine 
maintenance, (b) repair distress and/or place seal coat, (c) 
overlay or recycle, and (d) major rehabilitation or reconstruc-
tion. Nevada (48) uses four similar strategies: (a) preventive 
maintenance, (b) corrective maintenance, (c) overlay, and (d) 
reconstruct. Pavement maintenance strategies are defined as 
"plans of action embodying the continuing application of pave-
ment maintenance techniques that are designed to improve or 
maintain the condition of a pavement segment above some pre-
determined minimum requirement" (29). 

Decision Analysis 

A method referred to as decision analysis is used on occasion 
by different individuals and agencies in dealing with uncertainty 
(57-61). The use of decision trees and cost-decision analysis 
was discussed by Alexander (60), who assigned probabilities to 
the chances of success for a given treatment. The Markovian 
decision process was used by Woodward-Clyde on Arizona's 
Pavement Management System in order to establish probabilities 
for different pavement conditions (59). The Markovian process 
is useful for decisions in pavement management where multiple 
pavement condition variables are incorporated and where there 
are a large number of alternative actions. 

Curtayne and Servas (61) of South Africa discussed economic 
considerations and the use of decision theory in the design of 
pavement rehabilitation. They stated that rehabilitation treat-
ments will always be under some degree of uncertainty and that 
decisions are made on a probabilistic basis. They illustrated their 
strategies and the potential outcomes with decision trees. Figure 
24 shows a decision tree developed by them giving possible 
outcomes of alternative maintenance strategies. Curtayne and 
Servas further pointed out that because of "the inherent vari-
ability of pavement properties and the uncertainties about their 
behavior, these decisions have to be analyzed in terms of prob-
ability theory" (61). 

Optimization 

An optimum strategy is "that strategy among the alternatives 
considered which is expected to maximize the realization of 
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management goals subject to the constraints imposed" (12). An 
optimization model is "a mathematical description or algorithm 
designed to compare alternative strategies and to identify the 
relative merits of each strategy according to assigned decision 
criteria, such as safety, cost, etc." (12). The basic objective is 
to identify the strategy that is optimal among the large number 
of options or alternatives that are designed to achieve a specific 
goal. "Using optimization procedures helps evaluate a large 
number of alternative solutions to a specific set of conditions 
and to obtain an optimal solution, which would be impossible 
by traditional techniques of enumeration" (52). A network op-
timization system helps to answer questions such as: 

If I specify the desired condition (level of service) of the 
pavements in the network, how much funding would be required 
to achieve and maintain that condition for an indefinite period? 

If I increase the level of service of the pavements in the 
network by a specific amount, what would be the effect on 
budget requirements? 

If funding over the next five years is limited to " x " dollars, 
what is the best level of service to expect (52)? 

Optimization at a project level would concentrate on site-
specific conditions on location where additional information can 
be easily obtained for a more detailed engineering analysis. The 
objective at the project level is to identify an alternative solution 
that does not exceed the target costs for the project at the 
required performance level. Materials, conditions, and experi-
ence at the site can be described more accurately at the project 
level because the emphasis is on a specific project at a given 
location. 

Optimization can be based on need, on economics, or on a 
combination of the two. Some highway agencies have found it 
more economical to take care of potential problem pavements 
with little or no distress and to treat the worst cases last (30, 
56). Maintenance and rehabilitation can both be classed as pre- 

ventive or corrective. Corrective maintenance has been defined 
as the "type of maintenance used to take care of day-to-day 
emergencies and repair deficiencies as they develop. May include 
both temporary and permanent repairs; sometimes referred to 
as remedial maintenance" (29). Corrective maintenance or re-
habilitation is undertaken after distress is very evident and fail-
ure has occurred or is very near. Preventive maintenance (or 
rehabilitation) is, "the type of maintenance intended to keep 
the pavement above some minimum acceptable level at all times. 
It is used as a means of preventing further pavement deterio-
ration that would require corrective maintenance. It may include 
either structural or nonstructural improvements to a pavement 
surface" (29). Corrective rehabilitation being done after failure 
develops in a pavement may cost four or more times more than 
preventive rehabilitation, which would have been done before 
failure (30). 

Evaluating Pavement Design Alternatives 

Alternatives have been defined as "the various choices of 
treatments available for providing a solution to a pavement 
deficiency or problem" (29) and as "different courses of action 
or systems that will satisfy objectives and goals" (62). 

If there is only one alternative available as a solution for a 
particular problem, then there is no decision. However, in prac-
tice there are a considerable number of choices to be made. 
Time is a variable along with numerous potential treatments 
and techniques and design sections. With all of these variables, 
there are also differences in performance characteristics, future. 
maintenance needs and costs. Figure 25 illustrates some alter-
native choices for a given payment. Figure 26 (63) shows a 
simplified repair matrix for flexible pavements. 

Recommendations were developed in NCHRP Synthesis 122 
(50) regarding procedural steps for selecting the preferred design 
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alternatives for new or rehabilitated pavements. There were 
twelve suggested steps: 

Determine the site characteristics and other input data that 
may influence the design. 

Identify various pavement management strategies that 
might be used to achieve the life requirements for the project. 

Identify all feasible alternatives that might satisfy the needs 
for the project. 

Remove from further consideration any item or items that 
are common among all alternatives. 

Select the analysis period to be used. 
Select a suitable discount rate. 
Predict the performance characteristics of the different 

alternatives being considered. 
Make cost estimates for each alternative being considered. 
Calculate present worth of costs for the alternatives. 
Make a sensitivity analysis on items or factors that may 
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FIGURE 26 Flexible pavement repair matrix (Utah) (63). 
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be subject to variation to ensure the selection of the proper 

alternative. 
Evaluate the alternatives against other potentially over-

riding factors. 
Select the most promising or preferred new pavement 

design or rehabilitation design based on all the factors that were 

evaluated. 

A comprehensive, well-integrated pavement management sys-
tem should be able to provide the information required to make 
the best decision for pavement design alternatives. In the event 
all of the information is not available, then managers would 
need to use their best judgment in filling the gaps. 

Life-Cycle Cost Analysis 

Life-cycle costing is defined as "an economic assessment of 
an item, area, system or facility and competing design alter-
natives considering all significant costs of ownership over the 
economic life, expressed in terms of equivalent dollars" (64). 
One of the major difficulties in using life-cycle cost analysis to 
date has been the general lack of accurate cost data, particularly 
in the maintenance area. Life-cycle costing was included as part 
of the outlined steps in the previous subsection and can be 
reviewed in greater detail in NCHRP Synthesis 122 (50). A 

pavement management system has the potential for providing 
the input needed in analyzing pavement alternatives using life-

cycle costing procedures. 

EXAMPLES OF PAVEMENT MANAGEMENT 
APPLICATIONS 

California Department of Transportation (Caltrans) 
(13, 14, 34, 65, 66) 

Caltrans began the development of a pavement management 
system in 1977 to: (a) relate rehabilitation expenditures to actual 
needs rather than to influence by individuals, (b) use logically 
determined strategies as basis for repair of the most appropriate 
road segments, (c) improve capabilities in programming, and 
(d) serve the public better. The development of the pavement 
management system (PMS) was initiated by the Caltrans Chief 
Engineer with the formation of a steering committee to provide 
guidance and policy direction and a task force to perform the 
actual development and implementation. The PMS was to be 
easily understood and would: (a) identify rehabilitation needs 
and establish a state-wide ranking, (b) ensure that the most 
appropriate repair strategies were used to satisfy the needs, and 
(c) be operational within two years (by 1979). The California 
pavement management system was developed as directed and 
it has been in use since 1979 on California's highway system of 
15,000 centerline miles or 48,000 lane miles. 

The California system was designed to provide answers to 
three questions: (a) Is the pavement in need of repair? (b) What 
general repair category is the most appropriate? and (c) In what 
order of priority should repairs be undertaken? Surveys of pave- 
ment condition are conducted on a biennial basis with data 
collected during the six-month period beginning in March of 
each odd-numbered year. A 100 percent sample of all 48,000 
lane miles on the state highway system is done. The survey 

records the extent and severity of each of several different forms 
of distress and ride quality. Figure 27 illustrates the condition 
rating systems used by California for flexible and rigid pave-
ments. A PCA ride meter as developed by Caltrans is used to 
measure ride quality. A state-wide pavement friction inventory 
is accomplished with a towed test trailer conforming with ap- 
plicable ASTM standards. 

Caltrans uses a relatively simple engineering logic system as 
a means of determining what to do with pavements in need of 
repair. Different systems are used for flexible and rigid pave-
ments. Figure 28 illustrates a decision tree as developed by 
Caltrans engineers based on their experience with flexible pave-
ment repairs. Using this or similar decision trees, engineers can 
select an appropriate solution for each pavement situation. 

California provides an array of 14 priority categories by com-
bining ride score, distress ratings, and average daily traffic in 
different ways. Four different reports are generated from the 
pavement management system: 

Pavement Condition Inventory—A computer printout of 
existing conditions based on survey results. 

Listing of Corrective Strategies for All Triggered Lanes—
Shows inventory condition or problem, appropriate repair strat-
egy, dominant strategy, and annual maintenance costs (Fig. 29). 

Candidate Locations Sorted by Program—Separate listings 
for maintenance program and for rehabilitation program con-
taining dominant strategy, cost estimate, ADT, expected service 
life and annual maintenance costs (Fig. 30). 

Priority Order for listings contained in the third report 

above. 

The pavement management system is not intended as a design 
system in California. The responsibility for project development 
and design rests with the district offices that use the "Candidate 
Locations Priority List" to develop the projects. The District 
establishes the project priority number by taking the weighted 
average of the individual segments that make up the entire 
project. The priority lists for each district are submitted to the 
PMS staff at Caltrans headquarters for the compilation of a 
state-wide priority list. A computer is used to analyze the data, 
select candidate rehabilitation and maintenance locations, and 
generate the appropriate reports. 

The Pavement Rehabilitation Branch in the Division of Main-
tenance is responsible for the Caltrans Pavement Management 
System. 

Caltrans engineers have identified a number of benefits from 
their system: 

The PMS has given them confidence in knowing where 
their pavement problems are state-wide. California is a large 
state with widely differing climatic conditions. 

They can prioritize, quantify, and justify needs and trends 
for rehabilitation programs. This ability has resulted in a dou-
bling of the rehabilitation budget in California since PMS was 
implemented. They can now provide the facts to influence 
change in the program. 

They believe that they are now getting a more consistent 
level of pavement performance state-wide. They also believe that 
productivity in their rehabilitation program has never been bet- 
ter. 

The California PMS has produced information that has 
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been used in preparing items for legislative purposes. The PMS 
was helpful in obtaining legislative approval to increase funding 
for rehabilitation work. 

Iowa Department of TransportatIon (67-72) 

In 1979 the Highway Division Director of the Iowa Depart-
ment of Transportation formed a pavement management com-
mittee with members from the offices of Road Design, Materials, 
and Data Processing. The committee was enlarged in 1980 to 
include a member from the Planning and Research Division. A 
representative from the Federal Highway Administration was 
invited to attend the meetings. A pavement management co-
ordinator was assigned from the Office of Materials to oversee 
the implementation of the objectives identified by the committee. 
In 1986, members of the Field Review Team from the Office 
of Roadway Design joined the committee. The objectives as 
formulated for the committee are as follows: 

Provide current data base for all offices concerned with 
pavements. 

Annually update the physical condition status of the rural 
state highway network. 

Provide management with consolidated matrix information  

from which rational prioritization of projects and programming 
decisions can be made. 

Provide a method of evaluating the performance of high-
ways under different design, maintenance, and construction stra-
tegies (68). 

A commitment from top management was requested and ap-
proved to develop Iowa's Pavement Management System 
(IPMS). 

Iowa has been one of the participating states in the Long-
Term Monitoring (LTM) pilot program under the direction of 
the Federal Highway Administration. This program has been 
beneficial to Iowa in initiating a formal pavement management 
process. 

A data base was established for the Pavement Management 
System that includes: construction history, design parameters, 
material source locations, ride values, deflection testing data, 
condition survey data, traffic data, friction numbers, rut depths, 
and accident history. Eighteen thousand pound equivalent sin-
gle-axle loads and maintenance costs are to be added to the data 
base. The data base is organized so that each office in the 
department that may be concerned with pavements can easily 
access all available information through the use of a computer 
terminal. Access to the data base is accomplished by inputting 
the county, system, route number, and beginning milepost for 
the pavement section of interest. 
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A • LONGITUDINAL CRACKING IN WHEEL PATH(S) 
B • ALLIGATOR CRACKING IN WHEEL PATHISI 
C • SPECIAL OR UNUSUAL ALLIGATOR CRACKING 

P T)IN AC OVERLAY = < 010 DENSE GRADED OR OPEN GRAOED MIS BLOCK 	BLOCK CRACKING IN MAJORITY OF LANE Y.IGTH 

FIGURE 28 Decision tree for alligator and block cracking in flexible pavements (California) (14). 

RtS 230-6 	01ST - 03 PAVE)r MAN CRNF SYSTE2I 
RUN DATE 02/17/84 	 CORRFX7IEVE STRATIXIIES FOR ALL ThIOGES 	LANES (FLEXIBLE) 
CALIFORNIA DEPT OF TEANSPORTA- 	PMS HIQ4WAY PRAN HA22 BASED ON 83/84 SURVEY 
TION DIVISION OF MAINIME 

DISTRICr03 	ROUTE 070 	COUNT'f BUT 
-------------------- 

* 	OUMINANI STRATEXY FOR PROJECT Q)EEFI 

RI 	6.4 TO RI 	7.9 	TOTAL LANES: 	2 LANE PROBLE2i REPAIR STEATY 

ROAD TYPE: 	FLEX. NC LANE Li ALLIG. A CRACK FILL CRACKS 
!ILIAG. B CRACK *5JJ, ANALYSIS/RECYCLE 

ADT: 	7,400 ALLIG. C CRACK FLEW INVFSTICATION REXJIRFJ) 

COST CENTEE: 	633 Ri ALLIG. A CRACK FILL CRACKS 
ALLIG. B CRACK 'CSTRUCTURAL ANALYSIS/RECYCLE 

ANNUAL MAINT. COST/MILE: 	LAST F $3,940 ALLIG. C CRACK FlEW INVESTIGATION REXJIRE) 

LAST FY-1 $100 

LAST FY-2 $5,290 

RI 	7.9 TO PM 	9.1 	TUIAL LANES: 	2 LANE PR0BLE1 REPAIR SIIIATECY 

TOAD TYPE: 	FLEX. 	NC LANE LI ALLIG. A CRACK FILL CRACKS 
ALLIG. B CRACK *J1Jp., ANALYSIS/RECYCLE 

AIYI: 	7,400 
Ri ALLIG. A CRACK FILL CRACKS 

COST CENIEE: 	633 ALLIG. B CRACK 'C5RUTPJPJ ANALYSIS/RECYCLE 

ANNUAL MAINT. COST/MILE: 	LAST FY $670 

LAST FY-1 $100 

LAST FY-2 $3,010 

FIGURE 29 Listing of corrective strategies for all triggered lanes (California) (14). 
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PM5219-B 	 PAVD)Rr MAMWEMENT SYSITh 
RUN DATE: 02/23/84 	 CANDIDATE LCCATIC*RS PRIORITY LIST 
CALIFORNIA DEPT OF TRANSPORTATION 	PRIORITY SORT - DISTRICT RcxJrE COUNTY PM ORDES 
DIVISION OF MAIWT0Ij0AZCE 	 HI(0WAY PROGRAM 14A22 	EASEl) ON 83/84 SURVEY 

DIST 	ROIJrE 	COUNTY 	PM TO PM 	DIST PRIORITY 	62 	ST PRIORITY 03-0994 PMS PRIOR NUMB: 7.01041 
03 	065 	PIA 	 4.3 	5.3 	COST CONFER 664 	ADT 	10,000 	ROAD TYPE: FLEX. TWO LANE 
P045 STRATEGY: STRUCTURAL ANALYSIS/RFXYCLE 	PROGRAM }0A22 	COST 	$104,100 	SD3OVICE LIFE: 10 YEARS 

DIST STRATEGY: 	 PROGRAM 	 COST 	 PROGRA1tRED: 	BUOGETED: 

C/L MILES 1.0 	LANE MILES 	2.0 	ANNUAL MAWr. COST/MILE: LAST F.Y. 	$280 LAST F.Y.-1 	$50 LAST F.Y.-2 	$30 

DIST 	ROIJrE 	COUNTY 	PM 10 PM 	DIST PRIORITY 	78 	ST PRIORITY 03-1112 P045 PRIOR NUMB: 7.01554 
03 	070 	BUT 	 3.4 	4.2 	COST CENRR 633 	AIYT 	6,700 	ROAD TYPE: FLEX. IWO LANE 
PMS STRATEGY: STRUCTURAL ANALYSIS/REGYCLE 	PROGRAM HA22 	COST 	$83, 300 	SESVICE LIFE: 10 YEARS 

DIST. STRATEGY: 	 PROGRAM 	 COST 	 PROGRAOH4ED: 	BUOGETED: 

C/L MILES 	.8 LANE MILES 	1.6 	ANNUAL MAWr. COST/MILE: LAST F.Y. $10,020 LAST F.Y.-1 	$650 LAST F.Y.-2 	$700 

DIST 	ROUTE 	COUNTY 	PM TO PM 	DIST PRIORITY 	70 	ST PRIORITY 03-1075 P045 PRIOR NUMB: 7.01606 
03 	070 	BIlE 	 4.2 	5.7 	COST CER030 633 	ADT 	7,400 	ROAD TYPE: FLEX. IWO LANE 
PMS STRATEGY: STRUCTURAL ANALYSIS/REEYCLE 	PROGRAM HA22 	COST 	$156,100 	SE3RVICE LIFE: 10 YEARS 

DIST. STRATEGY: 	 PROGRAM 	 COST 	 PROGRA?DIED: 	BUOGETED: 
C/L MILES 	1.5 LANE MILES 	3.0 	ANNUAL MAINT. COST/MILE: LAST F.Y. $16,750 LAST F.Y.-1 	$650 LAST F.Y.-2 $2,570 

DIST 	ROUTE 	COUNTY 	PM 10 PM 	DIST PRIORITY 146 	ST PRIORITY 03-1999 PMS PRIOR NUMB: 9.01660 
03 	070 	BUT 	 5.7 	6.4 	COST CtEl0 633 	AIYE 	7,400 	ROAD TYPE: FLEX. NO LANE 
P145 STRATEGY: DUN OVB3RIAY & l.00AL DIGOUTS 	PROGRAM HA22 	COST 	$86,000 	SFJOVICE LIFE: 10 YEARS 

DIST STRATEGY: 	 PROGRAM 	 COST 	 PROGRAI'DIED: 	BUOGETED: 
C/L MILES 	.7 LANE MILES 	2.1 	ANNUAL MAINT. 	T/MILE: LAST F.Y. $12,900 LAST F.Y.-1 	$340 LAST F.Y.-2 $1,580 

FIGURE 30 Candidate locations sorted by program (California) (34). 

Available system outputs include the following: 

Pavement Status (List of Test Sections between specified 
beginning and ending mileposts). 

Pavement Control Sections (Display of the current con-
dition of a pavement section including location, pavement con-
dition, and service level). 

Section Matrix Values (A display of pavement status matrix 
values including 18 kip percent remaining life, structural ade-
quacy, pavement width, rut depth, PSI decrease per year on a 
six-year basis, PSI deduction, etc.). 

Matrix Limits (A display of the matric factor limits for 
the same items contained in No. 3 above). 

Project History Plot (A visual display of construction proj-
ect limits and locations). 

Project History Screen (Identifies materials source loca-
tions; shoulder and pavement width, types, and dimensions; steel 
placement; joints; etc.). 

Four Matrix Reports (Attributes arranged in a pavement 
management matrix array). 

PSI Trend Table and Graphs. 
Network Level Rehabilitation Modeling Maps (Under de-

velopment). 
Optimization Listings (Under development). 

Project history data can be obtained and viewed for any 
selected segment of any primary route within the pavement 
management system and the data reports can be printed. Figure 
31 illustrates a display of projects within a road segment. The 
top portion of the figure provides a schematic representation of 
the projects as they occur with respect to one another within 
the road section requested. Figure 32 shows a printout of the 
project history report for a given project. 

The status of a given pavement can also be obtained through 
the system. The display illustrated in Figure 33 presents a listing  

of all control sections that lie within the range requested. Figure 
34 is a sample pavement status report for a selected pavement 
section. The Iowa Pavement Management System also has the 
capability of generating plots of pavement performance. 

Programs for project optimization and rehabilitation mod-
eling based on historical data and the projection of future pave-
ment performance are under the process of development in Iowa. 

The Iowa Department of Transportation has utilized life-cycle 
costs to analyze various highway projects in their system. They 
have only used the process to date to identify the construction 
costs of the initial and the rehabilitation projects that are cx- 

ROUTE COUNTY 595 BEG oPsr ao HPST DIR 
030 	23 	01 	295 . 00 	305 	. 00 	1 PROJECT HISTORY H.21 

111111711111171111998888880888888.AI 11111 I I44441222255555555553333555555555 
//I////////////////J/////////////./A000000400000400500000000005555000006666 

/f//////f/////////////////f//////.//AAAAAAOAAAAAOAAOAAAAAAAAAA0000AAAAA0000 

295.00 	 , 	' 	 ' 	305.00 

SEQ PROJECT MURDER 	 DATE OPEN LENGTH 	8HPST EHPST DIR 
I FH-30-9(16)--21-23 	 0169. 	03023 299.17 300.11 

2 1`11-30-9(16)--21-23 	 0169 	03023 301.55 301.99 

3. FN-30-906)--21-23 	 0169 	03023 303.36 303.81 

4 FN-30-9(14)--21-23 	 1168 	13058 300.11 301.55 
1`14-30-901)--21-23 	 1168 	13058 301.99 306.36 

6 UR-92210) 	 1251 	02094 304.60 305.14 

IF THERE ARE NODE THAN 6 PROJECTS TO DISPLAY, THE FIRST PROJ. I ON THIS PAGE 
DILL BE HIGHLIGHTED. TO SELECT A PAGE OF PROJECTS. TYPE X. Y. 002 AND ENTER. 
THEN, FOR A DETAILED PROJECT HISTORY, ENTER THE PROJECT SEQ 
PFI/13-HELP PFS/I1-HAIN MENU PF2/14-PRINT 	PF4/16-H.I 	PF3/I5-EXIT 

FIGURE 31 Display of projects within a roadway segment 
(Iowa). 
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IOWAPAVEMENT MANAGEMENT SYSTEM 
P4163102 PROJECT HISTORY REPORT 

12/05/85 

ROUTE 	COUNTY SYS BEG OPOST END IIPOST DIR CO/CITY RTE 
030 	23 	01 	299.11 	300.71 

SURFACE BASE 
PROJECT NUMBER 	 LNNE 	1113 	nIX 	LENGTH 
FN-30-9(16)-21-23 	 6.001. 6.001. 	03.023 

FROM: 1.0 MI. W. OF CALAMUS. C. TO 2.2 MI. W. OF DEWITT B VARIOUS LOCA. 

	

TYPE DEPTH WIDTH 	SIZE COARSE AGGREGATE SOURCE 
SHOULDER GSH 02.00 003.00 	00.75 BEHR 
WIDENING 	00.00 000.00 	00.00 
SPRIO(LE 	00.00 000.00 	00.00 
SUBBASE 	00.00 000.00 	00.00 
BASE 	AAC 01.00 024.00 	00.50 BEHR 
SURFACE AAC 01.00 024.00 	00.38 SHAFFTON 

SURFACE COARSE AGO. :CRUSHEO LIMESTONE BED: 	FRIC: 	OUR: 

F INC AGGREGATE SOURCE 	 CODE 	CEMENT SOURCE 	 OPEN 
BEHR 	 A23504 SINCLAIR OIL 	 0769 

TRANS. JOINT SPACE LONG. JOINT REINF 

COMMENTS' 
5EO. PROJ.. USE SAllE KEY DATA; SUBSTITUTING SCO I-S TO VIEW 
REST OF PROJECT. 

FIGURE 32 Printout of a project history report. 

pected over the life of the pavement. Present worth of future 
funding needs or the user costs associated with the various 
projects have not been considered, although they have been used 
to determine how good the decisions have been. Iowa learned 
that life-cycle costs provide the decision maker with another 
objective tool for use in evaluating rehabilitation alternatives. 

The primary benefit of the pavement management system as 
identified by Iowa is that the system provides the same accurate 
and up-to-date pavement performance information on all pave-
ment sections, making it possible for the rational prioritization 
of projects and a sound basis on which programming decisions 
can be made. The development of long-term rehabilitation stra-
tegies is a less tangible but possibly greater benefit that can be 
developed from analyzing performance data for various pave-
ment designs and conditions. Proper decisions made now can 
result in a savings of millions of dollars in the future. 

Maine Department of Transportation (73-83) 

The Chief Administrative Officer of the Maine Department 
of Transportation in November 1980 directed that a study be 
undertaken to determine whether they should develop a formal 
pavement management system (PMS). Pavement management 
was given top priority with one of the early objectives stated 
as: "The early goal of our PMS study will be to provide infor-
mation that will serve as a basis for future decisions" (73). 
About one year after the study began, it was concluded that the 
formal implementation of a systematic approach to managing 
pavement investments should be initiated by the department. 
The study also concluded that a permanent PMS office with 
staff should be established. 

Guidelines were developed for the PMS group covering such 
areas as organization, structure, and ultimate objectives; these  

were accepted by top management. Management adopted the 
following criteria for the program. 

Needs would be evaluated statewide for each of its systems; 
for example, Interstate and Primary. 

The announced policy for this first effort was that existing 
average system conditions would be maintained, as would the 
distribution of conditions. 

Methodology to address and identify these needs would be 
based on PMS information and project selection methodologies 
would refledt newly provided information (73). 

The pavement management system in Maine was placed in 
the Technical Services Division (formerly Materials and Re-
search) and is under the direction of the Pavement Management 
Engineer in the Research and Development Section. 

The present PMS framework in Maine contains three levels: 
the Program Level, the Project Selection Level, and the Project 
Level. These are all integrated into the system as shown in the 
framework illustrated in Figure 35. The Program Level, com-
monly referred to as the network level, provides information on 
the number of miles needing attention with the amount of money 
required. This is used in the budgeting process and by top 
management. The Project Selection Level provides information 
of sufficient detail to identify the highway segments that should 
be included in the final prioritization process. This is used by 
the Programming Section and the Maintenance Department in 
the final prioritization and project selection. Output from the 
Project Level is used in the Bureau of Project Development to 
determine the optimum treatment for each priority section. All 
three levels are now functioning in Maine. 

Pavement condition in Maine is determined through a distress 
survey, which is accomplished as part of the ongoing PMS effort. 
The survey covers the entire highway system in the field where 
cracking, rutting, patching, and cross section characteristics are 
noted. This information is then coverted to a pavement condition 
rating (PCR) on a scale from 0 to 5 with 0 being impassable 
and 5 being perfect. The results from the survey are analyzed 

ROUTE 	COUNTY SOS BEG NPST END UPSI 
030 	23 	II 	295 . Be 305 . Be 	PAVEMENT STATUS S.2 

SEQ DIR 	 WNPST ERPST 
I 	0 ----- ----- 293.86 299.15 
2 	0 - ----- ---- -------- 299.15 311.06 

THIS IS A LIST OF TEST SECTIOMS WHICH FALL WITHIN RANGE OF TOUR BEGINNING AND 
£80186 IIIIEPOSTS. TO MIEN THE PAVEMENT STATUS OF ANT INDIVIOUAI SECTION, JUST 
ENTER THE CORRESPONDING SEQ. BONDER FOR TUE SECTION HERE 

PFI/I3-HELP PF5/I1-NAIN 11(80 	PF6/I8-S.I 	PFJ/IS-E011 

FIGURE 33 Display listing of control sections in an area 
(Iowa). 
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IOWA PAVEMENT MANAGEMENT SYSTEM 
P4163102 PAVEMENT STATUS REPORT 

12/05/85 

LEVEL ROUTE 	COUNTY SYS BEG PIPOST END MPOST CONT. 
8 	030 	23 	01 	293.86 	299.75 	0 

SURF PAVE SHOULDER 	 EN 	VS 	MATRIX 
DIR TYPE WIDTh WIDTh PSI 	FN-YR FN-YR RATING 

0 	PC 	24 	01 	2.80 	39 0783 39 0183 	5.18 

STR 80% K RUT 1.1K PSI 
RATING STR VAL DEPTh RIDE DEDUCT HOT %TRXS 
04.46 03.79 102 0.03 3.06 0.26 	04555 08.2 

I8KIP 	 0- 	6YR 
YEAR 	 CRACK PSI 	YR PSI YR PSI YR PSI 
1984 	 1 	0.01 	84 2.80 81 3.47 78 2.86 

NB/E8 I8KIP 	 SB/WB I8KIP ........... 
CONS RSRF POSTCONS POSTRSRF 	 CONS RSRF POSTCONS POSTRSRf 
YEAR YEAR 	ACCUM 	ACCUM PREDICT YEAR YEAR 	ACCUM 	ACCUM PREDICT 
1956 0000 03554416 00000000 05500000 0000 0000 00000000 00000000 00000000 

MAINTENANCE COST SUMMARY FOR SURFACE AND SHOULDER 
NCOST 	318 AVERAGE COST POST-CONS1 CUR COST POST-RESURF CUR COST 
Y EAR SURFACE SHOULDER 	SURFACE SHOULDER SURFACE SHOULDER 
85 	000002369 000002216 000009587 000009848 000009587 000009848 

FIGURE 34 Status report for a selected pavement section 
(Iowa). 

and presented in tabular and graphical form. Table 9 shows the 
pavement condition on the various highway systems in Maine 
in 1984. The existing pavement condition is further presented 
in a three dimensional chart shown in Figure 36. 

Maine predicts future pavement condition based on their un-
derstanding of deterioration rates, which is illustrated by the 
curve shown in Figure 37. Use of this information coupled with 
the application of pavement management principles for different 
highway improvement techniques enables them to predict future 
condition of pavements after improvements are made. Maine 
thus develops a recommended capital improvement program 
intended to maintain the average condition of the system 
through the application of improvements in a timely manner. 
The summary in Table 10 shows the needs that were identified 
for the various systems along with proposed improvement types. 

Maine uses a computer to store and analyze data developed 
in the pavement management system. Figure 38 presents a com-
puter-generated summary from the Network Analysis System 
showing projected pavement condition rating (PCR) loss. 

Some of the benefits identified by Maine from their PMS as 
listed in the survey of practice are: 

Justification for increase in state funds. 
Ability to transfer federal funds from Interstate 4-R to 

primary systems as justified by needs. 
Ability to distribute funds for state projects to district based 

on needs rather than allocating funds equally among the dis-
tricts. 

Maine considers their system to be cost-effective. 
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FIGURE 35 Pavement management system framework (Maine). 



TABLE 9 

PAVEMENT CONDITION IN MAINE 

EXISTING (1984) PAV1EN CDNUITION (MILES) 

Average 
Highway Very Poor Poor Poor-Fair Fair Fair-Good Good Very Good Pavement 
Systn 0.0-1.5 1.6-1.9 2.0-2.3 2.4-2.7 2.8-3.1 3.2-3.5 3.6-5.0 Condition(PQ.) 

Federal-Aid 0 0 0 38 74 67 335 3.9 
lnterstate* 

Federal-Aid 56 76 178 228 305 302 680 3.4 
Primary 
(Rural) 

Federal-Aid 2 9 1 29 45 14 79 3.4 
Primary 
(Urban) 

Federal-Aid 93 123 143 272 224 230 390 3.1 
Secdary 
(State High- 
way) 

Federal-Aid 29 117 169 259 266 115 302 3.1 
Secondary 
(State-Aid) 

Federal-Aid 36 23 30 104 176 126 189 3.2 
Urban 

Non-Fedetal 0 9 18 27 14 18 45 3.2 
Aid (State- 
Highway) 

Non Federal 95 196 317 446 492 276 840 3.2 
Aid (State- 
Aid) 

'LJ1AL 311 553 856 1403 1596 1148 2860 3.3 

* Interstate Mileage is doubled since Northbound and Southbound are rated independently. 

42 

Pennsylvania Department of Transportation 
(38, 84-88) 

The Pennsylvania Secretary of Transportation named a special 
eight-member task force to develop and implement a pavement 
management system in the department. The representatives on 
the task force included the Director of Operations, a District 
Engineer, an Assistant District Engineer-Maintenance, a Dis-
trict Pavement Management Engineer, the Division Manager 
for the Bureau of Strategic Planning, the Bureau of Design 
Pavement Management Engineer, a representative from the Of-
fice of Research, and the Division Chief of the Bureau of Man-
agement Information Systems. The members of the Special Task 
Force were relieved of their normal duties and sequestered for 
the duration of the project. 

The Special Task Force identified five objectives for use in 
the development of a Systematic Technique to Analyze and 
Manage Pennsylvania's Pavements (STAMPP) (38): 

L. To provide a uniform statewide condition evaluation which 
would improve decision making. 

To provide management with the information and tools to 
monitor the condition of the network, assess future needs, es-
tablish county condition rankings and optimize investments. 

To provide condition information to fulfill the requirements 
of Act 68 (1980), which requires the allocating of maintenance 
funds to the individual counties based on needs. 

To provide information for monitoring the performance of 
various pavement designs, rehabilitation and maintenance tech-
niques. 

To provide information for identifying candidate projects 
for maintenance and betterment programs. 

These objectives were used to provide the framework for de-
veloping a pavement management system and as the basis for 
further developments in the area. The 43,000-mile state highway 
system was too large for beginning a pavement management 
system so they started with 12,000 miles of Interstatç and Prior-
ity Commercial Network Highways. 

Pennsylvania then developed a Roadway Management System 
(RMS) to improve management control over their large high-
way network. RMS was designed as the primary management 
system for controlling inquiries, and for updating and reporting 
of all department roadway data including pavement conditions, 
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FIGURE 36 Three-dimensional chart of pavement condition (Maine). 
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FIGURE 37 Illustrative pavement deterioration curve (Maine). 
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DIVISION 5 

FEDERAL-AID PRIMARY RURAL PROJECT SU4ARY 

PAVEMENT MANAGEMENT NETWORK ANALYSIS SYSTEM 

GRP P,JN LENGTH PCR 50EV• YR RIDE .AAOT PROD CONO PCR2 BEN 	PT 	ST 	TT GNPCR GAINP' cosip-- MT.- MEt GAINS COSTS - GAINT COSTT 

[71 4.56 373 0.37 65 2 	2876 II) 3.10 56 001-40 0 0 0 	. 	. 	. 
45 
44 

0.31 
At) 4 

3.26 
1 36 

. 
1) 	17 

62 
At) 

2 	2679 
2 	2676 

to 
Itt 

3.13 
I 11 

54 
SI 

00740 
t)flNfl 

I 
8 

0 0 	 . 

[70 1.14 3.39 1.05 58 2 	2876 05 	tO 3.26 50 00740 2 
Q 
0 

p 
0 	 . 

53 1.34 3.50 0.24 69 2 	1921 10 3.38 44 00740 2 0 0 	........ 
SI 1.14 3.58 0.16 77 I 	1921 7 3.45 42 DONO 2 0 0 	. 	. 	. 
65 0.30 3.61 . 57 . 2 	2794 010 	10 3.48 42 DONO 0 0 0 	.. 	. 	. 
39 1.12 3.74 0.00 67 2 	1969 tO 3.61 37 DONO I 0 0 	. 	. 	. 
42 0.60 3.74_ . 76 2 	1969 tO 3.61 37 DONO 1 0 0 
50 1.27 3.74 . 81 2 	1921 to 3.61 37 00740 2 0 0 	. 	. 	. 
52 0.70 5.00 . 93 I 	1921 7 4.88 0 00740 :o 0 0.- 	... 	. 	.: ... 

TOTAL PROJECTED PCR LOSS FOR THIS ANALYSIS GROUP 	3 

	

TOTAL PROJECTED LOSS IN SEVICE FOR THIS ANALYSISGROUP 	6 

GRP PJN LENGTH PCR 50EV YR RIDE AADT PROC CONO PCR2 BEN PT 	ST 	YT GNPCR GAINP COSTPMF NFl GAINS COSTS GAINT.C57T, 

*2 
lOS 	1.72 2.58 0.38 61 2 	2678 P4 	II 	2.75 79 FALR 74MM 	 4 	22 	- 89 2.5 	. 	9 - 	19 -, 

	

1.36 2.68 0.60 58 2 2876 05 it 2.35 72 FALR 11474 	 3 	16 71 2.5 . 	7 	15 

	

93 3.19 *.?o 0.30 48 2 2973 	II- 2.37 72 FALR 74MM 	- 	 44 	166 2.5 	tY 	:1 

167 1.30 2.86 0.36 57 2 	2870 05 	it 2.53 67 FAIR 74MM 3 16 69 2.9 6 15 	. 	.1 
94 2.92 2.89 0.17 47 2 	2973 II 2.56 66 FAIR 74MM 6 37 152 2.5 	. 15 33 
700 2.34 2.89 0.17 68 2 	2713 II 2513 65 FAIR 74MM 5 77 732 2 5 	. ii 96 

0 	68 0.50 2.96 . 57 9 	2876 (75 	II 2.63 64 FALR 1-1MM I 6 26 2.5 	. 2 6 
49 3.62 2.06 0.23 64 2 	1921 II 2.53 63 FALR P1MM 8 30 188 2.5 - 	12 41 
23 0.88 2.77 . 75 2 	1181 S 2.44 62 74MM 00740 2 5 10 . 	. 0 0 
92 4.32 2.99 0.16 57 2 	2088 II 2.66 !0 FALR 74MM - 	9 36. 225-2.5 - 	. IS 49 
47 1.80 3.02 0.03 76 2 	1969 II 2.69 59 FALR I-INN 4 14 94 2.5 	. 6 20 
tOE 0.59 3.10 0.81 59 2 	2678 II 2.77 59 FALR 74MM 16 87 447 2.5 	. . 	35 97 
40 2.04 3.08 0.31 78 2 	1969 It 2.75 57 FALR INN 5 21 148 2.5 	. 9 32 
43 	- 2.75 3.10 0.14 76 2 	1969 II 2.77 56 PAIR HUll 	. . 	5 	- 21 743- 2.5 	• 8 - 	31 

TOTAL PROJECTED PCR LOSS FOR THIS ANALYSIS GROUP • 14 

TOTAL PROJECTED LOSS IN SEVICE FOR THIS ANALYSIS GROUP • 32 

FIGURE 38 Computer-generated summary showing projected pavement condition rating (Maine). 

traffic volumes, construction and maintenance costs, and acci-
dents. The RMS was the result of years of planning and de-
velopment and is intended to assist department personnel in 
predicting pavement performance and to plan needed mainte-
nance and rehabilitation before failure. 

Pennsylvania's Roadway Management System contains ten 
major functions (Fig. 39). The RMS is computerized and is 
designed with on-line processing capability. 

The first function in RMS is the main menu or Application 
Selection where the user can select any roadway-related system 
or RMS application. Function two provides access to many of 
the 24 data bases contained within Roadway Information Data 
Base (RIDB). Function three is the Pavement Management 
function and is one of the largest and most complex in the 
Roadway Management System. This function replaces and en-
hances the former STAMPP system and contains six subfunc- 

tions. The fourth function is Roadway Information 
Management, which is one of the largest functions containing 
five subfunctions. Function five is Special Processes and contains 
four subfunctions. 

Function six is Reference Table Management and function 
seven is Standard Application Inquires. Function seven contains 
eight different screens: (a) planned and approved projects, (b) 
accident details, (c) accident summary, (d) planned mainte-
nance activities, (e) ADT and pavement conditions, (f) planned 
and approved projects affecting a structure or accident details 
by structure, (g) ADT and pavement condition ranking, and 
(h) state route sequential listing. 

Function eight is Straight-Line Diagram (SLD) and has the 
capability for both vertical SLD and horizontal SLD in either 
black and white or in color. 

Function nine is Ad Hoc Query Language and function 10 
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FIGURE 39 Roadway management system functional overview (Pennsylvania) (88). 
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FIGURE 40 Treatment strategies for rigid pavement and bituminous surfaces (Pennsylvania) (38). 

is Batch Reporting. There are seven batch reporting cycles: daily)  

weekly, monthly, quarterly, semi-annual, annual, and on-re-
quest. 

Field data are gathered through use of special condition sur-

vey input forms. There is one form for rigid pavements and one 
for bituminous surface pavements. The evaluation includes both 

extent and severity of the various defects. 

Strategies were developed for rigid pavements, for flexible 

pavements, and for shoulder treatments. The strategies were in 
the nature of preventive and corrective and for maintenance 
and rehabilitation of pavements. The treatment strategies for 

rigid pavements and for flexible pavements are shown in Figure 
40. 
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The first step in developing or improving a pavement man-
agement system is making the decision to do just that. The 
previous chapters presented information on what pavement 
management is, what various agencies are using and how they 
are applying it within their organization, and what benefits they 
are obtaining. The purpose for this chapter is to identify steps 
or guidelines that can be used to assist any agency desiring to 
either develop a new pavement management system or to im-
prove an existing one. 

DEVELOPMENT STEPS 

Management can be defined as the process of: (a) defining 
the problem, (b) setting goals, (c) planning and organizing, (d) 
directing and implementing, and (e) following up. These same 
items can be applied to the process of improving pavement 
management within an agency (1). The following expanded steps 

are illustrative of that process. 

Commitment to Pavement Management 

The first and most important step is making the decision to 
start either improving an existing pavement management system 
or developing a new one. To be successful, strong support and 
backing from the top administrators within the agency are es-
sential. If it is understood by all concerned that top management 
is behind the effort, it will then be much easier to obtain full 
support from the various divisions within the agency that may 
be involved in any changes, improvements, or development. A 
new or modified pavement management system may require 
changes in how things are being done in the agency and in who 
is involved. The fear of what may happen with something new 
often creates uncertainty, which in turn may result in appre-
hension. Any change that has the potential of changing the 
status quo may affect people who are involved, thus generating 
human resistance. 

Pavement management to succeed must have a strong begin-
ning with top management making the commitment that they 
want to get the most from their pavement system and that they 
want the potential benefits that can come from a formalized 
pavement management system. 

Use of Task Force or Steering Committee 

Once the decision has been made to improve an existing 
pavement management system or to develop a new one, the 
next step is to organize a task force or steering committee to 
provide guidance or direction. This group should include top-
ranking personnel from the various divisions or offices from 
within the organization who have an interest in pavements. Top 
management should clearly define the responsibilities and goals 
for the advisory group including time frames for accomplishing 
various tasks or achieving certain objectives. Some of the re-
sponsibilities of such a group might be: 

Define the objectives of the proposed system and what is 
expected over the short and long term. 

Define and evaluate the status of present practice for man-
aging pavements within the agency including what information 
is currently available. 

Identify needed outputs or what information is needed by 
the various divisions or offices to effectively manage pavements. 

Identify data needs to ensure that the necessary information 
is generated and that calculations are as accurate as reasonably 
possible. 

Recommend appropriate changes or improvements in pres-
ent practice. 

Identify the location for the permanent management or 
staffing for pavement management. A pavement management 
engineer or coordinator with staff support should be appointed 
early in the work of the steering committee or task force to 
perform the necessary research or legwork in accomplishing the 
objectives. 

System Selection or Development 

Once the objectives and recommendations have been devel-
oped by the steering committee and approved by top manage-
ment, then a system should be developed, selected, and/or 
modified to meet those needs. The selection process includes 
identifying and evaluating a number of components that will be 
needed for the system to function properly. Costs of development 
and/or implementation along with future operation are impor-
tant considerations along with the following points: 

The equipment and methodology for monitoring pavement 
condition must be considered. Obtaining field data can be ex-
pensive and labor intensive. 



48 

Access to all of the data required for the system to properly 
function is essential. In many agencies, much of the needed data 
is already gathered and stored. The problem is often one of 
getting the information to where it will be used in the form 
required. The data storage and analysis segments are very im-
portant to the success of a pavement management system. This 
too can become very expensive if allowed to go unchecked. 
Knowledgeable care should be exercised in selecting hardware 
and in developing, adopting, or modifying software. 

The pavement management system should have the capa-
bilities discussed in previous chapters of this synthesis and that 
are highlighted later in this chapter. 

The system should be understandable by those who will be 
operating and managing it and beneficial to those depending on 
its outputs. 

The system should be flexible or changeable as the state of 
the art and technology advances. 

Demonstrating the Process 

Once a system has been developed or modified to the point 
where it can be tried in actual practice, it is suggested that it 
be tested on a relatively small scale. This can accomplish three 
benefits to the using agency: 

It provides an opportunity for the bugs to be worked out 
in the data collection and analysis processes. 

It provides an opportunity for those resisting change from 
existing practices to observe or to be involved in a new or 
improved process and be of assistance in full-scale implemen-
tation. If skeptics can see how they can be helped in their 
assignments, then they may become supporters. 

It allows top management and members of the steering 
committee to observe the process and recommend changes or 
improvements before final adoption for the entire highway net-
work. This provides an opportunity to verify if the final product 
meets the objective as initially established. 

Full-Scale Implementation 

Once the system has been tried on a limited basis and adjusted 
as needed, it is then ready for full-scale implementation. The 
careful selection of individuals to be involved in the implemen-
tation process is very important. Prepublicity through newslet-
ters and presentations or discussions may be helpful in 
completing this step. A training plan should be identified and 
involved in the implementation process. 

Follow Up 

Once the process is fully implemented, it should be reviewed 
periodically to observe if the system is achieving the objectives 
initially set. Follow up should also provide opportunities for 
improving the system. New technology is constantly being de-
veloped and, when beneficial to the system and its operation, 
should be considered for inclusion (1, 25). 

PERSONNEL 

One item of great importance in highways in general and in 
pavements specifically is obtaining and retaining qualified per-
sonnel. Engineers who have the necessary skills and training to 
deal with the complex and technical issues associated with pave-
ments are needed. A study conducted by the Transportation 
Research Board on transportation professional needs (89) found 
that some transportation agencies will have a shortage of trained 
professionals between 1985 and 1995. A significant increase in 
retirements will be the case for many agencies. For example, in 
five states, more than one-third of all professional employees 
will be eligible to retire with full benefits between 1985 and 
1989 (89). The average age for engineers in state highway or 
transportation agencies is approximately 45 years. More than 
10 percent of the engineers are over 60 in four states, and in 
nearly half of all of the states 10 percent of the engineers are 
between 56 and 60 years of age. 

There is a continuing problem of engineering personnel at-
trition, which further compounds the problem of acquiring more 
engineers with specialized pavement training. Because of the 
very large nationwide pavement rehabilitation program and the 
tremendous investment in pavements, qualified, experienced en-
gineers are needed. Some agencies such as AASHTO and the 
FHWA and selected universities are providing training in pave-
ments. More are needed (1, 89). 

SUGGESTED PAVEMENT MANAGEMENT SYSTEM 
STRUCTURE 

Much has been discussed in this synthesis on pavement man-
agement systems or processes. There are differences between 
agencies in how their systems are structured and how they 
operate. There are differences in how the various agencies are 
organized and in local conditions that exist. There are also 
similarities. It is therefore difficult to recommend one specific 
system for use by everyone because it would not fit everyone's 
situation or conditions. There are however, certain functions or 
activities that should be part of each system. The following 
characteristics are suggestions only and are not intended as firm 
recommendations. 

Pavement Monitoring 

The condition of pavements along with their performance 
characteristics is an essential part of any pavement management 
system. It is extremely difficult to manage pavements if it is not 
known what the present condition is or what the performance 
history has been. There is a difference in how the various agen-
cies monitor the condition of their pavements. The important 
things are that the procedure be repeatable and that it measure 
characteristics that are important in the process of managing 
pavements. The most common methods used are distress (rut-
ting, cracking, patching, etc.), roughness, pavement friction, and 
structural deflections. 
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Data Base 

The potentially large quantities of data that are gathered and 
stored lend themselves to the use of computers. The data are 
of little benefit if they cannot be easily retrieved for use. There 
are certain types of information that are very helpful in man-
aging pavements and that should be accessible through a data 
base. Some of these are: 

Cost data for construction, maintenance, and rehabilitation 
are essential. 

Pavement history is needed including as-built construction 
and other major improvements. Information on the types of 
maintenance performed and when it is done is also very bene-
ficial. This component should be continually updated as im-
provements are made. 

Traffic data including volumes and loads over time are very 
beneficial in evaluating a pavement compared with design and 
in projecting remaining life. 

Inventory data including other features of the highway are 
useful. Included in this area are drainage, geometrics, utilities, 
etc. 

Analysis Methods 

The program should be set up in such a way that the pavement 
network as a whole or by road class or system can be evaluated. 

A network-level analysis is useful to the administrator in man-
aging the entire pavement system. This can be used in planning 
and supporting budgets, prioritizing pavement needs, and fore-
casting future pavement condition based on action or inaction 
taken now. 

The project-level analysis provides sufficient detail for each 
project to allow preliminary designs and for the identification 
and evaluation of alternative rehabilitation or maintenance stra-
tegies. 

Updating 

The system must be flexible so that it can be updated and 
improved over time if warranted by changing conditions or 
improved technology. 

Research 

Much benefit can be obtained through special research proj-
ects associated with a pavement management system and its 
data (1, 25). 
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CHAPTER SIX 

CONCLUSIONS, RECOMMENDATIONS, AND RESEARCH 
NEEDS 

CONCLUSIONS 

The following conclusions were reached in this synthesis: 

The emphasis of highway agencies has changed from new 
construction to system preservation, with maintenance and re-
habilitation activities becoming very common. Pavements con-
structed since 1960 have or soon will reach their design life. 

Pavements have been deteriorating at a rapid rate and in 
some cases faster than they are being improved. A high per-
centage of pavement miles are now in need of upgrading or soon 
will be. 

Engineering technology is not as far developed for pave-
ment rehabilitation as it is for the design and construction of 
new pavements. 

A number of conditions, as they change, can directly affect 
how pavements perform. Some of these are increased size and 
weights of trucks, axle configuration, tire pressure, and suspen-
sion systems. Other conditions, such as inflation, escalating con-
struction costs, and decreases in fuel tax revenues, will have an 
indirect effect through changes in construction and maintenance 
practices. 

Managing pavements is not new as decisions in one form 
or another have been made for years regarding pavements. The 
what, when, where, and how are basic questions; however, the 
answers have not always been consistent. The recognition of 
pavement management as a distinct process has only come about 
in recent years. 

Pavement monitoring or evaluation is generally the first 
area developed by agencies in a pavement management process. 
Other areas or components include planning, budgeting and 
programming, design, construction, maintenance, rehabilitation, 
and research. 

Each highway agency is organized differently in dealing 
with pavements. Physical characteristics and background vary 
from agency to agency and from area to area; therefore, pave-
ment management systems need to be customized. 

Pavement management systems have proven beneficial and 
cost-effective to those agencies that have them. Some of the 
more notable benefits include money savings, better pavements, 
and better information with which to operate the system. 

A pavement management system provides the agency with 
the ability to answer the "what if" types of questions such as: 
what if heavier trucks are allowed, what if no maintenance is 
done, what if rehabilitation is delayed, and what if the budget 
is cut. A pavement management system gives the agency the 
information needed to do the right thing at the right place using  

the right materials at the right time for the lowest life-cycle 
cost. 

Of the 53 agencies responding to the survey of practice, 
35 have some form of a pavement management system or process 
and 11 have either a partial system or they are in the devel-
opment process. The seven agencies that do not have a pavement 
management system and are not in the process of developing 
one all said they plan to establish one. 

The agencies with the greatest success in establishing a 
pavement management system are those where the chief ad-
ministrative officer takes an active interest and directs that one 
be developed. A steering committee is also very helpful. 

Some of the more common pavement management system 
outputs that are useful to the agency are: pavement condition, 
prioritized listings, deficiencies, strategies and treatments, and 
estimated costs. 

Some of the weaknesses in present pavement management 
systems as identified by some of the agencies are: organization, 
life-cycle costs, ability to predict performance, and the integra-
tion of pavement management systems with other data systems 
within the agency. The Research Needs section of this chapter 
discusses this item further. 

RECOMMENDATIONS 

The recommended steps for developing a pavement manage-
ment system or process are: 

Commitment to pavement management by key agency per-
sonnel including the chief administrative officer. 

Establish a task force to guide the development and adop-
tion of a pavement management system. A pavement manage-
ment engineer or coordinator should be assigned to work 'with 
the task force. Pavement management should not be subordinate 
to a division but should report as high as possible within the 
organization. 

Select or develop a pavement management system that will 
meet the needs of the agency and will provide the information 
necessary to effectively manage the pavements. 

Demonstrate the pavement management system on a lim-
ited scale so that it can be fine-tuned and modified before full-
scale application. 

Implement the system on a full-scale operational basis. 

A pavement management system should have the means for 
monitoring or evaluating pavement condition, it should have a 
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coordinated and accessible data base, it requires methods for 
processing and analyzing the data and for generating useable 
outputs, it needs to be easy to update, and it should be beneficial 
to research. 

RESEARCH NEEDS 

There are five areas of research needs that were identified 
from weaknesses in existing pavement management systems as 
identified by various agencies. 

1. Better models are needed for optimizing pavement ex-
penditures to ensure that the agency receives the greatest benefit 
from available funds. 

Improved prediction models are needed for both project 
and network levels for predicting future condition or perform-
ance of pavements if nothing is done or if different strategies 
or treatments are used. 

Improvements are needed in the data collection process to 
obtain better quality data and to reduce costs. Survey techniques 
used to determine pavement condition need to be modernized 
and updated. 

Improvements are needed in data processing software, 
equipment, and staffing. There appears to be a general shortage 
of qualified personnel in the area. 

There is a need for more and better cost data, particularly 
in maintenance, and for better economic models for evaluating 
strategies. 
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GLOSSARY 

alternatives The various choices of treatments available for 
providing a solution to a pavement deficiency or problem 
(29). 

analysis period A specified interval of time (or accumulated 
number of load applications) over which alternative strategies 
are to be evaluated. This is generally on the order of 20 years; 
i.e., a complete life cycle (12). 

corrective maintenance Type of maintenance used to take care 
of day-to-day emergencies and repair deficiencies as they de-
velop. May include both temporary and permanent repairs; 
sometimes referred to as remedial maintenance (29). 

cost-effectiveness The situation that exists when the benefits 
exceed the costs for a given treatment, strategy, or improve-
ment or when the benefit-cost ratio is greater than one (29). 

deficiency Any indication of poor or unfavorable pavement 
performance or signs of impending failure; any unsatisfactory 
performance of a pavement, short of failure (29). 

dominant strategy The strategy that will correct all problems 
and provide an acceptable level of service (29). 

economic model a mathematical description of the expected 
costs, benefits, or both, associated with the elements of various 
strategies, for a specified analysis period (12). 

failure Unsatisfactory performance of a pavement or portion 
such that it can no longer serve its intended purpose (29). 

friction number (skid number) The number that is used to 
report the results of pavement friction tests conducted in 
accordance with ASTM Standard E 274 (90). 

life-cycle costing An economic assessment of an item, area, 
system, or facility and competing design alternatives consid-
ering all significant costs of ownership over the economic life, 
expressed in terms of equivalent dollars (50). 

maintenance Anything done to the pavement after original 
construction until complete reconstruction, excluding shoul-
ders and bridges (29). 

network level The level at which key administrative decisions 
that affect programs for road networks or systems are made. 
Sometimes referred to as the program level (29). 

optimization model A mathematical description or algorithm 
designed to compare alternative.strategies and to identify the 
relative merits of each strategy according to assigned decision 
criteria, such as safety, cost, etc. (12). 

optimum strategy The strategy among the alternatives consid-
ered that is expected to maximize the realization of manage-
ment goals subject to the constraints imposed (12). 

optimum treatment The treatment that will correct the defi- 
ciencies of a pavement in the most cost-effective manner (29). 

pavement condition The present status or performance of a 
pavement (29). 

pavement maintenance techniques Methods used to accom-
plish strategy or correct deficiency in pavement segment (29). 

pavement management (PM) Pavement management is the 
effective and efficient directing of the various activities in-
volved in providing and sustaining pavements in a condition 
acceptable to the traveling public at the lowest life-cycle cost 
(21). 

pavement management information system (PMIS) An estab-
lished and documented procedure for collecting, storing, proc-
essing, and retrieving the information required in a pavement 
management system. It represents a foundation for PMS since 
all pavement decisions must be based on a common, integrated 
source of information derived from reliable, good quality data 
(21). 

pavement management strategy A carefully arranged, system-
atic program of action applied to any area of pavement activity 
(21). 

pavement management system (PMS) An established, docu-
mented procedure treating many or all of the pavement man-
agement activities . . . in a systematic and coordinated 
manner. It consists of five essential elements structured to 
serve decision-making responsibilities at various management 
levels. 

Pavement surveys related to condition and serviceability. 
Data base containing all pavement-related information. 
Analysis scheme. 
Decision criteria. 
Implementation procedures. 

The difference between the practice of pavement management 
and a pavement management system is the establishment and 
documentation of each of these components to formally treat 
one or more of the pavement activities in a coordinated and 
objective process. Feedback on these activities is an important 
part of both PM and a PMS (21). 

pavement optimization A procedure for obtaining the greatest 
life-cycle benefits for the lowest cost. Within the practice of 
pavement management, optimization might best be described 
as a process of obtaining the highest state of pavement per-
formance over the pavement's life cycle with the least social 
and economic impact (21). 

pavement performance The assessment of how well the pave-
ment serves the user over time. The engineer often associates 
pavement condition with an arbitrary, but quantifiable, value 
relating to pavement roughness, pavement distress, or pave-
ment strength. Performance is the measured change of con-
dition and/or serviceability over increments of time (21). 

prediction model A mathematical description of the expected 
values that a pavement attribute will take during a specified 
analysis period (12). 
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present serviceability The current condition of a pavement 
(traveled surface) as perceived by the traveling public (90). 

Present Serviceability Index (PSI) An index derived from 
controlled measurements of the roughness in the wheeltracks 
designed to correlate with panel ratings (PSR), which may 
include pavement conditions not causing vibratory inputs 
(90). 

Present Serviceability Rating (PSR) A mean rating of the 
serviceability of a pavement (traveled surface) established by 
a rating panel under controlled conditions. The accepted scale 
for highways is 0 to 5, with 5 being excellent (90). 

preventive maintenance The type of maintenance intended to 
keep the pavement above some minimum acceptable level at 
all times. It is used as the means of preventing further pave-
ment deterioration that would require corrective maintenance 
(29). 

project level The level at which technical management dcci-
sións are made for specific projects or pavement segments 
(29). 

rehabilitation The act of restoring the pavement to a former 
condition so that it can fulfill its function (29). 

rehabilitation strategy A complete set of activities and deci-
sions that make up one rehabilitation action (29). 

rideability A measure of the smoothness of a pavement (trav-
eled surface) as perceived by the public traveling in a vehicle 
at a speed appropriate for the particular surface (90). Note: 
Rideability is limited to the vibratory input felt by the riding 
public. Present serviceability includes rideability and other 
surface conditions not causing vibratory inputs (90). 

Rideability Index (RI) An index derived from controlled mea-
surements of the longitudinal profile in the wheel tracks and 
correlated with panel ratings of rideability. 

routine maintenance The day-to-day maintenance activities, 
generally consisting of permanent and emergency patching. 
Usually considered corrective (29). 

skid number see friction number. 
skid resistance The retarding force generated by the interac-

tion between a pavement and tire(s) under a locked condition 
(90). 

strategy A plan or method for dealing with all aspects of a 
particular problem. For example, a rehabilitation strategy is 
a plan for maintaining a pavement in a serviceable condition 
for a specified period of time (12). 

treatments Materials and methods used to correct a deficiency 
in a pavement surface (29). 
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Agency, 

NCHRP PROJECT 20-5 
TOPIC 17-10 

"PAVEMENT MINAGEMENT PRACTICES" 

SURVEY OF PRACTICE 

Pavement Management is defined in the 1985 AASHTO Publication "Guide-
lines on Pavement Management" as follows: 

"Pavement Management (PM) is the effective and efficient directing of 
the various activities involved in.providing and sustaining pavements in 
a condition acceptable to the traveling public at the least life cycle cost. 
Examples of these activities include, but are not limited to, the following 
as they relate to pavements: Planning, budgeting and programming, design, 
construction, monitoring, research, maintenance rehabilitation and re-
construction. 

All respondents please answer questions in the A and C Sections of 
this Survey. Only those with some form of pavement management need answer 
the questions in Section B. 

SEX2TION A 

A-i. Do you have a pavement management process, system, program, etc. in 

your agency? 
	

If not, please briefly describe 

how pavements are managed in your agency.  

What position(s), division(s), section(s), etc. are responsible for 
pavements or pavement management?____________________________________________ 
Please provide a copy of your appropriate organization chart(s) highlighting 
the position(s) or area(s) responsible. 

Did someone from your agency attend the "Pavement Seminar for Chief 

Administrative Officers in the fall of 1985? 

If so, what effect if any has it had on your agency or do you expect it to 

have? 

If you do not have pavement management in your agency at this time, 

do you plan to do so? 
	

If so, 

what time frame? 
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SECTION B 

B-i. What is the name of your pavement management system, process, program, 
etc. 

How was it developed or established and under whose direction? 

What elements or activities are contained in pavement management in 
your agency? 

Is your pavement management process formalized?_____________________ 

Is it computerized and if so to what extent? 

What types of outputs are obtained from your pavement management 

process?____________________ 

Provide examples if possible. 

Where and how are the outputs used? 

How effective is pavement management in your organization? 

Is it cost effective? 

What weaknesses, if any 

does it have? 

What benefits have you obtained, from having a pavement management 
process? Please provide specific examples if possible. 	 -- 

SECTION C 

C-i. Please provide copies of the following documents or types of documents 
related to pavements or pavement management. 

Organization chart(s) with locations of pavements or 
pavement management highlighted. 

Any applicable policy or procedural statements. 

Reports related to how pavement management was developed 
and how it functions. 



Instructional Manuals or guidelines. 

Reports documenting types of outputs obtained and 
how used. 

Reports documenting any benefits obtained from managing 
pavements. 

Person corleting survey. 

Name 

Title 

Address 

Phone 

Please return completed survey with any supporting documents to: 

Dale E. Peterson 

64 



TABLE A-I PAVEMENT MANAGEMENT PROCESS OR SYSTEM 

DOES AGENCY IF NO PAVEMENT 
HAVE A PAVE- WHAT IS THE NAME MANAGEMENT NOW 
MENT MANAGE- IF NOT NOW, HOW OF THE PAVEMENT 
MENT PROCESS ARE PAVEMENTS MANAGEMENT PROCESS PLAN TO IN WHAT 

AGENCY OR SYSTEM MANAGED OR SYSTEM DO SO? TIME FRAME 

State of 
Alabama 

Yes, System is in 
final stages of 

Pavement Management Program - - - - 
developsent. Final 
reports not Out. 

Arizona Yes Pavement Management - - - - 
Department of 
Transpor ta- 
tiOn 

Arkansas Yes PPAMS - Arkansas Pavement - - - - 
State High- Management System 
way and 
Transporta- 
tion Dept. 

California Yes Pavement Management System - - - - 
Department 
of Trans. 
(CALTRANS)  

Colorado Yes, Network Level Network Optimization System - - - - 
Department (NOS) 
of Hwys 

Connecticut Yes, limited The Office of maintenance No acronym currently used. Yes A network 
Department of performs annual windshield level system 
Transporta- survey, and has responsi- on-line with 
tiOn bility for selecting sec- in 1-3 years; 

tions each year to be in- to be fol- 
luded in a 500 mile per lowed by pro- 
'ear overlay program Lea1 jjex.t. 

system 3-5 yr 

Delaware Yes Pavement Management - - - - 
Department of 
Transporta- 
t ion 

Florida De- Yes Pavement Management in the - - - - 
partment of Florida LXII is not a single 
Transporta- office, rather it is an a- 
tion malgamation of a number of 

processes including practi- 
cally every office within 
the department. 

Georgia Yes Part of the system is in Road Information System - - - - - - 	- - 
Department of place, part under devel- 
Trans. opnent. 	System is con- 

sidered an Information - 
System rather than a 
Management System 

Hawaii Yes Hawaii Pavement Management - - - - 
Department System 
of Trans. 

Idaho Dept. Yes 
of Trans. 

Pavement Perforthance Manage--
ment Information System 
(PPMIS) 

Illinois Yes Illinois Pavement Feedback - - - - 
Department - System (IPFS) 
of Trans. 
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TABLE A-I (Continued) 

DOES AGENCY IF NO PAVEMENT 
HAVE A PAVE- WHAT IS THE NAME MANAGEMENT NOW 
MENT MANAGE- IF NOT NOW, 	HOW.. OF THE PAVEMENT . . 	. 
MENT PROCESS ARE PAVEMENTS MANAGEMENT PROCESS PLAN TO IN WHAT 

AGENCY OR SYSTEM MANAGED OR SYSTEM DO SO? TIME FRAME 

Indiana Dept. No formal operat- Div. of planning prepares Yes 2-3 years - 
of highways ing Process a Hwy. Improvement Pro- have comple- 

gram with input from: ted a Phase 
1) Each dist. subnits a I with con- 
prioritized list of can- sultant for 
didate proj. 	2) Div. of recomenda- 
Research and Training . tions. Pre- 
subeits a prioritized sent work 
list of roughness sects, centers on 
in 4 PJYI ranges preparing a 

conceptual 
design 

Iowa Dept. Yes Iowa Pavement Management - - - - - - 	- - 
of Trans. 

Kansas Dept. Yes 	NOTE: 	PMS consists of a network Kansas Pavement Management - - - - 
of Trans. optimization System (NOS) and Pro- System including NOS, POS, 

ject Optimization System (POS) and and support systems. 
several support systems & programs 
NOS complete & being implemented 
POScomplete in about one year  

Kentucky Yes Pavement Management Process - - - - 
Dept. of 
Trans. 

Louisiana No Do not have Begun to put 
Dept. of a true 	. information 
Trans. and pavement 
Development management 

section at 
this time. 

Maine Dept. Yes No formal name - - - - 
of Trans. 

Maryland Dept Yes Maryland Pavement Management - - - - 
of Trans. 

Massachusetts Informal Nays roughness numbers for Yes Comissioner 
Dept. of candidate proj., deflec- directed a 
Public Works tion Analysis/Field Insp. Task Force 

for Proj. Design. Infor- establish 
mal lines of communication PMS by Apr. 
Between progralmuing, maint. 1, 1986 
design, planning, researc 
construction 

Michigan Revising Process Each Dist. suhnits a Michigan Dc11's Pavement Such plans 
Dept. of prioritized list of proj. Management System have not 
Trans. to a screening consaittee been prom- 

that develops a statewide ulgated 
program. A pavement 
management system is be- 
ing developed & impl. 
in districts & in future 
is to be incrementally 
implemented as part of 
the pavement management 
process. 

Minnesota Yes, but parts Pavement Management System - - - - Anticipate 
Dept. of are still under implementing 
Trans. development . final portion 

in 1988 
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TABLE A-I (Continued) 

DOES AGENCY IF NO PAVEMENT 
HAVE A PAVE- WHAT IS THE NAME MANAGEMENT NOW 
MENT MANAGE- IF NOT NOW, HOW OF THE PAVEMENT 
MENT PROCESS ARE PAVEMENTS MANAGEMENT PROCESS PLAN TO IN WHAT 

AGENCY OR SYSTEM MANAGED OR SYSTEM DO SO? TIME FRAME 

Mississippi NO Through maintenance stan- Yes Indefinite 
State Hwy dards and prograimied 
Department overlays or reconstruc- 

t ion 

Missouri NO Generally, decisions for Yes Within the 
Highway and pavement improvements are next 12 
Transporta- based on the riding months 
tion Dept. quality and maintenance 

cost 

Montana Yes The Montana Pavement - - - - - - - - 
Dept. of Management System 
Highways 

Nebraska Yes Nebraska Pavement Management - - - - 
Dept. of System 
Roads 

Nevéda Dept. Yes Pavement Management System - - - - 
of Trans. 

New HampshirE Yes, but just In past, resurfacing Pavement Management System - - - - 
Dept. of beginning needs were prioritized by 
Trans. Division Engrs. and 

screened by State Maint. 
Engr. for state wide 
prioritization 

New Jersey Yes Pavement Management System - - - - 
Dept. of 
Trans. 

New Mexico Yes Pavement Management System - - - - 
State Hwy 
Department 

New York No Maint. Engr. (67) recom- Yes Over next 
Dept. of mend candidate projects several years 
Trans. for maint. and rehab. phased in, 

hese projects are re- Beginning 
viewed at the region and with Inter- 
ain office levels in state Network 

order to select proj. for 
the construction program. 

North Dakota Under developeient ND PMS - - - - 
State Hwy 
Department 

Ohio Dept. Partial PMS mnual priority ranking Maintenance Urgency Category Yes, a con- One year for 
of Trans. process based on current (MUC) sultant has 1300 miles of 

pavement conditions (pave- been hired interstate 
'ent distress, pavement Ihree years 
roughness and skid) for 19000 
o predictive capability miles of 

tate Hwy. 

Oklahoma Dept No Yes 
of Trans. 
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TABLE A-I (Continued) 

DOES AGENCY IF NO PAVEMENT 
HAVE A PAVE- WHAT IS THE NAME MANAGEMENT NOW 
MENT MANAGE- IF NOT NOW, HOW OF THE PAVEMENT 
MENT PROCESS ARE PAVEMENTS MANAGEMENT PROCESS PLAN TO IN WHAT 

AGENCY OR SYSTEM MANAGED OR SYSTEM DO SO? TIME FRAME 

Oregon State Yes Pavement Management System - - - - 
Hwy Division (PMS) 

Pennsylvania Yes Roadway Management System - - - - 
Dept. of 
Trans. 

South Yes Pavement Management System - - - - 
Carolina Dept 
of Hwy and 
Public Trans. 

South Dakota Yes Pvmt Management Accomplished - - - - 
Dept. of through the use of needs 
Trans. analysis and project anal- 

ysis programs, project rank- 
ing programs, costing pro- 
grams and data listings. 

Tennessee Yes Program is 
Dept. of presently 
Trans. being Impl. 

Texas Dept. No, but have an Currently, Pavement pro- Pavement Evaluation System Yes A task force 
of Hwys and Evaluation System jects are selected by (PES) is in the 
Public Trans. each of 24 Field Districts making 

Utah Dept. Yes Pavement Management Unit - - - - 
of Trans. 

Vermont Yes Pavement Management System - - - - 
Agency of 
Transp. 

Virginia Dept Yes Virginia Pavement Management 
of Highways System 

Have Pave--
ment Manage- 

and Transp. ment Program 

Washington Yes Washington State Pavement - - - - 
State Dept Management System 
of Transp. 

Wisconsin Not a formal sys Wis. DOT has most of the lo timetable Dept of tem elements of a pavement or estab- Transp. management system but Lishing an 
these are not integrated ntegrated 
within a single unit or .M. System 
section. 

Wyoming State No At this time, the Dis- Pavement Management System es Now in proces Hwy Dept. trict Engineers decide (PMS) of prograrmein 
which pavement sections Logic for 
require improvement based first version on experience and know- of Wyd's PMS ledge Hope to make 

program. Re- 
coninendations 
in Oct. 
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TABLE A-I (Continued) 

DOES AGENCY IF NO PAVEMENT 
HAVE A PAVE- WHAT IS THE NAME MANAGEMENT NOW 
MENT MANAGE- IF NOT NOW, HOW OF THE PAVEMENT 
MENT PROCESS ARE PAVEMENTS MANAGEMENT PROCESS PLAN TO IN WHAT 

AGENCY OR SYSTEM MANAGED OR SYSTEM DO SO? TIME FRAME 

District of Yes D.C. Pavement Management - - - - 
Columbia Dept System 
of Public 
Works 

Alberta Yes Alberta Transportation Pave- 
Transp. ment Management System (PMS) 

New Brunswick Yes NBI Pavement Management - - - - 
Dept. of.  System 
Transp.  

Nova Scotia No Formal planning process Yes 5 years 
Dept. of applied supplemented 
Transp. with Pavement evaluation 

data. 

Ontario Yes Pavement Management System 'es 1987 
Ministry of 

- 

Transp. and 
Consnunication 

Saskatchewan Yes Pavement Information System 'lan to for 
Hwys and ialize & 
Transp. increase Au- 

.Omation in 
ext 18 mo. 

San Diego Yes. Pavement Management - - - - 
County 
California 

69 



70 

TABLE A-2 PAVEMEN I MANAGEMENT ORGANIZATIONAL STRUCTURE AND RESPONSIBILITY 

WHAT POSITION(S) OR 
DIVISION(S) ARE RESPONSIBLE APPLICABLE POLICY 
FOR PAVEMENTS OR MANAGING ORGANIZATIONAL OR PROCEDURAL 

AGENCY PAVEMENTS CHART OR STRUCTURE STATEMENTS 

State of Alabama Research Division of Materials and The Pavement Management Section in 
Highway Department Tests Bureau the Research Division of the 

Bureau of Materials and Tests. 

Arizona Department Pavement Management Branch The Pavement Management Branch under 
of Transportation Pavement Services of the Materials 

Section 

Arkansas State Pavement Management Section in Roadway Design is under Assistant 
Highway and Trans- Roadway Design Chief Engineer Design who is under 
portation Chief Engineer 

California Depart- Division of Maintenance Pavement Pavement Management and Rehabilita- - - - - - 
ment of Transpor- Rehabilitation Branch tion Branch under Office of Highway 
tation (CALTRANS) Maintenance, under Division of 

Maintenance, under Deputy Director 
Maintenance and Operations, under 
Chief Deputy Director 

Colorado Department Network Level - Program Section of Program Management Branch under 
of Highways Planning Division. 	Project Level Division of Transportation Planning 

Liul foimalized under Deputy Director 

Connecticut Depart- Current - Office of Maintenance 
ment of Transpor- Future - P.M; Division? 
tation 

Delaware Department Pavement Management 
of Transportation 

Florida Department Many Offices participate in Pave- An office with title "Pavement Man- 
of Transportation ment Management Process. 	The agement" does not exist in the De- 

activities are coordinated through partment, rather practically every 
the State Pavement Design Engineer office is integrated into the Depts. 

Pavement Management Program, coor- 
dination is through State Pavement 
Design Engineer 

Georgia Department Operations Maintenance "Pavement Management and 
of Transportation Road Information System 

(PMRIS) Notice' 	() 

Hawaii Department Soil Engineering and Pavement De- Soils Engineering and Pavement De- - - - -. - 
of Transportation sign Section sign Section under Materials Testing 

and Research Branch under Highways 
Division 

Idaho Transports- PMS Coordinator - Management Pavement Management under Transpor- 
tion Department Services Section tation Systems Analysis under 

Transportation Services under 
Director  

Illinois Department Highways, Planning and Programing Office of Planning and Programing 
of Transportation under Assistant Secretary of Trans- 
___________________  portation. 

Indiana Department Divisions of Planning, Research, P.M. Coninittee Members, Division of 'PVMT Management Comit- 
of Highways and Training, and Maintenance Planning, Division of Research & ee" 	Policy 6-6 	() 

Training, Division of Computer Ser- 
vices, Division of Maintenance En- Highwa 	Inventory & 
gineering and Management Services ystems' 	Policy 8-3 (Q) 
Chief Engineer 

'Resurface Program' 
Policy 15-4 	(2.!.) 

"Division of Planning- 
- Preface" (2.) 
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TABLE A-2 (Continued) 

WHAT POSITION(S) OR 
DIVISION(S) ARE RESPONSIBLE APPLICABLE POLICY 

FOR PAVEMENTS OR MANAGING ORGANIZATIONAL OR PROCEDURAL 

AGENCY PAVEMENTS CHART OR STRUCTURE STATEMENTS 

Iowa Department of In 1979 a Pavement Management Corn- 	IP.M. Consnittee Members - Hwy Division 

Transportation mittee was formed and given the 	Director, Road Design, Materials, 
task of developing a pavement 	Data Processing, Planning and Research  
management system. 	The corrrnittee 	Division, Members Field Review Team, 
establishes objectives and provides 	Pavement Management Coordinator from 
support and manpower for the attain- Office of Materials 
ment of these objectives. 
The original coessittee consisted of representatives from Road Design, Materials, and Data 
processing, along with the Highway Division Director. 	A Pavement Management Coordinator 
was assigned from the Office of Materials to research existing data and pavement evalu- 
ation practices, and to coordinate activities for the establishment of an accurate and 
concise data base through computer progralrnning and accessing of existing records. 

In 1980 the coirinittee was expanded to include a member of the Planning & Research Division 
and FHWA representatives were invited to attend the meetings. 	Members of the Field Review 
Team (Office of Road Design) joined the Pavement Management Comittee in 1986. 

The achievement of Pavement management objectives is accomplished through the combined 
effort and cooperation of the Pavement Management Conisittee members as described above. 
The attached organizational charts are highlighted to indicate the positions of these 
members. 

Kansas Department Division of Planning and Develop- Policy Development Task Forces & "Standard Operating 
of Transportation ment, Division of Operations Office of Project Selection under Manual: 	Pavement 

Director of Division of Planning Management System"() 
& Development; Bureau of Materials 
& Research under Director of Divi- 
sion of Operations. 	All under 
State Transportation Engineer  

Kentucky Depart- Pavement Management Unit Pavement Management Unit under Assis-'Chapter 40-15: Pavement 
ment of Highways tant State Highway Engineer for Management." (21) 

Operations 

Louisiana Depart- Pavement and Geotechnical Design 
ment of Transpor- Section 
tation and Devel- 
opment  

Maine Department Pavement Management Engineer 	 P.M.S. Activities under Roadway Sec- 
of Transportation tion, under Technical Services 

Presently pavement management is 	Division, under Bureau of Project 
located in the Bureau of Planning. 	Development, under Deputy Comission- 
The pavement management unit pro- 	er of Highways  
vides a departmental wide service 	 - 
crossing Bureau lines and thus requires input and technical services from 
all Bureaus within MeDOT. 

[o ensure this relationship, a PMS Technical Advisory Council (TAC) 
as been established to which the unit reports periodically. 

The Advisory Council's primary functions are as follows: 

Provide advice and direction to the PMS unit. 

To ensure departmental wide coordination and cooperation. 

To ensure success in the meeting of recognized goals. 

Composition of the council is as follows: 

Chief Engineer Chairman 
* Engineer of Design 

Engineer of Materials & Research (2) 
Engineer of Construction 
Director of Computer Service 

* Director of Bureau of Planning * Director of Maintenance and Operations 
Director of Office of Policy Analysis 
Asst. Director of Bureau of Finance and Administration 

* District Engineer 	 v 



TABLE A-2 (Continued) 

WHAT POSITION(S) OR 
DIVISION(S) ARE RESPONSIBLE 
FOR PAVEMENTS OR MANAGING 	I ORGANIZATIONAL 

AGENCY 	PAVEMENTS 	 CHART OR STRUCTURE 

Maine Department 	Associate non voting members include a representative of the FNWA 
of Transportation division office and six (6) senior managers from sections noted with 

(CaNT) 	 Ian (k). 

The majority of technical support originates from the Research and 
Develoçaient Section Pavement evaluation teams consist of technicians 
originating from Design, Materials & Research, Construction, Planning 
and District Maintenance & Operations. 

APPLICABLE POLICY 
OR PROCEDURAL 
STATEMENTS 

Maryland Department Office of Materials and Research 	Pavement Management Section under 

of Transportation 	 Bureau of Soils and Foundations 
Field Data Collection under Devel-
opaental Research under Bureau of 
Research 

Massachusetts 	Maintenance, Design, Construction, 	Highway Maintenance under Chief 

Department of 	Research 	 Maintenance, Pavement Design under 

Public Works 	 HDWY & Structures, Engineering 
under Chief Engr. Research and 
Materials under Planning Director, 
Construction 

Michigan Department PMS is being developed in the Ma- 	PMS/BMS Section under Division Ad- 

of Transportation terials and Technology Division of 	ministrator in Materials and 
the Highway Bureau 	 Technology Division 

Minnesota Depart- Tech. Ser. Division, Res. & Dev. 	Pavement Management Section under 

ment of Transpor- & Pvmt. Mgt. Section 	 Office of Research and Developaent 

tation 	 under Assistant Division Director 
in Technical Services Division 

Mississippi State Maintenance, Construction, Design, 
Highway Department Materials  

Missouri Highway 	Planning and Maintenance. A Pave- 
and Transportation ment rating team made up of repre- 
Department 	 sentatives from Planning, Surveys & 

Plans, Materials, and Maintenance 
checks and rates the riding quality 
each year of the worst 1,000 miles 
of pavement sent in by the districts 

Montana Department District Engrs. are responsible for Pvmt. Mgt. Sect. under Bureau Chief 
of Highways 	all plant in their area including 	of Projects, Analysis under Admini- 

pvmts. The Program Developanent Div. 	strator of Program Develoçnnent Div., 
in Helena operates the pvmt. mgt. sys under Deputy Director 
which collects data and is used to 
aid in making decisions regarding 

Nebraska Depart- Program Management Division Program Management Division under 
Director Planning under 

ment of Roads Deputy 
Director State Engineer.  

Nevada Department Materials; Maintenance: 	Operations Maintenance, Materials and Testing 

of Transportation Analysis and 3 Districts under Assistant 
Director Operations, and Operations 
Analysis all under Deputy Director 

New Hampshire Pavement Management Section in tFe Pavement Management under Transpor- 

Department of Planning and Economics Division of tation Planning and System Manage- 

Transportation Dept. of Public Works and Highways ment under Administration, under 
Assistant Coninissioner 

New Jersey Depart- Bureau of Maintenance Maintenance under Assistant Engineer 
Const. & Maint. under Const. & Maint. 

- - - - - 
ment of Transpor- Engr. under Deputy State Highway 
tation Engr. also Design under Deputy 
- State Highway Engr.  
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TABLE A-2 (Continued) 

WHAT POSITION(S) OR 
DIVISION(S) ARE RESPONSIBLE APPLICABLE POLICY 

FOR PAVEMENTS OR MANAGING ORGANIZATIONAL OR PROCEDURAL 

AGENCY PAVEMENTS CHART OR STRUCTURE STATEMENTS 

New Mexico State Pavement Management Engineer Pavement Management unit under Main- 
Highway Department tenance Section under Engineering! 

Operations Division 

New York Department Planning, Facilities Design, Highway Areas identified as having responsi- 
of Transportation Maintenance, Construction, Tech- bilities relating to pvmt. Mgt. are 

nical Services Highway Maint., Planning, Facilities 
Design, Construction, Technical Ser- 
vices, Program Planning & Management 
and Regions. 

North Dakota State Planning, Program & Project Devel- 
Highway Department opment, Design 

Ohio Department of Bureau of Technical Services Bureau of Technical Services under 
of Transportation Systems Planning Admin. under 

Division of Planning and Design 
under Assistant Director of Trans- 
portation for Highways 

Oklahoma Depart- - - - - - - - - - - 
ment of Transpor- 
tation 

Oregon State Pavement Management Unit, Planning Pvmt. Mgt. Group in Planning Section 
Highway Division Section under Adinin. Branch under State 

Highway Engr. 	Principal participants 
in Pvtm. Mgt. are planning Sections, 
Road Design Section, Traffic Design 
Section, Const. Section, Maint. 
Section and Regions 

Pennsylvania De- Roadway Management Division 
partment of Trans- 
portation 

South Carolina Maintenance Maintenance under Engineering 

Department of Division with State Highway Engr. 

Highways and Pub- 
lic Transportation 

South Dakota Planning Program Engineer under Data Analysis 
Department of under Division of Planning under 
Transportation Secretary of Transportation 

Tennessee Several Divisions have Joint Respon- - - - - - 
Department of sibility 
Transportation 

Texas Department of Maintenance Division and Highway 
Highways and Public Design Division 
Transportation 

Utah Department of Pavement Management Unit in Planning Pavement Management Unit under Office "Policy - Pavement 
Transportation and Prograimiing of Policy and System Planning under Management Steering 

Director of Transportation Coemittee" (4o) 

Vermont Agency of Pvmt. Mgt. is overseen by a corrmiit- - 	-. - - - 
Transportation tee composed of 1 Engineering Exec- 

utive "A" from the Planning Division 
and 4 Engineer "D's: 1 each from the 
Const., Design, Maint., and Materials 
Divisions. 	In addition, the Direc- 
tors of Engineering and Maintenance 
are Ex-office members, available for - 
advise and arbitration. 



TABLE A-2 (Confinued) 

WHAT POSITION(S) OR 
DIVISION(S) ARE RESPONSIBLE APPLICABLE POLICY 
FOR PAVEMENTS OR MANAGING ORGANIZATIONAL OR PROCEDURAL 

AGENCY PAVEMENTS CHART OR STRUCTURE STATEMENTS 

Virginia Department Maintenance and Materials Divisions Pvmt. Ngmt. Engr. under Maint. Pro- 
of Highways and Materials Division performs skid, gram Planning under Maint. Division 
Transportation roughness and deflection testing and 

designs pavements. 	Information sys. 
Division provides computer support. 
Each Dist. has pvmt. ingt. coordinato 
and conducts condition surveys  

Washington State Pavement Management Section in the Pvmt. Mgt. Section in materials lab 
Department of Materials Laboratory under Construction under Assistant 
Transportation Secretary for Highway Divisions 

Wisconsin Depart- Design, Maintenance, Materials and Central Office Design under Bureau 
ment of Transpor- Program Development Sections in of Engr. Development. Central Office 
tation Both Central Office and Districts Maint. and Central Office Materials 

under Bureau of Engineering Opera- 
tions. And Bureau of Program Manage- 
ment all under Division of Highways 
and Transportation Services 

Wyoming State The Needs Analysis Section of the Materials Branch, Construction & 
Highway Department Planning Branch is responsible for Maint. Branch, and Planning Branch 

the design & implementation of Highway Analysis under Planning 
pvmt. mgt. system. This system is to Branch 
be used by the District Engineer as 
a tool, to help determine which 
pavement sections require improve- 
men t. 

District of Office of Materials Development and 
Columbia Department and Research 
of Public Works 

Alberta Transpor- Pavement Systems Unit, Surfacing Pvmt. Systems Engineer under Assis- 
tation Section Materials Cog. Branch tant Director Surfacing under Direc- 

tor Materials Engr. Branch under 
Engineering under Deputy Ministor 

New Brunswick DOT Planning, Design, Construction, 
Maintenance. 	Comittee approach 
with Planning taking the key role 

Nova Scotia iXYI Engineers and Superintendents 

Ontario Ministry of Planning, Prograimiing, Design, Main- Various units at Region and Head Transportation and tenance, Geotechnical, Research Office involved in Pavement Manage- Cormnunications ment Process for Network and Project 
Maintenance 

Saskatchewan High- Surfacing Branch, Maintenance Branch "Surfacing Manuaj - Seal ways and Transpor- 
tation 

Operations Division, Research Branch Coat Policy" () 
"Surfacing Manual - Eval- 
uatin 	Structural Ade- ____________________________________ 
quacy' 	(99) 

San Diego, Cali- Field Operations Division, Principal Materials Lab under Construction does 
fornia Civil Engineer Road Rating and Visual Surveys. 

Pavement Management under Traffic 
Operations/Administration 
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TABLE A-3 HOW PAVEMENT MANAGEMENT DEVELOPED 

REPORTS RELATED TO 
HOW PAVEMENT 

HOW PAVEMENT MANAGEMENT UNDER WHOSE MANAGEMENT WAS 

AGENCY DEVELOPED OR ESTABLISHED DIRECTION DEVELOPED 

(100) 

State of Alabama Evolved from Needs Studies Materials and Tests and Executive Suninary for a 

Highway Depart- Research Engineers Research Project Entitled 

ment a Pavement Rating Procedure 

Arizona Depart- State Engineer Originally Authorized De- "Arizona's Pavement Manage- 

ment of Trans- velopnent ment System - Summary and 
- 	(ii) 

portation Developrent - - 
"Developsent of a Network 
Optimization Syst. Final 
Report. Vol. 1 	(101) 

Arkansas State Under the Direction of the Pavement Pavement Management Eng. "Arkansas Pavement Manage- 

Highway and Management Engineer by Literature Review ment Program." 	(102) 

Transportation and personal visit to one state to 
Department analyze its program  

California De- Developed within Caltrans Caltrans Steering "Developiient of California's 

partment of Conrniittee Pavement Management System" 

Transportation 
(CALTRANS) "Pavement Management in 

California - Chapter H"(13) 

Colorado Depart- Utilized the Arizona System as a model Pavement Management "Summary Report of Coloradds 
Network Level - Pavement 

ment of Highways 
Steering Committee 

Management System 	() 

Connecticut De- Current Devloçxnent work is being performed "Pavement Management in 

partrnent of by Division of Research Connecticut Phase I - Fea- 

Transportation sibility" (i2.) 
"Pavement Management in 
Connecticut - Phase II - 
Developnent" (j •) 

Delaware Depart- Excerpts from other systems Pavement Management Corn- 
ment of Jranspor- mittee 
tation  

Florida Depart- Pavement Management has evolved over the 
ment of Transpor- years. 	Many modules were developed by the 
tation Dept. prior to the current concept of an 

integrated pst. management syst. 	For 
instance the pvrnt. condition survey pro- 
cess has been underway for many years. 
The formalized project priority process 
was developed by Planning over 15 years 
ago and has been constantly improved as 
the formal development of the Departments 
work program 

Georgia Depart- Stanley Lord, Maintenance "Task Force Report - Pavg - 
ment of Transpor- Jack Williams, Planning Data Services ment Management System" 55 
tation  

Hawaii Department Use California's System with some modi- 
nf Transportation fications (1o6)..... 

Idaho Department Borrowed from Utah and modified for Idaho Management Services Man- "Implementation of Idaho's 
of Transportation ager Pavement Management System" 

Illinois Depart- Being jointly developed by lOOT & Univer- IDOT's Pavement Manage- "An Illinois Pavement Feed- 

ment of Transpor- sity of Illinois ment Committee hack System Feasibility 

tation and System Requirements - 
Interim Report." 	() 
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TABLE A-3 (Continued) 

REPORTS RELATED TO 
HOW PAVEMENT 

HOW PAVEMENT MANAGEMENT UNDER WHOSE MANAGEMENT WAS 
AGENCY DEVELOPED OR ESTABLISHED DIRECTION DEVELOPEb 

Iowa Department The needs of Iowa's primary road system "Iowa's Pavement Management 
of Transportaion shifted away from construction and to- System. 	(68) 

wards maintenance and rehabilitation, and 
as the availability of funds failed to keep pede with new and ex- 
isting highway system needs, manaement came to recognize the need 
for a 	pavement management system 	based on objective data which 
would serve as an aid in formulating highway progranining decisions. 

In 1979 a pavement management conrnittee was formed at the request 
of the Highway Division Director to initiate the development of a 
pavement management system. 	Members of the coni,iittee include 
personnetas described in the answer to question A-2. 	A federally- 
funded, eight-state pilot study in Long Term Pavement Monitoring, 
which was in progress at this time, provided information and fund- 
ing assistance for pavement management development. 	Information 
was developed on the type of data needed, the data collection 
frequency, and analysis required. 

Kansas Department Being developed by Woodward-Clyde Con- Secretary of Transporta- "Kansas 001 Pavement Manage- 
of Transportation sultants & PMS Task Force tion & Director of ment System." 	(.) 

Planning and Development 'Condition Surveys to support 
Pvmt Management in Kansas" 

(9i) 

Kentucky Depart- The Pavement Management Unit wag assemble By Engineer Responsible "Pavement Management in 
ment of Highways within the Division of Maintenance in for it Kentucky. 	(108) 

1981. 	Shortly thereafter, the unit was 
moved to the State Highway Engineers 
Office under the Assistant State High- 
way Engineer for operations to provide 
for greater and more effective interact- 
ing of pavement management unit with 
other units of the Transportation Cabi- 
net 

Louisiana Depart- 
ment of Trans- 
portation and 
Development 

Maine Department A study directed by C.A.D. in Nov. 1980 "Impacts of PMS on Policy 
of Transportation 2 years initial development in Office and Multi-Level Decisions" 

of Policy Analysis S 	 (II) 

Maryland Depart- Developed in house by the Office of 
ment of Transpor- Materials and Research 
tation 

Massachusetts "Surface f'haracteristics 
Department of of Pavements, Volume 2: - Public Works  

(!22) 
Michigan Depart- Presently being developed by the Mater- "Michigan Department of 
ment of Trans- ials and Technology Division Transportation's Pavement 
portation Management System" (110) 

Minnesota. Depart A Steerilng Committee was appointed and "Pavement Management" Office 
ment of Trans- pavement section established. 	The Memo. 	(iii) 
portation planning was done in house and consul- "MinuteZf Pavement Manage- 

tants used to develop portions of the ment Steering Committee" 
system () 

Montana Depart- Developed by a Technical Committee L.S. Harris Project "Status of Pavement Manage- 
ment of Highways Coordinator ment System" (113) 

Nebraska Depart- By Program Management Lou Lamberty Director "Progress of Nebraska's 
ment of Roads State Engineer Pavement Management System"  

() 
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REPORTS RELATED TO 
HOW PAVEMENT 

HOW PAVEMENT MANAGEMENT UNDER WHOSE MANAGEMENT WAS 

AGENCY DEVELOPED OR ESTABLISHED DIRECTION DEVELOPED 

Nevada Department In-House Management Directive "Nevada's Pavement Manage- 
1982" (B) of Transportation ment System - 

"Pavement Management Sys- 
tem" (116) 

New Hampshire Task Force of Planning, Maintenance, Re- Department Administrator "A Proposal for Improved 

Department of search, Construction, & Computer Person- Management of Highway Con- 
dition Preservation" 	(36) 

Transportation nel 
"The Highway System Mon- 
itoring Team Structure & 
Location within The Overall 
Highway Dept. Organization" 

New Jersey Depart Through the Department's P.M. Task Force 
ment of Transpor- The Bureau of Maintenance and Research 
tation  

New Mexico State Mostly In-House by the Present Pavement "New Mexico State Highway 

Highway Depart- Management Engineer Department Pavement Manage-
ment Measurements and ment 
Systems" 	(2) 

North Dakota Pavement Management Coordinator in Chief Engineer 

State Highway Planning Division 
Department  

Ohio Department Developed by a Consultant 
of Transportation  

Oregon State Under the Direction of a Steering Coe,iiit- "The Oregon Pavement Manage- 

Highway Division tee and Task Force ment System - A Progress 
Report' 	(ill) 

Pennsylvania Started with Task Force Developsent of "Systematic Technique to 

Department of STAMPP Analyze and Manage Pennsyl- 

Transportation vania Pavements" (38) 

South Carolina Based on a 1980 study, a large number of "Priority Programiling" (EQ) 
Department of roadway miles needed resurfacing at a tre- 
Highways and Pub- mendous cost. 	A modified P.M.S. was 
lic Transports- developed containing condition survey, 
tion rideability and structural adequacy  

South Dakota Developed by Planning Division Personnel Glen Kietzmann 

Department of who utilized technology acquired from 
Transportation past FHWA Studies, ideas gathered from 

papers produced by other states and data 
readily available. 

Tennessee Depart- Pavement Management Advisory Committee Chief Engineer "Proposed Program for Pave- 

ment of Transpor- ment Management in Tennes- 

tation see" 	() 

Texas State High- EvOlved from Research Studies Based on 
way Department Department employee's experience 
and Public 
Transportation 
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REPORTS RELATED TO 
HOW PAVEMENT 

HOW PAVEMENT MANAGEMENT UNDER WHOSE MANAGEMENT WAS 
AGENCY DEVELOPED OR ESTABLISHED DIRECTION DEVELOPED 

Utah Department Developed through a Pavement Management Director Hurley Forming a Pavement Manage- 
of Transportation Task Force ment Unit" (jQ) 

Vermont Agency of See "Pavement Management System" "Pavement Management System" 
Transportation Reference No. 	() () 

Virginia Depart- Established and Developed by Research and Directed by C.D. Leigh "Status Report on P.M." () 
ment of Highways Maintenance "Developsent of a P.M.S. 
& Transportation for Virginia" () 

"An Approach to P.M. in 
Virginia" 	(i?) 

Washington De- Developed under Roger LeClerc (retired) "Developsent and Implementa- 
partment of Materials Engineer tion of Washington State's 
Transportation P.M.S."(].23) 

Wyoming State The Superintendent of the Wyoming Highway 	Superintendent of Dept. "Second Interim Report on 
Highway Department Department created a steering committee in I Developemnt of Wyo. P.M.S." 

1980 made up of personnel from Materials Laboratory, Construction and (124) 
Maintenance and Planning. 	The committee was directed to research "P.M.S. Staff Presentation" 
pavement management and recommend a plan of action to the Superin- 
tendent. 	In August, 1985 a plan of action was presented. 	At that "Project Definition for the 
time, the Superintendent directed that Planning Branch implement and P.M.S." (PVM) (126) 
be responsible for the proposed Pavement Management System. 	Since 
then, Planning Branch has refined and hopefully will soon implement 
a pavement management system. 

District of Co- Task Force of D.C. Personnel and F.H.W.A. Transportation Director "Pvmt. Mgt. Task Force Exec- 
lumbia Department utive Summary" 	(hi) 
of Public Works Pvmt. Mgt. task Force Final 

Report. 	(h2) 

Alberta Transpor- Developed by P.M.S. Ltd. Materials Engineering (2j, 128, 149) tation Brand 

New Brunswick In House by a Steering Committee of 
Department of Planning, Design, Construction, Mainte- 
Transportation nance 

Ontario Ministry Study Group "Maintenance of the Highway 
of Transportation Infrastructure - Pavement 
and Communication Management and Preservation" 

() 

Saskatchewan Developed by Surfacing Engineer, under 
Highways and Process of Incremental additions to 
Transportation evaluation, and design procedures 

San Diego County Review of PMS of other county't and city' "Pavement Management" ()- 
California 
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TABLE A-4 HOW PAVEMENT MANAGEMENT IS STRUCTURED AND OPERATES 

REPORTS 
RELATED TO 

IS THE HOW THE 
WHAT ELEMENTS OR ACTIVITIES PROCESS PAVEMENT INSTRUCTIONAL 
CONTAINED IN THE IS THE COMPUTERIZED? MANAGEMENT MANUALS 
PAVEMENT MANAGEMENT PROCESS IF SO, TO PROCESS AND 

AGENCY PROCESS FORMALIZED WHAT EXTENT? FUNCTIONS GUIDELINES 

Alabama Highway Surface distress measurements, Yes Yes, extensively (!QQ) 
Department Highway Roughness, Traffic and on IBM 3084 & IBM 

Roadway Geometrics PC A7 

Arizona Depart- Pavement Inventory, Network Opti- Yes Yes; data input (21, ji, 2.i) 
ment of mization, Project Selection, Pre- into a Data Base - 
Transportation diction models and more. Network Optimiza- 

tion and Predic- 
of distress compu- 
terized 

Arkansas State 1) Pavement distress survey(visual fes contains a total (Q) (i) 
Highway and w/actual measurements), 2) ride of eleven separate 
Transportation survey (Nays Ride Meter) 3) pave- programs 
Department ment condition rating (PCR) w/ADT 

adjustments, 4) Adjustments for 
predicted deterioration 

California Biennial Pavement Survey, annual Yes, Pavement ès, the pvmt. sur (i, 	) (j, 	) 
Department of transportation improvement program management is vey data forms dat 
Transportation pavement performance research a centralized ese; computer 
(CALTRANS) process analyzes data, se- 

ects candidate 
ehabilitation and 
maintenance loca- 
ions and produces 
Lppropriate re- 
)or ts 

Colorado Depart- Allocate funds and suggest improve Yes Fully computerized (103) 
ment of Highways ment actions (Routine maintenance currently on a 

seal coat, overlay) based on cur- mainframe, but 
rent pavement condition and avail- efforts underway 
able funds to transport it to 

micro. 

Connecticut Network-Level condition rating No. 	Under Computerization of 
Department of (distress and roughness); Network developaent system is ongoing 
Transportation Level optimization; Project iden- 3oth mainframe & 

tification and selection; Project- Dersonal computers 
Level optimization (future) lus photolog la- 

er video system 
ill be utilized 

elaware Depart- Field observation of pavement sur- To some extent Road segments are 
ent of Trans- face roughness, maintenance re- keyed to traffic 
ortation quirements, plus traffic counts count system. All 

and skid testing. 	Geographical computer and pri- 
breakouts. oritized. Resur- 

facing cost data 
is computer gen- 
erated. 

lorida Depart- Pavement Management as a concept Many modules System highly au- - - - - - 
ment of is global and encompasses all are formalized tomated with a 
Transportation pavement management activities. and well docu- continuing ongoing 

Pavement Management is not an of- mented effort to integrat 
ficial or a computer program. Pore of files 
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REPORTS 
RELATED TO 

IS THE HOW THE 
WHAT ELEMENTS OR ACTIVITIES PROCESS PAVEMENT INSTRUCTIONAL 
CONTAINED IN THE IS THE COMPUTERIZED? MANAGEMENT MANUALS 
PAVEMENT MANAGEMENT PROCESS IF SO, TO PROCESS AND 

AGENCY PROCESS FORMALIZED WHAT EXTENT? FUNCTIONS GUIDELINES 

Georgia Depart- P.M.S. contains following files: Yes On Line - Parts () 
ment of Road characteristic, Traffic that have been 
Transportation Count, Railroad Highway Grade fully developed 

Crossing, Traffic Accident, Bridge 
Inventory, Project Plan, Pavement 
Roughness, Skid Resistance, 
Pavement Condition, and Road Life  

Hawaii Depart- Ride score, cracks, ruts, and Yes. Follow Yes - - - - 
ment of raveling. 	Also, costs of various California 
Transportation  fixes  

Idaho Depart- Idaho PMS is currently limited to Yes Fully computerized - - - - 
ment of pvmt. condition monitoring and from field data 
Transportation ranking of pvmt. sections based collecting to data 

on conditions analyzing in of- 
fice. 

Illinois De- As built design, 	materials pro- Certain aspects Yes, materials (26) 
partment of perties construction info, condi- such as project test data, some 
Transportation tion survey, friction, roughness, prograirnling inventory items 

maintenance, traffic, & climate and progra!mhing 
info, data. Existing 

Bases are not 
really integrated 

Iowa Depart- The objectives of the Iowa Pave- 	Iowa's Pave- 	Yes 	 (i, 	) I 	J (2.) 
ment of ment Management System, as 	ment Manage - 
Transportation established by the Pavement 	ment System is a dynamic system still under 

Management Comittee, are as 	developeent. 	The process is not formalized at 
follows: 	 this time, but as the system continues to 

Provide a current data base 	evolve, responsibilities and activities are be- 

for all offices concerned with coming more clearly defined. 
pavements 

Secure annual data updates identifying the current physical condition of 
all rural state highways. 

Provide management with consolidated matrix information from which 
rational prioritization of projects and progranining decisions can be 
made. 

Provide a method of evaluating the performance of highways under different 
design, maintenance, and construction strategies. 

The basis for accomplishing the above objectives was the establishment of 
a pavement status data base which would be updated at appropriate inter- 
vals to provide all information needed to prioritize projects as specified 
in objective 3. 

The matrix prioritization process relies on the following pavement attributes: 
7. remaining 18K ESAL, D-crack factor, structural rating from deflection 
testing, pavement width, rut depth, PSI deduction, longitudinal profile value, 
and average PSI decrease over the past six years. 

This information is gathered for all sections of Iowa's rural primary.  
- highway system and values are assigned based on the values of the eight 

attributes listed above. 	The result is an index listing which ranks each 
rural roadway section according to its performance characteristics. 
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REPORTS 
RELATED TO 

IS THE HOW THE 

WHAT ELEMENTS OR ACTIVITIES PROCESS PAVEMENT INSTRUCTIONAL 

CONTAINED IN THE IS THE COMPUTERIZED? MANAGEMENT MANUALS 

PAVEMENT MANAGEMENT PROCESS IF SO, TO PROCESS AND 

AGENCY 	IPROCESS FORMALIZED WHAT EXTENT? FUNCTIONS GUIDELINES 

Other outputs of the pavement management system include: 
Iowa (CLINT) 

- 	Section status which indicates present serviceability including such 
items as PSI, friction number, 18K ESAL, surface type, AIYT, struc- 
tural rating, etc. 

- 	Project history which includes cross-section information, aggregate 
and cement sources, date opened, mix type, subsequent rehabilitation 
projects, etc. 

- 	Pavement performance curves illustrating both system and project 
level experience over multi-year periods for selected measures of 
serviceability. 

Also under developnent are programs for project optimization and rehabil- 
itation modeling based on historical data and the projection of future 
pavement performance. 

Kansas Depart- Network & Project Level Condition Yes PMS uses large () (j,) 
ment of Surveys, Budgeting and Program, scale linear pro- 
Transportation Developoent using "Time Optimiza- gramming package 

tion," Maint. Needs Analysis, Pro- several support 
ject Design, Performance Projec- programs including 
tion, Research an LP Matrix Gen- 

erator, and sev- 
eral integrated 
data bases. 

Kentucky De- Current Pvmt. Mgt. activities in- Yes Yes. Almost all (iQ) 
partment of dude evaluation, project selec- measurements are 
Highways tion and develoçnient of pvmt. automatically re- 

rehab. strategies recommendations corded and stored 
Pvmt. evaluation activities at in computer for 
statewide system level include retrieval, sunmia- 
ride quality & estimated pvmt. ries, and analysis 
serviceability, skid resistance, Also all informs- 
visual condition ratings, and the tion and data used 
accumulation of traffic volumes, are computer stor€ 
and pavement fatique. and retrieved and 

summarized auto- 
_____________ matically.  

Maine Depart- Planning/Programming, Design, Con- Yes Yes - all network (II) (i., 12. 	Q) 

ment of struction, Maintenance evaluation data by Homogenous 
Transportation and Research Section, including 

Traffic, Age, Sys- 
tem, Distress & 
Serviceability and 
Miscellaneous Re- 
conmiendations of 
D.E., prior approv 
a]. of D.E. 	funds 

Maryland De- Visual distress survey, traffic Yes Manual data input - 	- - - (I) 
partment of roughness, and surface frictional data analysis, and 
Transportation characteristics report generation 

using IBM PC 

Massachusetts (Q2) 
Department of 
Public Works 

Michigan De- A project management system, Somewhat )nly Network Sur- (110) 
partment of A network management system, reys are compu- 
Transportation and a Data management system. terized 
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REPORTS 
RELATED TO 

IS THE HOW THE 
WHAT ELEMENTS OR ACTIVITIES PROCESS PAVEMENT INSTRUCTIONAL 
CONTAINED IN THE IS THE COMPUTERIZED? MANAGEMENT MANUALS 
PAVEMENT MANAGEMENT PROCESS IF SO, TO PROCESS AND 

AGENCY PROCESS FORMALIZED 1WHAT EXTENT? I FUNCTIONS I GUIDELINES 

Minnesota De- The data base contains condition Yes All of the data is - - - - (L31, 136) 
partment of ratings (roughness and distress) or soon will be 
Transportation pavement strength construction :omputerized. Also 

history, maintenance costs, traf- the process to re- 
fic (count and ESALS) & pvmt. :omend potential 
friction. 	Will also, when corn- rehabilitation 
plete, recoimnend potential rehab. candidates and 
candidates and the type of reha- the type of re- 
bilitation habilitation will 

be computerized 

Missouri State (ii) 
Highway and 
Transportation 
Department 

Montana Depart- Condition inventory; PMS data to Yes, but still Yes. Adopted CA (138) 
ment of High- users; pavement life determination; expanding. System. Store 
ways management reports on pavements; pvmt. condition 

"Candidate Projects Report Using inventory, pro- 
Selected Repair Strategy." duce candidate 

projects & costs 
using repair 
strategies and 
district priori- 
ties, all with 
computer. 

Nebraska De- At network level- Program manage- Yes Yes. It is about (i22 	.%2) 
partment of ment, Planning, Budgeting, Design 90% complete 
Transportation Monitoring Condition, Maintenance 

Nevada Depart- Annual pavement condition survey; Yes Yes. Compilation (jj, 	116) 
ment of Trans- Computer analysis of required of Condition Data 
portation pavement repairs; Rehabilitation Identification of 

project prioritization. repair strategies 
Calculation of 
project priority 
numbers. 

New Hampshire Initially used the following ele- It will be- Fully cornputeriz€. (37, 	) (141) 
Department of ments: come a formal- 
Transportation Roughness measured by Nays ized system. 

Meter Primarily for 
Cracking - subjective opinion resurfacing 

of pvmt. experts. but has Dept. 
Rutting - 	" 	" 	" 	" 	" wide use in a 
Excess patching - " 	" 	" 	" 	" total Highway 
Foundation Quality - " 	""" Management 

Recently aquired an ARAN Vehicle System 
with IBM-PC A7 to speed the collec 
tion of data and process reports  

New Jersey Skid testing, Road Roughness Mea- Yes Skid and Mays (112, 	1l) 
Department of surements, Pavement Condition Data collected on 
Transportastiol (Distress), Ratings and Traffic Magnetic Tape. 

Volumes Condition ratings 
done by hand on 
forms 

New Mexico Pavement distress evaluations & Yes Only data hand- (9) 
State Highway pavement roughness surveys. 	This ling is computer- 
Department data is combined for a pavement ized 

rating which is used in project 
priority setting.  
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REPORTS 
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AND 
GUIDELINES 
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North Dakota Pavement evaluation, planning, Yes Yes, Mainframe (j) 

State Highway prograrmling, design, construction, data storage, 

Department maintenance, prioritization IBM PCA7 	Data 
Analysis 

Ohio Depart- Pavement Condition Rating (PCR), Partially Priority Ranking (i) 

ment of Present Serviceability Index (PSI) on a Project, 

Transportation Skid Resistance, Truck Traffic, Level for Multi- 

Engineering Judgement lane Highways 
Base of Data on 
Computer  

Oregon State Pavement Condition Ratings, Yes Statewide data (117) 
Highway Divi- Pavement Management System Index bases on micro- 

sion (PMSI), Life Cycle Program (Net- computer and 
work Level. Prediction Model) mainframe, can be 

tied to digital 
computerized 
mapping analysis 
system. 

Pennsylvania Pavement design, Evaluation, Data Yes Full system under (38, 86-88) (ml) 
Department of base, Management developnent for - 	- 
Transportation Oct. 1, 	1986 

Startup. 

South Carolina Condition Survey, Rideability, Yes Condition Survey 
Department of and Structural Adequacy & other data key 
Highways and punched into com- 
Public Trans- puter and Pave- 
portation ment Condition 

Index (PCI) de- 
termined by com- 
puter process  

South Dakota Sufficiency ratings, profilometer, Individual The process is () 
Department of dynaflect, skid, accidents, traffir programs or made up of a bank 
Transportation geometrics, age of grade and sur- documented but of computer pro- 

face, PSR, maintenance costs, de- documentation grams plus phases 
termination of type of improvement of the overall that require 

to be made, project ranking, esti- process is not manual analysis. 
mates of costs using units and completely Overall process 
current prices, listings of pro- documented. 	. is not completely 
jects by deficiencies, lists of documented. 
prioritized projects, and antici- 
pated improvements with cost for 
each project on the state highway 
system over the next 20 years. 
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REPORTS 
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AGENCY IPROCESS IFORMALIZED WHAT EXTENT? I FUNCTIONS GUIDELINES 

Tennessee Note: 	TDOT is purchasing a van 	Not Yet 	Being Computerize4 	(2.) (1146) 
Department of equipped for automated data 
Transportation collection. 	The following information is collected, in the field and recorded 

on magnetic tape for computer analysis. 

Pavement roughness 	 5. 	Curve radius and super 
Rutting depth 	 elevation 
Type and severity of distresses 	 6. 	Transverse pavement profile 
Grade and Cross-fall 	 7. 	Video log inventory 

Software is being developed for IBM Personal Computer that will generate the 
following reports: 

Ride/Roughness 	 6. 	Curve Radius 
Surface Distress Rating 	 7. 	Resurfacing, Rehab. and 
Rutting Condition 	 Mtce. Needs 
Grade and Cross-fall 	 8. 	Project Priority Rankings 
Shim Quantities 	 9. 	Safety Analysis 

Texas State Annual Visual and ride evaluation No Yes, standardized (±j, iI) 
Highway De- of approximately one third of the computer reports 
partment and State Highway System are the result of 
Public Trans- manually recorded 
portation data that is key 

entered to the 
mainframe 

Utah Depart- Preconstruction, Planning and Pro- Being Formal- Is in the process (63) 
ment of granmdng, Construction, Mainte- ized of being devel- 
Transportation tenance, Materials, Research, and oped. Pvmt. condi- 

Monitoring tion survey is 
computerized  

Vermont Agency Pavement Inspection, Evaluation, It is computerized (.) 
of Transpor- Priority Determination, Treatment 
tation Type, Cost Estimation, and Pave- 

ment Section, and Project Moni- 
_______________ toring  

Virginia De- Condition Surveys, Skid Testing Yes Fully Computerize (jj, 	) (1148) 
partment of Deflection Testing, and Projections 
Highways and 
Transportation  

Washingtoi'i De- Developoent of Pavement Priority Somewhat Yes, Fully (i) 
partment of Array, Review of the Rehabilitation 
Transportation Program, Analysis of General Pro- 

gram and needs, Monitoring of sys- 
tem conditions as well as projec- 
tion of future condition  
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REPORTS 
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IS THE HOW THE 

WHAT ELEMENTS OR ACTIVITIES PROCESS PAVEMENT INSTRUCTIONAL 
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AGENCY PROCESS FORMALIZED WHAT EXTENT? FUNCTIONS GUIDELINES 

Wyoming State A computerized data base of over The generation Yes. 	The recom- () 

Highway De- 7,000 roadway sections is the heart of reconaenda- mendation process 
partrnent of our pavement management system. tions will be is 100% computer- 

A computer program is being de- formalized. ized. The imple- 
veloped to prioritize those road- The actual use mentation process 
way sections based on pavement sur- of reconinenda- is 100% District 
face conditions. tions is at the Engineers' gut 

District Engi- instinct. 	In the 
neers' discre- past, the District 
tion. 	PMS is Engineers have 
seen as a tool usually accepted 
to be used by our recomenda- 
the District tions. 
Engineer.  

District of Monitoring, Budgeting and Program- Yes All streets are 

Columbia De- ming, and Research stored in Main- 
-. frame computer 

block by block, 
Info. on pvmt. 
type, curb, gutter _____________ 
sidewalk layer 
thickness, block length, pvmt. 
condition, classification, ADT 
etc.  

Alberta Pavement Information and Needs Yes Yes, pvmt mgt. on (127, 128, 	) 

Transportation System (PINS) & Rehabilitation Network Level in- 
Information and Priority Program- cluding economic 

ming System (RIPPS) analysis and 
optimization 

New Brunswick Data Base includes strength, ride, To a degree in Data Base is com- 

Department of surface age, traffic volume and early stages puterized along 

Transportation composition. Deficiencies and pri- with basic de- 
orities are established at Network ficiency and 

Level only Priority Identi- 
fication Package  

Ontario Minis- Major Maintenance (ie crack seal- Not completely Currently being (2) 
try of Trans- ing, patching) and rehabilitation computerized 
portation (overlays, recycling, etc.) 

Saskatchewan Condition surveys - based on sec- Have a formula Annual programs, 
Highways and tions of concern from Maint./Dis. procedure to ride, deflection 
Transportation Personnel. 	Annual ride measure- establish systems are com- 

ments, and maint. activities and future needs puterized and 
levels and (Deflection data) on long range pro- 
rehab. candidates for design pur- jections are 
poses only.  computerized  

San Diego Visual Survey, Road Rating Yes Totally with us- 	() 	 (Q) 

County, CA tings of all factors and reconnnenoed treatments 



TABLE A-5 OUTPUTS, EFFECTIVENESS, AND BENEFITS 

EFFECTIVENESS AND 
OUTPUTS. WEAKNESSES 

-.  BENEFITS 
WHERE . . REPORTS FROM REFERENCES 

AND HOW DOCUMENTING HOW COST WHAt PAVEMENT DOCUMENTING 
AGENCY TYPES USED OUTPUTS EFFECTIVE EFFECTIVE? WEAKNESSES? MANAGEMENT BENEFITS 

Alabama High- Prioritized Lis- Final Stages of De- -. 	- 	- 	- Unknown at Unknown at Unknown Unknown 
way Depart- tings of Highway velopnent this time this time 
ment Systems for Re- 

surfacing & Re- 
_____________ habilitation.  

Arizona De- Pavement Condi- Used in decision ma- (fli, 	) In use Yes, See Difficult to distin- Dollar savings for- (iii,153) 
partment of tion now and f u- king process by mgt. since 1980 References guish need between malized process, thu 
Transporta- ture traffic, with pvmt. mgt. & with good reconstruction & reducing internal 
tion maint., etc. by Districts support preservation disagreement. 	See 

References 

Arkansas Printouts by route Used to determine () More effec- Yes Needs to be tied to Prioritize projects 
State High- and section prior- priorities for 14-R tive as maint. program activi- 
way and 	. ity etc. of pave- program, assist in program de- ties and effectiveness 
Transporta- ment condition determining overlay velops Needs prediction capa- 
tion Dept. ratings. program priorities. bilities. 

California See reports docu- Candidate locations (n., 	.) Very effec- PMS costs Data dollection is Knowledge that re- 
Department of menting outputs are used to organize tive about 0.257. time & labor intensive habilitation & 
Transporta- (in, 	) and prioritize pro- of total an- Anticipate industry maint. funds are be- 
tion (CAL- jects. PMS identifies nual rehabil- will soon develop ap- ing expanded in a 
TRANS) locations. Districts . itation bud- propriate automated consistent manner 

organize projects get. equipnent. statewide. 	Ability 
to analyze pavement 
performance since 
1978, value 	will 

• increase as history 
lengthens. 

Colorado See References (ia) Currently The feeling A great deal needs tobe It has enhanced Dept's - - - - 
Department of Documenting out- not used at is "yes" done in impl. portidns credibility. 	An inte- 
Highways puts () full effec- although no of NOS, especially gral part of a fund- 

• tiveness analysis has in strategy recom- ing request package to 
been done. mendations. the Legislature. 

Strengthening the data 
collection process. 
Systemized and coord- 
inated network level 
efforts. 
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WHAT 
WEAKNESSES? MANAGEMENT BENEFITS 

Connecticut Network score for Will be used to de- (Q) Not yet - 	- - - - The initial, benefits - - - - 
Department of every PM section; termine amount of implemented include acquisition 

Transporta- Optimum expendi- funds required for of personal computers 

tion tures per year for various treatments & software, develop- 
network and to select pvmt. ment of mainframe pvmt. 

sections & specific . mgt. programs to re- 
rehab/maint. options structure and tie 

together existing 
pavement data, and 
development of a pave- 
ment condition rating 
method which utilizes 
photolog images. 

Delaware Prioritizes us- To generate resur- - - - Moderately It probably Lack of data base so Better prioritized - - - - 
Department of tings by different facing -programs for isn't saving that pvmt. life can resurfacing programs 
Transporta- rating systems - presentation to staff money yet. be projected - not 
tion resurfacing cost and Legislature. used to provide life 

data. cycle costs and 
design data. 

Florida 	. Outputs from the - - - FloridaEOT - - - - Need to modernize and The benefits associa- - - - 
Department of pvmt. mgt.. process has an inte- update pvmt. condition , ted with the PMS are 

Transporta- include: Detail grated PMS survey techniques to difficult to quantify 

tion. 	. listings from the 

- 
that is con- increase the quality However, the integra- 

pvmt. condition stantly e- of the data and reduce lof tion 	the files, an 

survey. Detail volving. the expense. enhanced awareness, 

Traffic data, bud- and better data with 

get information, which to respond to 

the work program. questions and needs 

The list is exhaus appear to be issiiedi- 

tive. 	Many special ate benefits. 

outputs are gener- 
ated by integra- 
ting pvmt. mgt. 
files and writing 
ad hoc programs 
against them. 
These are genera- 
ted in addition to 
their routine per- 
iodic reports . 

are compiled.  
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EFFECTIVENESS AND 
OUTPUTS WEAKNESSES 

BENEFITS 
REFERENCES  

WHERE REPORTS FROM 
DOCUMENTING 

AGENCY TYPES 
AND HOW 
USED 

DOCUMENTING 
OUTPUTS 

HOW 
EFFECTIVE 

COST 
EFFECTIVE? 

WHAT 
WEAKNESSES? 

PAVEMENT 
MANAGEMENT BENEFITS 

Georgia lavement rating, Determining Pave- - - - Good 	Yes Not yet able to evalu- Consistent selection 	- - - 
Department of ccident surenary, ment Resurface Needs ate, of resurface needs, 
Transportatio oad Characteris- High accident loca- selettng locations 

tics, Traffic Data, tions, Road Charac- for improvements be- 
2st Roadway Im- teristics & Traffic cause of high acci- 
rovements & Date Volume, dent experience. Pro- 

vide Federal Data re- 
porting require. Linking several inf 
systems to conreon data base. 

Hawaii Depart Costs, Compatible Used as a guide to () Moderately Yes The low volume roads Used toobtain mor 
from 

- - - 

ment of Strategy and Ra- prioritize resur- effective- will never get a high appropriation 
Legislature. 

Transporta- ting facing by the dis- priority 
Funding is distri- 

tion stricts and to ap- 
propriate fundings buted more equally 

by districts, among the districts. 
Generally the low- 

est rating pavements 
are resurfaced. 

Idaho Depart- Network Level: Used by Districts as (i.) Still needs Not known Main weakness is in Benefit obtained so 
far is 	data base of a 

- - - 
ment of Pvmt conditions - input in preparing minor re- yet. field testing - pro- 

pvmt. conditions that 
Transporta- List of pvmt sec- maint. programs. visions to blems unit, testing 

help evaluate pvmt. 
tion tions ranked in Annual Interstate be fully ef- equipnent - especially 

performances with tire 
priority for re- conditions reported fective. - the Cox Roadmeter. 

More benefits are ex- pair. to FHWA 
pected when the eco- Project Level: nomic analysis & Overlay thickness optimization model recorrinendations. completed (near f u- 
ture) 

Illinois Pavement condition Project planning & (flj) Becoming in- Yes, to the Present systems lack a Gives IIXYT an overall - - - 
Department of rehab. 	info. , - progranrning, Design creasingly 

effective 
extent it 
can be used 

cormnon reference scheme 
& a cormnon data base. 

perspective on the 
condition of the high- 

Transporta- project planning Analysis. This is in the process way network & allows 
tion. strategies. of develoçeient. analysis of operating 

policies & procedures. 

Iowa Depart- Computerization of The data base refer- (i, i-i) As the sys- No specific Pavement Management The primary and irrere- - - - 
ment of the system is a ence system for the tam contin- benefit/cost System problems and diate benefit of the 

Transporta- necessity due to Iowa Pavement Man- ues to de- data has been weaknesses are as system, as it exists 

tion the large number agement System was velop and developed for follows: today, is' that it pro 

of system miles established in such becomes more the system at Developnent probably 
vides the same accur- 

(over 10,000) and a fashion that info, refined, this time; would have occurred 
ate and up-to-date 

the huge amount of is available to any increased however, an more rapidly under the 
pavement performance 

Listorical data person in the organ- benefits are estimated de- direction of a desig- information on all 

aintained for ization with main- being real- velopnent nated staff and re- 
pavement sections, 

analysis purposes. frame access and the ized. Pro- cost of ap- sources rather than 
thus providing for 

System outputs in- proper logon codes. ject prior- proximately through the utiliza- 
the rational prioriti- 

.lude the follow- Items 1-6 are con- itization $250,000 is tion ofa committee zation of projects an  
ing: 	1. Pavement I tinuously available data in the accumulated , approach. 

a sound basis on whicl 

I  __________ 
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USED 

Iowa (co'r) Status for informational form of the primarily prograflifling decisions 

Pavement Control purposes and are pvmt. mgt. from computer Data processing man- can be made. 	Less 

ectionS used primarily on a matrix us- programming power requirements are tangible, but possibl 

. 
Section Matrix project level basis. ting is now and manual greater than available of greater benefit, 

alues Matrix Reports (item in its 3rd searches supply; thereby neces- will be the develop- 

Matrix Limits 7) are updated an- year of use through pro- sitating schedule ex- ment of long term 
nually and are used and each yr. ject history tensions and delays in rehabilitation stra- - 

5. Project History by upper level sian- it has pro- files. Oper- developnent. tegies 	which can be 

lot agers for budgeting vided mana- ating costs, Decision criteria used 
developed from anal- 

Project History and programming gers with on an annual in the progranining pro 
yzing performance data 

Screen purposes. 	Items 8 more refined basis, in- cess are not well de- 
for various pavement 

Four Matrix Re- and 9 are used for thorough & dude data fined or documented 
designs and conditions. 

ports, 	8. PSI researching past & pertinent collection, 
with regard to the use 

Proper decisions now 

rend Tables & present pvmt. data for analysis & of pavement management  
can mean millions 

raphs performance trends im alinistra- information. of dollars of savings 

Network Level and to help develop and other tion costs, in the fut.jre years. 
Rehabilitation appropriate rehabil- decision- This cost is 
ModelingMapS. itation strategies, making pro- estimated at 

Optimization both on a project cesses. $225,000 for 
Listings. and network level in-house 

basis. 	It is a,tici- salary and 
that item 10 support. r~ed 

timization Pro- 
grams), when fully 
developed, will be 
used to aid in the 
selection of design 
alternates that will 
optimize life-cycle 
costs on a project 
level basis.  

Kansas Depart- Selects sets of ac See Reference () (, 	) In implemen- No data avail Time optimization model1 Data is not yet avail- 
is complex and diffi- 	able relatire to the 

- - - 

ment of Tran- tions that produce tation stage 
data a- no 

able except 
for network cult to understand. 	optimization models. 

sportation best total perfor- 
vailable survey. 	It Sophisticated computer l However, objective 

mance for fixed resources needed 	annual network survey 
budget. 	Evaluates data available for the 
and selects rehab. 1 past 4 years has been 
strategies. useful in establishing 

system needs and has 

I improved the effec- 

I I 	
tiveness of rehab. pro 
granining.  



It is an extremely 
capable and flexible 
system but its presen 
weakest areas are au-
tomation, software 
development & staffin, 

Avg. rating  of pro-
posed projects used 
in a ranking pro-
cess. Outputs also 
informally used to 
project future con-
dition levels and 
and Budget needs. 

It is an 	N/A 
emerging 
system that 
has not to 
date been 
operational 
ly used 

V 

Michigan De- Avg. ratings 
partment of & deficiency per- 
Transporta- centages of uni- 
tion form sections. 

Uniform sec- 
tions listed in 
order of avg. 

ratings. 3- Dis- 
tribution of pvmt. 
rating and pvmt. 
type. 	4- Distri- 
bution of pvmt. 
rating for each 
pvmt. type. 	5- 
Cross-ref erence 
for cumulative 

Identifying condition 
trend of the network 
& relative condition 
of pavements in each 
dist. Can now fore-
cast condition level 
that will result from 
current budgets. 

Can now determine mix 
uf short, medium and 
long life fixes that 
will enable achieving 
condition goals at 
least cost. Can now 
provide answers to 
management questions 
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AGENCY 

OUTPUTS 

WHERE• 
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WEAKNESSES 
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IBENEFITS 
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PAVEMENT 	 DOCUMENTING 

MANAGEMENT  

Kentucky De-
part, of Tran-
sportation. 

Condition ranking Scheduling improve- 	158) 
of pvmts, overlay ments. consequences 
needs, costs and of delays. 
treatment types. 

Highly ef- Absolutely 
fective 
Because mos 
outputs are 
used by the 
organizatio 

Program is inadequate 
to deal with recogniz 
needs (Understaffed 
and lacks certain e-
quipaent) 

Main benefit is quan- (2) 
tification of pave- 
ment conditions and 
improvement needs, 
ranking of pavements 
for improvements, and 
allocation of resur- 
facing monies to high- 
way districts. 

Maine Depart- 1) Network level For the F.A.P., Out- (ia., 12 	11, Considering Yes, and Needs to be refined .1- Justification for (73) 

ment of Tran- needs by Dist. by puts used by field 78, 81, 82, PMS only in should in- at the project level increase in state 

sportation System - Includes evaluating teams ) effect 5 crease with by recognizing alter- funds. 	2- Ability to 

miles of each typE from the control of- years; its time, natives generated by transfer Federal funds  

of improvement as f ice to identify can success and life cycle analysis. from Interstate 4R to 

well as secondary didates and to final acceptance Needs improved data primary as justified 

and tertiary op- ize 2 year program has been be- for better assignment by needs. 	3- Ability 

tions. 2) Project selection. 	For stat yond expec- of strategies at the to distribute funds 

selection level- capital improvements tations. project selection for State projects to 
candidate lists and maint. & paving level, district based on 
developed for ea. program they are To integrate better needs rather than al- 
District/System, similarly used by with maint. mgt. locating funds equall' 
3) Project level- Dist. personnel to (ie. 1/7 each for 
future. establish 2 year 7 districts) 

program. 
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AND HOW DOCUMENTING HOW COST WHAT PAVEMENT DOCUMENTING 

AGENCY TYPES USED OUTPUTS EFFEcTIVEJEFFETIVE? WEAKNESSES? MANAGEMENT BENEFITS 

Michigan CDNT roadway and con- . regarding condition, 
trol mile posts of budgets, and cost- 
uniform sections. effectiveness of.fix 
6- Listing of types. 
pvmt. rating of 
each 500 foot seg- 
ment. 

Minnesota Present condition Used by Dists. and (161) It is being - - - Length of time neces- i A process to priori- 	- - - 
Department of of the pvmt. net- Prograirning to pri- used to sary to computerizc 	tize resurfacing pro- 
Transports- work and soon a oritize projects for make deci- portions of it & to 	jects & also getting 
tion. prediction of when the resurfacing pro- sions. develop and implement 	people to think in 

a pvmt segment gram. the final stages has 	terms of pvmt. life 
will need rehab- been frustrating. 	cycle costs when corn- 
ilitation. paring rehabilitation 

alternatives. 

Montana De- Pvmt. condition Dist. rehab. proj. () Medium, So far PMS repair strategies A better picture & (162) 	- 
partment of inventory. Candi- nominations, maint. still devel- not correlated with increased interest in 
Highways date projects; costs & documenta- oping, first actual activity very highway conditions. 

Dist. priorities. tion; planning - inventory well, not acquired Interest in monitor 
"Cracking," "Rut- progranining; admini- completed ir respective cost con- ing PMS distress, bet- 
ting", severity & stration - decision 1984 fidence. ter administrative 
extent (inventory) making perception of highway 
Thin "overlay & benefit/cost. 
patch", "cost". 
(Candidate pro).) 
(Priorities) 

Pvmt. condition ebraska Used as guidelines ) Too early Yes Present system not yet Ininediate review of 
Department of surrnnary, maint. for development of to evaluate capable of optimization current road condition 
oads cost report, de- work program (minimization life Evaluation of needs. 

tail distress, cycle costs) Guide is setting 6 
pvmt. mgt. Strate- year program. 
gy/cost. 

Nevada De- Pavement condition Preparation of an- (18) Very effèc- Yes Pvmt. Performance with Network level analysis 
partment of Report; repair nual maint. pro- tive sys- respect to time must has proven to be an 
Transporta- strategies by ea. grams. Development tem to be established to de- excellent tool to 
tion. mile; Prioritized of 3R Project Pro- manage velop Network Optimi- quantify the Dept.s 

list of candidate gram. state road- zation Program. needs for additional 
3R Projects. ways. funding for pvmt. mainS. 

and the 3R Program.  

New Hampshiie Although in prelim Surfacing program (i) Too early To be deter- roo early to tell. 	Increase in gas tax (51, 	16) 

Department of stages, expect a recomendation, to tell mined I for 1981 for resur- 
Transporta- prioritization by Project & System I 	facing. 
tion PSR by Division Level Analysis Re- 

for resurfacing ports, to Legisla- 
and to assist in ture. 
reconstruction pro 
gram. 

10 



TABLE A-5 (Continued) 

EFFECTIVENESS AND 
OUTPUTS : WEAKNESSES 

BENEFITS 
WHERE I REPORTS FROM REFERENCES 

AGENCY 
AND HOW DOCUMENTING HOW JCOST 1WHAT PAVEMENT DOCUMENTING 

TYPES USED OUTPUTS EFFECTIVE EFFEcTIVE? WEAKNESSES? MANAGEMENT BENEFITS 

New Jersey Skid test inventor Establish resurfac- (, 1(6) Good for Unknown .ack of roadway func- 1- Removing the sub- - - - - 
Department of pvmt. rngt. priorit ing & pvmt. rehab. establish- tional classifications. jectives from pvmt. 
Transporta- list for resurfa- projects & priori- ing resur- Lack of economic model rating. 	2- accompli- 
tion. cing needs, ties for the Bureau facing needr to determine different shing the higher 

of Naint. & Division and priori- strategies. priority work first. 
of Design. ties. 3- Background data 

for budgets and in- 
creasing highway fun- 
ding for resurfacing 
or pavement. rehab. 

New Mexico System states re- System states data - - - Somewhat Yes It is not sufficiently Has forced a signifi- - - - - State High- ports and project have been used in advanced to optimize cant effect to purify way Dept. priorities can be presentations to expenditures for pvmts. the data base, has produced increase statelevel provided a more con- 
dept. funding. sistent pvmt. evalua- 

tion process and has 
caused some dept. em- 
ployees to realize 
that their activities 
affect pvmt. rngt.  

North Dakota Existing Condition Preliminary Design (j, 	) Increasing - - - Lack of structural in- Quantitive Condition - - - 
State High- Geometric Deficien Reviews, Progranmiing influence ventory, Department Assessment 
way Dept. cies. wide acceptance 

Ohio Depart- Statewide priority Districts use the (.) Too early tc Too early to Difficult to establish Improved comunica- - - - 
ment of Tran- ranking and Dis- output to prepare evaluate evaluate a workable data base. tions between Researci 
sportation. trict priority 2-year major rehab. I Planning, Design and 

ranking. programs. rlaint. Bureaus. 
Complete inventory of 
our multi-lane sys- 

_________________  tem. 
Oregon State Cost and condition As a progralmling (3) Yes, it is Yes Need better information Supplemented const. & U2.) Highway suninaries (past, tool for 6-year germaine to on pvmt. performance maint. programs with a 
Division present, forecast) Highway Improvement planning in order to refine special state-funded 

Program to aid prediction models. pvmt. preservation pro 
prioritization and gram. 	Highway system 
allocation of funds, conditions have shown 

overall improvement 
during last 3 years  

Pennsylvania Naint. & project Used to plan maint. (87, 88) Presently Yes Full potential and Department of planning, budget- activities, develop vary developeent still evol- Savings in manpower, () 
Transports- ing, funding app. 4-R Program ving. more rational planni ng 

& prograimiing . 
South Caro- Prioritized roads Priority progranining - - - Moderate Unknown at Does not include Life 1- Optimum use of - - - 1mm Depart- by pvmt. condition this time, Cycle Costs available funds due to ment of on the Primary & prioritization of Highways & Secondary System. road system. 	2- Inval Public Trans- uable in keeping the portation. Legislature informed 

concerning condition 
of roads in their jur- ____________  
isdiction. 



TABLE A-S (Continued) 

EFFECTIVENESS AND 
OUTPUTS WEAKNESSES 

BENEFITS 

WHERE REPORTS FROM REFERENCES 
DOCUMENTING 

AND HOW DOCUMENTING HOW COST WHAT PAVEMENT 
BENEFITS AGENCY TYPES USED OUTPUTS EFFECTIVE EFFECTIVE? WEAKNESSES? MANAGEMENT 

South Dakota Needs analysis & - -. - Quite ef- - - - By necessity, the pro- We are now programming 
Department of project analysis fective cess was developed in projects objectively 
Transporta- reports, individual stages which resulted on a statewide basis. 
tion improvement costs in a large number of Political input to pro 

for each project. programs each perform- gramaing is at a mini- 
Year of needed im- ing a specific function mum. 	All state high- 
provement, & prior ways are evaluated 
itized lists of using the same criteri 
projects. Future needs are based 

on realistic costs & 
types of improvement 
which will actually be 
cons truc ted instead 
of wish lists based on 
ultimate designs that 
are fiscally not fea- 
sible. 	The Department 
has gained a sense of 
credibility with the 
public and the legis- 
lators.  

Tennessee Project Listings To select projects () Not sure Think so. Seem to be moving top I Have been able to 
better cootdinate 

- - - - 
Department of with priorities, for rehab. or over- yet. slowly in getting it various pavement ac- 
Transporta- Mileage sunsnaries lay. 	Identify major underway. tivities within each 
tion by rating categor- maint. needs, budget division. 	Have been 

ies and deficiency preparation and able to get increase 
type. justification. in fuel tax for im- 

proving maintenance. 

Texas Depart- 3tandard reports or Currently reports srI (jj,  1146, 	171) Provides in- Yes, but au- Could be more useful if Feet can reasonably - - - 
ment of High- AS generated re- provided for info, sight to tomated data sample size is in- determine the current 

says and orts are avail- only. changes in collection, creased. 	No structural condition and the 

Public Trans- able. system. would reduce index, and historical rehabilitation needs 

portation costs signi- index, of the state network. 

ficantly.  

Utah Depart- In the develoçmen- Used in preliminary (.) It is be- Yes intui Still in develoçmental Opening up cormnunica-

Isions ment of tal process. project identifica- coming very tively but phase. 	Not totally tions between divi- 

Transporta- tion and general effective hard data implemented. and/or districts 

tion. system condition & not avail- plus an increased 

needs. able. awareness on the part 
of upper management 

i of the Pavement 
Management Process.  

Vermont Agen- 5ection Ident. No., Route No., Town(s), It is all - - - The computerization 

cy of Trans- 3egin and end Mile Markers, Length, Sys. right. 	It is is an absolutely deci- 

portation and Federal Aid Eligibility, Annual Avg. at least a 
ded advantage over 

'raffic, Percent trucks, estimated Cost, start. 
- previous methods. Per- 

'roposed treatment, number of accidents mitting retrieval of 

.n last 5 years and project priority historic base materi- 

mumber. als. 



TABLE A-S (Continued) 

EFFECTIVENESS AND 
• OUTPUTS WEAKNESSES 

BENEFITS 
WHERE REPORTS FROM REFERENCES 

• AND HOW DOCUMENTING HOW COST WHAT PAVEMENT DOCUMENTING 
AGENCY TYPES USED OUTPUTS EFFECTIVE EFFECTIVE? WEAKNESSES? MANAGEMENT BENEFITS 

Virginia De- Pavement listing Prioritizing pave- (jj, Very effec- Yes Secondary system is not Better inventory of - - - 
partrnent of by section ment sections for tive fully developed, rigid 1pavements and their 
Highways and overlays and the al- pavements are yet to 	1condition, better 
Transporta- location of funds. be included, 	 i means of allocating 

funds and establishing 
'priorities, and doc- 
umentation of pavement 
data. 

Washington Condition surveys, The outputs are used (122 	123, Quite effec Yes 
Development 	Rehab- of State Depart- Project Specific to develop the pri- - tive. - - - 

ment of Performance Curves ority array as well ilitation Program, 
Transpor- etc. as evaluate the con- analysis of funding 
tation dition of the high- needs, monitoring of 

way system and the pavement condition 
rehabilitation pro- with time on project 
gram level as well as the 

network as a whole. 

Wyoming State A computer listing - - - Do not know Do not know The system presently • - - - 
Highway Dept. of all roadway • at this tiME at this time being prepared for im- 

sections by system, plementation is strict- 
oute, and mileposi ly a prioritization 
,ith a condition program. 	Hope to in- 
tate and a recom- corporate life-cycle 
ended rehab.' curves and the ability 
strategy for each to predict pavement 
section. failure into the pro- 

gram at some future 
date. 

District of Streets sorted by P.M. acts as central (,) It has been The program is in its Provides list of - - - - 
Columbia De- location, quadrant, nfonnation source very effec- early stage and have streets 	by condition 
partment of ward, pavement and provides informa- tive in not yet started collec- for budgeting and pro- 
Public Works condition, mileage tion and reports to monitoring, ted data to effectively granming. Investigate 

report, etc. the various depart- budgeting, to use for selection of citizens complaints 
ents, divisions and and pro- rehabilitating, lacks and respond according- 
itizens. granining cost data, lacks effec- ly, keeps track of 

tive coordination of Streets scheduled for 
various departments, rehabilitation, corn- 
etc. pletion data and con- 

dition of LTPM. 

Alberta Trans-1- Network Status For planning and pro-- Very Effec- Yes Long Term planning and - - - - portation Report & Histogram graming. 	Rehabili- tive. progrannaing rehabilita- Suninary. 	2- Net- tation activities for tion actions, effect of iork Needs Report short and long term, deferred action. by Highway and 
'eeds, 	3- Rehab. 
nalysis, 	4- Net- 
Tork Sunmiary under 
two modes by opti- 
ization. 



TABLE A-5 (Continued) 

EFFECTIVENESS AND 
OUTPUTS WEAKNESSES 

BENEFITS 

WHERE• 	 REPORTS FROM REFERENCES 
DOCUMENTING 

AND HOW 	 DOCUMENTING HOW COST WHAT PAVEMENT 
BENEFITS 

AGENCY TYPES 	 USED 	 OUTPUTS EFFECTIVE EFFECTIVE? WEAKNESSES? MANAGEMENT 

New Brunswick List of deficient Used to develop and Too early Don't know Surface distress & Too early to tell. If - - - - 
Department of sections. 	Priorit recommend 5 year pro- to tell, yet. maintenance costs are nothing else, it has 
Transpor- List for rehabili- grain for rehabilita- weak points in data served as a means of 
tation. tation work. tion at Network Level base. 	Pavement Life bringing seriousness 

'etwork Level Ana- Cycle Cost Analysis not of situation to senior 
lysis. yet possible. management and has ob- 

tained support for fur 
ther developnent. 

Ontario avement perfor- Planning & Program- Time will Hopefully None. Coordinate and inte- - - - - 

Ministry of nance History ie. ming. tell, grated plan and pro- 

Transporta- xtent and severit3, gram looking at per- 

tion and 3referred and al- formance on all sec- 

Coninunica- ternative strate- tions from beginning 

tions. ies. to end of their lives. 

Saskatchewan Ride by Section, Ride outputs are 	(176-181) 	Department  -- - - - Weakness in system is Pavement Management - - - - 
ighways and System, Pavement used by field and 	 maintain a overall system status enables department to 
ranspor- type, district Head office staff to 	 large sys- and road user cost evaluate alternative 

tation and province. De- 

-  

monitor and maintain 	 tern on a 

- 

optimization is not strategies, change 
flection by read- average and minimum 	 per capita available on a routine direction-and empha- 
ing with standard ride levels on sys- 	 basis for basis. sis. 	Eg. mihimal 
statistical anal- tern. 	Other outputs 	 low cost maintenance to exten- 
ysis by section. are used 	 er capita sive maintenance, 

Spread sheet of to develop budgets 	 expenditures stage pavement from 

annual program, and strategies. 	 The depart- full design. 	The use 
ment has of pavement manage- 
been able ment enables an agency - 
to reach to to measure effects of 
changing alternative strategy 
age profile and plan for these 
of system & effects when the 
systemati- strategy is iinplemen- 
cally in- ted. 

ment reha- 
- bilitation 

programs. 

San Diego Recoinnendations By the field mainte- 	(i2) Very effec- Yes Second stage would pro- Effective use of 
County, Calif.  for AC Recaps, nance personnel, 

crease pave- 

tive. vide long range pre- 
dictions and solutions. 

approximately 
armor seals, crack largely for develop- $10,000,000, annual 
seals, etc. ing budget projects. funds for special 

maintenance. 
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APPENDIX B 

ORGANIZATION CHARTS 

Table B-i Alabama 

Table B-2 Arizona 

Table B -3 Montana 

Table B-4 Utah 
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MONTANA 
DEPARTMENT OF HIGHWAYS 

PROGRAM DEVELOPMENT DIVISION 
STAFFING CHART 
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APPENDIX C 

PAVEMENT MANAGEMENT POLICIES 

Table C-i Indiana 

Table C-2 Kansas 

Table C-3 Utah 
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C-i INDIANA 

Policy 6-6 
REV: November 7, 1985 

PAVEMENT MANAGEMENT COMMITTEE 

I. POLICY: 

The Indiana Department of Highways (DON) shall develop a Pavement 

Management System to ensure good pavement management practices. 

GuIDELINES: 

A Pavement Management Committee shall be established. The 

committee consists of the following positions: 

Deputy Director, Engineering 6 Management Services - Chairman 
Chief Highway Engineer 
Chief, Division of Maintenance 

Chief, Division of Reseach & Training 
Chief, Division of Planning 

Chief, Division of Computer Services 
Pavement Management Supervisor, Secretary 

IMPLEMENTATiON: 

Pavement Management Committee: 

The Pavement Management Committee is responstble for 
developing a Pavement Management System. 

The committee shall encourage the implementation of good 
pavement management practices. 

Tlic committee is responsible for the dissemination of 

pavement performance and cost experience information. 

The committee shall establish a Pavement Management 
Organization Chart. 

Essential iniformetion required to maintain a Pavement 
Management System consists of the following: 

Geometrics 

Yraffic (new and future) 
Structural Capacity 

Ride Quality 
Surface Condition 

Skid Resistence 

Drainage Characteristics 
Unit Costs 

Resources 
)dentificatton 

Network Partitioning 
(1) Data Archiving 

(a) Analysis Programming 
Program Design 

Data Base 
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C-2 KANSAS 

SUBJECT O. PAGE 

KANSAS DEPARTMENT OF TRANSPORTATION 

STANDARD OPERATING MANUAL
01.00/0 

	 EFFECTIVE 

SUBJEcT 	
CODE 	 DATE 

PAVEMENT MANAGEMENT SYSTEM 	 SOM0701 	12-12-85 

APPROVEDB 

SECTION prANNlNG AND 	

Yy4 

DEVELOPMENT - Directive 	 'Ve t 	o,.ansportation 

PURPOSE. To establish responsibilities, procedures, and guideline 
for the agency wide administration of the Pavement Management System 
(PMS) for the Kansas Department of Transportation,. 

BACKGROrJND. The Pavement Management System developed by the 
aiisas Department of Transportation consists of four main parts: 

2.1 The NETWORK OPTIMIZATION SYSTEM (NOS) models the hiçhway 
network to determine the action for each one mile segment of the 
'r:tire state highway system to produce the optimal statewide benefit. 
The system can operate in either a "desired performance" mode or a 

budçjt!t" mode. in the fixed budget mode, the system selects the 
sets of actions on all road sections that produce the 'best' total 
s'c;te:n performance for a fi::ed budget level. in the desired 
perrormance mode, the system selects actions to achieve the selected 
:.erformance level at the lowest cost. 

2.2 The PROJECT OPTIMIZATION SYSTEM (POS) serves two functions. 
irat, it is a comprehensive design system for pavement structural 

sections on new grades. Second, it utilizes site specific cost cud 
materials parameters to revise project scopes from the Network Optir,i-
ration System. Alternative rehabilitation strateges furs siugie pro-
ect or for grovps of projects which meet cost and performance con-

straints from the NOS are further evaluated. The POS selects tne 
strategy which minimizes the need for future maintenance. 

2.3 The DATA MANAGEMENT SYSTEM (DMS) consIsts of: the ar.nval 
pavement management survey results stored in the Pavement Manaeseflt 
Database in the Division of Operations; Planning Database items 
concerning geometric features, traffic, and other data; Priorit'j 
Optimization System outputs stored in the Office of Project Selection; 
and financial data such as inflation estimates prepared by the Office 
of Analysis and Evaluation in the Division of Planning and 
pe"elnpinent. Data are regularly transferred between these multiple 
data systems. 

2.4 The PRESERVATION PROJECT DEVELOPMENT COMMITTEE (PPDC 
dev'icps projects and preliminsr1' scope actions from the one mile 
segment output data from the Network Optimization System. 
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C-2 KANSAS (cont) 

SYSTEM 	Subject No. 0701.00/01 	 Page 2 of 3 

POLICY. It is the policy of the Secretary of Transportation that 
the Pavement Management System (PMS) will be used in conjunction with 
the Priority Optimization System to produce a set of statewide actions 
as part of a total highway improvement program that seeks to optimize 
system performance by obtaining the "best mix of preservation projects. 

RESPONSIBILITY. 

4.1 The Director of Planning and Development is responsible for 
the operational control of the Network Optimization System. 
Responsibilities include: 

4.1.1 Produce revenue forecasts. 

4.1.2 Establish parameters for NOS runs. 

4.1.3 Analyze effects of various resource allocation runs. 

4.1.4 Establish parameters for NOS five period runs. 

4.1.5 Establish desired performance level or fixed budget 
level 

4.1.6 Analyze system performance runs. 

4.1.7 Establish and manage the Preservation Project 
Development Committee. 

4.1.8 The Chief of the Office of Project Selection will 
provide leadership for the Preservation Project Development Committee. 
The Committee will consist of members from the Divisions of Operations 
and Planning and Development. Committee responsibilities include: 

4.1.8.1 Develop projects from NOS one mile segments. 

4.1.8.2 Establish list of projects. 

4.1.8.2.1 Finalize, year 1. 

4.1.8.2.2 Establish final 30. year 2. 

4.1.8.2.3 Establish final 70. year 3. 

4.1.8.3 Establish project scopes. 

4.1.8.3.1 Final scopes, year J. 

4.1.8.3.2 Tentative scopes, years 2 and 3. 

4.1.8.4 Request Operations Division reviews. 

PAVEMENT MANAGEMENT SYSTEM 	Subject No. 0701.00/01 	Page 3 of 3 

4.1.8.5 Incorporate results of Operations Division 
reviews. 

4.1.8.6 Identify projects to be analyzed by POS. 

4.1.8.7 Incorporate POS Run results. 

4.1.8.8 Obtain program approval. 

4.2 The Director of Operations Is responsible for operational 
control of the Project Optimization System. Responsibilities include: 

4.2.1 Collect additional site specificdata. 

4.2.2 Identify alternative sets of rehabilitation actions. 

4.2.3 Identify new pavement design options. 

4.2.4 Analyze data to determine optional actions or design. 

4.2.5 Produce final scopes and costs for year 1. 

4.2.5 Establish tentative project costs for years 2 and 3. 

4.3 The Director of Operations is responsible for provldin 
personnel and equipment for conducting the Annual NOS Pavement 
Surveys, and for storage and verification of the survey data. 

4.4 The Director of Operations is also responsible for providing 
resources to produce the NOS and POS 'Optimal' solutions to include: 

4.4.1 Manpower with technical expertise. 

4.4.2 Computer hardware and software. 

SUNSET. January 1, 1989. 

DISTRIBUTION. 

Secretary of Transportation 
State Transportation Engineer 
Special Assistant to the Secretary 
Division Directors 
Chief Counsel 
Inspector General 
Bureau Chiefs 



C-3 UTAH 

661. 
oh Department of Transportation 

PAVEP.ENT 4ANAGE1€NT STEERING C44I1TEE 

Preserving the State's investment in our highway 
surfaces and obtaining maxinum cost effectiveness 
from our pavement rehabilitation and maintenance 
programs are major objectives of the UOOT. 
Therefore a Pavement Management Steering Comittee 
is established to facilitate coordinating pavement 
management activities within the UDOT, improve 
efficiency in the decision-making process, provide 
feedback on the consequences of decisions, and 
ensure consistent pavement management decisions at 
all management levels. 

Pavement management encompasses activities 
Involved in planning, designing, constructing, 
maintaining, and rehabilitating pavement on the 
State Highway System. A Pavement Management 
System (PMS) provides a set of tools or methods to 
assist decision-makers in finding optim.ae 
strategies for providing and maintaining pavements 
in a serviceable condition over a planned period. 

The Pavement Management Steering Comittee has 
eight permanent members: 

Assistant Director - Chairman 
Pavement Management Engineer - Secretary 
Engineer for Preconstruction 
Engineer for Planning and Programing 
Engineer for Construction 
Engineer for Maintenance 
One District Director 
FHWA Representative - Ex Officio 

Various divisions, sections, and districts shall 
provide needed staff support and input to the 
Steering Comittee to assist it in accomplishing 
its responsibilities. Other (.001 employees may be 
invited to participate in Corriiiittee discussions at 
the discretion of the Chairman. 

NIIMBFZ _01-13 
lof 2 

J 7/v1PiTi 10-25-85 

Wou 
RESPONSIBILITY: 	The Steering Comittee shall provide overall 

direction to the .001 Pavement Management 
Program. The Steering Comittee is specifically 
charged with the following responsibilities: 

Coordinate Pavement Management activities of 
the 1001's various divisions, sections, and 
districts. 

Establish and direct pavement management 
procedures and recomend policies for 
Transportation Coirinission action. 

Establish and monitor the Pavement Management 
Unit work program. 

Provide oversight of UDOT pavement activities 
and determine appropriate action. 

Implement selected actions. 

Monitor and evaluate the results of the 
Pavement Management Program. 

Familiarize 1001 personnel with Pavement 
Management concepts and activities. 

riF,!

BEZ 01-13 	 I 

P161 	2of2 	 I 
(1/ VI DIII_10_25-8j 
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APPENDIX D 

SAMPLE PAVEMENT MANAGEMENT OUTPUT REPORTS 

Part D-1 Oregon 

Part D-2 Nevada 



PART D-1 OREGON 

STATE 	H I G H W A Y 	S Y S T E M 

PRESERVATION REPORT 

FEBRUARY,, 1985 

107 

Pavement. Management Unit 

Planning Section 

Oregon Department of Iransportation 



INTRODUCTION 

The Preservation Study is a periodic assessment of existing highway system 

conditions and an estimate of the expenditures needed to preserve that 

system. Updates have been prepared every two years since 1976 using the 

same fundamental process. The study relies on field personnel for their 

assessment of current conditions. Comparisons with the conditions reported 

in previous years trace the deterioration of highway facilities, monitor 

the results of efforts to halt or retard deterioration, and provide 

insights for planning future programs. 

The Preservation Study is divided into three general categories: pave-

ments, bridges, and operations. Pavement preservation cost estimates are 

based on a variety of treatments ranging from structural overlays to 

minimum treatments such as chip seals and oil mats. Bridge preservation 

costs are based on the repair, replacement, and rehabilitation cost 

estimates made by bridge maintenance personnel. For the first time, the 

study discusses painting of steel bridges and steel bridge members as a 

separate preservation item. Operations cost estimates, provided by the 

Traffic Section, are for the 10-year study period 1984-1993. All costs 

are estimated in 1984 dollars and the effects of any future inflation or 

deterioration are not considered. 

Early in 1984 a new work program was implemented as a supplement to 

existing pavement treatment programs. 	This 1984 Surface Preservation 

Program, which used low-cost rejuvenation treatments to address deteriora-

tion on lower volume roads, contributed significantly to the overall 

improvement of pavement condition. 
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SUMMARY 
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RESULTS 

TABLE 1 

PRESERVATION STUDY RESULTS 
10-YEAR COSTS ESTIMATED IN 1984 DOLLARS 

COST 
QUANTIIY 
	

($ Millions) 

Pavement (Miles) 	 3,867 	 $539 

Bridges (No.) 	 573 	 152 

Operations 1, 	 212 

TOTAL COST 	 $903 

1 "Operations" includes a mix of needs ranging from traffic signals to 
passing lanes. 
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Pavements on the state highway system are currently in the best condition 

since, the Preservation Study began in 1976. Fifty-seven percent of the 

State Highway System pavement miles are in fair or better condition. A 

major portion of the improvement occurred as a direct result of the 1984 

Surface Preservation Program. 	This program rejuvenated over 500 miles to 

fair or better condition. The majority of the pavement miles involved were 

lower-volume routes that are low-priority for structural overlay funding. 

A slight drop in overall bridge condition ocurred between 1982 and 1984. 

The most significant change in bridge condition was a shift of 70 bridges 

from good condition to fair condition. The number of bridges in poor 

condition remained essentially constant arid is expected to remain stable 

during the next few years because of planned bridge replacements. The 

total estimated costs for bridge repair, replacement, and rehabilitation 

showed a drop from previous studies. This drop resulted primarily because 

a statewide reassessment of structures advised major rehabilitation instead 

of replacement for some of the longer structures. 

A substantial number of operational improvements are needed during the next 

ten years. there has been a slight increase in the projected projects and 

costs over those projected by the 1982 study. 
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PAVEMENTS 

CONDI T ION 

The pavement condition of the entire State Highway System was rated during 

the spring of 1984. Field staff used five categories ranging from Very 

Good to Very Poor to report pavement condition. 	Definitions and photo- 

graphic examples of the pavement rating categories are shown in Appendix A, 

plates 1 through 5. 

Pavement conditions were updated in the fall to reflect changes resulting 

from the highly successful 1984 work programs. All pavement conditions 

referred to in this report are fall 1984 conditions. 

VERY POOR 	I 19% I 	I 17% I 	I 8% I 	I 10%  I 	I 11% 1 	I 

POOR 	F35% 	41%1 	38%1 	37% 	41%' 	36% 

54% 53% • 
°" ell 

42% 

FAIR 

. 	. 	.... 	.. ....... 	.. ............ ............... ............... 
GOOD 13% 18% 15°/ 18% 

VERYGOOD ,7% 99' '9% 6% 79' 

1976 1978 1980 1982 SPRING FALL 
1984 1984 

CHANGES IN ROADWAY CONDITION 

PERCENT OF STATE SYSTEM IN EACH CONDITION BASED ON CENTERLINE MILES 

FIGURE 1 

SURVEY RESULTS 

The overall pavement condition is the best that it has been since the 

Preservation Study began in 1976. (See Figure 1). 	Currently, 57% of the 

pavements in the State Highway System are rated fair or better. Table 2 

details pavement condition mileage by Functional Classification. See 

Appendix B for definition of Functional Classes. Maps in Appendix D 

illustrate the 1984 pavement conditions. 



TABLE 2 

CONDITION OF STATE HIGHWAY SYSTEM PAVEMENTS 

1984 

Roadway Principal Arterials 

Condition Interstate Non-Interstate Minor Arterials Colleclors Highway System 
Rating Miles % Miles % Miles % Miles % Miles 
Very Good 62 9 303 12 149 6 22 1 536 7 

Good 287 40 408 16 464 18 153 9 1,312 18 

Fair 279 39 705 28 873 33 520 31 2,377 32 

Poor 83 12 941 38 909 35 789 48 2,722 36 

Very Poor 0 -- 143 6 206 8 180 11 529 7 

IOEALS 711 100 2,500 100 2,601 100 1,664 100 79 476 100 

[ABLE 3 

PAVEMENT PRESERVAFION COSIS - 1984 

STATE HIGHWAY SYSTEM 

($ Millions) 

Structural Overlay Minimum Freatinent Total 
10-Yr. 10-Yr. 10-Yr. 

Condition Miles Cost Miles Cost Miles Cost 

Fair 617 $96 - - 617 $96 

Poor 1,181 330 1,541 	- 47 2,722 377 

Very Poor 227 57 302 9 529 66 

FOIALS 2,025 483 1,843 $56 3,868 $539 

112 



In past years, maintenance personnel had insufficient funds to carry out an 

effective pavement preservation program. High-volume routes have the 

highest priority for the limited surfacing dollar, leaving the lower-volume 

routes with insufficient funds to meet their needs. The Surface Preserva-

tion Program, implemented for the first time in 1984, made available $15 

million in state funds to bridge this funding gap. 

Many of the miles treated by this program were on lower-volume routes 

making it possible to use thin, low-cost treatments to rejuvenate deterio-

rated pavements. As little or no structural strength is added, these 

treatments will delay, but not eliminate, the eventual need for structural 

overlays. Some of the treatments utilized may be considered experimental 

and will be closely monitored to determine their suitability for future 

use. 

The Surface Preservation Program contributed significantly to the overall 

highway system condition. This program improved more than 500 miles of 

poor or very poor pavements to fair or better condition. The continued 

existence of this program is expected to result in continued gains in the 

overall pavement condition, although not at the same rate. 

COST EStIMATE 

Pavement preservation costs were estimated using a variety of treatments. 

The treatments ranged from structural overlays, on the major high-volume 

routes, to minimum treatments on low-volume routes. Determination of 

preservation need and the most appropriate treatment type was made in 

consultation with maintenance and design engineers. In making the deter-

mination, consideration was given to the character of traffic, location, 

climatic factors and current pavement condition. 

Cost estimates for pavement preservation were significantly lower in this 

study than those of previous studies. 	This does not reflect an equally 

significant reduction in pavement preservation need. Instead, it reflects 

the use of minimum treatments on more miles in estimating the pavement 

preservation cost. 
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BRIDGES 

CONDITION 

Bridge inspectors periodically evaluate each bridge on the State Highway 

System as required by the Federal Bridge Inventory Program. As part of 

that evaluation, inspectors rate bridge deck, superstructure, and sub-

structure conditions, and estimate the cost of correcting deficiencies. 

This study used these inspection reports because the reports guage 

physical condition as well as estimate costs for needed repair or replace-

ment. As this study is concerned with preservation of the existing system, 

narrow width, slow-speed alignment, and other capacity problems are not 

considered. 

To simplify condition and cost reporting, the numeric system used in the 

inspection reports for rating each bridge component was combined to obtain 

an overall Good-Fair--Poor Bridge Preservation Rating for each bridge. 

Appendix C shows the manner in which the lowest rated component determined 

the Bridge Preservation Rating, and the level of needed preservation work. 

SURVEY RESULtS 

In Table 4, 1984 bridge conditions are shown by Functional Classifica-

tion. Table 5 shows the estimated costs for repairing bridges in the Fair 

category and the replacement or major rehabilitation of bridges in the Poor 

category. Map 3, Appendix D shows the distribution of bridges needing 

repair or replacement throughout the State. 
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EABLL 4 

CONDITION OF SLATE HIGHWAY SYSTEM BRIDGES 

1984 

Principal Arlerials 

Bridge Interstate Non-interstate Minor Arteriais Collectors Total 

Condition Number % Number % Number Number % Number 	% 

Good 619 82 669 76 468 74 . 	153 70 1,909 	77 

Fair 137 18 180 21 18 22 49 23 504 	20 

Poor 2 * 29 3 23 4 15 7 69 	3 

IOEALS 758 100 878 100 629 100 217 100 2,482 	100 

* Less than 1%. 

TABLE 5 

ES'FIMALED COSIS 10 REPAIR, REHABILITATE OR REPLACE STALE BRIDGES 

1984 DOLLARS 

($ Millions) 

Principal Arterials 

Bridge interstate Non-Interstate Minor Arteriats Collectors Total 

Condition Number Cost Number 	Cost Number Cost Number Cost Number. Cost 

Fair 1.37 $4 180 	$ 	5 138 $ 2 49 $1 504 $ 12 

Poor 2 1 29 	122 23 14 15 3 69 140 

TOTALS 139 $5 209 	$127 161 $16 64 $4 573 $152 
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Overall bridge conditions as reported in 1982 and in 1984 are compared in 

fable 6 shown below: 

TABLE 6 

COMPARISON OF BRIDGE CONDITIONS AND COSTS 
1982 to 1984 
($ Millions) 

Condition 	 1982 Totals 	 1984 Totals 
Cost 	 Cost 

Good 	 80 	 77 
Fair 	 17 	$ 12 	 20 	 $12 
Poor 	 3 	 161 	 3 	$140 

TOTAL COST 	 $173 	 $152 

Bridges built during the last three decades of expansion are beginning to 

need minor repairs, accounting for the three percent shift from good to 

fair condition. 	The number of bridges in poor condition is now 

stabilized, and should remain so because of planned bridge replacements. 

COST ESTIMATES 

Bridge preservation cost estimates have decreased for the total number of 

structures involved. 	The estimated cost for repair of fair bridges 

remained constant even though there was a three percent increase in fair 

bridges. The slight decrease in per-bridge repair costs is due, in part, 

to the implementation of innovative, less costly repair methods. The total 

estimated costs for poor bridges has dropped since the 1982 study. This is 

the result of a statewide reassessment which advised major rehabilitation 

in lieu of replacement for some of the larger structures in the system. 
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BRIDGE PAINTING 

In addition to the work needed to preserve structural integrity, bridges 

which have exposed steel members require protection against corrosion. The 

Bridge Section assesses painting needs by inspecting selected steel 

bridges, comparing conditions, and estimating painting costs. 	Their 

findings indicate that the general condition of bridge paint throughout. the 

State is declining. During the next 10 years, most of the 407 steel 

bridges in the system will need painting. Seventy bridges are identified 

as needing immediate attention at a total estimated cost of $19 million. 

These costs are not included in preservation cost summaries. 
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OPERATIONS 

CONDITION 

While traffic operates at a satisfactory level on most State Highways, 

areas exist where low-cost localized changes can improve traffic control 

and safety. This study does not address those areas where major reconstruc- 

tion or extensive improvements are needed. 	Safety projects include 

passing lanes, slow vehicle turnouts, turning storage lanes, guardrail, or 

rockfall protection. Traffic control projects include signals, railroad 

crossing control, signing and lighting. 

The Highway Division Traffic Section maintains prioritized lists of needed 

operational improvements. These project lists, with adjustments for 

traffic growth, were used to determine the annual number and cost of 

projects during the 10-Year study period. 

COST ESTIMATE 

Table 7 summarizes operational improvements needed by project type and 

category. The table presents 10-year estimated costs along with the annual 

number of projects projected. The project mix for any one year may vary. 

The estimated number of projects needed has increased slightly since the 

last study, resulting in a corresponding increase in estimated total 

costs. The estimated total expenditure 'for the 10-year study period is 

$212 million. 
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TABLE 7 

ESTIMATED cosrs TO PRESERVE TRAFFIC OPERATIONS 
1984 Dollars 
($ Millions) 

Annual No. 

Project 	 Projects 	10-Yr. Cost 

Type 	Categories 
Safety: 

Rockfall 7 $ 	18 

Passing Lanes 4 38 

Slow-Vehicle Turnouts 15 20 

Turning Lanes 39 43 

Guard Rail 5 6 

Traffic Control: 

Signals 
	

84 	 59 

Other 1 
	

24 	 28 

TOTAL $212 

1 	Railroad crossings, signing, illumination 
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PLATE 1 
CONDITION - VERY GOOD 

Pavement structure is stable, with no cracking, no patching, no 
deformation evident Roadways in this category are usually fairly 
new. Riding qualities are cxceUent Nothing would improve the 
roadway at this time 
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structural weakness evident. Cracking is easier to detect. TI 
pavement may he patched but not excessively. Although riding 
qualities are good. deformation is more pronounced and easily 
noticed. 
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PLATE 4 
CONDITION - POOR 

Roadway has areas of instability, marked evidence of structural 
deficiency, large crack patterns (alligatoring), heavy and numer-
ous patches, and very noticeable deformation. Riding qualities 
range from acceptable to poor. Spot repair of the pavement 
base may be required. 
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APPENDIX B 

DEFINITION OF FUNC[IONAL CLASSES 

Principal Arterial: Highways of national, interstate and statewide signi- 

ficance. 	This classification includes the Federal Interstate System 

as well as other important routes. 

Minor Arterial: Highways of statewide and interregional significance. This 

classification includes the largest portion of the State Highway 

System. 

Collectors: Highways of intraregional and intracounty significance that 

deliver traffic to arterials as well as provide access to adjacent 

properties. 
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APPENDIX C 

BRIDGE COMPONENTS AND CONDITION RATINGS 

Primary components of a bridge are the superstructure, the substructure and 

the deck. 

Although the deck is physically part of the superstructure it is considered 

and rated separately since it incorporates the wearing surface of the 

traffic lanes. 

RELATIONSHIP OF BRIDGE COMPONENT RATING TO 
BRIDGE PRESERVATION CONDITION RATING 

Lowest Rated 	Component 
Component 	Condition 

Superstructure 	Good 
OR Substructure 	 Good 
OR Deck 	 Good 

Bridge Preser- 	Preservation 
vation Condition 	Need 

GOOD 	None 

Superstructure 	Fair 
OR Substructure 	 Fair 
OR Deck 	 Poor 	 FAIR 	 Repair 

OR Fair 

Superstructure 	Poor 	 POOR 	 Replacement or 
OR Substructure 	 Poor 	 Rehabilitation 
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INTRODUCTION 

TABLE OF CONTENTS 
The 	State 	of 	Nevada 	has a substantial investment in its highway network. 

Federal-Aid first became available to Nevada for highway construction in 1917, and 

INTRODUCTION 1 
the Department 	has 	since 	built and now maintains approximately 5,300 miles of 

PAVEMENTS 
Condition 2 

streets 	and highways. 	Today's 	Costs 	to 	replace these 	roadways, 	not 	including 

Survey Results 
Cost Estimates 

4 
9 

Rights of Way, would exceed $3 billion. 	This investment must be protected, and 

CONCLUSION 13 
the Department of Transportation has established as its number one priority the 

preservation 	of 	the 	existing 	highway 	system. 	However, 	even 	with 	proper 

TABLES 
maintenance 	these highways wear out and 	eventually require reconstruction and 

Table No. Page 
modernization. 

1. Status of the Existing System 4 

2. Backlog of Overlay-Reconstruction Needs 5 
An increasing portion of the department's annual construction budget has been 

3. Costs Necessary to Preserve the Existing System 10 
focused 	on pavement 	resurfacing 	and 	rehabilitation projects, 	but we are still 

4. Summary of State Funds Necessary to Preserve 
losing ground. 	Nevada is not unique in this respect; many states have experienced the Existing System 12 

the same dilemma. 	Funding for proper pavement maintenance has not kept pace with 

FIGURES 
inflation and deterioration. 

Figure No. Page 

1. Estimate of the Costs to Eliminate the Backlog 
i Many independent studies have been undertaken 	n an attempt to identify a 

of Pavement Repair Work 7 

2. Map showing Overlay - Reconstruction Needs 
means of significantly reducing pavement deterioration. 	Each stvdy revealed one 

in 1985 8 
fact: 	that over the long run maintaining good roads costs substantially less on 

3. Comparison of Backlog Pavement 3R Needs - 
an annualized basis than aLlowing roads to deteriorate to the point where major 

Present vs Proposed Expenditure Plans 9 

reconstruction is required. 
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Corrective 

Maintenance 

Overlay 

Reconstruct 

Preventive 

Maintenance 

PAVEMENTS 

Condition 

The condition of Nevadas highways is monitored through an annual pavement 

condition survey. Each directional mile of highway maintained by the State is 

evaluated during the survey, and the severity and extent of several pavement 

distresses are measured and recorded. Condition data for each mile are entered 

into the Pavement Management System pavement condition file and through computer 

analysis each mile is placed into one of four repair strategy categories: 

Preventive Maintenance; Corrective Maintenance; Overlay or Reconstruction. 



Survey Results 

Tables 1 and 2 illustrate the status of the existing condition of Nevada 5  

highways, and the 1985 backlog of pavement resurfacing, restoration and 

rehabilitation (3R) work. 

SYSTEM PREVENTIVE 
MAINTENANCE 

CORRECTIVE 
MAINTENANCE 

OVERLAY RECONSTRUCT TOTAL 

INTERSTATE 293 173 49 24 539 

PRIMARY 702 483 298 364 1,847 

SECONDARY 620 764 396 298 2,078 

URBAN 85 98 45 14 242 

STATE-AID 101 106 84 92 383 

ACCESS & 
FRONTAGE 28 68 58 41 195 

TOTAL 1,829 1,692 930 833 5,284 

-3 us us v — U) 
o r, - > % 

00 rs — -3 in > rn - 0 in -3 

us > us — 0 
-e 

us - 
0 -3 

in 

N, 

SO N, 0 J SO U) 00 0 

in 
us 

ON - 00 ON ON 
us ON ON ON C' us - 
SO U) 50 N, 0 C. 0 
50 00 S - U) '0 us us 

'0 

0 

in 
-3 

in 
00 
SO 

00 — 00 us o 
50 

Os 
U) 

so 
00 

in - 
ON — <0 ON ON 

in 0  
us 

00 -J 05 t.  - us C' - 0 
o 
C' 

U) 
so us 

us 
00 

o — C' 
U) 

50 
00 

C 
0 - 

o - 0 00 0 
us p-  — us 

Os 
00 
41  

as 
us 

- 
05 

us 
0 

0 
0 

N, 00 t 0 00 50 = 
-3 

ON 0) <0 

0 C' 00 us 00 N, us 0 

--3 

U) 00 S U) N, C' 0 

TABLE 1 

1985 

STATUS OF THE EXISTING SYSTEM 

(Centerline Miles) 
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Shoulders were cut on SR. 22.5 by the J7oodimmg 

Ow's flee River 
SR. 360 was completely severed by recent Jloodmg. 

- 	 -: 

High water coered S.R. 140 for weeks until a ditch 
was dug to carry away the water. 

Flash flood i.'mg destroyed pavement and fill on this 

stretch of SR. 360 

Pavement, deterioration on Nevada's highways is growing at an alarming rate 

The combination of the age of the system, the tremendous growth of the truckini 

industry and three consecutive winters with record snowfall and runoff have caused 

our estimated backlog of rehabilitation work to increase more rapidly than 

anticipated. 

Since 1902, the Nevada Department of Transportation has awarded contracts 

totaling $115.5 million for pavement resurfacing, rehabilitation and 

reconstruction. These Contracts resurfaced hAS lane miles of highway. Even with 

this substantial effort, more miles deteriorated than were resurfaced, and the 

backlog continued to grow. 

ROADWAY MAINTENANCE AND RESURFACING NEEDS 
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These photos illustrate some of the more apparent highway damage resulting 

from recent flooding. Hany more miles received less apparent damage, but their 

load carrying ability has been severely reduced which will lead to premature 

pavement failures. 

FIGURE 1. Estimate of the Costs to Eliminate the Backlog of Pavement Repair Work 
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Cost Estimates 

The estimate of the costs necessary to eliminate the increasing backlog of 311 

work and return the highway system to a service level where it will be most 

economical to maintain is shown in TABLE 3. The State Funds required to finance 

the plan are summarized in TABLE 4. Without an increase in expenditures, the 

deficit will grow to $657 million by the year 2000 and over 50 percent of the 

system will be in need of overlay or reconstruction. 	 - 

COMPARISON OF BACKLOG 311 NEEDS - PRESENT vs. PROPOSED EXPENDITURE PLANS 

411111111111111111 PROJECTION OF 3R DEFICIT WITH PRESENT EXPENDITURE PLAN 
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TABLE 3 

COSTS NECESSARY TO PRESERVE THE EXISTING SYSTEM 
Inhlation Rate - 2.52 

Based on the 1985 Pavement Management Report Revenue Growth - 5.02 
Costs Shown in Millions of Dollar. 

Resur4acing, 	Restoration and Rehabilitation Work 	(OR) Normal - Heavy Maintenance Work 

A "B' C. '0" E" "F" "6" 'H" "1' '3' K" 

Backlog 
Del System Total Prop I Norm OR Total Prop 
• Deter OR State Fed OR Accum * Maint Plaint Majnt Plaint 

F.Y. Infl. Costs Needs Funds Funds Expend De4cit s Costs Costs Needs Espend F.Y. 

324.10 * 
1986 332.20 58.99 391.19 18.30 24.43 42.73 * 11.67 6.10 17.80 17.80 1986 

348.46 a 
1987 357.17 60.46 417.63 21.98 25.00 46.98 $ 11.96 6.59 18.55 10.55 1987 

370.65 * 
1988 379.92 61.98 441.89 33.02 26.44 59.76 * 12.26 7.01 19.27 19.27 1980 

382.13 a 
1989 391.68 63.53 455.21 35.43 27.97 63.40 $ 12.57 7.22 19.79 19.79 1989 - . 391.91 * 
1990 401.60 65.11 46m.72 48.75 29.58 78.33 $ 12.09 7.41 20.29 20.29 1990 

398.39 a 
1991 398.09 66.74 46-1.04 51.95 31.29 03.24 S 13.20 7.34 20.54 20.54 3991 

391.60 * 
1992 391.14 68.41 459.55 63.94 30.09 97.03 8 13.53 7.21 20.75 20.75 .1992 

362.52 s 
1993 371.58 70.12 441.70 68.20 35.00 103.20 * - 	13.87 6.85 20.72 20.72 1993 

338.50 $ 
1994 346.97 71.87 419.84 72.75 36.96 109.71 * 14.22 6.40 20.62 20.62 1994 

309.13 $ 
1995 316.85 73.67 390.52 77.62 39.03 116.65 $ 14.57 5.84 20.42 20.42 1995 

273.87 * 
1996 280.72 75.51 36.20 82.93 41.22 124.05 * 14.94 5.10 20.11 20.11 1996 

232.19 * 
1997 237.99 77.40 05.39 88.39 43.52 131.91 * 15.31 4.39 19.70 19.70 .1997 

183.40 * 
1998 189.07 79.03 2e7.40 94.33 45.96 140.29 * 15.69 3.47 19.16 19.16 1990 

127.11 * 
1999 130.29 81.32 2:1.41 100.51 48.54 149.05 * 16.09 2.40 19.49 10.49 1999 

62.56 * 
2000 64.12 83.35 1.57.49 96.22 51.26 147.48 * 16.49 1.18 17.67 17.67 2000 

- 	.00 $ 

Explanation of TABLE 3 

Co 1 umn 

A= 	The accumulated deficit created by the backlog of resurfacing projects 
plus 2 1/2% annual inflation. 

B= 	Estimated cost to cover annual deterioration of the existing system. 

C= 	A + B (Total Resurfacing Needs) 

D= 	State Funds for 3R program 

E= 	Federal Fund available for 3R work 

F= 	D 1'  E (Proposed 3R expenditure) 

G= 	The accumulated deficit created by the backlog of resurfacing projects 

H= 	Normal pavement maintenance costs 

1= 	Additional maintenance Costs required to hold the system 3R backlog 
mileage together until it can be contracted 

J= 	H + I (Total maintenance Needs) 

K= 	Proposed maintenance expenditure 
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CONCLUSION 

TABLE 4 

SUMMARY OF STATE FUNDS NECESSARY TO PRESERVE THE EXISTING SYSTEM 

(Costs Show in Millions of Dollars) 

REQUIRED STATE FUNDS FROM ADDITIONAL STATE 
FISCAL EXPENDITURE PRESENT TAX STRUCTURE 	FUNDS REQUIRED 
YEAR (NEEDS) (EXISTING) (NEW) 

1986 36.10 33.60 2.50 

1987 40.53 35.28 5.25 

1988 52.59 37.04 15.55 

1989 55.22 38.90 16.32 

1990 69.04 40.84 28.20 

1991 72.49 42.88 29.61 

1992 84.69 45.03 39.66 

1993 88.92 47.28 41.64 

1994 93.37 49.64 43.73 

1995 98.04 52.12 45.92 

1996 102.94 54.73 48.21 

1997 108.09 57.47 50.62 

1998 113.49 60.34 53.15 

1999 119.17 63.36 55.81 

2000 113.89 66.53 	• 47.36 

The Cost of operating a motor vehicle increases as the condition of the 

roadway surface on whic it is driven worsens. The poor roadway condition created 

by the backlog of 3R projects on Nevada's highways is presently costing the 

traveling public about $40 million per year in increased vehicle maintenance and 

repair costs. This amounts to about $100-$300 per vehicle. 

WHICH COSTS MORE ..... HIGHWAY OR CAR MAINTENANCE? 

Preservation of the state's highway system is fundamental to the continued 

economic growth of our State. The Nevada Department of Traosportaion is doing all 

it can to make the best use of its available resources for maintaining the 

existing highway system. However, unless additional revenue for roadway 

maintenance and resurfacing becomes available, the condition of the system will 

continue to deteriorate. The result will be more expensive maintenance Costs and 

poorer quality roads. 
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APPENDIX E 

SIXTEEN KEY QUESTIONS FROM THE PAVEMENT SEMINAR FOR 
CHIEF ADMINISTRATIVE OFFICERS (1) 

Dol place sufficient emphasis on pavements? 

Do I have an effective organization to manage the 

pavement/rehabilitation program? 	 01 

Am I encouraging the development and training of 

staff personnel? 

Am I using state-of-the-art methods for the design 

and rehabilitation of pavements? 

Can I determine the life-cycle costs of different 

types of pavements/rehabilitation? 

When is the right time to rehabilitate or recon-

struct an existing pavement? 

What are the payoffs of the various maintenance/re-

habilitation strategies? 

Do special interest groups unduly influence pavement 

type selections, designs, and specifications? 

Can I evaluate the effects of materials and construc-

tion quality on pavement/rehabilitation performance? 

10- Do I know the past and present condition of the pave-

ment network? 



Do I have a sound basis for establishing pavement 

needs? 

Can I predict the future performance of the pave-

ment network? 

Do I have asound basis for allocating resources 

(funds and manpower) for maintenance/rehabilitation/ 

new pavements? 

Can I evaluate the effects of changing vehicle 

characteristics (ie. , increasing axle loads, chan-

ging axle and wheel spacing, increasing truck traf-

fic volume, changing suspension systems, "increas-

ing" tire pressure, etc.) on pavement performance? 

Do I know the truck loading being applied to pave-

ments? 

How can I work more effectively with legislators 

and support requests for additional resources 

(funds and manpower)? 
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research 
Council, which serves the National Academy of Sciences and the National Academy of En-
gineering. It evolved in 1974 from the Highway Research Board, which was established in 
1920. The TRB incorporates all former HRB activities and also performs additional functions 
under a broader scope involving all modes of transportation and the interactions of transportation 
with society. The Board's purpose is to stimulate research concerning the nature and performance 
of transportation systems, to disseminate information that the research produces, and to en-
courage the application of appropriate research findings. The Board's program is carried out 
by more than 270 committees, task forces, and panels composed of more than 3,300 admin-
istrators, engineers, social scientists, attorneys, educators, and others concerned with transpor-
tation; they serve without compensation. The program is supported by state transportation and 
highway departments, the modal administrations of the U.S. Department of Transportation, 
the Association of American Railroads, the National Highway Traffic Safety Administration, 
and other organizations and individuals interested in the development of transportation. 

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of dis-
tinguished scholars engaged in scientific and engineering research, dedicated to the furtherance 
of science and technology and to their use for the general welfare. Upon the authority of the 
charter granted to it by the Congress in 1863, the Academy has a mandate that requires it to 
advise the federal government on scientific and technical matters. Dr. Frank Press is president 
of the National Academy of Sciences. 

The National Academy of Engineering was established in 1964, under the charter of the 
National Academy of Sciences, as a parallel organization of outstanding engineers. It is au-
tonomous in its administration and in the selection of its members, sharing with the National 
Academy of Sciences the respdnsibility for advising the federal government. The National 
Academy of Engineering also spcnsors engineering programs aimed at meeting national needs, 
encourages education and research, and recognizes the superior achievements of engineers. Dr. - 
Robert M. White is president of the National Academy of Engineering. 

The Institute of Medicine was established in 1970 by the National Academy of Sciences to 
secure the services of eminent members of appropriate professions in the examination of policy 
matters pertaining to the health of the public. The Institute acts under the responsibility given 
to the National Academy of Sciences by its congressional charter to be an adviser to the federal 
government and, upon its own initiative, to identify issues of medical care, research, and 
education. Dr. Samuel 0. Thier is president of the Institute of Medicine. 

\ 
The National Research Council was organized by the National Academy of Sciences in 1916 

to associate the broad community of science and technology with the Academy's purposes of 
furthering knowledge and advising the federal government. Functioning in accordance with 
general policies determined by the Academy, the Council has become the principal opera 
agency of both the National Academy of Sciences and the National Academy of Engineering 
in providing services to the government, the public, and the scientific and engineering com-
munities. The Council is administered jointy by both Academies and the Institute of Medicine. 
Dr. Frank Press and Dr. Robert M. White are chairman and vice chairman, respectively, of 
the National Research Council:  

/ 
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