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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 ad-
ministrators and engineers. Oflen, highway problems are of local
interest and can best be studied by highway departments indi-
vidually or in cooperation with their state universities and oth-
ers. However, the accelerating growth of highway transportation
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 re-
scarch program employing modern scientific techniques. This
program is supported on a continuing basis by funds from par-
ticipating member states of the Association and it receives the
full cooperation and support of the Federal Highway Admini-
stration, United States Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the re-
search 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
communication and cooperation with federal, state, and local
governmental agencies, universities, and industry; its relation-
ship to the National Research Council is an insurance of objec-
tivity; it maintains a full-time rescarch correlation staff of spe-
cialists in highway transportation matters to bring the findings 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 transporta-
tion 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 Transportation
Officials. Research projects to fulfill these needs are defined by
the Board, and qualified research agencies are selected from
those that have submitted proposals. Administration and surveil-
lance of research contracts are the responsibilities of the Na-
tional Research Council and the 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 Associa-
tion of State Highway and Transportation Officials, and the individual
states participating in the National Cooperative Highway Research
Program do not endorse products or manufacturers. Trade or manu-
facturers’ names appear herein solely because they are considered es-
sential to the object of this report.

NCHRP SYNTHESIS 222

Project 20-5 FY 1992 (Topic 24-05)

ISSN 0547-5570

ISBN 0-309-05866-x

Library of Congress Catalog Card No. 95-61873

Price $22.00

NOTICE

The project that is the subject of this report was a part of the National Coopera-
tive Highway Research Program conducted by the Transportation Research
Board with the approval of the Governing Board of the National Research
Council. Such approval reflects the Governing Board’s judgment that the pro-
gram concerned is of national importance and appropriate with respect to both
the purposes and resources of the National Research Council.

The members of the technical committee selected to monitor this project
and to review this report were chosen for recognized scholarly competence and
with due consideration for the balance of disciplines appropriate to the project.
The opinions and conclusions expressed or implied are those of the research
agency that performed the research, and, while they have been accepted as ap-
propriate by the technical committee, they are not necessarily those of the
Transportation Research Board, the National Research Council, the American
Association of State Highway and Transportation Officials, or the Federal
Highway Administration of the U.S. Department of Transportation.

Each report is reviewed and accepted for publication by the technical
committee according to procedures established and monitored by the Transpor-
tation Research Board Executive Committee and the Governing Board of the
National Research Council.

The National Research Council was established by the National Academy
of Sciences in 1916 to associate the broad community of science and technol-
ogy with the Academy’s purposes of furthering knowledge and of advising the
Federal Government. The Council has become the principal operating agency of
both the National Academy of Sciences and the National Academy of Engineer-
ing in the conduct of their services to the government, the public, and the scien-
tific and engineering communities. It is administered jointly by both Academies
and the Institute of Medicine. The National Academy of Engineering and the
Institute of Medicine were established in 1964 and 1970, respectively, under
the charter of the National Academy of Sciences.

The Transportation Research Board evolved in 1974 from the Highway Re-
search Board, which was established in 1920. The TRB incorporates all former
HRB activities and also performs additional functions under a broader scope in-
volving all modes of transportation and the interactions of transportation with
society.

Published reports of the

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM
are available from:

Transportation Research Board

National Research Council

2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Printed in the United States of America



PREFACE

FOREWORD
By Staff
Transportation
Research Board

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 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.

This synthesis will be of interest to highway administrators; pavement management
systems (PMS), maintenance, and computer engineers; and technologists involved with
data collection and computer programming for the purposes of a PMS. This synthesis
describes the state of the practice with respect to pavement management methodologies
to select projects and recommend preservation treatments.

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 ef-
fort to correct this situation, a continuing NCHRP project, carried out by the Transpor-
tation 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.

This report of the Transportation Research Board describes the predominant pave-
ment management methodologies being used by U.S. state and Canadian provincial
highway agencies; provides a general description of each methodology; and summarizes
the requirements, benefits, hindrances, and constraints associated with each. It includes
a review of domestic literature and a survey of current practices in North America. In
addition, case studies are included to illustrate the use of these methodologies within
highway agencies. Operational and soon-to-be implemented technologies are also dis-
cussed, and an extensive bibliography is provided for further reference.



This synthesis discusses the pavement management methodologies to select projects
and recommend preservation treatments that are in use; however, it does not compare
the results of the decisions made “with” and “without” the methodologies nor does it
include a “look-back™ analysis to see how many projects were actually completed in
comparison to those identified for any one methodology. The comparisons of “with” and
“without” a specific methodology actually take place via simulations on a computer of
one management philosophy versus another. Based on the results of these simulations,
decisions are made. In order to “look back” and analyze the effectiveness of the deci-
sions, strong feedback processes between the PMS and the design have to be established.
This helps to evaluate the effectiveness of performance criteria, deterioration models,
life-cycle costing, and other models used in the PMS. To date, the PMS and design
functions have been separate and no follow-up has been done to verify assumptions
made by either group. This will be an area to focus on in the next few years.

During the development of this synthesis, work on the National Highway System
(NHS) designation legislation was in progress between House and Senate transportation
leaders. An agreement between the House and the Senate was reached and sent to the
President for signature in November 1995. The NHS legislation contained a provision
for making compliance with the management systems called for in the Intermodal Sur-
face Transportation Efficiency Act (ISTEA) Interim Final Rule optional. The President
signed the NHS legislation on November 28, 1995. The influence of the previous ISTEA
management system requirements on agency PMS practices was reflected in the re-
sponses to the survey for this study. Theretore, within this synthesis, the numerous refer-
ences to the ISTEA management system requirements, including PMS, have been re-
vised to indicate that these interim requirements are now optional.

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 depart-
ments. A topic panel of experts in the subject area was established to guide the re-
searcher 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 ac-
ceptable within the limitations of the knowledge available at the time of its preparation.
As the processes of advancement continue, new knowledge can be expected to be added
to that now at hand.
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SUMMARY

PAVEMENT MANAGEMENT METHODOLOGIES

TO SELECT PROJECTS AND RECOMMEND
PRESERVATION TREATMENTS

Highway agencies use a number of different pavement management methodologies to
select projects and recommend preservation treatments for their highway networks. In some
cases, agencies have highly sophisticated, computerized processes in place. In other cases,
agencies make decisions based on more traditional approaches to managing the network,
including visual ratings and panel decisions regarding preservation actions. In light of the
Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991, which mandated the
use of management systems (to include pavement management systems) for the selection of
cost-effective strategies to improve the performance of transportation systems, many high-
way agencies evaluated their methodologies to determine whether they had the tools neces-
sary to provide this type of information. However, it should be noted that the passage of the
National Highway System (NHS) legislation in 1995 made the use of management systems
optional rather than mandatory.

This synthesis includes a review of the predominant pavement management method-
ologies being used by U.S. state and Canadian provincial highway agencies; a general de-
scription of each methodology; and a summary of the requirements, benefits, hindrances,
and constraints associated with each. Case studies are also included to illustrate the use of
these methodologies within highway agencies.

Three predominant methodologies are discussed in this synthesis: pavement condition
analysis, priority assessment models, and network optimization models. Based on data col-
lected from a survey of agencies, pavement condition analysis was the most common meth-
odology, with almost one-half of the agencies indicating use of this approach to some ex-
tent. The remaining agencies were equally divided among the use of network optimization
models, priority assessment models, or some other approach to pavement management,
With primarily three predominant methodologies being used, there are many similarities
among agencies in the basic pavement management components of data collection and
analysis. Even so, similar objectives for these components resulted in dramatically different
data requirements and analytical techniques among agencies.

Although pavement management has been practiced since the late 1970s, many of the
agencies are still using manual and subjective approaches. Several highway agencies indi-
cated that their pavement management systems (PMS) are fully automated; however, the
majority of agencies indicated that only a portion of their system is automated. Of those
agencies, many reported that they would probably never fully automate their systems.

ISTEA has greatly influenced the pavement management practices of a number of
agencies. Agencies with previously certified PMS were required to be recertified by the
Federal Highway Administration (FHWA), a process that required agencies o upgrade
their existing capabilities. Issues that agencies were required to address in this regard



include adding multiyear analysis, developing and using prediction models, providing
PMS coverage for non-National Highway System (NHS) federal-aid highways (including
city and county streets), incorporating life-cycle costs, and considering alternate project or
network strategies.

Pavement management methodologies provide information to agencies to assist them
in selecting projects and identifying treatments. By using a systematic, objective ap-
proach, pavement management methodologies have been shown to provide substantial
benefits to agencies, including longer service life, better functional satisfaction, and a
greater number of users served by the highway network. The use of these objective, ana-
lytical procedures can easily be shown to be a cost-effective use of taxpayers’ dollars.

As highway agency personnel become more familiar with the concepts of pavement
management and the differences between the methodologies used (through training and
other technology transfer efforts), additional benefits are expected to be realized. Com-
puter technology remains an underutilized resource that has the potential to dramatically
impact the analytical capabilities of most highway agencies. Other advancements in the
areas of prioritization, optimization, and life-cycle costing will also enhance the benefits
that pavement management can provide.

Ultimately, each agency will have to determine the methodology that is most appro-
priate to meet its unique organizational structure, reporting needs, and resource availabil-
ity. This synthesis provides information for an agency to better determine which approach
best fits its pavement management goals and objectives.

During the development of this synthesis, work on the NHS designation legislation was
in progress between House and Senate transportation leaders. An agreement between the
House and the Senate was reached and sent to the President for signature in November
1995. The NHS legislation agreement contained a provision for making compliance with
the management systems called for in the ISTEA Interim Final Rule optional. The Presi-
dent signed the NHS legislation on November 28, 1995.

The influence of the previous ISTEA management system requirements on agency
PMS practices was reflected in the responses to the survey for this study. Therefore,
within the synthesis, the numerous references to the ISTEA management system require-
ments, including PMS, have been revised to indicate that these interim requirements are
now optional.



CHAPTER ONE

INTRODUCTION

PURPOSE AND SCOPE OF SYNTHESIS

Methodologies to select projects and their associated treat-
ments for pavement preservation vary in level of sophistication
and automation. Some highway agencies have highly sophisti-
cated, automatic processes with minimal subjective bias and
with full explicit justification for project selection and preser-
vation treatment recommendations. Other highway agencies
use more heuristic approaches, basing decisions on engineer-
ing judgment, historical methods of dealing with pavement
data, consensus management, or other factors.

This synthesis presents the results of a survey conducted in
U.S. state and Canadian provincial highway agencies to de-
termine current methodologies used to select projects and their
associated treatments for pavement preservation. Additionally,
areview and brief discussion of literature in the subject area is
included. This synthesis addresses the requirements for each
methodology, as well as the highway agency pavement preser-
vation goals that determine the selection of each methodology.
Operational and soon-to-be-implemented methodologies are
also discussed. Specific items addressed for each methodology
include the following:

e General basis and description of the methodology,

e Demonstrated and potential benefits,

e Hindrances to implementation of the various steps or
stages comprising the methodology,

¢ Applicability to various types of highway networks,

e Practical and theoretical constraints and requirements
(e.g., data, resources) of the methodology, and

e Factors influencing the selection of projects and treatments.

INTRODUCTION TO PAVEMENT MANAGEMENT
METHODOLOGIES

Background

Pavement management provides agencies with the tools
necessary to forecast future pavement performance so that
agencies can identify the optimal timing for pavement preser-
vation in conjunction with identifying strategies that address
the goals of the organization and deficiencies in the highway
network. In the December 1, 1993 Federal Register, the Fed-
eral Highway Administration (FHWA) outlined a “systematic
process, designed to assist decision makers in selecting cost-
effective strategies/actions to improve the efficiency and safety
of, and protect the investment in, the nation’s transportation
infrastructure” through the use of integrated management
systems, as shown in Figure 1 (7). According to this same
source, a management system consists of tools or methods to

e Identify performance measures,
e Collect and analyze data,

e Determine needs,

e Evaluate and select appropriate strategies/actions to ad-
dress the needs, and

e Evaluate the effectiveness of the implemented strate-
gies/actions.

For today’s transportation agencies to be successful, they
will need to better integrate the operation and preservation of
the existing transportation system with their long-range trans-
portation development and performance planning objectives.
This includes the ability to develop interrelationships between
the information provided by each of the management systems
with the long-range planning process at the network level. The
successful integration of technical strategies with the long-
range planning process is the key to implementing procedures
that result in an overall improvement in network performance.

In 1991, the federal government passed the Intermodal
Surface Transportation Efficiency Act (ISTEA) mandating the
use of management systems. This landmark legislation was
followed by regulations published in the Federal Register for
states to develop, establish, and implement systems for man-
aging federal-aid highways and other transportation facilities.
The Interim Final Rule states that the overall objective of
ISTEA is the “improved performance of statewide and metro-
politan transportation systems through preservation, opera-
tional, and capacity enhancements” (/). ISTEA also requires
that the six management systems identified in Figure 1 be
used in developing metropolitan and statewide transportation
plans and in making project selection decisions. Therefore, all
of the management systems are expected to provide outputs
that are integrated into the decision process and directed at
enhancing the performance of current and future transportation
systems. At a minimum, a pavement management methodol-
ogy should be able to provide information to answer these ba-
sic questions (2):

e Is the network in acceptable condition according to the
agency’s policy?

e Is the trend in condition staying the same, improving, or
declining?

o Is there a backlog, and if so, how large is it?

PMS have been used successfully since the late 1970s to
help agencies improve the effectiveness of long-range plan-
ning and project and program development processes, and to
provide feedback concerning the relationship between esti-
mates used for the decision-making process and actual out-
comes. PMS have been used to improve the objectiveness
of the decisions made, and to help ensure the consistency
of decisions throughout the various levels within an or-
ganization (3).

The process of systematically and objectively ranking
pavement rehabilitation projects has proven to be extremely
beneficial to agencies where no planning is being performed.
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Where: PMS = Pavement Management System
BMS = Bridge Management System
PTMS = Public Transportation and Equipment Management System
SMS = Safety Management System
CMS = Congestion Management System
IMS = Intermodal Management System
TIP = Transportation Improvement Programs
STIP = Statewide Transportation Improvement Programs

FIGURE 1 Management system overview (1).

Lytton has found that simple ranking procedures can provide
an agency with 20 to 40 percent more benefit than the old,
subjective project selection techniques. Another 10 to 20 per-
cent benefit can be achieved by adopting optimization meth-
odologies over ranking procedures. Lytton defines the benefits
to the agency in terms of longer service life, better satisfaction
of its intended function, and a greater number of users served
(Lytton, R.L., “Optimization Techniques,” unpublished, May
1994, and (4)).

During the development of this synthesis, work on the Na-
tional Highway System (NHS) designation legislation was in
progress between House and Senate transportation leaders. An
agreement between the House and the Senate was reached,
and was sent to the President for signature in November 1995.
The NHS legislation agreement contained a provision for
making compliance with the management systems called for
in the ISTEA Interim Final Rule optional. The President
signed the NHS legislation on November 28, 1995. The influence

of the previous ISTEA management system requirements on
agency PMS practices was reflected in the responses to the
survey for this study.

Methodologies

The approaches agencies use, or are developing, to address
the overall objectives of ISTEA, in addition to preserving in-
dividual agency goals, vary in level of sophistication and
automation. The preservation of highways consists of both
objective and subjective issues. The design service life of a project
treatment is an example of an objective issue. Deciding whether to
improve the agency’s pavement ride quality or remove safety de-
ficiencies is an example of a subjective issue agencies must
deal with. Pavement management methodologies can help to
make subjective decisions more objective by providing
decision makers with objective information, such as the



outcome of alternative actions. Some agencies have developed
automated processes that are highly structured with the pur-
pose to minimize bias on objective issues. Other agencies use,
or are developing, approaches that are based purely on the
subjective input of several individuals. However, the majority
of agencies appear t0 use processes that range in sophistica-
tion between these two extremes.

The American Heritage Dictionary defines a methodology
as “the system of principles, practices, and procedures applied
to any specific branch of knowledge” (5). Within the area of
pavement management, three predominant methodologies are
used to select projects and recommend preservation treat-
ments: pavement condition analysis, priority assessment
models, and network optimization models.

These methodologies were introduced in the 1990 AASHTO
Guidelines for Pavement Management Systems (6). In a gen-
eral sense, each of the three approaches is listed in increasing
order of sophistication. The selection of the appropriate meth-
odology within an agency must be evaluated carefully; the de-
cision should be based on the needs of the agency and the re-
sources available. In many instances, the ideal approach
may be a combination of characteristics from two or more
strategies.

A brief discussion of each of these methodologies follows.
Chapter 2 provides a more detailed discussion of the
methodologies.

Pavement Condition Analysis

The basic pavement condition analysis approach is perhaps
the simplest of the three most common methodologies used in
pavement management. As shown in Figure 2, this methodol-
ogy uses pavement condition information obtained in the field
to determine a pavement condition index of some type. Based
on the calculated condition index and a preselected determi-
nation of maintenance and rehabilitation strategies to match
various condition indices, a ranked strategy can be identified
for a given budget level. Rankings are typically based on the
current condition level. The pavement condition analysis is
typically based only on an assessment of current pavement
conditions, so multiyear analysis cannot normally be per-
formed and the previous ISTEA requirements for the NHS
could not be met. If multiyear programs are developed, they
are usually made up of lower priority projects for which
needed funds were not available. This approach could be made
more sophisticated by developing pavement performance pre-
diction models or remaining service life estimates, both of
which forecast the network’s rate of deterioration over time.
The use of these methods allows agencies to forecast future
conditions, which in turn permits agencies to develop multi-
year plans based on the effect of alternative strategies on long-
term network condition rather than on prior survey results that
may be outdated.

Priority Assessment Models
A more sophisticated methodology, the priority assessment

model, is illustrated in Figure 3. This approach uses prediction
models to forecast pavement conditions and prioritization as
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FIGURE 2 Pavement condition analysis.

tools to identify the most cost-effective strategies for various
funding levels. A number of different approaches can be used
to prioritize various pavement rehabilitation needs so that the
strategy with the highest priority over the analysis period is
selected. The most common approaches for prioritizing needs
include benefit/cost ratios or life-cycle cost analysis. Benefits
can be defined as road user benefits, agency benefits, or a
combination of the two.

An advantage of this approach is that a number of alterna-
tive treatment strategies can be evaluated for each candidate
project. Another advantage is that life-cycle costing is nor-
mally used instead of focusing only on initial costs, providing
the agency with a better understanding of the total cost of a
decision to the agency.

The sophistication of this methodology can vary depending
on how needs are prioritized. A benefit/cost approach may be
as simple as calculating the area under a pavement condition
versus time curve for each alternative treatment. Using bene-
fits, such as road user costs and cost per year of acceptable
service, increases the system’s level of sophistication and re-
quires more data to support the system.

Network Optimization Models

Optimization methodologies have been used successfully in
the area of pavement management since the early 1980s. An
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approach based on optimization (see Figure 4) allows a simul-
taneous evaluation of an entire pavement network, where op-
timal network strategies are identified first and specific reha-
bilitation projects and treatments are selected afterwards.
Although the outputs of a system based on optimization may
be similar to the outputs from an approach that uses priority
assessment, the analysis methods are actually quite different.
This is largely due to the “top down” approach that is charac-
teristic of optimization techniques.

An agency that bases its pavement management approach
on optimization views the concurrent optimization of various
management strategies and tradeoffs for the network as a
whole as the first level of analysis. The second level of analy-
sis is the selection of projects and the recommendation of
treatments, both of which are typically performed concurrently.
For example, an agency may use optimization to determine
whether smaller, more expensive projects should be se-
lected for a given budget rather than larger, less expensive
projects. Only after this decision is made can an agency
move to the second step, identifying candidate projects
with specific treatments.

Other Methodologies

Not all agencies rely on project and treatment selection
methodologies that follow the decision process of the three
predominant strategies discussed previously. Some agencies,
such as the Michigan Department of Transportation, rely on

methodologies that involve applying techniques commonly
used in other fields. The techniques are typically tailored by
in-house staff to meet any specific requirements necessary to
make project and treatment decisions.

Michigan’s PMS analysis methodology, described as a
generative method, is based on management principles that
require a shift from linear approaches for complex systems
towards systemic thinking. This shift in thinking is believed to
simplify the management of pavement networks because the
new approach studies the patterns of behavior and the interre-
lationships among projects, treatments, and programs. The
interrelationships are further evaluated in terms of events
(reactive), patterns of behavior (responsive), and systemic
structure or root causes (generative) (7). Event explanations,
such as pavement condition, are the most common; however,
they often trigger reactive measures. Pattern of behavior ex-
planations, such as transverse crack spacing, focus on
seeing longer-term trends and assessing their implications.
The third level of explanation is the least common and most
powerful. It focuses on the underlying or root causes of
patterns of behavior.
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The developers of the Michigan system felt that all three
levels of analysis were necessary for a truly comprehensive
analysis of an increasingly complex management issue. They
did not find conventional PMS methodologies adequate to
provide this type of analysis because linear thinking does not
address problems with the following types of complexities:
subtle cause and effect relationships, and duplicate actions
that can have different effects in the short and long runs. This
methodology is described in more detail in the Michigan case
study in Chapter 4. This approach is further defined in the lit-
erature (7—10). A project level approach that uses a systemic
structure is also discussed in the literature (3).



ORGANIZATION OF SYNTHESIS

Each of the predominant project and treatment selection
methodologies introduced in this chapter will be discussed in
more detail in Chapter 2. A summary of practice, which presents
the requirements, benefits, hindrances, and constraints associated

with each methodology, is provided in Chapter 3. Chapter 4 pres-
ents case studies that illustrate how four highway agencies use
these methodologies, followed by conclusions presented in
Chapter 5. A bibliography of PMS materials, organized by topic,
follows the references. The survey and summary of responses to
the survey can be found in Appendices A and B, respectively.



CHAPTER TWO

PAVEMENT MANAGEMENT METHODOLOGIES

OVERVIEW

As discussed in Chapter 1, there are a variety of method-
ologies that can be used to select projects for pavement preser-
vation. The methodologies vary in the types of information
necessary to generate the analysis, the time frame over which
an analysis is run, and the process that is being used to opti-
mize or prioritize maintenance and rehabilitation needs. No
one approach is appropriate in all situations. Having a better
understanding of the basic principles of each approach will
permit an agency to better identify the solution that is most
appropriate for its particular network.

This chapter discusses in more detail each of the three pre-
dominant methodologies that were introduced in Chapter 1.
Examples of agencies using each of these methodologies can
be found in Chapter 4.

PAVEMENT CONDITION ANALYSIS

A methodology based only on current condition is the most
basic of the methodologies being used today for pavement
management purposes. The fundamental premise of the ap-
proach is that, through an assessment of the current condition
of the entire network and the funding levels available for the
network’s preservation, pavement rehabilitation and mainte-
nance needs can be identified and prioritized. In agencies
where funding levels are not adequate to meet the preservation
needs of the roadway network, projects must be ranked to de-
termine which needs can be postponed until a later year (/7).

A variety of criteria are used to rank the preservation proj-
ects within highway agencies. Some of the most common cri-
teria include the following:

e Rank by condition

e Rank by initial cost

e Rank by cost and timing
e Rank by life-cycle cost

e Rank by benefit/cost ratio.

The majority of agencies responding to the survey reported
that ranking by current condition is by far the most common
criterion for programming purposes.

In most cases, these agencies also use the current condition
to identify necessary levels of repair. Based on the condition
level of the pavement, or the types of distresses that are pres-
ent, appropriate maintenance and rehabilitation (M&R)
strategies are identified to address the existing deficiencies. In
most of the agencies using the current condition, only one or
two treatment strategies are considered for each pavement
section requiring repair. The process for developing M&R
strategies simply requires ranking the needs of each pavement
section based on condition levels and matching the M&R
strategies to the levels of deterioration present. Once the

treatment strategies have been identified, costs can be deter-
mined and programs can be developed to match the funding
levels available.

In some cases, agencies that use a pavement condition
analysis make basic assumptions regarding the deterioration
patterns of their pavement sections. These assumptions allow
agencies to consider future conditions for the development of
longer-range programs. Less than one-half of the agencies
using pavement condition analysis consider more than one
year in their analyses. The single year analysis did not meet
the minimum requirements outlined in the Federal Register
(1) or Executive Order 12893, “Principles for Federal Infra-
structure Investments” (12), at the time.

Because agencies consider only a few treatments when us-
ing this approach, treatment selection typically takes place as
part of the project selection process, which is initiated by
reaching a trigger value that indicates a rehabilitation need. In
most cases, when there are choices to be made among treat-
ment types, the primary basis for treatment selection is to see
that the treatment addresses the needs determined through the
condition survey. In some instances, decision trees or matrices
that permit the agency to more narrowly focus treatment se-
lection to the deficiencies identified may be used. However,
the use of these tools is much more common with some of the
other analysis methods.

An agency can more easily implement a pavement man-
agement system (PMS) using pavement condition analysis in-
stead of the other methodologies because of its simplicity.
Pavement network and condition information is required on a
cyclical basis, and automated or manual approaches may be
used to obtain this information. Historical condition data is
only required if the agency chooses to define deterioration
patterns for its road network. This information is supple-
mented with a list of treatment strategies considered for each
section in the network needing repair. Although pavement
condition analysis may be done manually, it can be done much
more expediently when it is computerized.

One of the greatest benefits associated with this approach
is its simplicity. Responding agencies reported making better,
more informed decisions because of the condition data being
evaluated, and noted that preservation choices better match the
needs observed in the pavement. Agencies also reported that
by using a systematic approach to prioritizing projects, im-
mediate rehabilitation needs are regularly addressed, often re-
sulting in an improved overall network condition.

Most of the factors that have hindered agencies seeking to
apply a pavement condition analysis methodology are not
unique to that methodology. In fact, the predominant factors
keeping a PMS from being implemented are lack of sufficient
personnel to support the system, lack of computer skills, and
lack of funding to support the pavement management effort.
Together, these factors have contributed to the fact that most
agencies using this approach are only partially automated with
no more than the database computerized.



The simplicity of this approach contributes greatly to the
constraints associated with it. Several agencies reported that
their condition ratings and prioritization approaches are sub-
jective, leading to decisions based on opinion. Others reported
that there is resistance to any type of change within their or-
ganizations, so the approaches that have been used for years
continue to be used.

One disadvantage to this approach. and a primary defi-
ciency with respect to previous ISTEA requirements, is that
basing decisions solely on prioritization of current condition
levels does not ensure that the best long-term decisions are
being made. Another disadvantage is that in most instances,
little historical information is available for a life-cycle cost
analysis, and rehabilitation decisions are based primarily on
initial project construction costs, rather than on the total project
and maintenance costs over time. Without computerized systems,
most agencies consider only one treatment for each situation,
potentially overlooking more cost-effective treatments.

PRIORITY ASSESSMENT MODELS

Priority assessment models take the pavement condition
models a few steps further. Models of this type allow an
agency to perform multiyear programming to determine what
its needs will be in later years and what level of rehabilitation
will be necessary at that time. To perform this level of analysis,
the development of performance prediction models, or remaining
service life estimates, must be incorporated into the PMS. This
makes it possible for an agency to identify which pavement sec-
tions are ready for rehabilitation in the first year, and to predict
when each section of the network will reach its trigger point for
signaling rehabilitation needs in later years. In some agencies, this
approach is referred to as multiyear prioritization.

The process for identifying preservation needs and select-
ing feasible rehabilitation treatments is very similar to pave-
ment condition analysis. One major difference, however, is
that instead of simply identifying current needs, an agency can
develop specific programs for future years through the use of
pavement deterioration models and remaining service life es-
timates. Candidate projects are still ranked within each year of
the analysis, but the ranking procedure becomes more sophis-
ticated. The majority of agencies that reported use of this
methodology have computerized their processes, thus making
a sophisticated analysis easy to accomplish.

The priority assessment methodology is sometimes referred
to as being a “bottom up” approach because feasible mainte-
nance and rehabilitation treatments are usually identified first
in the analysis and then prioritized based on agency selected
criteria. The most common procedure is for several feasible
alternatives to be identified for each project requiring rehabili-
tation. The benefit of each alternative can be represented in a
number of ways, including determining benefits to the road
users, benefits to the agency, or a combination of benefits to
both. The definitions of road user benefits and agency benefits
are addressed in two AASHTO publications: AASHTO Guidelines
for Pavement Management Systems (10) and A Manual on User
Benefit Analysis of Highway and Bus Transit Improvements
3).

The cost effectiveness of each alternative treatment is a
commonly used benefit; it is estimated as the ratio of the area

under the performance versus time curve to the treatment life-
cycle cost. The area (illustrated in Figure 5) is said to repre-
sent the additional life obtained by the particular treatment. In
addition to determining the benefit, the life-cycle costs of the
treatments are determined and divided into the calculated
benefit. The recommended treatment is then identified by
choosing the treatment that generates the highest benefit/cost
ratio.
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FIGURE S5 Illustration of treatment benefit.

Once the recommended treatment has been selected for
each project, the projects are prioritized and multiyear pro-
grams are developed. In some instances, due to the limitation
of funding levels available, certain projects must be deferred
until later years. In most cases, the projects that provide the
greatest benefit to the agency or its users will be ranked higher
in the program priority. In some systems, prioritization models
are built into the PMS to assist with the programming of proj-
ects in each year of the analysis.

The sophistication of this type of analysis lends itself best
to computerized systems. Developing performance curves,
predicting future condition, determining benefit for various
treatments, and prioritizing various treatments over a number
of years would be extremely labor intensive if performed
manually. Some of the features of this approach (specifically,
considering various rehabilitation treatments and calculating
benefits for each) would be practically impossible to do manually.
Most of the responding agencies using this approach have
computerized the analysis portion of their PMS.

The sophistication of the analysis also tends to increase the
level of resource requirements needed by the agency to support
it. In most cases, agencies that use this methodology must
have a computerized system to support the analysis. In addi-
tion, condition data must be available and updated on a regu-
lar basis. The fundamental aspect of the analysis lies in the
predicted condition, so deterioration models become extremely
important components of the system and must be reviewed
and updated regularly. The estimated cost of each of the treat-
ments considered in the analysis must also be reviewed regu-
larly to ensure the treatments are based on current pricing.

There are a number of benefits associated with this type of
analysis, one of the most important of which is that agencies
are able to understand the type of analysis performed and can
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manually reconstruct the decision process used in program de-
velopment. The methodology considers several years in the
analysis period, thereby increasing the long-term effectiveness
of the decisions being made. Life-cycle costs, or uniform an-
nual equivalent costs, are considered in the prioritization
models, again improving the basis for long-term decisions.
Agencies reported that, because of performance models, they
are able to improve the timing of their rehabilitation decisions
by identifying preventive or minor rehabilitative treatments
prior to the time at which only very expensive alternatives can
be considered. This capability has improved overall average
network condition, remaining service life, and objectivity of
decision-making processes. Agencies reported that selecting
cost-effective project strategies and (reatments assists in
making the best use of the limited dollars available for pave-
ment preservation.

Agencies using this approach identified several hindrances,
the most specific of which was a lack of personnel capable of
generating this type of analysis or supporting the data re-
quirements of the system. Some agencies stated that they did
not have the computer skills in-house to develop the software
systems or maintain them after they were implemented by a
consultant. Other agencies listed apprehension of change and
complexity as hindrances.

A few practical and theoretical constraints of this method-
ology were identified. The most significant constraint listed
was that the methodology did not account for subjective and
political issues, which frequently influenced the overall fund-
ing and selection of projects. Other agencies using this meth-
odology stated that their ability to use this type of system to its
greatest benefit was constrained by the amount of funding
available to implement the recommendations. This comment
was not limited to this particular methodology.

NETWORK OPTIMIZATION MODELS

The ranking and prioritization approaches discussed previ-
ously perform the programming and financial planning func-
tions of the network PMS process in a sequential fashion.
Within these approaches, the network decisions are essentially
sums of decisions for pavement sections within the network.
Network optimization models provide an agency with the
ability to perform a simultaneous evaluation of an entire
pavement network while considering multiple tradeoffs be-
tween various factors such as maximizing benefit (e.g., ride
quality, network condition, reduced rates of deterioration,
lower number of safety deficiencies) or minimizing cost (e.g.,
lowest life-cycle cost). Network optimization is considered a
top down approach because overall network goals are estab-
lished first so that projects and treatments can be selected to
achieve the desired goal. Most network optimization models
optimize the relationship between a measure of network con-
dition and the program’s budget level.

Prior to beginning an optimization analysis, an agency
must define the goal of the optimization procedure, known as
an objective function. The general form of the objective func-
tion is to achieve the desired agency goal (e.g., maximize the
total benefit to the network or minimize cost) subject to re-
source constraints, serviceability targets, and other constraints
identified by the agency. Due to the potentially large number

of constraints and variables that can be considered in this type
of analysis, the analysis is often simplified by breaking pave-
ments into various classes (e.g., condition level, pavement
class). The identity of each section in the network is removed,
and the model analyzes the total volume of pavements in each
of the classes. The goal of the objective function is to deter-
mine the funding levels required to maintain the network
condition above a predetermined level, or to maintain the
service life of pavements in each class at a predetermined
level. In simplistic terms, this can be stated as establishing the
long-term relationship between any given funding level and
the resulting network performance.

Because the planning of network preservation is not a static
process, pavement management applications of optimization
have focused on probability as a tool to determine the future
condition of a pavement section. Markov transition matrices
(11,14) and semi-Markov transition time distributions are the
most common tools used in optimization methodologies. In
the Markov approach, the condition of a pavement at any
given time is thought of as occupying one of a finite number of
“states.” Over a pavement’s life, it moves from one state to
another according to some probability distribution that is time
independent. This concept is illustrated in Figure 6. In this ex-
ample, the agency determined that for a pavement in state 1,
there is a 20 percent chance that the pavement condition state
next year will be the same as the condition state this year.
There is a 40 percent chance that the condition state will
change to state 2, a 30 percent chance that it will drop to state
3, and so on. These probabilities are referred to as “transition
probabilities,” and are considered independent of the path the
pavement may have followed prior to arriving at the given
state.
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FIGURE 6 Sample Markov transition matrix (4).

A number of mathematical programming methods are ca-
pable of determining optimal solutions in accordance with the
objective function selected by an agency. These methods in-
clude techniques that are capable of achieving “true” optimi-
zation, and several heuristic methods, which are aimed at ap-
proximating the true solution. In effect, the heuristic methods
give near optimal solutions that are often simpler and more



computationally efficient than the mathematical programming
methods. A heuristic approach, however, should periodically
be compared to the mathematical programming methods to
ensure that it is consistently representing optimal or near op-
timal solutions.

There are four predominant mathematical programming
methods used in pavement management: linear, non-linear,
integer, and dynamic programming. Linear and non-linear
programming are similar in that they seek to find the best so-
lution from an infinite number of solutions using continuous
variables. The primary difference in the two is that in linear
programming, both the objective function and the constraints
are represented by linear functions that are time independent;
in non-linear programming, the objective function and some of
the constraints may be curvilinear or time dependent. Both
methods are based on the premise of moving the objective
function to the point at which it first intersects the feasible
solution set, subject to the given constraints. These concepts
are illustrated in Figure 7.

Integer programming simplifies the analysis by considering
only two variables: a decision not to do something (0) or a deci-
sion to do something (1). This mathematical method results in
a decision matrix that clearly presents the decisions made.

LINEAR PROGRAMMING

VARIABLE
NO. 2

P

VARIABLE NO. 1

NON-LINEAR PROGRAMMING

VARIABLE
NO. 2

VARIABLE NO. 1
FIGURE 7 Illustration of linear and non-linear programming

(4).
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Dynamic programming can be used in a situation that re-
quires a number of sequential decisions that impact each other.
Dynamic programming uses a procedure that starts at the final
solution desired and works backwards to find the optimal so-
lution for the designated objective function associated with
each decision. In very simple terms, dynamic programming
takes a large, complex problem and breaks it down into a se-
ries of smaller and simpler sub-problems.

Several heuristic methods are also used in conjunction with
network optimization models in pavement management. By
trial and error, heuristic methods have been found to give an-
swers that are close approximations to those answers derived
from mathematically optimal solutions. To be confident in the
decisions made with a heuristic model, it is imperative that
sample solutions be generated with one of the mathematical
programming methods and compared to the heuristic ap-
proach. The use of incremental benefit/cost analysis is one ex-
ample of a heuristic approach that provides solutions similar
to a dynamic programming model, because the incremental
benefit/cost algorithm and dynamic programming go through
a similar sequence of decisions to determine the set of alterna-
tives and projects that provide the greatest benefit for the total
amount of money spent (Lytton, R.L., “Optimization Tech-
niques,” unpublished, May 1994).

Due to the complexity of this type of analysis, additional
resources are required. An optimization analysis must be
computerized, and it requires advanced, top of the line com-
puter equipment. Personnel familiar with the use of the com-
puterized system are required, as are individuals who under-
stand the transition probability distributions associated with
each pavement type. Several agencies stated that these pro-
grams are not user friendly, so very sophisticated skills are re-
quired to maintain and run them.

Agencies that have used this methodology noted demon-
strated benefits through support from executive management
and state legislatures. These agencies expressed confidence in
that they are truly optimizing the allocation of their resources
for preservation projects and realistically estimating future
funding needs. Other agencies that are moving toward using
the optimization methodology reported that the methodology
will improve the objectivity of their prioritization approaches
and help them better understand the long-range consequences
of reduced budgets and other imposed constraints.

The sophistication of this approach has contributed signifi-
cantly to the hindrances encountered by agencies implement-
ing these systems. The lack of necessary funding, sufficient
specialized personnel, and computer equipment were often
listed as problems with implementing this methodology. The
complexity of this approach was also listed as a hindrance and
often contributed to the apprehension that technical aspects of
the program would not be understood. Through extensive use
of technical committees, a number of agencies have success-
fully addressed this apprehension.

Responding agencies reported several constraints associ-
ated with the use of this methodology. Several agencies stated
that this approach was much too complicated for small road
systems, and thus would not translate well to municipal
agencies. In addition, agencies stated that it is sometimes dif-
ficult to translate network results into specific project results.
This is a complicated procedure because network recommen-
dations are often based on the optimization of short kilometer
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or mile segments, and project limits must then be developed year. The probability matrix must be updated regularly through an
by aggregating several segments over a number of years. ongoing process that provides the necessary adjustments. Without

This particular methodology is the most dependent on a the development and use of the feedback process, the system
feedback process to provide reasonable recommendations each recommendations will be quickly outdated.



CHAPTER THREE

SUMMARY OF PRACTICE

INTRODUCTION

Highway agencies use several basic methodologies for se-
lecting or prioritizing projects with their corresponding treat-
ment selection. The most common methodologies have been
discussed in the previous chapter. This chapter discusses in
more detail results of the survey that was sent to individuals
involved in the pavement management activities of highway
agencies in the United States, Washington D.C., Puerto Rico,
and the twelve Canadian provinces. Of the 52 surveys sent to
the United States and its territories, 46 responses were re-
ceived (88 percent). Ten of the twelve Canadian provinces re-
sponded to the survey (83 percent). A copy of the question-
naire and a summary of the responses obtained are presented
in Appendices A and B, respectively.

It should be noted that there were several issues with re-
gard to interpreting the survey responses. For instance, some
respondents appear to have been confused with the terms that
were used in the questionnaire. Although the AASHTO
Guidelines for Pavement Management Systems was referred
to for definitions, there were some responses that indicated
that the definitions were not clearly understood.

Another issue was the variation in responses that were
provided. In some cases, agencies provided more than one re-
sponse to a given question, resulting in more total responses
for that question than total respondents. In most cases, these
responses occurred where several responses were chosen from
a list or where planned improvements were different from ex-
isting practices and both systems were described. Clarification
was sought from respondents in a number of instances. It is
believed, however, that the overall trends depicted by the sur-
vey results are not misrepresented.

PAVEMENT MANAGEMENT METHODOLOGIES
FOR PROJECT AND TREATMENT
SELECTION

Agencies were asked to indicate the type of methodology
that best described their approach to selecting projects and
treatments. By far, the most common methodology was pave-
ment condition analysis, with 29 of 62 responses (47 percent).
Twelve of the responding agencies (19 percent) use network
optimization models, and 10 agencies (16 percent) use priority
assessment models. Thirteen agencies (21 percent) reported
that they use either a systematic methodology, some other ap-
proach, or that they had no formalized methodology. Some
agencies responded in more than one category, indicating that
their pavement management system (PMS) uses several ap-
proaches or that their current PMS uses one approach while
their anticipated revisions would use a different approach.

Agencies were also asked whether the methodology they
described is fully implemented within their agency. Of the 53
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agencies responding to that question, 36 indicated that the
methodology was fully implemented, and 16 indicated that it
was not. One indicated that the current methodology was im-
plemented but the planned improvements had not been im-
plemented. Nine of the original respondents did not answer
this question or many of the following questions.

Priority Assessment Models

Agencies that reported using priority assessment models
were asked to identify the methods that they use to prioritize
project and treatment selection. The following responses were
provided:

Number of
Method Responses
Condition ranking 29
Benefit-cost (or incremental benefit/cost) 12
Life-cycle costing 6
Cost and timing 4
Other 4
Initial cost 1

Other factors listed by agencies as important items to con-
sider in their priority assessment included traffic volume and
travel speed, cost per vehicle mile traveled per year, cost per
lane mile per year, district priority, maintenance savings, user sav-
ings, maintenance levels, user needs, and local considerations.

Network Optimization Models

Agencies that reported using network optimization models
to select projects and treatments were asked specific questions
concerning processes, such as to identify methods that were
used to optimize project and treatment selection. Linear pro-
gramming models were most often used by these agencies, but
heuristic models were also common. No agencies indicated
that they were using integer programming. Agencies that indi-
cated in an earlier survey question that they are not using op-
timization models were not considered in the responses re-
ceived in this section. Figure 8 represents the breakdown of
responses by type of optimization model used.

Agencies using optimization models typically use one or
more constraints in the selection process. These constraints
establish the boundaries within which the project and treat-
ment selection must be optimized. The two most common
constraints reported by agencies include limits on the budget
levels and limits on the overall network condition. In some
cases, rehabilitation budgets are set to provide a specified
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FIGURE 8 Type of optimization model used.

average condition level at the lowest possible cost. Other
constraints used in the models include the overall rate of dete-
rioration of the network, the remaining service life of the net-
work, or some representation of benefit. Agencies using
benefits listed overall serviceability of the system as a function
of the budget or the maximization of improvement effective-
ness as the predominant characteristics. Figure 9 shows the
breakdown of constraints reported by responding agencies.

Number of Responses

Time to Meet
Planning
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Benefits Network Rate
of

Budget Level nefwork Condition

Network Remaining

Deterioration Senvice Life

FIGURE 9 Constraints used in optimization.

Agencies were also asked to identify the different con-
straints that they optimized at different levels of analysis. This
was based on the assumption that different factors would be
optimized at the network level, the program development
level, and the project development level. It was further as-
sumed that at the network level, policy decisions were opti-
mized. At the next level, programs were developed to achieve
the network level objectives. Finally, projects were developed
so the program could be implemented. Although this question
was geared towards agencies using optimization models, a
number of agencies using the other methodologies responded
to this question, indicating that even within other methodolo-
gies, different factors are considered when analyzing programs
and project selection. Figures 10—-12 present the frequency of
responses at each level of analysis.

ESTABLISHING VALUE OF CANDIDATE
PROJECTS

Agencies were asked to identify the variables that help
them to establish the worth of candidate preservation projects
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FIGURE 10 Constraints used in optimization at the network
level.
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FIGURE 11 Constraints used in optimization at the program
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FIGURE 12 Constraints used in optimization at the project
development level.

in either a planned system or the current operational system.
Almost all of the agencies responding to this question indi-
cated that distress condition and roughness are used to estab-
lish the value of a preservation project. Other variables that are
commonly used (or that agencies are planning to use) include
rut depth, project cost, and project design service life. More
than one-half of the agencies identified surface friction as an-
other variable used. This is interesting to note in light of the
findings of NCHRP Synthesis 203: Current Practices in De-
termining Pavement Condition, which indicated that although
some agencies incorporate friction data into the calculation of
their pavement condition ratings, most agencies used the data
independent of their PMS or as part of a safety program activ-
ity (15). This same finding was verified in two later questions



in the survey for this synthesis that asked respondents to indi-
cate the variables used to report network and project condi-
tions. The responses received are reflected in Figure 13.
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FIGURE 13 Variables used to establish the worth of projects.

Agencies that listed project benefits as a variable measured
the benefits in terms of future condition, savings in agency
cost, user costs, serviceability, reduced maintenance costs,
safety improvements, effectiveness, benefit/cost ratios, and
overall quality. Variables identified in the “other” classifica-
tion included functional class, structural adequacy, traffic, ap-
pearance, public complaints, excessive maintenance costs,
accidents, and shoulder upgrading.

It is interesting to note that rate of pavement deterioration
was not identified as one of the factors considered in determin-
ing the worth of a project. The rate of deterioration has a tre-
mendous impact on the appropriate timing for pavement pres-
ervation and the cost effectiveness of a given treatment.

PROJECT/TREATMENT SELECTION PROCESS

Agencies were asked in the survey to indicate when the
identification and selection of projects within the program de-
velopment process took place. Of the 53 agencies responding
to this question, 30 indicated that project selection takes place
after the budget-setting process. Fifteen agencies noted that
project selection takes place before the budget is set, and is
used as a tool in identifying the optimal spending levels
needed, while 15 other agencies reported that project selection
takes place as part of the budget-setting process.

Three of the seven agencies that identified using two of the
above processes indicated that one process was currently be-
ing used and another would be used by an updated PMS. All
three of these agencies indicated that their improved systems
would move project selection closer to the budget-setting
process. Michigan indicated that project selection by the dis-
tricts takes place before the budget-setting process, while a
committee finalizes project selection after the budget has been
finalized. Utah and Alberta indicated that project selection
takes place both as part of budget setting and after budget set-
ting is finalized. It is assumed that this means the project se-
lection is finalized once the final budget is set.

In the majority of agencies responding to the question on
when treatment selection takes place, 30 out of 54 indicated
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that it most commonly occurs as part of the project selection
process. It appears to be almost as common, however, for
treatment selection to take place after project selection is
completed (22 out of 54 responses). Five agencies indicated
that treatments are selected prior to the project selection proc-
ess. In most cases, agencies that had more than one response
indicated that there would be differences in planned proce-
dures from those that were in current use.

The most important basis for treatment selection was find-
ing the treatment that best meets the project needs in terms of
addressing the observed deficiencies and preventing their re-
occurrence. In approximately 40 percent of the agencies re-
sponding to this question, benefits provided by the various
treatments were used to select treatments. Other, less common
bases for treatment selection included the life-cycle cost of the
treatment, decision trees and decision matrices, meeting
overall network needs, and heuristic approaches. Markov
Chain linear programming was identified by one agency as the
basis for treatment selection, although this more likely de-
scribes the method used rather than the basis for the decision.
Michigan uses department and AASHTO guidelines for
treatment selection. The number of agencies considering life-
cycle cost factors in treatment selection is expected to increase
due to requirements at the time stated in the Federal Register.
The breakdown of responses is shown in Figure 14.

In agencies where more than one treatment is considered
for a project, a number of different factors are used to evaluate
the various options. The most common factors used in select-
ing one treatment over another include the total cost of the
treatment, the design service life of one treatment over another,
the current condition of the pavement, the functional classifi-
cation of the pavement, and the surface type of the pavement
being restored. Although the cause of the pavement deteriora-
tion was not explicitly listed as one of the factors used to
evaluate different treatment options, it was assumed to be implied
in the current pavement condition response. The breakdown of re-
sponses from 54 agencies is shown in Figure 15.

The majority of agencies responding to the survey indicated
that they consider multiple treatments in their PMS. When
asked to identify the number of candidate treatments consid-
ered for each project, more than one-half of the respondents
(28 agencies) indicated that they consider three to four treat-
ments. Fifteen respondents reported that they only consider
one to two treatments for each project. Several states indicated
that their current systems only consider one to two treatments
for a project, but their enhancements will expand that to three
or four treatments for each project.

A number of different treatments were listed for potential
consideration in a PMS. The most common treatments consid-
ered for pavement preservation projects included the following:

Asphalt Concrete

Routine maintenance
Surface seal coats

Slab grinding
Full- and partial-depth repairs

Milling and inlays Crack and seat

Thin overlay Thin-bonded overlay
Thick overlay Unbonded overlay
Mill and overlay Micro-surface overlay
Reconstruction Slab replacement

Reconstruction
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FIGURE 14 Basis for treatment selection.
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FIGURE 15 Factors used to evaluate treatments.

Most of the agencies responding to the survey also indi-
cated that their pavement management methodologies con-
sider multiple years in their analyses. Fourteen agencies re-
ported an analysis period of 3 to 5 years, twelve agencies
reported a period of 6 to 10 years, and 8 agencies reported a
period of 11 or more. Only seven of the respondents indicated
that they look at less than 2 years in their analyses. It is inter-
esting to note that 22 agencies did not respond to this ques-
tion, perhaps indicating that they did not know the number of
years in their analyses, they did not want to report the answer,
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or they did not feel that their methodology controls future net-
work condition or budget levels.

Out of 38 responses to the question on whether the project
and treatment selection methodology in use was helpful in
controlling either long-term network condition or long-term
budget needs, 22 agencies indicated that their methodology
assisted in long-term network condition. Sixteen agencies re-
ported that their methodology helped control long-term budget
levels, and 14 of these indicated that their methodology also
helps them control long-term network condition. Only New



York and Vermont indicated that they could use their method-
ology to control long-term budget levels but not long-term
network condition.

Agencies listed the variables they used to report the condi-
tion of their networks and their projects. The predominant
variables reported were broken down into the following four
categories: distress/condition rating; ride quality or roughness;
structural analysis or service life; and other (including friction,
pavement type, age, cost, depreciated value, geometrics, drainage
condition, maintenance effort required, and capacity). The
distress/condition rating was the most common variable for
reporting condition of both networks and projects. The other
variables followed similar trends in each case, with ride or
roughness being the next most common, followed by struc-
tural analysis or service life.

These findings directly correlate to NCHRP Synthesis 203:
Current Practices in Determining Pavement Condition, which
reported that nearly all agencies performed some type of ride or
roughness testing and that those practices were the most stan-
dardized of all condition data being collected (15). Structural
capacity was evaluated by many of the agencies, but there
were a variety of methods used in programming, conducting,
and reporting procedures. Structural capacity was found to be
used more at the project level than the network level. Friction
data appeared to be used independently of pavement manage-
ment, often as part of a safety program activity.

Even though distress data are the most commonly collected
condition data, the study for NCHRP Synthesis 203 found the
greatest variation to be in this type of condition data. Because
of this, it was found that there was little opportunity for the
exchange of distress data among highway agencies.

BENEFITS DERIVED FROM EACH
METHODOLOGY

Responding agencies indicated that there were both dem-
onstrated and potential benefits realized through the imple-
mentation of a pavement management methodology; 47 re-
sponses were received from agencies addressing this question.
To classify the benefits under the methodologies discussed in
this synthesis, responses were classed in accordance with the
methodology being used by each agency. In some cases, re-
spondents indicated that several methodologies reflected the
procedures used to select projects and treatments. In those
cases, the benefits are reported in each of the corresponding
classifications.

Pavement Condition Analysis

The benefits shown in Table 1 were identified by agencies
in which a methodology based primarily on an analysis of
pavement condition was used.
Priority Assessment Models

Table 2 lists the benefits that were identified by agencies in

which priority assessment models were the predominant fea-
ture of their methodologies for project and treatment selection.
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TABLE 1
BENEFITS OF PAVEMENT CONDITION ANALYSIS

Number of

Benefit Described Responses
Selection of best treatment by
consistent and systematic process 11
Improvement of overall network
condition at less cost 7
Consistent measurement of distress
and overall condition 4
Reduced miles of "rough" pavement
or pavement in poor condition 2
Integration of minor and major
maintenance 2
Ability to track conditions with time 2
Reduction of lane miles with
immediate rehabilitation needs 1
Equalization of pavement conditions
statewide 1
Support provided for treatment
selection 1
Priorities can be developed based on
any variable 1
Development of an effective
program within budget constraints 1
Have measures with which to
establish goals 1
Ability to extend useful life of the
infrastructure 1
Ability to target "low life-cycle cost"
time to perform rehabilitation 1

Total Responses 36

Network Optimization Models

Of the 12 agencies that indicated project and treatment se-
lection was based on network optimization models, 10 pro-
vided input regarding the benefits they had observed. These
benefits are listed in Table 3.

BARRIERS TO IMPLEMENTATION OF
THE METHODOLOGIES

The implementation of any process within an organization of-
ten meets with some resistance. Within the pavement management
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TABLE 2

BENEFITS OF PRIORITY ASSESSMENT MODELS

Benefit Described

Number of
Responses

Selection of best treatment by consistent and

systematic process

Have demonstrated the benefit of treatments applied
at a particular time in the pavement’s life 1

Selection of the most cost-effective strategies 1

Improvement of average condition and remaining

service life

Improvement of overall network condition at less

cost

Integration of minor and major maintenance 1

Politics are removed from the process

Programs are developed from statewide needs, not

regional needs

Ability to track conditions with time

Base decisions on actual, rather than perceived,

condition

Methodology is easily understood and accepted by

districts

Total Responses

13

field, these types of issues, commonly referred to as institu-
tional issues, have been receiving a great deal of attention
since the Second North American Conference on Managing
Pavements in 1987 (16). The topic of institutional issues was
featured in the FHWA’s Advanced Course on Pavement Man-
agement (4), as well as in the Third International Conference
on Managing Pavements (17,18), and has been the focus of
many presentations at technical conferences.

One of the closing presentations at the Third International
Conference on Managing Pavements emphasized that institu-
tional issues are often more difficult to resolve than technical
ones (19). This presentation quoted Kinslinger:

There is ample evidence to show that, given sufficient
funding, we have the knowledge and skills to solve the
technical problems . . . The more difficult and vexing chal-
lenges have always been the institutional ones of achieving
effective decision making among different advocacy groups,
and power sharing among federal, state, and local elected
officials, and bringing together and synthesizing vastly dif-
ferent sets of values and priorities (20).

Another speaker summarized this point by saying that in the
end, “ ... it comes down to people: high level management

with long-term vision, mid level management with the talent
and dedication to direct system development and operation,
and the users who must apply the technology to real prob-
lems” (21).

One of the main reasons for the attention to these issues is
the effect that institutional issues can have on the successful
implementation of a PMS. If proper attention is not paid to
these issues, a technically sound system can sit unused within
an agency, providing no benefit to anyone.

As part of the survey for this synthesis, agencies were
asked to discuss factors that hindered either the development
or application of their methodology. A summary of responses
is presented in Figure 16. The main hindrance to agencies
trying to develop and apply methodologies is lack of personnel
to operate and maintain the PMS. In many cases, lack of com-
puter skills within the organization was listed in conjunction
with lack of personnel, perhaps indicating that the people with
the necessary skills were not available within the organization.

A large number of the responses indicated that there was a
general lack of sufficient levels of support for the pavement
management methodologies. Lack of funds, personnel, sup-
port, or computer resources all indicate that organizations are
either not able, or not willing, to fully support the pavement
management efforts. The three other types of hindrances—fear



TABLE 3
BENEFITS OF NETWORK OPTIMIZATION MODELS

Number of

Benefit Described Responses
Optimal resource allocation for
preservation projects 4
Optimum pavement design, project
priorities, budget requirements, treatment
selection 2
Executive management decision support 1
Legislative support of recommendations
demonstrated through budget allocations 1
Reduced pavement design life-cycle costs 1
Realistic estimates of budget needs 1
Monitoring of overall network quality 1
Advance notification of needs for budget
adjustment 1
Ability to time the implementation of
preservation strategies 1
Reduction in the rate of network
deterioration 1

Total Responses 14
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of diminished input, complexity of methodology, and general
negative attitude toward PMS—deal with the general anxieties
people express regarding change.

Another frequent comment by responding agencies re-
garded the reluctance within the organization to accept the
concepts of pavement management and the changes that
would occur as a result of implementing new strategies. Some
agencies appeared resistant to the lesser involvement of hu-
mans in the decision process and perceived that their input
would be replaced. In some cases, complicated programs have
kept systems from being accepted, or conflicts have risen over
where control (i.e., in what division) of the system would be
based. Almost all of the agencies that listed a lack of support
for their efforts indicated that there was a lack of support from
policy and decision makers.

It is interesting to note that most of these hindrances were
discussed at the Second North American Conference on Man-
aging Pavements and still exist today. In his opening presen-
tation at the Third International Conference on Managing
Pavements, Finn discussed what he called ““. . . a built-in re-
sistance or inability to change the traditional ways of doing
business, and to a certain amount of black box phobia or fear
and mistrust of PMS by management” (22). Of the 44 agen-
cies that identified one or more hindrances to methodology de-
velopment or system implementation, only 15 of these had systems
that were not fully implemented. Twenty-eight of the 44 respon-
dents indicated that their systems are fully implemented, im-
plying that these hindrances have been successfully overcome
or have not been able to completely stop the implementation.
Only one state, Alaska, reported that it had addressed all fears
and negativity through an extensive use of committees.

Training and increased communication within each organi-
zation are the most effective tools for addressing these issues.
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FIGURE 16 Hindrances to the development of application of a methodology.
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Techniques that have been used by other agencies can be
found in the course notebook for the FHWA’s Advanced
Course in Pavement Management (4) and the Proceedings of
the Third International Conference for Managing Pavements
(17,18). Technology transfer efforts to demonstrate the benefits
realized by highway agencies successfully using PMS tech-
nology are also needed.

APPLICABILITY OF METHODOLOGIES TO
VARIOUS HIGHWAY NETWORKS

With one exception, there seems to be no distinction be-
tween the types of highway networks to which the various
methodologies apply. In most instances, agencies that reported
use of network optimization models tended to consider fewer
highway classifications in their analyses. This tendency is
probably due to the level of analysis performed by the optimi-
zation programs. To speed up the analysis, fewer highway
classifications would be included in the analysis set. The only
exceptions to this generalization appear to be Alaska, Arkan-
sas, and Louisiana.

As shown in Figure 17, 14 of the 54 respondents indicated
that their methodology was applicable to city roads and
streets. Under the proposed rules defined in the December 1,
1993 Federal Register (1), federal compliance would even-
tually require the use of PMS on the National Highway Sys-
tem (NHS) and on non-NHS federal-aid highways. This rule
would dramatically impact the needs at the city level and the
extension of methodologies used at the state level to local
agencies. With the passing of the NHS legislation in Novem-
ber 1995, the use of a PMS is now optional. Several agencies
made comments regarding the efforts of local agencies to
adopt pavement management methodologies for their pave-
ment networks.

REQUIREMENTS OF EACH METHODOLOGY

:

Secondary
Main
Arterials
Collectors
County/Ci
Roads

Each of the methodologies discussed in this synthesis has
resource requirements associated with it. Agencies were asked
to describe the requirements associated with their methodol-
ogy in terms of the following: data, computer hardware and
software, personnel, and equipment. As one would expect, the
more sophisticated the methodology, the more sophisticated
the requirements.

General Data Requirements

Several requirements were common to all of the pavement
management methodologies used by responding agencies.
Each of the methodologies requires data from which the cur-
rent condition can be assessed; responding agencies listed
equipment and personnel that were needed to perform these
surveys. There were differences, however, in the extent to
which each of these resources is required. Agencies that had
automated their procedures required computers capable of storing
the inventory data and running the analytical programs.

The following types of data were common requirements for
many of the agencies responding to the survey: profile
(longitudinal and transverse); condition (distress, structural,
roughness, and friction); historical (construction and mainte-
nance); cost; and location.

Special Data Requirements

No unusual data requirements were highlighted in the sur-
vey. Maryland specifically listed life-cycle cost data as a re-
quirement to support life-cycle cost analysis. Several agencies
also listed that interaction between divisions is critical to



successfully obtaining some of the data required by the
pavement management methodology. North Carolina reported
using a relational database that could handle the different ref-
erencing systems typical of the varied data collection activities
within an agency.

Special Computer Hardware and
Software Requirements

Several agencies identified the need for mainframe or mini-
computers in addition to the personal computers required to
perform an analysis. The mainframes and minis were identi-
fied primarily as the location of large data files maintained by
the agencies over the years. Most agencies with automated
systems mentioned that they had several personal computers
dedicated to their pavement management needs. Agencies in
which optimization models are used listed high requirements
for their computers. One agency also specified the need for a
plotter to support its system.

In some cases, software requirements were also listed. The
most commonly identified requirements included a database,
some type of analytical program, and graphics packages.
Other application programs were required in some cases, as
were proprietary programs that supported systems developed
by consultants.

Personnel Requirements

Responding agencies listed several types of personnel as
being necessary to support their pavement management meth-
odologies. Engineers and technicians were required to support
the data collection activities. Engineers and programmers were
also identified to perform the analysis and computer opera-
tions to support the pavement management programs. Agen-
cies specified that these people needed to be highly trained in
computer technology, mathematics, or pavement engineering
to be most effective. This was especially true in agencies using
optimization approaches for program development. Individu-
als who had design, maintenance, and planning experience
were very valuable to support the pavement management
needs.

Another problem facing highway agencies is the turnover
within the pavement management area. Due to the limited
amount of formal training in pavement management, there is a
significant shortage of people who understand the pavement
management concepts. In many agencies, once individuals re-
ceive training or gain experience, they are promoted or trans-
ferred to other jobs. Recent studies indicate that the annual
turnover rate for state PMS engineers has been approximately
25 percent over the past 5 years (2). This has a tremendous
negative impact on the ability of a highway agency to operate
and rely on their PMS recommendations.

Several agencies also indicated that the individuals running
the pavement management programs need to be dedicated to
the pavement management unit. Many agencies stated that
they needed at least five individuals within their pavement
management sections; however, many operate with only one
person overseeing the management and daily operation of the
PMS program.
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Special Equipment Requirements

The majority of responding agencies reported having ac-
cess to equipment that was needed for data collection activi-
ties. Several agencies indicated that they had moved toward
automated distress data collection, which required the pur-
chase of new equipment, or the contracting of outside firms to
collect the data. The South Dakota profiler, ridemeter, skid
trailer, and nondestructive testing equipment were frequently
mentioned in the survey. The specific types of equipment be-
ing used by highway agencies to collect condition data were
summarized in NCHRP Synthesis 203 (15). Electrical and
mechanical shops were listed as being necessary to support all
of the data collection equipment.

Other Requirements

Although not specifically listed in the survey, several
agencies mentioned that they need the support and commit-
ment of their regional and headquarters’ staff for their pave-
ment management methodologies to be effective. Continued
funding to support their missions was also listed.

PRACTICAL AND THEORETICAL
CONSTRAINTS

Each of the methodologies is somewhat restricted by both
practical and theoretical constraints. Some of the practical
constraints are caused by the size and variability of the high-
way network itself and the subjectivity of the data collected by
human beings. Most agencies do not have the resources to
sample 100 percent of their networks for data collection, so the
accuracy of their methodologies is limited by the representa-
tion of the samples selected. This accuracy is further limited
by the ability of the raters to identify and interpret distress
when sitting inside a vehicle or the accuracy of computer al-
gorithms designed to identify distress automatically. In most
cases, these data were not available for county and city streets.

Project selection is constrained by the accuracy of data
collection efforts and the criteria used to select projects. Proj-
ects clearly within the treatment ranges often used with reha-
bilitation decision trees are easily identified in a pavement
condition analysis or priority assessment analysis. For exam-
ple, if preventive maintenance activities are recommended for
pavements in excellent or very good condition (i.e., condition
rating above 80 on a 100-point scale), it is relatively easy to
identify projects in this category. It becomes harder when the
condition of pavement sections falls on the borders of various
categories. These cases must be considered on a case-by-case
basis. In some cases, by the time a treatment is identified, the
condition has often deteriorated to a far worse condition.
Available budget levels were also identified as a key constraint
in project and treatment selection.

Several agencies listed theoretical constraints of the pave-
ment condition analysis. These agencies reported that the lack
of performance models and multiyear analysis limited the
value of recommendations made by the system. Agencies
noted that they were required to select projects based on a
“worst first” approach that did not ensure the selection of the
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most cost-effective, long-term plan. Without a more sophisti-
cated system, the agencies stated that they could not develop
long-term network-level strategies. Even those agencies using
priority assessment models mentioned that they were not con-
fident that their methodology optimized to produce the highest
condition levels over time for the entire network.

Agencies that adopted optimization to perform their pave-
ment management functions reported that their systems are too
complicated to be used by smaller agencies, such as local
highway agencies. These agencies also stated that it is some-
times difficult to translate network goals into project-specific
objectives.

Organizational issues were frequently listed as constraints
to the success of pavement management objectives. Internal
resistance to change was identified by several agencies as a
constraint that appears to be decreasing with time and train-
ing. The reliance on teamwork and cooperation between dis-
tricts and the central office was also listed. Agencies that identified
these as constraints indicated that they did not feel the communi-
cation between individuals was used to the fullest extent.
Other internal factors that contributed to constraints affecting the
system were the influence of political factors on project selec-
tion, the acceptance of recommendations within the agency,
and the lack of adequate personnel to operate the system.

Most agencies seemed to agree that their pavement man-
agement objectives were more constrained by the practical
factors than by the theoretical constraints, once again support-
ing the statement that institutional issues are more difficult to
resolve than technical ones.

FACTORS THAT INFLUENCE PROJECT AND
TREATMENT SELECTION

Responding agencies listed several factors that influence
the selection of projects and treatments and are common to all of
the methodologies for pavement management. In most cases, the
factors listed were not likely to change or disappear. For this
reason, it is important for the selected methodology to accom-
modate these factors through a manual adjustment or through
automated means. The following factors were the most com-
monly identified influences on project and treatment selection:

e Geographical boundaries and the balance of work be-
tween districts,

¢ Political influences or citizen requests,

e Combination with other types of projects for program
development,

¢ Influence or bias of individuals developing the program,
Geometric constraints,
In-house design capabilities,
Traffic operations and safety upgrading,
Locally available resources, and
Policies and mandates.

AUTOMATION OF PROCESSES FOR PAVEMENT
MANAGEMENT METHODOLOGIES

Although pavement management has been practiced since
the late 1970s, the majority of agencies have practiced it
through manual, rather than automated, means. Twenty years

later, the majority of agencies still have not converted all ana-
lytical functions to computers.

When asked to describe the state of automation within each
agency, only Virginia and Nova Scotia responded that none of
their processes are automated. Only 11 agencies stated that
their entire PMS is fully automated, and 41 responded that
some portion of their system is automated. The majority of
agencies with systems that are only partially automated indi-
cated that they consider their methodology to be a manual
process that is assisted through the use of computers; these
agencies’ systems will most likely never become fully auto-
mated, probably due to the fact that pavement management
consists of both objective and subjective issues. Objective is-
sues, such as treatment selection, can be computerized or
automated. Subjective issues, such as the decision to eliminate
safety deficiencies over improved frictional resistance, are
harder to automate but require high-quality data so that the
impacts on overall network performance can be evaluated.

Eleven agencies stated that only their data collection efforts
are automated at this time. Other respondents varied in the
level of automation used, but it appeared that, in many cases,
computers were not used to their fullest extent. All of the
agencies using optimization approaches appeared to have
fairly sophisticated levels of automation. The majority of
agencies that only had their data collection efforts automated
appeared to be using a pavement condition analysis. The ma-
jority of agencies using priority assessment models used some
level of automation to perform their analysis.

INFLUENCE OF ISTEA ON PAVEMENT
MANAGEMENT METHODOLOGIES

In several cases, pavement management methodologies had
been adopted by agencies prior to the (now optional) 1991
ISTEA legislation, which mandated the use of management
systems (to include PMS). The influence of ISTEA had the
potential to greatly affect agencies where pavement manage-
ment was already established, especially with regard to data
collection and analysis requirements.

The survey participants for this synthesis were asked to
indicate whether ISTEA would influence their current ap-
proach for project and treatment selection. No Canadian
provinces responded to this question because they are not
subject to the ISTEA rules. A total of 44 U.S. agencies did re-
spond, with 26 indicating that ISTEA would influence their ap-
proach, and 18 responding that it would not impact them in any
way. Comments by agencies that indicated they would be affected
by the ISTEA rules include the following:

e Multiyear analysis will need to be added,

e Optimization needs will be implemented to justify
expenditures,

e County and city streets will be considered in project
selection,

e Life-cycle costs will be incorporated,
More miles will be covered by the system,
Ground tire (crumb) rubber must be considered,
Additional data must be collected,
Alternate strategies will be considered, and
Project selection will be more objective.
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Even so, most agencies did not appear to be greatly con-
cerned about the influence of ISTEA on their pavement man-
agement approach. Only 5 of the 44 agencies—Montana, Ne-
vada, Tennessee, Utah, and Vermont—indicated that their
PMS had not been approved by FHWA. Most stated that they
were in the process of upgrading to meet FHWA standards.
Training classes on the concepts used in a multiyear analysis
would be beneficial to agencies upgrading from a pavement
condition analysis.

OTHER INFORMATION OBTAINED
THROUGH THE SURVEY

Two other questions were asked of the survey respondents
concerning their pavement management methodologies. The
first question concerned the location of pavement management
responsibilities in their agencies, and the second focused on
the use of the methodology by central and district offices.

With regard to the first question, a large number of agen-
cies indicated that pavement management functions were pre-
dominantly located in the planning or engineering divisions.
Maintenance, research, operations, and construction divisions
were also listed by some agencies as the locations for pave-
ment management functions.

Concerning the second question, the majority of responding
agencies reported that pavement management functions were
used in headquarters to make decisions for the entire network.
Almost as many agencies indicated that the system was used
by the headquarters as well as the districts or regions within
the state or province. Only three agencies—Maryland, New
York, and British Columbia—indicated that the system was
just used by the districts or regions. There did not appear to be
a difference based on the methodology used. Any differences
are probably based on organizational variations, such as cen-
tralized and de-centralized structures. Centralized organiza-
tions would tend to perform more functions at headquarters,
and de-centralized organizations would tend to have decisions
made by both districts (regions) and headquarters.

SUMMARY

Highway agencies are using three predominant pavement
management methodologies to identify candidate projects (and
their treatments) in an objective and consistent manner: pave-
ment condition analysis, priority assessment models, and net-
work optimization models. The majority of state and provin-
cial highway agencies are using a pavement condition analysis
for pavement preservation project and treatment decisions, a
methodology that does not meet the minimum requirements
(at the time) outlined in the Federal Register. Project selection
is often based on an evaluation of distress, roughness, design
life, and cost of rehabilitation. Several candidate treatments
are considered for each project, but the selected treatment most
often is selected to address the current pavement condition and
traffic loads. Multiyear analysis cannot be performed ade-
quately due to the lack of performance prediction models for
forecasting future condition levels. As a result, respondents
reported that they were not necessarily selecting the most cost-
effective, long-term projects. Agencies using this methodology
are hesitant to adopt more complex approaches due to a lack

23

of understanding of the higher level systems, a lack of avail-
able staff and computers to perform the analysis, and the resis-
tance of agency personnel to change.

Approximately one-third of the survey respondents indi-
cated that they were using priority assessment or network op-
timization models for project and treatment selection. The use
of these more advanced methodologies often requires more so-
phisticated hardware and software to perform the multiyear
analysis previously required by ISTEA. They also require the
development of pavement deterioration models to forecast fu-
ture pavement conditions. Technology transfer efforts to dem-
onstrate the use of these methodologies in highway agencies
and introduce the analysis techniques will help agencies using
a pavement condition analysis to upgrade their capabilities.

In most instances, the selection of a treatment for a particu-
lar project is most often done in conjunction with the project
selection process. If not, it is conducted after completion of the
project selection process. Selecting a treatment to address
project needs was most often cited as the basis for treatment
selection. It was interesting to note that life-cycle costs were
not frequently considered in the treatment selection process.
This finding is expected to change as agencies adjust to meet
the requirements of ISTEA (prior to the passage of the NHS
legislation, which made the management systems optional).

The evaluation of network condition is most often reported
by an assessment of distress, roughness, and structural condi-
tion. Distress/condition data collection was most prevalent in
highway agencies, but was also the most variable procedure.
Roughness was the next most common condition assessment
procedure, and it was one of the most standardized procedures
being used.

Even though the concepts of pavement management have
been practiced for almost 25 years, there are still a number of
institutional issues that have hindered the complete implemen-
tation of these methodologies. The majority of hindrances that
were identified dealt with a lack of support by policy/decision
makers as evidenced by a lack of necessary funds, personnel,
support, Or computer resources.

Only 20 percent of the responding agencies indicated that
their PMS were fully automated. The majority of the remain-
ing agencies indicated that some portions of their systems
were automated. Unless priority assessment or network opti-
mization models were being used, the agencies with partially
automated systems had primarily automated their data collec-
tion and database functions.

At the time of the survey for this synthesis, ISTEA had an
effect on the way highway agencies in the United States were
selecting projects and treatments. The impacts will be felt in
the number of miles that will be managed using one of the
pavement management methodologies, the integration of life-
cycle costs into the decision process, and the use of deteriora-
tion models so that a multiyear analysis can be performed.
Several agencies reported that they intend to extend their
pavement management methodologies to roadways under city
or county jurisdiction.

At the time of the survey, many agencies were in the proc-
ess of enhancing their methodologies to meet the requirements
outlined in the Federal Register (I). The perceived changes in
the way their decisions will be made once the enhancements
are implemented were often reflected in the answers provided
in the questionnaire.
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CHAPTER FOUR

CASE STUDIES

This chapter briefly describes the application of several
analytical techniques in four states—California, North Dakota,
Kansas, and Michigan.

CASE STUDY 1: CALIFORNIA’S PAVEMENT
CONDITION ANALYSIS

The State of California has been using a pavement condi-
tion analysis for its pavement management system (PMS)
based primarily on distress for managing 15,000 centerline
(47,000 lane) miles of highways since the late 1970s. The
methodology is well documented in the literature and provides
the California Department of Transportation (Caltrans) with a
strategy to perform the following functions:

e Inventory pavement condition,

e Analyze condition extent and severity,

e Identify appropriate repair strategies,

e Identify cost-effective strategies and reasonable
alternatives,

e Organize candidate projects by appropriate groupings,
and

e Report repair strategies.

Caltrans believes that the structured approach its method-
ology provides allows the agency to quantify and justify pro-
gram levels and rehabilitation trends within the agency, to the
public, and to elected officials.

System Overview

Caltrans collects pavement condition information for its
entire highway network on a 2-year cycle. The rating system
identifies the severity and extent for each of six pavement
problems on flexible pavements and eight problems on rigid
pavements. In addition, the agency collects ride information.
Reports published in 1978 indicate that surface friction infor-
mation was also collected; but Caltrans noted in its survey re-
sponse that it does not report frictional resistance as a variable
that currently influences the selection of preservation projects.

Caltrans has developed a series of decision trees for each of
the distresses that is evaluated in the condition survey. The
decision trees (see Figure 18) present rehabilitation strategies
based on the severity and extent of the distress. Each of the
distresses found in the section is assigned a rehabilitation
strategy from these decision trees. The strategies for a pave-
ment section are then evaluated, and a dominant strategy for
the section is identified and recommended as the candidate
treatment.

Caltrans’ central office issues a list of problem pavement
locations, indicated dominant repair strategies, anticipated strategy

service life, and estimated project costs to each of the districts.
The districts review the list provided by the central office and
select a final prioritized program based on field review, fund-
ing constraints, or level of service. Districts are also responsi-
ble for adjusting the project cost estimates, if necessary.

System Components

The PMS consists of the condition rating and pavement
condition evaluation systems.

Condition Rating System

The present condition rating system, developed by an in-
house committee, is based on the results of extensive research
into the developments of other agencies. As discussed previ-
ously, the rating system evaluates the severity and extent of six
distresses on flexible pavements and eight distresses on rigid
pavements. The following types of distresses are evaluated in
the biannual surveys:

Flexible Pavements Rigid Pavements

Alligator/block cracking Slab breakup

Transverse cracking Patching

Longitudinal cracking Faulting

Ravel Lane/shoulder joint separation
Rutting Lane/shoulder displacement
Patching Right should condition

Bridge approach ride comfort
Bridge approach slab condition

Figures 19 and 20 present the severity and extent categories
considered for each distress type. Each severity level of a par-
ticular distress is recorded for a pavement section. In other
words, an average severity for a segment is not used. Rather,
the extent of pavement within a given segment experiencing
each particular distress type and severity is recorded. No
sampling of pavements is included in the rating, resulting in a
100 percent survey of the state’s highway network every 2
years. Staff from Caltrans’ central office perform the surveys.

Caltrans also measures the ride quality of its pavements as
an input into its PMS. Ride quality ratings are measured and
recorded for each segment using the following equation:

Summation of 1/8" road meter counts

RideScore =
Length (miles) x 50 (constant)
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Flexible pavement conditions are evaluated as shown in the following examples.

Given 20% length with Type A cracking, no patching. Repair strategy is to

Example 1
fill cracks.
Example 2 Given 20% length with Type B alligator cracking, no patching. Repair
strategy is base repair and patch plus thin AC overlay and local digouts.
Example 3 Given 40% length with Type B alligator cracking, 10% area patched. Repair

deflections, or reconstruction).

strategy is structural analysis (structural overlay based on measured

FIGURE 18 Decision trees presenting rehabilitation strategies, Caltrans (23).

Pavement Condition Evaluation System

A mainframe pavement condition evaluation system is
used by the central office to correlate pavement problems to
feasible repair strategies. Trigger values have been established
for each severity/extent combination of each distress type to
identify the time at which various rehabilitation strategies
should be selected. For each lane of homogeneous road seg-
ment in the highway system, each distress type is consid-
ered independently, and a particular rehabilitation strategy
is identified.

Once each of the homogeneous sections has been consid-
ered and each distress type has bee