Part One

The Pavement
Management Process

Chapter 1

Introduction

1.1 HISTORICAL BACKGROUND

We often think of paved highways as beginning with the era of the automobile in
the late 1800s. This of course is erroneous, because overland travel has been second
only to water travel in the history of the development of the world. _

The first real road builders moved southwestward from Asia toward Egypt [1]
soon after the discovery of the wheel, about 3500 B.C. It is not surprising that the
cradle of civilization was also the cradle of early road buxldmg, because roads and
population have always gone together,

The Romans were the first scientific road builders, with the Via Appia, or the

“‘Appian Way,” being initiated in 312 B.C. The oldest, most famous long-distance

highway, approximately 1755 miles long, was named the “Royal Road” by the
Persians. It was constructed over a 4,000-year period, ending in 323 B.C., across
Southwest Asia and Asia Minor, Travel time, according to Heroditus (457 B.C.), was
3 months and 3 days, or an average of 19 miles per day.

The Appian Way was generally 3 to 5.ft thick, made up of three layers. All the
work was hand-placed stone, and this type of construction became standard practice
for over 2,000 years until it was superseded by MacAdam’s light-wearing course
surface in the nineteenth century. These early roads had to withstand the wear of
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4 THE PAVEMENT MANAGEMENT PROCESS

hooved animals, and great attention was given to the wearing surface. Speeds were
slow, and therefore overall smoothness of the roads was of less importance then
than after the introduction of the automobile.

1.1.1 Pioneer Road Builders
Road building became recognized as a profession requiring application of scientific

principles in the latter part of the eighteenth century. The main trouble with roads

of that day, as well as with many roads of today, seemed to be the lack of
adequate drainage and the lack of a hard-wearing surface. Perhaps the real founder
of pavement systems management was Pierre Marie Jerome Tresaguet, the first
modern highway engineer. He introduced the innovation of relatively light road
surfaces designed on the principle that the subsurface of the pavement must be well
drained and Support the load as opposed to the massive pavements designed by the
Romans. More important to pavement system management, however, was the fact
that Tresaguet recognized the need for continuous maintenance and was named
French Inspector General of Roads in 1775 by King Louis XVI. )

Thomas Telford was responsible for the construction in 1816 of the Carlisle-
Glasgow Road, said to be the finest road ever built up to that time. It placed
emphasis on flat grades and, because of Telford’s early training as a stone mason,
involved surfacing the road with stones capable of carrying the heaviest prospective
traffic of that day.

The most famous of early road builders was probably John MacAdam
(1756-1836). He is known as the father of modern pavement construction. His road
cross-section design was based on the principle that a drained and compacted base
should support the load applied to a pavement, whereas the stone surfacing should
act only as a wearing course, The construction techniques involved compaction of
the materjals by normal traffic and probably would not have been at all satisfactory
for modern highways. In 1869 the original steam road roller was used for the first
time in New York City. It made compaction of macadam roads better, quicker, and
easier. That actually started the modern era of road construction,

In the post-1900 time period, the rapid growth of the automobile and the
decline of horse-drawn vehicles and bicycles brought about a major change in
pavement construction, The faster automobile began to cause serious dust problems
on roads, and the use of oils and other agents to cut down on dust began. This led
to experiments in 1905 with coal tars and crude oil in Jackson, Tennessee, to
determine their benefit in pavement construction. In 1906, bituminous macadam
roads were built in Rhode Island. The conclusion drawn from the experiments was
that highways used heavily by high-speed motor cars should be built with
bituminous macadam surfaces and that existing roads subjected to similar high-speed
traffic should be resurfaced using bituminous materials.

These first bituminous roads were followed closely in 1909 by the first rural
portland cement concrete roads built in Wayne County, Michigan. The pavement

was 17.8 ft wide with natural earth shoulders and expansion joints every 25 ft.

In 1920, the Highway Research Board was organized and major research
efforts in the pavement field began with the objective of improving pavement design
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and construction methods. This research was highlighted by a variety of theoretical

and empirical studies, including the well-kn .
Ilinois, in 1958-1961. ’ own AASHO Road Test in Ottawa,

1.1.2 Development of Pavement Systems Methodology

ICn 1966,.the A_merican Association of State Highway Officials, through the National
h(;operatlv.e Highway Research Program, initiated a study to make new break-
; oughs in the pavement field. The intent was to provide a theoretical basis
[?;i :;:gldmfg ;‘he res[gl]ts of the AASHO Road Test. As a result, researchers at the
of Texas in 1968 began a basi i i
Systoms tomom g sic new look at pavement design using a
6 4]Smtlilar,t inc:epemtlﬁnt efforts were being conducted at the same time in Canada
) O structure the overall pavement desi
several of its subsystems. 1 and mansgement problem and
A third concurrent keystone effort in this are i
. a was that of Scrivner and othe
at the Texas Transportation Institute of Texas A&M University as a part of theri:
work for the Texas Highway Department [5].
The work of these three grou i istori
ps provides the overall h i
pavement management systems. F7 Tslonc pemspective for
) In the late 1960s and early 1970s the term pavement management system
eg‘ar}.to .be used t?y these groups of researchers to describe the. entire range of
actmn.es mvolv‘/‘ed in providing pavements [6]. At the same time, the initial
ot;?eratxonal or w?rlung” systems were. developed in two major projects. The largest
2 &Itihese.was. Project 123, conducted by the Texas Highway Department, Texas
" gruversny, .and the University of Texas. A series of reports and manuals have
resulted from this research, beginning with 123-1 in 1970 [7]. The project has
produ;;d m;lny of the modem innovations in pavement analysis.
¢ other major continuous research effort in this field was that i i
; ntin carried out in
NCHIZP Project 1-10, as initially reported by Hudson et al. [2]. A second phase was
tzarr;e out })y Hudson and McCullough to develop an actual working system for
1mp'e:inentatlon at the national level [8]. A third phas¢ on implementation was
carried out by Lytton et al. at Texas A&M University [9], whereas a fourth phase

was continu i .
Catifory ed by Finn et al. at Materials Research and Development, Inc., in

1.2 ROLE OF PAVEMENTS IN TODAY’S TRANSPORT SYSTEM

Todayjs transport system includes marine, highway, rail, air, and pipeline trans.
por.tatxon. Of these, only marine and pipeline transportation ’do not make use of
}t:xsm pavements. Certainly the major structural load-carrying elements of the
foiljw‘a)}' rsli'::vem are Fhe pavements, .For air travel, pavements are required in the
. p ays, ta)_uwa.ys, and parking aprons. Likewise, the railroads operate on a
h-ci)rm of pavement hxstc.m‘cally made up of rails, ties, and ballast, not dissimilar to a
thgltmtfl::y p.avement .deslgn, although modern design principles show, for example,
at the rail can easily be mounted on a properly designed continuous pavement.
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It is difficult to define precisely the dollar value of the expenditures in each
of these modes of transportation in the United States, in Canada, or in the world.
However, it is safe to say that the expenditures in the highway sector in the United
States represent the largest amount in U.S. transportation and exceed $20 billion
annually, Including maintenance as well as new construction, pavements represent
approximately one-half of this total highway expenditure. In effect, pavements,
along” with bridges and other structures, represent the major investment in fixed
facilities of highway transport, It is also important to point out that after the initial
development of a highway system, expenditures for right-of-way and other initial
costs cease but expenditures on the pavement system continue to grow as
maintenance, rehabilitation, and so forth, are required.

Although the function of the pavement varies with the specific user, in
modern highway facilities the purpose of the pavement is to serve traffic safely,
comfortably, and efficiently, at minimum or “reasonable” cost.

With the relatively large investments involved in pavements, even marginal
improvements in managing this investment, and in the technology involved, may
effect very large absolute dollar savings. In addition to the direct savings in capital
costs and maintenance, the indirect benefits to the road user can be equally
significant, although much more difficult to ascertain. Pavement construction in
itself will probably not-continue to develop as fast in the future as it has since
World War II, but the investment we now have in pavements must be protected
through various types of upgrading or remedial action, Otherwise, this investment
can be lost if pavements are allowed to deteriorate too much.

1.3 TYPES OF PAVEMENTS

Many definitions are applied to the term pavement. In this book, the pavement is
considered as the upper portion of the road, airport, or parking lot structure and
includes all the layers resting on the subgrade. Additionally, the pavement is
considered to have a bound surface and includes the load-carrying capacity of the
subgrade,

Many so-called types of pavement are discussed in modern technology. Terms
such as rigid pavement, flexible pavement, composite pavement, asphalt pavement,
concrete pavement, and others are often used. Each of these terms has been
developed for a particular reason and each has some useful connotation. Perhaps the
most straightforward terminology is the definition of pavement by its structural
function or response. Two basic types can be considered: (1) flexible pavements and
(2) rigid pavements. These definitions provide a framework to which all others can
be related. Rigid pavements normally use portland cement concrete as the principal
structural layer, Flexible pavements normally use asphaltic concrete for the surface,
and sometimes for the underlying layers.

Pavements can also be defined in terms of the mechanical theory normally
used to describe their behavior, In this context, slab analysis is commonly used to
define the behavior of rigid pavements, which usually carry their load in bending.
On the other hand, layered system analysis is commonly used to analyze the
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behavior of flexible or as
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The .term composite pavements has be
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It is intended to describe a pavement
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There are many definitions j
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1.3.1 Rigid Pavements

of those layers above the subgrade and not just the slab
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Figure 1.1 i i
gu A typical cross section of any of the four basic types of rigid pavements,
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Figure 1,2 A conventional asphalt concrete pavement section,
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concrete sections. Prestressed concrete pavements are those pavement slabs that are
placed with adequate steel to allow the stressing of the steel. This provides a
prestress on the concrete (so that the slab is in compression) and increases its tensile
load-carrying capacity in a way similar to other structural applications of prestressed
concrete. Such pavements have found only very limited use to date in North
America, largely because of the high labor costs involved, but they may have
potential for future or certain specialized applications,

1.3.2 Flexible Pavements
Flexible pavements have recently been developed into a wider variety of types than
formerly used. A conventional asphalt concrete pavement section, as shown in Fig,
1.2, involves the use of an asphalt concrete surface layer, an asphalt concrete binder
or leveling course layer (often of the same material as the surface layer but
sometimes with a larger maximum particle size), and one or more base and subbase
layers. The granular base and subbase layers may or may not be bound (i.e., with
asphalt or some other treatment). Also, the shoulder may or may not be surfaced
with asphalt concrete, a surface treatment, and so forth. Often, the shoulder simply
consists of the same material as the base.

In recent years, a number of variations of flexible pavement types have
appeared. Two of the best-known types are Full Depth® and Deep StrengthR.1 The
former refers to an asphalt pavement in which asphalt mixtures are employed for all
courses above the subgrade, whereas the latter term refers to an asphalt pavement in
which the base layer, in addition to the surface, is constructed of an asphalt

mixture.

1.4 PAVEMENT MANAGEMENT PRIMER

The performance of a pavement certainly depends in part, but not exclusively, on
the design concepts that were used. The success of any design is also largely

! These are terms registered by The Asphalt Institute with the U.S. Patent Office.
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terminolo ina ﬁ y, however, it has also become common to use the “sys'tems"
to mean gyrem t eblpavement ﬁeld in a generic way, such as employing joint system
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subsequent chapters, but basically design must involve more than just the initial
construction to be carried out. ,

The technology of designing, constructing, and maintaining pavements has
been_considerably enhanced in recent years by research into the fundamenta
characteristics of pavement materials. We are now better able to understand how
materials behave when subjected to a variety of loads under various climatic or
environmental conditions and the effects of time and loading.

Another thing that has markedly aided the development of pavement tech-
nology is the use of computers. Computers have enabled us to process large volumes
of data and to perform complex and extensive calculations on the response of
pavements as simulated by layered systems, slab analysis, and so forth.

The disparate atmosphere in which pavements are financed, constructed, and
maintained has tended to fragment the development of codified pavement manage-
ment policies over the years. Many administrative levels are involved in the process,
and these administrative levels, with different reporting functions, provide a wide
variety of input into the process. This does, however, inhibit the codification of
data into a single body of knowledge.

To summarize, the reader should keep in mind the variety of considerations
and detailed inputs that have affected the development of pavement management
systems throughout history. A great deal of work has been done to overcome some
of the resulting problems, but there is also scope for considerable improvement in
all areas of pavement technology.

Chapter 2

General Nature
and Applicability
of Systems Methodology

2.1 NATURE OF THE SYSTEMS METHOD

Systems meth i

Sty o;ilzln(;lgyn corgpr.xses a bod¥ of knowledge that has been developed for

strvcturing the 0% knesxfn, and unpleme_ntation of new systems and for

It s 2 comprapre ; b;)w edge'on an existing system or modeling its ,operation

it ot B oo dzv:m;:;s;);\_ntx}li ;;rgscte:,s, a(rild the framework that characten‘ze;

numl:’geof efficiently a}nd systematically cond?xrcteficiﬁf)jg::n [ 10 }) ]Sefvatlons of @ large
Te are two main, interrelated uses of systems methodoloéy [12]:

1 The framing or structuring of a Problem,

2 The use of analytical tools for actually i of oo, and

modeling and solving the problem,

These uses i
b franﬁnz;red:o:mpl;x;fntar‘y and interrelated; one is insufficient without the other
problem is usually too generalized by itself to achieve a useful.

Opelatlonal SOlUthll, Wh.eleas the appllcatlon 01 aﬂalytlca.l techﬂlques to an lllade-
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2.2 STRUCTURE OF THE SYSTEMS METHOD

The structure or framework of any problem-solving process should provide for
systematic incorporation of all the technical, economic, social, and political factors
of interest. Moreover, it should be a logical simulation of the progression of
activities involved in efficiently solving a problem.

Figure 2.1 presents the major phases and components of such a process. In this
general form, it is applicable to a wide variety of engineering and other problems.
The diagram illustrates that the recognition of a problem comes from some
perceived inadequacy or need in the environment. It leads to a definition of the
problem that involves a more in-depth understanding, This provides the basis for
proposing alternative solutions, These alternatives are then analyzed in order to
predict their probable outputs or consequences. Evaluation of the outputs is the
next step in order that an optimal solution may be chosen. Implementation involves
putting this solution into service, and its operation. Feedback for improving future
solutions, or checking on how well the system is fulfilling its function, is provided
by periodic performance measurements.,

The process of Fig. 2.1 is continuous and iterative, It is applicable to both the
overall problem being considered and to its many component subproblems, basically

at three levels:

1 The systems approach
2 Systems analysis
3 Systems engineering

Generally, these levels increase in complexity and utility, The systems approach
often means nothing more than broad consideration of a problem, or as many
aspects of the problem as convenient. In terms of Fig, 2.1, we might say that the
systems approach involves only the problem-recognition phase, and the problem-
definition phase in an initial manner, with perhaps a cursory look at the generation
of alternative strategies.

Systems analysis encompasses the systems approach and extends it to a more
complete consideration of alternate strategies, More important, it provides a
methodology for analyzing and optimizing these alternatives.

Finally, systems engineering is a more complete manifestation of the systems
method, with design, implementation, and performance evaluation aspects given

strong attention.

2.3 SOME BASIC TERMINOLOGY

The systems terminology most often confused is that associated with the problem-
definition phase. Inputs can be thought of as those factors that place some demand
on the system (i.e., loads, stresses, etc.). They, together with the constraints, usually
represent information that must be acquired by problem solvers. Objectives also
represent necessary information, but they must usually be developed or specified by

JR—

GENERAL NATURE AND APPLICABILI'.TY OF SYSTEMS METHODOLOGY 13

ENVIRONMENT
(Technological - Socio - Economic- Political)

_ ( ;’f ...............................

PROBLEM DEFINITION

PROBLEM RECOGNITION « Objectives
® Review of Existin,
Situation 8 > * Inputs
* Preliminary Assess- H * Outputs
ment of Needs ® Constraints
* Values

* Decision Rules

GENERATION OF
ALTERNATIVE STRATEGIES
Ewinn ANALYSIS OF ALTERNATI TIVES

¢ Predict OQutputs

EVALUATION OF
ALTERNATIVES AND
OPTIMIZATION
* Assign Values to Outputs
® Choose Best Allernahve

MPLEMENT
BEST ALTEI?J’AOT’:‘V%
® Schedules
® Quality Contro!
e Information
Storage
* Operation

Figure 2,1 Major phases and components of the systems method.

Feedback

SHIUINsagen

\ MEASURBJENT AND -

EVALUATION OF
PERFORMANCE OF THE
SYSTEM IN SERVICE

T.




14 THE PAVEMENT MANAGEMENT PROCESS

problem solvers. Similarly, they must decide as-a part of this problem definition
what outputs will be of concern when they subsequently analyze alternative
solutions, and what output prediction models they will use. They should addi-
tionally specify what types of values they will place on these outputs, what sort of
function they will use to combine them, and what decision rule they will eventually
use to choose the best solution. These aspects have been discussed in more detail,
particularly with respect to the highway and pavement field, in 2 number of
sources, including Refs. [2, 3, 6, 7, 12, 14-16].

It is important that the “system’ under consideration be clearly recognized
and identified; otherwise there can be confusion in determining the inputs and in
specifying the applicable objectives, constraints, and so on. For example, consider
the frequently used term, pavement system. It is sometimes unclear whether the
actual physical structure, the design! method, the construction or maintenance
policies, or some combination of the foregoing, are being considered. .

Chapter 3 extends the foregoing generalizations to some more specifically
defined concepts for the pavement management field.

2.4 SOME PRECAUTIONS IN APPLICATION

The general systems method of problem-solving, as shown in Fig. 2.1, models the
logical, systematic pattem that is used by efficient problem solvers. It must,
however, be used with full recognition that there are certain limitations.

First, successful application of the systems method inherently depends on the
capabilities of the people involved. The method is no substitute for poor
engineering, and it does not represent a framework for only classifying all the factors
pertinent to a problem. .

Second, the point of view of the individual or agency involved must be clearly
recognized and identified. Otherwise, confusion and contradiction can be the result.
For example, a materials processing problem for a public works project might well
be viewed differently by the contractor than by the government agency involved.
They could have competing objectives, and they would undoubtedly have different
constraints.

Third, the components or extent of the system under consideration should be
clearly identified. For example, the term parking system might mean the actual
physical parts of the parking lot, such as pavement, curbs, gates, and so forth, to
one person; to another it might mean the ‘method used to operate the facility; and
to still another person it might mean a combination of the two. Without such clear
identification of the extent of the system, inconsistency among objectives, con-
straints, inputs, and outputs can result.

A fourth point concerns the oversimplification imposed on many problems by
considering the system as a black box, with an arrow on the left labeled inputs and
one on the right labeled outputs. This is a convenient conceptualization for certain
hardware problems, but it is quite inadequate for most other problems.

A fifth point concerns the inherent danger of generating precise solutions to an
imperfectly understood problem. That is, the problem has been recognized but not
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yet rigorously defined. It is, of course, common to perceive some general solutions
in the prob!em-recogmt:on phase of Fig. 2.1, However, these may be inadequate or
incomplete if the problem solver does not go on to define the problem.

2.5 SOME ANALYTICAL TOOLS

The structuring of a problem is usually too general to be used alone to find a
.useful, operational solution, and the application of analytical techniques to an
inadequately structured problem may result in an inappropriate solution. In other
wor.ds, the analytical techniques that are used as part of the systems methods for
solving problems have maximum usefulness when the problems are well formulated
or structured; otherwise, they can be an exercise in mismanagement.

There is a large variety of available techniques (or tools, or models) that can be
used in applying the systems method to the solution of a problem. It might be
noted 'that these techniques are also applicable to what is commonly known as the
opera.tlons method. Basically, the operations method and the systems meﬂti'\éd differ
only in the scope and nature of the problems solved, rather than in the form of the
methodt?logy.,This section of the book provides only a “catalogue” of some of the
more widely used systems and operations methods. These methods have varying
degrees of potential applicability to the pavement field. The references cited provide
a means for further exploration on the part of the reader.

’.l‘he use of systems or operations models or techniques should facilitate
reach!ng a decision on as objective a basis as possible. The type of *“‘objective
function” used depends largely on the available knowledge of the outputs of the
system, which can be classified in terms of the three following problem types:

: i 1 'Ct':rtainty, where definite outputs are assumed for each alternative (i.c
; deteyministic type of problem) -

2 Risk, where any one of several out ili
s puts, each of known probabil
occur for each alternative provability. can

i .
l _3 Uncertainty, where the outputs are not known for the alternative courses
of action; thus probabilities cannot be assigned

-_A major amount of engineering practice has treated problems in terms of
deC}sxons .under certainty (type 1), because of convenience and because of the
available information. However, there is considerable current effort being directed
toward incorporating probabilistic concepts (type 2) into practice.

Where practical problems are too complex for symbolic representation, they
H}ay bf modelefi on an analogue or a scale basis. Alternatively, it is possii)le to
prggcl:msa[lsglllftlon by experimentation, gaming, or simulation for some types of
' One of the most widely applied and useful classes of systems models involves
11'near programming. These techniques have been used in everything from construc-
tion to petroleum refinery operations because they are well suited to allocation-type
problems [17-20]. A typical problem for linear programming application might
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involve the determination of how much of each type of material a contractor
should produce, given production capacity, the number and capacities of trucks,
available materials and their costs, the delivery distance, profits for each type of
malerial, and so forth. There are several variations of lincar programming models
and several methods of solution, including parametric linear programming, integer
linear programming, and piecewise linear programming, The latter is used to reduce
a nonlincar problem to approximate linear form, )

Nonlinear methods can range rom the so-called classical use of diffcrential
calculus, Lagrange multipliers (and their extension to nonnegativity conditions and
inequality constraints) and geometric programming, to the iterative search tech-
niques [21-24]. These latter techniques start from an initial solution and seek
improvements until an acceptable tolerance is reached. They are often applicable
where more rigorous methods are impractical.

There are some types of nonlinear problems not easily solved by analytical
techniques that may lend themselves quite well to graphical solution. A variety of
methods may be used to obtain optimum values. Their applicability and use, which
has received comparatively little attention, is directly dependent on the nature of
the problem and the way in which it is formulated by the problem solver. For
example, Haas et al. [12] have illustrated the use of a simple graphical solution to a
construction problem involving a discontinuous cost function.

Problems involving multistage decisions can be represented as a sequence of
single-stage problems. These can be successively solved by a method known as
dynamic programming [25-27]. Each single variable or single-stage problem that is
involved can be handled by the particular optimization technique that is applicable
to that problem. These techniques are not dependent on each other from stage to
stage and can range from, say, differential calculus to linear programming. Combina-
torial-type problems are often well suited to dynamic programming. A typical
example might be that of an aggregate producer with several mobile crushers and
several sources of raw materials who wants to determine how many crushers should
be assigned to each site for a given profit matrix.

Random and queuing models can have a wide range of applicability to systems
problems, and there is a large amount of literature available [28-44]. For example,
one class of models involves the Monte Carlo methods, which are quite useful when
adequate analytical models are not available. These methods require distribution
functions for the variables. They are, however, somewhat inefficient and are applied
mainly to complex problems that are otherwise unmanageable. There are also a large
range of problems to which reliability, random walk, and Markov chain techniques
can be applied. The latter can be used to extend stochastic and chance-constrained
programming models. Queuing models have been wused very extensively in
engineering, including various air terminal operations, traffic facility operations, rail
operations, and canal operations,

Many systems problems involve the allocation and scheduling of personnel,
equipment, money, and materials. Several techniques have found widespread use for
these types of problems, including sequencing, routing, and scheduling. Sequencing
involves the ordering of various tasks in sequential manner to minimize total time or
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effort [45, 46]. Routing involves the identification of a path through a network to
minimize time, cost, or distance. There are graphical methods and matrix methods
available for the minimum path type of routing problems.

Scheduling involves the allocation of time or resources to various tasks whose
sequence is fixed but whose cost is time-dependent, to minimize total completion
time or cost. There are two well-known types of scheduling methods, the critical
path method (CPM) and the program evaluation and review technique (PERT). They
have received especially wide application in the construction field during the past
decade [47-51]. Single-value time estimates are used for each activity in CPM,
whereas PERT uses a range of possible completion times (i.e., including stochastic
aspects). Thus PERT has tended to be used more for research and development
purposes whereas CPM has found more routine application in construction. Critical
path scheduling problems can often be formulated as linear and dynamic program-
ming situations.

This section has only noted the analytical tools that have potential appli-
cability to various aspects of the pavement field. Those desiring more in-depth
information may consult some of the many references listed.

Chapter 3

Basic Components
of a Pavement
Management System

3.1 DEFINITION AND STRUCTURE OF THE SYSTEM

A pavement management system consists of a comprehensive, coordinated set of
activities associated with the planning, design, construction, maintenance, evaluation,
and research of pavements. This can be represented conceptually as in Fig. 3.1,
which shows the logical sequence of activities that would be used by any agency in
providing pavements. This is a broad, encompassing framework that allows for
considerable variation of models and details within each major phase or subsystem.

It should be recognized that Fig. 3.1 incorporates a number of levels of
management. For example, planning activities might be concerned primarily with
investment decisions and programming on a network basis, whereas design or
construction activities would be concerned primarily with management at the
project level.

3.2 MAJOR SUBSYSTEMS

The six major classes of activities or subsystems of Fig. 3.1 (i.e., Planning, Design,
Construction, Maintenance, Pavement Evaluation, and Research) are directly related
to each other, and any one can be of major importance in a given situation. Each

18
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Figure 3,1 Major classes of activities in a pavement management system,

subsystem incorporates a variety of major and minor problems that are amenable to
being structured and solved using the general approach of Fig, 2.1, The following
paragraphs outline the basic functions of the subsystems.

The planning subsystem involves an assessment of deficiencies or improvement
needs on a network basis, the establishment of priorities for eliminating or
minimizing these deficiencies, and the development of a scheduled programme and
budget for carrying out the needed work.

The design subsystem involves the acquisition or specification of a variety of
input information, the generation of alternative design strategies, the analysis of
these alternalives, their economic evaluation, and finally optimization to select the
best strategy. Although the usual operational extent of the designer can be
represented by the box in Fig. 3.1, the overall diagram shows how design activities
are directly related to all the other activities of the pavement management system,

Construction transiates a design recommendation into a physical reality. Its
major component activities include the detailing of specifications and contract
documents, scheduling, construction operations, quality control, and the acquisition
and processing of data for transmittal to the data bank.

The maintenance phase includes the establishment of a program and schedule
of repair work, the actual operations of crack filling, patching, and so forth, and the
acquisition and processing of data for transmittal to the data bank.

Pavement evaluation is a phase of the pavement management system that has
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received considerable attention by a number of agencies during the past decade. It
includes the establishment of control or evaluation sections, the actual periodic
measurement of such pavement characteristics as structural capacity, roughness,
distress, and skid resistance, and the transmittal of data to the data bank. The
acquired data can be used for: (1) checking the adequacy with which the pavement
is fulfilling its intended function, (2) planning and programming future rehabilita-
tion needs, and (3) improving the technology of design, construction, and main-
tenance {52].

The data bank has been separately identified in Fig. 3,1. This is done to
emphasize its role in acquiring data from all the pavement activities in a centrally
coordinated manner, and its concurrent role of being an information base for
analyzing the effectiveness of these activities. Data banks can range from simple
manual record files to sophisticated, computerized systems {53].

The importance of research in a pavement management system depends on the
resources and requirements of the particular agency involved. Research activities can
be initiated from problems arising in planning, design, construction, or maintenance,
and they usually make extensive use of the information acquired in evaluation. In
fact, evaluation can sometimes be considered as research.

The foregoing pavement management subsystems will be considered in more
detail in subsequent chapters.

oy
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Chapter 4

Plannjﬁg Pavement
Investments

4.1 ROLE OF PAVEMENT INVESTMENT PLANNING

The planning phase of pavement management is concerned with a series of projects
within a road network or a region. In turn, it is related to higher levels of planning
dealing with overall road needs. This is, in tumn, related to a still higher level of
planning dealing with overall transport requirements, and so on. Figure 4.1 is a
schematic representation of the hierarchy of planning levels that are involved.

The hierarchy begins with the political or administrative jurisdiction level (i.e.,
federal, state or provincial, municipal), where the major departmental budget
decisions are made (i.e., x dollars for transportation, y dollars for education, etc.).
The next major planning or decision-making level is concerned with the total
budgets of the various sectors of each department (i.e., some percentage of x dollars
for roads). At the next major level, decisions must be made for allocating the roads
budget to such areas as bridge construction, pavement construction, maintenance,
and so on,

The next level of planning, which is of principal interest to this chapter,
concerns the decisions to proportion the pavements budget to some series of

projects over some selected time span. It must provide answers to the following
basic questions:
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1 What are the needs for new pavement construction, and rehabilitation of
existing pavements, on the total mileage under the agency’s jurisdiction, over the
selected time span? .

2 How are priorities assigned to these needs?

3 How can the projects be scheduled or programmed according to these
priorities and within the total available budget?

The basic information needed to answer these questions comes from roads or
transport needs studies -where new pavements are concerned, and from periodic
pavernent evaluation studies for existing pavements.

When a set of projects has been scheduled throughout the agency’s network,
each individual project then undergoes detailed design and detailed economic
evaluation to determine the best within-project alternative,

At the network level, all “candidate” projects should be considered. Because
most agencies work under budget constraints, however, some of the candidate
projects may have to be delayed even if their benefits exceed the costs. This
requires the establishment of some sort of priority programming scheme, based on
economic and other cost and benefit considerations,

4.2 NETWORK-LEVEL NEEDS: SELECTING
“CANDIDATE"” PROJECTS

The establishment of pavement needs at the network level is conducted on some
sort of annual assessment and “formula” basis by some agencies, on periodic
evaluation of existing pavements combined with road need studies for new
pavements by other agencies, or on the basis of some combination of the foregoing.

Most agencies have a scheme for identifying their road networks by section and
subsection. A new pavement project, or a rehabilitation project, might cover several
such sections. The rationale used to designate sections can vary widely, including
changes in subgrade soil type, changes in traffic volume, changes in surface type,
changes in geometric characteristics, and so on. For example, an urban arterial street
section might go from the intersection of one collector street to the intersection of
another arterial street, with uniform traffic being the rationale for designation
(assuming that there are no major changes in geometric and subgrade soil type over
the section). As another example, a rural highway section might run for several
miles, until there is, say, a major change in subgrade soil type. Many highway
departments start or end sections at the corresponding start or end of the original
contract for grade construction.

The “formula” type of assessment usually consists of subjectively selecting
candidate projects and then assigning weights to various pavement surface conditions
or distress measurements and traffic volumes. A numerical index-type rating is
assigned to each project, and they are ranked according to these ratings. The budget
constraint determines how many of the projects will be done. Those that are of
lower priority and fall below the budget cutoff become candidate projects for the
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following year. This method is common for many urban municipalities and a
number of state highway departments.

The method of periodic evaluation of existing pavements combined with road
needs studies for selecting candidate pavement projects is essentially only an
extension of the formula type of method and is used mainly by larger highway
departments. In addition to surface condition measurements, it is common to take
measurements of roughness or riding comfort, structural capacity, and skid
resistance on existing pavements. The candidate projects for existing pavements are
usually selected on the basis of roughness or riding comfort, but the other
measurements are- also usually used to complete the assessment of priority. New
pavement projects result from the overall road needs study; in other words, the
decision is made on the road project as a whole, and the pavement is simply a part
of the project.

4.3 BASIC ECONOMIC AND COST-BENEFIT
CONSIDERATIONS FOR PAVEMENT
INVESTMENT PLANNING

The basic principles for planning investments in pavements, either at the network
level or at the detailed level of within-project evaluation of alternatives, should be
that the economic analysis provides information for decisions but does not represent
a decision within itself, that all possible alternatives should be considered, and that
comparisons of alternatives should be over the same time period.

These principles are discussed in more detail in Chap. 16, along with the
methods of economic analysis that consider costs, or costs and benefits.

The basic notion of a cost-benefit type of analysis at the project level is
relatively straightforward. Benefits should exceed costs for ‘the project to be
economically feasible.

Planning pavement investments, on a priority basis, goes one dimension further.
Not only should costs and benefits be determined for all projects under con-
sideration, but also the timing of the investments should be considered.

Benefits are difficult to determine for pavement projects. Some can be
approximately quantified in monetary terms, wheéreas others are extremely difficult
to quantify. These other nonquantifiable benefits are usually excluded from decision
making, even though they can sometimes be important,

The cost and benefit considerations for pavements, as they concern the road
user, the public agency, and the public in general, in terms of the consequences of
improvements, may be listed as follows:

1 Road user: Pavement improvements can have the following consequences to the
user:
a Changes in travel time
b Changes in vehicle operating costs
¢ Changes in accident costs
d Changes in user comfort costs
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Some quantification of the first two factors has been tentatively established
(see Sec. _4.5 and chap. 16), but accident and discomfort costs are very difficult
to quantify for pavements alone; no acceptable methodology has yet been
developed for relating these latter two cost factors to pavement improvements,
Consequently, it is only practical at the present time to consider savings in

travel time and vehicle operating costs as quantitative benefits of pavement
improvements,

2 Pub]jc.agency: The public agency concerned can be directly affected by the
following consequences of pavement improvements:
a Changes in maintenance costs

b Changes m future construction costs (associated with rehabilitation)
¢ Changes in public “attitude” and complaints
d Changes in accident measures or policies required

3 Public in general: The public in general can be affected b i
ments in the following ways: Y pavement fmprove

a° Commercial sector—traffic volumes, prices for goods, employment oppor-
tunities, etc., can change

b Environment—noise, pollution, vibration, etc. may occur during construction;
as well, the actual materials used may be scarce and/or valuable in place;
therefore, their removal may constitute a harmful impact ’

¢ Aesthetics—appearance may be improved

Although direct agency costs and user benefits in terms of savings in travel time
and vehicle operating costs are easier to identify, the nonquantifiable factors may
become important in some situations. In addition, most public agencies find it
necessary to allocate certain minimum annual expenditures to each district, region
area, ward, and so on, aside from priorities based strictly on monetary benefits. Thi;

can be built in as a constraint in any formalized priority programming method for
pavement investments,

4.4 EXISTING METHODS OF INVESTMENT
PLANNING FOR HIGHWAYS

Public agencies usually Prepare their capital expenditure programs for highways as a
vsfhole, including bridge construction, grade construction, new pavement construc-
tion, reconstruction or rehabilitation of existing pavements, right-of-way purchases
and so on. Although this book is concerned only with the pavements sector, it i;
n'ecessary' to recognize the various existing methods that are used for preparing
highway investment programs. A priority programming approach for investments in
the pavement sector alone is described in Sec. 4.5,

I'n preparing priority programs for highway improvements, many public
agencies Qlace major emphasis on initial capital costs of construction. This means
that certain projects with high capital costs, or alternatives within a project that are
1fnt1ally costly, will not be accepted even though they may have the highest overall
benefits. An approach of this type usually occurs when the basic policy of the
agency is to spread available funds as far as possible.
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Another consideration involves the procedures used for selecting candidate
projects within the various categories (i.e., bridges, grade construction, resurfacing
existing pavements, etc.) and preparing cost estimates. For smaller agencies, this can
be a central or head office function. For larger agencies, this is often a district
function, with overall coordination at the head office level. Cost estimates for
candidate projects are approximate, often on.a per-mile basis, using construction
cost information from previous projects.

In selecting the list of candidate projects and making cost estimates for, say,
the forthcoming year’s capital construction program, precedence is a very useful
guideline in most agencies. In other words, unless major -policy changes occur, this
program is based largely on budgets and priority programs from the current and
previous years.

4.4.1 Ranking Method

The most common method used by highway agencies is to prepare a list of capital
improvement expenditures for either one or more years with priorities based on one

of the following:

1 Ranking all the candidate projects on a subjective basis (sometimes only
by class, i.e., first priority and secondary priority), using judgment

2 Ranking all the candidate projects using the ratio for each of present
worth of benefits to capital costs of the improvement

3 Ranking all the candidate projects in descending order of rate of return

The candidate list of projects usually comes from highway needs studies, with
annual updating.

When the available budget has been exceeded by this method, the lower-ranked
or secondary-priority projects are shelved and put on the candidate list for the
following year,

This method is very straightforward, but it has two major disadvantages. First,
the potential advantages or benefits occurring through rescheduling projects (i..,
speeding up or delaying candidate projects within the program period) are not
considered. In other words, variations in costs and benefits associated with timing of
the investment are not considered. Second, benefits associated with pavement
improvements are not explicitly taken into account, except in a subjective way or
within the highway project as a whole. Moreover, the benefits of the highway
project as a whole are usually calculated on the basis of travel time and/or distance,
and do not include the pavement per se.

Despite the foregoing disadvantages, the use of sound judgment in preparing
the priority program may give a ranking that is little different from that established

by more sophisticated procedures.

4.4.2 Benefit-Maximization Method

The benefit-maximization method is based on calculating the optimum timing of
each project, using maximum benefits as the criterion. A list of optimum investment
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times for all projects is determined and these, together with the associated costs, are
then compared with the budgets available. A linear programming model can be Lsed
_to rearrange the timing of projects so that the total benefit loss (from the optimum
Investment timing) is minimized, subject to the budget constraint. '

. The procedure for this method can be described schematically, starting with
Fig. .4.2. Here, the cost of an improvement, in present-day dollars, is shown for each
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INPUT: All Improvements compete for implementation
in their Maximum Benefit Year

Anticipated w
p Budgets
&3 o 2 netl
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LINEAR o Consider Budgets as a Constraint

o Fill in Vacant Spaces below Budget Line

1990 1995
Rearrange the Timing of some Improvements to meet the Annual Budgets with Least Loss to
Total Investment Value over the 20-Year Period

Figure 4.4 Schematic representation of linear programming method for rearranging optimum
investment times for improvements so that total benefit loss is minimized and budget constraints
are not exceeded,

minimizes the total benefit loss. Because the actual budget may vary from the
anticipated budget, annual updating is required.

The benefit-maximization method as summarized in the foregoing paragraphs
was developed basically for programming all types of highway improvements by the
Ontario Ministry of Transportation and Communications [54, 55]. However, in
using this method, constraints may have to be placed on such considerations as
allocating minimum portions of the budget by district or region and allocating
minimum portions of the budget to the various sectors of the highway (i.e., bridges,
new grade construction, pavements, etc.); otherwise, the tendency would be to place
major emphasis on capacity improvements for high-volume facilities.

4.4.3 Cost-Minimization Method

The cost-minimization method works basically the same as the benefit-maximization
method, except that the benefits of the improvements are not considered. In other
words, the optimum set of improvements is that which results in the least fiscal cost
to the agency involved. Again, a linear programming model can be used, and the
budget constraint is applicable,

This method does not, however, necessarily result in an optimum set of
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Figure 4.5 Steps in planning pavement investments over chosen program period.
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“Yable 4.1 Example List of Pavement {mprovement Projects
1976 First-priority projects

-AD.T. Expected
Functional psi?
' class and At time of | At end of ‘beforo
Project no, of Length, | construc- service improve-
no, Description lanes miles tion life ment
76-401-10 | Hwy. 401; jet. | Rural fwy., 8.8 10,000 20,000 2.6
Hwy. 25 to divided 4 )
jet. Hwy, 6 lanes
76-13-1 Hwy. 13; jet. Rural arter., 10.3 5,000 10,000 24
Hwy. 17 to 2\anes
McCay Rd.
76-28-2 Hwy. 28; Rally | Rural arter., 8.6 - 8,500 -
city limits to 2 lanes
8.6 mi north
76-97-3 Hwy. 97; jct. Rural collector, 6.2 3,500 4,500 3.0
Flac Rd. to 2lanes
jet. Oly Rd.
1976 Second-priority projects
76-33-106 | Hwy. 33; jet. Rural collector, 5.3 3,000 5,000 2.0
' Hwy. 14 to 2 lanes
5.3 mi south
76-22-1 Hwy. 22; jct. Rural arter., 8.1 2,200 3,800 2.6
Blem Rd. to 2 lanes
8.1 mi north
1977 First-priority projects
77-24-2 Hwy, 24; jet. Rural arter., 7.V2 2,000 5,000 14
Hwy. 5 to 2 Janes ’
jet. Hwy. 94
77-7-8 Hwy. 7; Bran- Rural arter., 4.8 5,500 8,000 2.2
ton city 2lanes
fimits to 4.8
mi east -
—V\JW Lowrra,
1977 Second-priority projects
' etc.

"Psl, Presont Sarviceabllity index, Is 8 measure of the present serviceabllity of the road
surface to the road user, primarily in terms of riding comfort, on a scale of 0 to 5 {(see chap. 7

for detalls).
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3.6 in, 3.1
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| 3in, 10 3.1
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lay
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improvements for the public as a whole. It does have the advantage to the agency
of providing a standard against which to measure the added cost associated with
priority programming by another method.

4.5 PAVEMENT INVESTMENT PLANNING
BASED ON NET BENEFIT MAXIMIZATION

There are a number of steps involved in determining a list of pavement improve-
ments, on a priority basis, and scheduling them over the chosen program period.
Figure 4.5 summarizes these steps. )

The diagram uses two basic classes of improvements; new pavements and
rehabilitation of existing pavements (i.e., overlays, seal coats, partial or full
reconstruction, etc.). For each class, the year in which the improvement is required
should be estimated. This is done over the chosen program period—say 5 years.

Then, those projects requiring improvement next year, and in the following
years (i.e., the planning should be done in advance), are evaluated for benefits and
costs, These benefits and costs are approximate, with the assumption being that
detailed project design and economig evaluation is still to be done (see chaps. 14
through 19). Such detailed design and economic evaluation, and of course the actual
construction costs that occur, will not only require annual updating but may also
result in one or more projects of lower priority being dropped.

4.5.1 Example Set of Pavement !mprovement Projects

Table 4.1 contains an example list of pavement improvement projects for invest-
ment planning purposes. It contains two classes of priority—first-priority projects
and second-priority projects—for each improvement year. Those second-priority
projects that cannot be financed in any given program year move into the following
year and ‘“‘compete” with both the first- and second-priority projects of that
following year. Table 4,1 uses three ways to assign priorities to pavement
improvement projects:

1 Calculation of net annual user savings (employing vehicle operating costs
only) when such savings can clearly be based on the effect of the improvement

2 Subjective identification of priority based on nonquantifiable benefits,
such as those resulting from a safety improvement (see Sec, 4.3) - .

3 Priority “fixed” through the pavement improvement being part of an
overall highway project, when benefits of the project as a whole might be
determined on the basis of capacity and/or route improvements

In actual practice, most highway agencies would have a list similar to Table 4.1
for capital expenditures that would include not only pavement projects but also
bridge projects, grade construction projects, and so on. -Nevertheless, because past
practice has generally not included the assignment of any benefits to pavement
improvements, a Table 4.1 type of listing for pavements alone, and the basis on
which it is determined, can be most beneficial and can be used as input to a higher
level of financial planning in the agency.

e
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4.5.2 Basis for Net Benefit Calculations
for Pavement Improvements

The basis for the user savings calculations of Table 4.1 is the relationship between
vehicle operating costs and pavement serviceability, for various speeds, of Fig. 4.6,
and the operating speed guidelines of Table 4.2. Figure 4.6 is a graphical
representation of vehicle consumption rates translated into very approximate costs.
These consumption rates and costs have been synthesized from Refs. [56-62] for
No'rth American conditions, They should be recognized as being very rough
estimates only and applicable primarily to the network type of investment planning
analysis shown in Table 4.1,

Table 4.2 also represents some very approximate estimates and again is
apglicable primarily to the Table 4.1 type of analysis. The basis for the Table 4.2
estimates is Refs. [62-64]. To use Table 4.2 in conjunction with Fig, 4.6, it is
necessary first to select the operating speed corresponding to the PSI or RCI of the
pavement surface from Table 4.2. This same PSI or. RCI value is then located along
the horizontal axis of Fig. 4.6, and the operating speed selected is located vertically
from this point (interpolation may be necessary). Finally, the average user operating
cost is determined by going horizontally to the vertical axis. '

g

S
<

1978 UNIT COSTS

Traffic: 80% cars
15% SU Trucks
5% Tr. Trucks

$

AVERAGE VEHICLE OPERATING COST (Dollars/1000 Miles)
~4
&
S

g

PSI 46 37 31 26 22 19 1. ' ;
RCI 9.2 75 62 52 47 33 3.'5 2’.' 7 2’2’ ?.'g
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Figure 4,6 Approximate vehicle operating cost as a function i iti
of pavement serviceabil
under rural, free-flow conditions. ity and speed
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Table 4.2 Guidelines for Selecting Approximate Average
Highway Operating Speed, Under Free-Flow Conditions,
for Various Levels of Serviceability

Approximate average speed for
roads with following speed limits®

PSI? RCIP
range range 50 mph 55 mph 60 mph 65 mph 70 mph
0-0.5 0-1 30 30 30 30 30
0.5-1.0 1-2 42 42 42 42 42
1.0-1,5 2-3 46 48 50 50 50
1.5-2.0 3-4 48 53 55 67 58
2.0-2.5 4-5 50 55 58 62 65
2.5-3.0 5-6 60 65 68
3.0-3.5 6-7 70
3,5-4.0 7-8
4,0-4.5 8-9
4,5-5,0 9-10 50 55 60 65 70

dpg|, Present Serviceability Index, Is a measure of the present serviceabllity to;h:

road user, primarlly In terms of riding comfort, of the pavement surface, as developed &
the AASHO Road Test, 1t is measured on a scale of 0 to 5 (see chap. 7 for detalls). 5

RC}, Riding Comfort Index, is the Canadian equivalent of PS1, but measured on a

of 0 to 10 (see chap. 7). .
seale €A maximum speed Hmit of 55 mph was instituted in the United States in 1975.

Consequently, the last three columns are not applicable where this situation occurs,

For example, suppose that an existing pavement section with Presept Service-
ability Index (PSI) of 1.6 and AADT of 3,000 is to be a candid%fte project for an
overlay. The overlay is expected to have a service life of 10 years (i.e., at 'the end of
10 vears, the PSI of the pavement will be back down to 1.6). Immediately after
construction, the PSI is expected to be 3.1. Consequently, the average PSI over the
10 years would be 1.6 +(3.1— 1.6)/2 = 2.3. These conditions will result in the
following speeds and average vehicle operating costs:

Average operating speed Average vehicle operating costs

PSI (Table 4.2}, mph per 1,000 vehicle miles (Fig. 4.6)
1.6 53 $167
2.3 55 $144

Savingé $23

If the AADT is expected to increase linearly to 4,000 at the end of 10 ye‘ars,
the average AADT over the 10 years is 3,500. So the average annual .user savings
due to the improvement are 23/1,000 X 3,500 X 365 = $29,000 per mile. The net
annual savings, or benefits, would then be calculated by subtracting the.average
annual cost of construction plus maintenance from these savings, as shown in Table
4.1 for the projects listed.
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The foregoing analysis involves a number of approximations and simplifying
assumptions:

“1. It is assumed that if no improvement occurred, routine maintenance could
keep the serviceability level constant (i.e., at a PSI of 1.6 for the example) over the
service life of the improvement. In actual fact, of course, maintenance costs would
probably increase drastically if the improvement continued to be delayed. Thus, it
could be argued that savings in maintenance costs as a result to constructing the
improvement should in fact be added to user savings to obtain total benefits.
However, leaving out the maintenance cost savings, at least at the network level of
investment planning, is conservative and simplifies the analysis. At the detailed
project level of design (see Part Three and Chap. 16), the economic analysis might
well include such factors.

2, An average traffic composition, applicable to many highway conditions in
North America, has been to derive the plotted relationships in Fig. 4.6. There can,
of course, be fairly wide variations from these conditions. Nevertheless, this
simplifying assumption should be reasonably representative for most highway
conditions and sufficient for analysis at the network level of investment planning,

3. The investment planning analysis described does not satisfy the desirability
of using the same time period of analysis for all projects (see Sec. 4.3). Without this
simplification, however, the analysis could become much too detailed and time-
consuming for network investment planning purposes. For most of the new and
rehabilitation type of tentative pavement designs used by highway agencies at the
network stage of planning, where expected initial service lives usually range from
about 10 to 20 years, this simplification does not normally affect the relative
priority ranking of projects, At the detailed project level of design, where
within-project alternatives are being considered, it is essential, however, that the
economic analysis use the same time period for all alternatives (see Part Three and
Chap. 16).

4. The analysis described also—considers annual costs per mile, and annual user
savings per mile, as’ averages over the service life of the improvement, with no
provision for the time value of money (i.e., future costs, or savings, are not
discounted to present value). This simplification makes the calculations very easy
and, although certainly not economically “correct,” it will provide the same relative
priority ranking for most network planning situations as would a procedure that
incorporates the time value of money. Again, at the detailed project level of
economic analysis, this must, however, be included (see Part Three and Chap. 16).

5. The analysis uses only vehicle operating costs to determine user savings.
This simplification provides a conservative estimate because user time savings due to
the improvement have not been included.

These approximations and simplifying assumptions are considered warranted
for the network level of investment planning for two basic reasons: (1) Pavement
improvements are not always justified by highway agencies on the basis of benefits
to be derived from the pavement itself; that is, they are often either a predeter-
mined part of a larger highway project, or the benefits cannot be quantified. In
fact, it has only been very recently that a few highway agencies have begun to
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consider pavement improvements explicitly in terms of benefits attributable to the
pavement itself. (2) The objective of network investment planning is basically to
assign priorities to candidate projects for improvement; it is not to determine the
optimum within-project strategies.

Finally, the analysis described for network investment planning of paven}ent
improvements can easily be computerized both for the cost and benefit calculations
and for the annual updating required. As well as the computerization, some of the
approximations and simplifying assumptions that have been used could either be
improved or eliminated. The form and extent of such computerization and
modifications depend on the agency involved and its particular requirements,

Chapter 5

Pavement Research
Management

5.1 IDENTIFYING RESEARCH NEEDS

Although it is not widely known, some of the earliest work in pavement systems
development was done to provide a rational framework for organizing and co-
ordinating existing knowledge on pavements and for projecting future research
needs. Because of the many details involved in pavement design, construction, and
maintenance, large agencies have often found themselves working at cross purposes,
internally, without proper coordination on pavement research.

When the Texas pavement group began their Project 123 [7], one of the
primary objectives of the study as stated was “to delineate additional profitable
areas of research in the design, construction, maintenance and economics of
pavements.” In current pavement management terms it could be said that the
objective was to provide a systematic plan of research for continued development of
a pavement design system in order to provide for optimum utilization of funds and
personnel.

The NCHRP pavement systems project [2] also showed that systems
methodology provide an ideal way of structuring research needs.

37
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5.2 SYSTEM PARAMETERS AND THE STATE OF THE ART

If the pavement system and its subsystems were completely understood, a perfect,
invariate set of parameters that defined the system could be developed. Each of
these parameters would be a function of space, time, geometry, and other variables.
The model would be extremely complex but, if it were available, work to solve it
could proceed. Such is not the case, however; knowledge of the system is not now
complete and is not likely to be in the near future. This knowledge will come only
from continued study of details of the system, the development of relatively more
simple models, the application of these models, and the feedback of information to
improve the models.

At the present time, the parameters that must be considered in a pavement
management system are highly dependent on the state of the art for:

1 The model being used-
2 Past experience on which to base knowledge of pavement behavior and the

significant factors involved : :
3 The quality of the instrumentation or measurement techniques available to

determine the parameters to be considered in the system )

4 The quality of the information and data storage retrieval system that must
be used in the continuous improvement of the pavement system

5 The quality control or variability that is inherent in the system and that
governs the amount of data required to define the parameters adequately

These five factors constitute much of the problem in developing improved
pavement design and management systems. In fact, the term design system itself is
misleading, because it has traditionally excluded consideration of maintenance and
evaluation. Thus, a term such as pavement management system should be used to
represent the entire process of providing pavements.

It is not entirely possible to isolate the various subsystems involved in
pavement management, although many attempts have been made in the past to do
so. An example of such attempts would be trying to solve the complete system by
considering only the environment and its effect on pavement failure. The interaction
of the environment, for example, with material properties can give very misleading
results with this type of approach.

Another example of subdividing the problem has been to develop pavement
design methods for immediate use from the more complete design methods for
future use. Usually, the attempt to develop a *“quick™ state-of-the-art method is
made at one level of an organization while at another, usually in the research
section, an attempt is being made to solve the problem by providing a sophisticated
theory to give perfect answers. Often this theory ignores or abandons that which is
currently being used or developed, calling it an “empirical approach.” Obviously,
such a method of subdivision is wasteful and cannot possibly lead to a compre-
hensive, efficient, and economical design method.

In reality, the problem will ultimately best be solved through a cyclic process,
as shown in Fig. 5.1, and improvement will come in gradual steps, not in quantum
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Figure 5.1 Cyclic improvements of pavement design and management systems.

Increases, as portrayed in Fig, 5.2. Step 1 in this process involves considerin
meth'o?s. currently being used. Also, the current state of the art should be used ir%
;he 1r:;tlal, perhaps c.rude, systems model. Then sensitivity analyses can be per-
bc;;rirsle(Fiagr'\i.;v)(.)rk to improve the system can be done on a continuing, step-by-step
Thus, the way model building, selection of parameters, and the entire system
development relate to each other begins to become apparent. In some com onents
such as traffic, it seems easy to define the significant parameters. However trf)lere an;
questions as to the form in which the data are to he provided in the mod;l and the
way they should be summarized. For example, the AASHO Road Test models involved
equwal_ent 18-kip single-axle loads; however, the original data also provide information
on vehxclf: load, placement, and other factors such as tire pressure and tire width.
Environmental variables have historically been rainfall, temperature, and depth
of frost penetration. In all cases, however, except for a few theories su::h as thzse
for slab restraint, the models have involved crude correfations. The use of these
correlation's often causes problems in developing general pavement models because
the experiment and the data used to develop the correlations were basicall
applicable only to a particular situation or locale. ’
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Figure 5.2 Step-by-step improvements in development of pavement management systems.

5.3 ESTABLISHING PRIORITIES

One of the important parts of research management is the task of establishing
priorities for work to be done. Almost no research budget is adequate for attacking
all perceived problems. Too often in the past the priorities have been set by the
main interests or abilities of existing research staff rather than by the needs of the
job. This can be overcome to a large degree with a well-developed pavement
management system, including an initial operating system with which to work.
Sensitivity analyses can be run with the working system to determine the areas or
parameters in the model that seem most to affect the output of the system. These
results can be compared with estimates of the accuracy with which these param-
eters, or models, as the case may be, are known or can be determined. By
combining this information a priority list of important factors can be determined.
This priority list can be compared to research costs and potential payoff or benefit
to establish actual research program priorities.

54 IMPLEMENTING RESEARCH RESULTS

There is a greal deal of concern in the scientific community about implementing
research results. This concern has carried into the transportation and specifically the
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highways area. It is well founded and important. Unfortunately, the reaction to the
concern is often inappropriate to cogrect the problem. In many cases the concern
over implementation has resulted in the formation of special organizations called
implementation groups, and so on. These groups are often set up as autonomous,
organizational units peripheral to the research process and also peripheral to the
operational process within the agency.

Proper implementation of any research results is best begun at the time that
the research is first formulated. This implementation should directly involve (1) the
operating agency or ‘“research consumer,” and (2) the research agency. Proper
structuring of the problem by the operating agency and proper understanding of the
problem by the research agency is essential. When this has been accomplished, an
automatic mechanism for implementation of the research has been created, a priori.

In the pavement field the pavement management system provides the required
organizational structure for both defining research needs and providing a mechanism
for implementation of research findings. When the problem is originally structured,
a comparison of the initial working system against the conceptual system can
immediately show missing links in the chain. The interaction of these missing links
or subsystems with adjacent subsystems, including the form of required inputs and
outputs, can readily be determined and thus a specific research problem can be
formulated and attacked. If proper scheduling and funding of these needs is also
observed, then the results of the research program will feed back into the pavement
management system to update the appropriate subsystem. Priorities and needs must,
of course, be observed as outlined in the preceding section.

Certainly it may be appropriate to have people specifically charged with
implementation of results even within the staff of the pavement management
system. However, these people must work closely with the research team and with
the operating team of the management system, and they cannot be successful if
they are working independently of these groups. Such an implementation group can
be responsible for preparing the necessary manuals, documents, and forms for
putting the revised system into practice. However, here again the pavement
management system concept makes this relatively easy, because the working system
will be ocperational on a computer of some type and will of necessity have
appropriate documentation in user manuals. Thus the implementation process
merely involves changing the appropriate computer software and providing updated
manuals or corrections to the operator and revised user manuals to the appropriate
users of the working system.

Throughout this book, as many of the principal parts of the pavement
management system are discussed, the research needs of each subsystem are also
considered. As well, in the last chapter of the hook, several major research priorities
are considered directly. However, in a book of this type it is not appropriate to
discuss all the specific, detailed research needs and priorities, because they can

change very rapidly as innovations and findings are brought forth by the pavement
research community.
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