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these changes have created a dynamic situation for policy-makers who are attempting

to determine cost responsibilities for different highway users and to define equitable
means of apportioning the funds that are available for preserving our nation's high-
way network.

Long-term monitoring of pavements is now being generally accepted by the highway
community as essential to the resolution of the policy and technical questions that
have arisen. Monitoring of pavements for long periods has been applied on a limited
basis and in a variety of wavs at State and national level for a number of years, but
only recently has there been any attempt to coordinate and expand these efforts, to
make as much as possible of the available data, to share data among agencies, and
to establish the degree of uniformity in the data that is essential to permit its
effective use at the lowest cost. The best way or ways to do this are not yet
established. It is not altogether clear what uses are to be made of the data, what
kinds of data should be collected uniformly for common use and what kinds are so
State or District specific that uniformity is not necessary, and how best to share
data among agencies. In short, the overall structure of the Long-Term Monitoring
effort has not been fully determined as yet. It is believed that after careful con-
sideration is given to all of these questions in the two Long-Term Monitoring work-
shops in October 1984 and February 1985, a better understanding of the entire process
will emerge, and decisions can be made to determine the future direction of the Long-
Term Monitoring process in the states and in the nation.

This document has been prepared to provide background information for the first
of these two workshops, the purpose of which is to establish priorities on the objec-
tives and uses of Long-Term Monitoring, to consider several possible alternative means
of organizing and structuring the Long-Term Monitoring effort, and to recommend those
alternatives which are most likely to satisfy the objectives which are determined to
be most important. In order to make these decisions effectively, the workshoo
participants need to be aware of progress to date for the Long-Term Monitoring program,
including the experience gained from past data collection activities of short and
long duration.
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PREFACE

Long-term monitoring has been carried on for a number of years at
both State and National level. The major impetus for these activities
was the AASHO Road Test and subsequent satellite and environmental
studies which were begun by several States in the 1960's.
Subsequently, other Long-Term Monitoring efforts were initiated in the
areas 6f traffic, construction quality; and staffing, overall highway
performance, predictive modeling, cost'allocation, cost apporfionment,
and others.

The emphasis at present is toward the development of empirical
models with sound statistical bases, and on the establishment of data
collection activities to provide sufficient data for serious model-
building in the future. The establishment of a statistically
sufficient national data base is one of the primary reasons for the
proposed Long-Term Pavement Monitoring Program, as well as one of its
primary goals.

In 1981, the FHWA Offices of Highway Planning and Engineering
developed concepts for the LTM Program, drawing strongly on the
opinions and ideas from other offices of the FHWA. It was decided to
approach LTM as a cooperative program between the FHWA, an AASHTO
Advisory Panel (consisting of the Pavement Manayement Task Group of
AASHTO Joint Task Force on Pavements), and participating State DOT's.
The authors of this background document were asked to write two papers

to make initial recommendations on data to be collected and on



structuring the data collection effort by State DOT's. These papers
were presented in June 1981 to a meeting of the FHWA and the AASHTO
Long-Term Monitoring Advisory Panel as working papers for
consideration and revision to produce an approved plan for funded LTM
activities.

Initial pilot studies were established by the FHWA, in
cooperation with the AASHTO and selected states, to assess the
problems in building a data base that can develop improved pavement
damage relationships, as well as to make a beginning in LTM. The
initial pilot study has been structured as a cooperative program
between the FHWA, AASHTO, and eight selected States to demonstrate and
share information on innovative pavement monitoring techniques and to
establigh a core number of case study sites (minimum of 10 sites per
State) to be mon{tored over at least 10 years. If this pilot study
shows sufficient promise, the study will be placed on a firm
statistical basis and State participation expanded to establish a
broad-based Long-Term Monitoring (LTM) program to develop a national
data base.

The FHWA Office of Planning developed in early 1982 a draft
“Long-Term Pavement Monitoring Program Data Collection Guide" for use
by participating State DOT's. This guide was preliminary and drew
heavily on other data collection systems such as COPES for guidance
and data collection forms. This data collection guide was distributed
to participating State DOT's, and then a coordination meeting was held
in Kansas City in April 1982 to identify and resolve potential

problems in the pilot study effort. This meeting included interested
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FHWA personnel and representatives of the participating State DOT's.

The authors of this background document were contracted with to
review the preliminary data collection guide, coordinate proposed
revisions with the FHWA, and to develop a finished data collection
guide for use in future LTM activities. This has been done.

Another meeting of the LTM Program Advisory Panel was held in
Arlington, Texas during December 1982 to discuss FHWA planning for LTM
and a variety of ideas from the participants. The participants in
this meeting included representatives of the FHWA, FHWA regional
offices, State DOT's, the NCHRP, and four private consultants. The
invited consultants were Drs. Rauhut, Darter, Lytton, and Hudson.

As the first year of the pilot study data collection activities
by the eight State DOT's approached cdmpletion, the FHWA contracted
with Brent Rauhut Engineering, Inc. (and ERES Consultants, Inc. as a
subcontractor) to augment the FHWA technical staff during the
evaluation phase. This technical assistance has included the
development of a scheme for the initial LTM data bank, entry of data
into the data bank, evaluation of the LTM pilot study activity to
date, and preparation of this and other documents in preparation for

the "Alternative Development Workshop."
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CHAPTER 1
INTRODUCTION

Long-term monitoring stands at a crossroads. Long-term
monitoring efforts have been carried on for a number of years at State
and national level and has been generally accepted. However, the
shape that it takes in the future will depend very largely upon the
decisions that are made in this Workshop concerning the following very
basic issues:

1. What questions related to the financing and management of

the nation's highways need to be answered and can only be

answered with. a continuing data monitoring effort?

2. What data need to be collected and evaluated in order to
answer these questions?

3. What is the best way to collect and evaluate these data in
order to answer a number of these basic and important
questions.

The deterioration of the highway infrastructure and the
consequent need to use tax dollars wisely to maintain, rehabilitate,
and reconstruct the highway system have presented the highway
community, the State and national governments with basic policy and
technical questions to which, at present, there are only tentative or
intuitive answers. Rehabilitated or reconstructed pavements are more
difficult to design and construct properly than are new pavements.
The composition of the vehicle fleet and vehicle loading

distributions, the construction of tires, and the magnitude and



distribution of tire pressures are changing rapidly and are expected
to have a significant impact on the rate of highway deterioration.
There is a growing recognition of the importance of climatic
influences on the rate of pavement deterioration. All of these
changes have created a dynamid gituation for policy-makers who are
attempting to determine cost responsibilities for different highway
users and to define equitable means of apportioning the fuﬁds that are
available for preserving our nation's highway network.

Long-term monitoring of pavements is now being generally accepted
by the highway community as essential to the resolutibn of the policy
and technical questions that have arisen. Monitoring of pavements for
long periods has been applied on a limited basis and in a variety of
ways at State and national level for a number of years, but only
recently has there been any attempt to coordinate and expand these
efforts, to make as much use as possible of the available data, to
share data among agencies, and to establish the degree of uniformity
in the data that is essential to permit its effective use at the
lowest cost. The best way or ways to do this are not yet established.
It is not altogether clear what uses are to be made of the data, what
kinds of data should be collected uniformly for common use and what
kinds are so State or District.specific that uniformity is not
necessary, and how best to share data among agencies. In short, the
overall structure of the Long-Term Monitoring effort has not been
fully determined as yet. It is believed that after careful
consideration is given to all of these questions in the two Long-Term

Monitoring workshops in October 1984 and February 1985, a better



understanding of the entire process will emerge, and decisions can be
made to determine the future direction of the Long-Term Monitoring
process in the states and in the nation.

This document has been prepared to provide background information
for the first of thése two workshops, the purpose of which is to
establish priorities on the objectives and uses of Long-Term
Monitoring, to consider several possible alternative means of
organizing and structuring the Long-Term Monitoring effort, and to
recommend those alternatives which are most likely to satisfy the
objectives which are determined to be most important. In order to
make these decisions effectively, the workshop participants need to be
aware of progress to date for the Long-Term Monitoring prbgram,
including the experience gained from past data collection activities

of short and long duration.



CHAPTER 2
HISTORICAL DEVELOPMENT OF THE LONG-TERM MONITORING INITIATIVE

EMPHASIS ON PAVEMENT MANAGEMENT

A major reason for the very strong interest in Long-Term
Monitoring is its potential for becoming an essential part of pavement
management, which is practiced at several different levels: project
level, District network level, State highway program level, and
Federal highway program level. Each level has its own requirements
for information that can be furnished by Long-Term Monitoring. Brief
summaries of the kinds of information needed at each level are given

below.

Project Level Pavement Management

At this level of pavement management, decisions are made to
select a specific action for a specific location, taking into account
the preQious construction history and traffic, the future anticipated
traffic, the current distressed condition and riding quality of the
pavement, the current safety record, and the current annual cost of
routine maintenance. Deflection tests that may be made on the section
will reveal the current structural capacity of the pavement. All
decisions will take into account the likely effects of the weather,
drainage, active subgrade soils such as expansive clays or frost-
heaving soils, cracks or joints that can be activated by temperature

cycles, and passing traffic. The selection of a specific action will



take into account the materials properties and unit costs of various
available alternative materials, the construction operations that are
required to produce and place them, the quality control that can be
achieved with them, and previous experience with each alternative
plan. Design calculations will be made-to select the best thickness
of each layer. Detailed considerations of all of these factors are
usually made in some form or another on each project in the course of
arriving at a final decision of what to do. Even though all of this
information may be collected in one fo;m or another, very little of it
will be stored for use in future project decisions, and it is well
that it should not, for in a very short time the accumulation of such
data would form an unmanageable mass, the bulk and inertia of which
would become too expensive to store and retrieve. Therefore,
Long-term monitoring of such data must be limited to significant data
representative of typical sections of pavement. It is concerned with
measuring and recording systematically data that can be used to
establish trends, develop or improve design equations, and record for
future reference the distress, deflection, performance, safety and
cost history of a particular typical type of pavement, so that future
decisions may be based upon actual, objective, and accurate
measurements. Long-term monitoring at project level requires a
careful selection of pavement sections to be made so that the number
of measurements made, the costs, and manpower can be reduced to a
manageable minimum. Project level monitoring is wasted if its efforts
are spent on exotic experiments which are not intended for eventual

widespread use.



District Network Level Pavement Management

At this level of pavement management, specific projects are
selected for funding and construction in a specific period of time.
The projects may include routine or preventive maintenance,
rehabilitation, reconstruction, widening or realignment, or in some
cases, new construction. The decisions fhat are made at District
network level take into account the relative condition of each
candidate pavement section, the traffic and population it serves, the
alternative construction strategies th;t may be employed on each
section and the expectation of how long each will last, the relative
costs, and the expected levels of riding quality and distress that
each alternative will experience over its useful life. At this level,
consideration of all of these factors results in a list of projects in
order of priority over a period of years. The list may change from
year to year as the needs of each section shift relative to one
another.

In some states, the process is taken one step farther to
establish an optimal set of strategies to adopt for each section of
pavement. There are several different ways of determining an optimum
list of projects depending upon the management objectives such as
minimizing cost or maximizing benefit, but each method requires a
knowledge of how long a typical new or rehabilitated pavement will
last under the anticipated traffic, as well as the cost of each
alternative that is feasible for each project.

Long-term monitoring at District level will be primarily

concerned with developing sufficient data on each typical type of



pavement or rehabilitation alternative to be able to satisfactorily
predict either: _

1. Its survival rate with time or with traffic, i.e. the
probability that it will still be in service after a
specified number of years or number of axle 1oads,'0r

2. The rate at which it changes condition with time or with
traffic.

As with project level Tong-term monitoring, the emphasis at
District network level is with collect%ng data carefully on a
sufficient number of typical pavement sections in order to be able to
define accurately the survival rate or the rate of change of condition
which is essential in either rationally setting priorities or in

selecting an optimal list of projects.

State Level Pavement Management

At this level of pavement management, decisions are made to
distribute available funds to different po]itica] subdivisions of a
State based upon a variety of criteria including estimated needs for
purposes of safety, increased capacity or improved alignment,
rehabilitation, reconstruction, or new construction. The other
criteria may include traffic and population served, geographical
distribution factors, distribution of lane-miles of different
functional classes of highway, and others. In some cases, decisions
at this level may be concerned with specific projects of major
importance to the spine network of the State.

The needed funds may be estimated based upon the current



condition of a sample of the pavement network. The size of sample

that is required to represent accurately the condition and needed

funds for a particular functional class of highway varies with the

number of lane-miles of that functional class, with the percent of the

total decreasing-as the total number of lane-miles increases.

Also, at the State level of pavement management, projections of

needed funds are made a number of years into the future with annual

expenditures being estimated 5, 10, or 20 years from the current date.

There are two basic ways of making these estimates:

1’

Starting with the current condition of each section of
pavement in an adequate sample, predict when its condition
will reach an unacceptable level, determine using a decision
tree what is the appropriate rehabilitative action and its
cost, and then predict the next time that section will
requiré funds. Add to this total the funds that are
required annually for routine maintenance and occasionally
for preventive maintenance. The total funds that are
required year after year provide an estimate of the total
funds that are needed for the entire State network. An
example of this is the Pavement Evaluation System (PES) used
in Texas.

Starting with a number of “typical" pavement sections that
are representative of different functional classes of
pavements and a distribution of the ages of all pavements in
each class, predict the distribution of times when

rehabilitation will be required for the "average" pavement



of each age. Estimate the distribution of costs of
rehabilitation for each pavement, and start over again
predicting the distribution of times and costs when
rehabilitation will be required once more. This process is
repeated for each "typical" pavement and the costs incurred
in each year are added up to give aﬁ estimated total cost
for each year within a specified planning horizon. Examples
of this are the FHWA NULOAD prdgram and the Texas RENU
program that was developed f;om it.

The two methods will give different estimated total costs because
of the different assumptions that underlie each of them, but both
estimates should be realistic if a sufficiently large sample of the
Statewide pavement network is represented. These projections are used
to assist in budgetary planning and in preparing and justifying
requests for revenues from the State legislature.

These same two methods of estimating funding needs at the State
network level are capable of answering "what if" questions concerning
the impact of legislation permitting changes in maximum axle weights
and truck sizes and of different fund distribution options.

Thus, at State network level it is possible, and usually
desirable, to be able to estimate current needs, to project future
needs, and to investigate the impacts of future funding and
legislative policies.

Long-term monitoring at State network level is concerned with
having sufficient data to develop the predictive equations that are

needed for making funding estimates and policy studies. This means



that the prediﬁtive equations that are Qsed should be representative
of the State's pavements and should be chosen among the principal
types of pavement in the State on an unbiased or random basis. The
predictive equations may or may not be the same as the design
equations that are used at project level, and they will include other
types of equations such as survivor curves or matrices indicating the
rate of change of pavement condition for the principal types of

pavement and rehabilitation methods that are in use in the State.

National Level Pavement Management

The National level of pavement management is concerned with
establishing an equitable basis for raising revenues and for
distributing the funds to the States, and with ascertaining whether
the distributed funds are producing reasonably acceptable results
among all of the States. Individual projects are rarely considered at
this highest policy level. The aistribution of funds among the States
is dictated by formulas that include a number of factorsvsuch as total
lane-miles of different functional classes of highway, traffic, mail
routes, and other areas of federal responsibility. Frequently, the
United States Congress requires special studies to be made concerning,
for example, the impact of the different environmental zones in the
United States upon the deterioration rates of pavements in order to
establish whether some cfimatic factor or factors should be included
in determining an equitable distribution of Federal funds among the
States. Other studies may be concerned with cost responsibilities of

different vehicle classes, and investigate the relative damage done by
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each class of vehicle or the relative costs that should be borne by
each vehicle class in order to provide a pavement that will provide
serviceable performance for all classes of vehicle. Other studies may
investigate the economic impact of having different regulations of
vehicle sizes and weights from State to State. Still other studies
may attempt to determine the overall cost effectiveness of the quality
of construction that can be achieved with the different methods of
applying construction specifications. All of these studies Have a
practical result in view: to continuaily adjust Federal participation
in the construction and rehabilitation of the nation's transportation
network to become as equitable and as cost effective as possible.

Even though the Federal participation, as described above, acts in a
supporting, rather than a directing, role in assisting the States in
managing the nation's highways, it nevertheless serves an important
function in pavement management.

Long-term monitoring at Federal level is concerned with having
sufficient data available on a representative sample of the nation's
highways to be able to produce definitive and unbiased answers to the
questions asked and the policy studies that are mandated by the
Congress. These studies may be very detailed in nature, involving the
prediction of the appearance and growth of several types of distress
in each of a large variety of pavement types in different climates, or
it may be very broad in scope involving a computerized study of the
condition of pavements in the entire country using the single riding
quality statistic that is recorded in the Highway Performance

Monitoring System. The studies may range over a variety of topics,
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requiring access to quantities of detai]ed data on pavementg, traffic,
materials, climatic factors, costs, distress, riding quality, safety,
and so on. The most important aspect of Long-Term Monitoring at the
National Tlevel is to have available a represeniative sample of
detailed information on all aspects of pavements with the sample
composed of a sufficient number of the principal types of pavements in
each of the States. A good distribution of these pavements is
essential to eliminate, as much as is practical, any bias that may
find its way into the conclusions of ahstudy due to the use of a set

of pavements that are not representative..

Different Objectives of Long-Term Monitoring

It is apparent from the previous discussion that the needs for
data from Long-Term Monitoring are different at the different levels
of pavement management. Project level data needs are focused on
developing and continually updating detailed design eﬁuations whereas
the data needs at higher network levels are concerned with developing
and continually updating reliable relations that will permit accurate
estimates of present and future costs and the consequences of changes
in policy or fund distribution options. The two types of data needed
are not mutually exclusive and for the most part may be taken from the
same carefully constructed data base, or may be taken from several
such data bases provided that the data have been measured and recorded
in a uniform way.

Tables 1 and 2 summarize the types of data that are collected in

long-term monitoring, the types of equations and other relations that
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TABLE 1. Types and Uses of Long-Term Monitoring Data

USES OF LONG-TERM MONITORING DATA
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13



TABLE 2. Uses of Long-Term Monitoring Data
at the Different Levels of Pavement Management

USES OF LONG-TERM MONITORING DATA
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are developed from these data (Table 1), and the levels of pavement
management where these relations are used (Table 2). Inventory data
are those data which characterize a pavement section and do not change
with time or accumulated traffic. Monitoring data are those data
which do change with time or traffic. The categories of data shown in
Table 1 will be -broken down into much more detail in a later section

of this document.

FHWA, NCHRP, AASHTO, and State Interesés in Long-Term Monitoring

Numerous studies, research projects, implementation efforts, and
demonstration projects have been conducted by the FHWA, the NCHRP, the
AASHTO, and by various States in subjects that relate to the broad
area of pavement management and some of these have been directly
related to the subject of Long-Term Monitoring. The FHWA has funded
an eight—state pilot study of long-term monitoring, current results of
which will be summarized in this document and reported more fully in a
separate report and in the.course of the workshop. The NCHRP has
funded the development of the Cdncfete Pavement Evaluation System
(COPES), which will also be summarized in this document. Several
States, by using Highway Planning and Research (HP&R) funds, have
developed computerized long-term monitoring data bases, includiny
Arizona, Idaho, Indiana, Kansas, Maine, Texas, and Washington. In
every case, the data base was an essential part of the development of
a pavement management system. Other long-term monitoring efforts have
been initiated by the Federal Highway Administration to address

several major questions concerning highway performance, bridge
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condition, and quality of highway construction. The development of
these data bases, information they contain, the questions they were
attempting to answer, and some of the studies that have been made with

them are described in the next section.
NATIONAL ISSUES ADDRESSED BY MONITORING DATA IN THE PAST

In this section, the development and content of several FHWA data
bases will be described along with thehresults of some of the studies
that have been made with them. The data bases include:

1. The Highway Performance Monitoring System (HPMS)

2. The National Bridge Inspection Standard System (NBIS)

3. The Highway Condition and Quality of Highway Construction

Survey.

Three of the studies that have been made include the 3-R Needs
Study (1976), the Cost Allocation Study of 1977, and the Study of the
Size and Weight of Trucks. These studies will illustrate the types of
objectives that the FHWA attempts to meet with Long-Term Monitoring

data.

Highway Performance Monitoring System

The Highway Performance Monitoring System (HPMS) is a complete
computerized information system which includes data collection and
policy planning analytical tools. It was developed to make a periodic
assessment of the highway systems with respect to extent (system

mileage) and physical condition; the safety, efficiency, and economy
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of the systems in serving the movement of goods and people; and the

impacts of existing national programs and policies. In addition, the

HPMS addresses the need to assess the potential impacts of proposed

programs, policies and alternatives.

In a cooperative effort to develop the HPMS integrated data base,

various organizations within the Office of Highway Planning have

merged independent data collection efforts into a single data

reporting system.

The purposes of the HPMS are as fol]ows:

de.

€.

In

mileage

To provide current data necessary to meet legislative
requirements and agency needs in a time]y manner.
Legislative requirements include the Biannuél Reports to the
Congress on the status of the Nation's Highways, Interstate
4R Apportionments, and the Section 207 Safety Report to the
Congress.

Toiprovide current statistics on the mileage and extent of

the various systems.

" To evaluate highway programs by monitoring changes in

highway characteristics and performance based on detailed
section-specific data obtained on a sample basis.

To minimize the State reporting burden, the need for special
data requests, and special national studies.

To be compatible with other data systems to permit

meaningful comparisons.

the HPMS, three major types of data are reported: universe

data, sample data, and area-wide data. Each of these are
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described below.

Universe Mileage Data.
This includes a complete inventory.of mileage classified by
system, jurisdiction, and selected operational characteristics. These

data are reported for all mileage.

Sample Data.

In contrast to universe data, samﬁle data are reported for a
small portion of the highway mileage and contain more extensive
information regarding physical characteristics, condition, and
operation of sampled sections of highway. The sample data serves as a
base for evaluating changes in data element values over time, thereby
providing a basis for the analysis of the performance of the Nation's
highways. The sampled sections form “fixed" panels of highway
sections which are monitored from year to year. The panels of
sections were established using a statistically designed sampling plan
based on the random selection of road sections within predetermined
average annual daily traffic (AADT) volume groups (strata) for each
functional highway classification in the rural, small urban, and
urbanized areas of a State. There are approximately 94,000 sample
sections nationwide. Capital improvement data are also part of the
sample section data requirements. This consists of all improvements
made on the sample panels of sections, including costs and type of
improvement. Additionally, six categories of accident data are

reported for the sample sections.
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Areawide Data.

Control totals for mileage, travel, accidents, and local
functional class data are provided via areawide forms. The areawide
mileage and travel figures are consistent with the mileage and travel
figures developed from the universe and sample data. Areawide data is .
reported annually for rural, total small urban, and individual
urbanized areas.

Data on capital expenditures by State and geographic area are
reported on the PR-534 form, Highway C;pital Qutlay and Mafntenance
Expenditures. The FHWA-534 report was developed in conjunction with
the HPMS and is used to measure State and local investment priorities
on the arterial and collector highway systems. The FHWA-534 is
designed to expand on highway capital outlay and maintenance
expenditures by State and Tocal governments by classifying
expenditures by system (functional class, Federal-aid, and non-
Federal-aid) and by type_of impro&ement. The FHWA-534 is required
annually for State highway expenditures and biennially for local
government expenditures.

The HPMS is a joint effort of the Federal, State, and local
governments. The HPMS organization, guidance, and analyses are the
responsibility of the FHWA. Data reporting for the HPMS are
accomplished by the State Highway Agencies (SHAs) in cooperation with
local governmental units, metropo]itan planning organizations (MPUs),
and other organizations. Annual data submittals are made by the
States. Update cycles for areawide and section data vary from 1 to 5

years, depending on how much the items change with time and upon the
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importance of having the information current.

Figure 1 illustrates the HPMS procedure starting with the data
collection and reporting and concluding with various reports and other
principal uses.

There is a wide variety of data collected in the HPMS, including
costs that are reported on the PR-534 form for Highway Capital Qutlay
and Maintenance Expenditures. These data elements and costs are
listed below.

Sample Number

Sample Subdivision

AADT Volume Group Identifier
Expansion Factor

Surface/Pavement Type

Pavement Section

SN or Slab Thickness

Pavement Condition

Access Control

Lane Width

Approach Width (Urban only)
Shoulder Type

Shoulder Width

Median Type

ROW Width

Widening Feasibility

Horizontal Alignment Adequacy (Rural only)
Curves by Class

Vertical Alignment Adequacy (Rural only)
Grades by Class

% Passing Sight Distance (Rural only)
Speed Limit

Average Highway Speed (Rural only)
Year

State Code

County Code

Rural/Urban Designation

Urbanized Area Code

Type of Section/Grouped Data ID
Section/Grouped Data Identification
Functional Class

Federal-Aid System

Federal-Aid System Status

Route Signing

Route Number

Governmental Level of Control
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Collect, Assemble, and

Report Data--50 States
District of Columbia

and Puerto Rico

Universe

Detailed Editing, Review,

Evaluation, Updating

‘—( Clean Data Base )

Current Highway Systems

.Characteristics/Trends

Application of HPMS
Analytical Models--Future
J Investment/Performance
Relationships, Improvements

Needed, Impacts, Etc.

'

1.)

2.)

3.)

4.)
5.)
6.)

7.)

wWN =
N

wn &~
NN

®

Biennial Reports to the Congress--

Present Condition/Performance Summary
Data; Trends.

Sec. 207 Safety Report to the Congress--

Fatal and Injury Accident Rates.
Apportionment of Interstate 4R Funds--
Interstate lane-miles and vehicle-miles
of travel.

"Highway Statistics" and other statis-
tical publications.

Apportionment of Certain Safety Funds-
Official Records of Public Road Mileag
Official Records of Federal-Aid Systems
Mileage.

FHWA/DOT Data Needs/Services to fulfj
organizational goals; data services to

gamit of State, Industry, public/private

USERS.

Biennial Reports to the Congress.
Support of Legislative Initiatives.
Accruing Future Highway Systems
Deficiencies and Investment Requiremen

z

D e

Program Review/Development.
Policy Review/Development.

Figure 1. Highway Performance Monitoring System (HPMS)
Procedure and Principal Uses
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Federal, State, and Local Domain
Special Systems

Type of Facility

Trucks/Commercial Vehicles

Toll

Section/Group Length

AADT

Number of Interstate Lanes QOpen to Traffic 5 or More Years
Number of Through Lanes

Record Continuation Code

Percent Trucks (Peak and Qff-Peak)
K-Factor

Directional Factor

Capacity (Peak and Off-Peak)

Prevailing Signalization (Urban only)
Typical Percent Green time (Urban-only)
Parking (Urban only)(Peak and 0ff-Peak)
Future AADT

Drainage Adequacy

Type of Terrain (Rural only)

Type of Development

Urban Location

No. of Grade Separated Interchanges

No. of Major Commercial/Recreational/Industrial Access Points
No. of Structures

No. of At-Grade Railroad Crossings
Structure Identification Numbers
At-Grade Railroad Crossing Identification Numbers
Type of Improvement

Capital Improvement Costs

Accident Data

The costs that .are reported as Highway Capital Qutlay and
Maintenance Expenditures on the PR-534 form are in one of four
categories: Federal-aid projects, non-Federal-aid projects, non-
Federal-aid system, and total. The costs that are reported are listed
betow.

Right-of-Way Costs

gEngineering Costs

New Route Costs

Relocation Cost

Reconstruction Cost

Major Widening Cost

Minor Widening Cost
Restoration/Rehabilitation Cost
Resurtacing Cost

Bridge Replacement Cost
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Bridge Rehabilitation Cost

Safety/Traffic Operations Cost

Environment Related Cost

Total Capital OQutiay

Physical Maintenance Cost

Traffic Service Cost

Total Maintenance Costs

In addition to these data elements, it is currently being
proposed by the FHWA that vehicle classification data be obtained on a
statistically drawn subset of the HPMS sections (approximately 15,000
sections) and that vehicle weight data be obtained from a sample of
the vehicle classification sections (approximately 1000-1500
sections). Such additional information will greatly enhance the
FHWA's ability to estimate vehicle type, volumes using the highway

systems, and vehicle loads on these systems.

HPMS Analytical Process.

As stated previously, the HPMS analytical process is a policy
p]anning tool useful for statewide analysis at tﬁe functional system
level. The validity of any analysis attempted at a lower level, such
as a highway district, will depend on the validity of the highway

sample at that particular level.

Forecast Highway System Needs. The HPMS process forecasts
highway needs and provides suhmaries of miles and costs of each type
of highway improvement for each functional system. The need for an
improvement is determined for each sample section by comparing highway
conditions year by year with specified minimum tolerable conditions.
Costs are based on the simulated improvements selected to correct all

deficiencies which are identified within a specified analysis period

23



(up to 20 years).

Simulate Highway System Conditions. The HPMS data base

contains the existing conditions of the sampled highway systems for
the base year. The models simulate changes which would be expected to
occur during an analysis period. Pavement deterioration and traffic
exposure data are used to determine the conditions that are expected
to occur in any future year during the analysis period. If an
improvement is simulated, changes are made in the data items (e.g.,
lane width and pavement condition) that would be affected by the
improvement. The process continues until the target year (last year
of analysis period) is reached. Target year conditions are also
simulated under the assumption that no improvement is made. This
allows comparison of target year conditions with and without the
selected capital improvements.

Analyze Investment Strategies. The HPMS provides for analyses

using‘specifié levels of funding by functional system for specified
analysis periods. The models estimate.the miles and costs of each
improvement type funded under a given investment level, as well as the
conditions of the highway systems resulting from these expenditures.
Up to four consecutive periods (maximum total of 20 years) may be
analyzed, with funding for each period provided by the user. In this
way, different total levels of investment and different distributions
of funds among the functional systems can be compared.

The effect of each investment level can also be evaluated with
respect to other variables. For example, various minimum tolerable

conditions can be specified while holding other variables constant.
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This technique can be used to emphasize certain types of improvements
and to show which types of improvements are most cost effective.

Estimate User Costs. Estimated user costs for the base year

and the target year may be analyzed under any scenario. The user cost
measures include fuel consumption, vehicle operating costs, average
overall travel speed, emissions, and accidents. The model simulates
these costs for seven separate vehicle types on each functional

system.

HPMS Qutputs.
The printed output summaries from HPMS are separate for each
functional system in rUra], small urban, and urbanized areas.

Miles and Costs by Improvement Type. The miles and costs for

each improvement type are listed for each analysis period and level of
investment.,

Composite Index Values (Sufficiency Ratings). The ratings for

condition, safety, service, and the composite value are displayed.
These values are shown in two ways--weighted by mileage and by travel.
The values may be displayed for the base year and projected for the
target year. Distributions of these index values are also displayed,
indicating what portions of mileage and travel fall within each
specific range of the index values.

Investment/Performance Conditions. Percentage of miles and

travel by pavement type, pavement condition, lane width, cross
section, volume/capacity ratio, and peak hour operating speed are

shown for each investment level. These values, along with the
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composite index values, illustrate the potential results of various
investment scenarios.

Distribution of Investment. The'miles and costs of the

improvements funded in a particular scenario a}e listed. The same
data are also shown for needed improvements selected by the model but
not funded by that particular investment level.

User Costs. User costs are simulated for each of seven vehicle
types. The "costé" are represented by average overall travel speed,
fuel consumptfon, vehicle operating costs, emissions, and accidents.
These may be produced for the base year and for various investment
levels. - |

Mu1tiple Deficiencies. The mileage of certain types of

deficienéy and of certain fixed combinations of these deficiencies are
listed. The specific deficiencies addressed are pavement condition,
geometric (rural only), roadway cross section, operational, and access
control (Interstate only). A comparison may be made among (1) the
deficiencies resulting- from a particular level of investment, (2) the
deficiencies that would exis£ without capital improVements for the
analysis period, and (3) the def%ciencies already existing in the base
year.

Deferred Costs. When resurfacing or widening improvements are

deferred for lack of funds, it is possiblé that by the time the
improvement is funded, the original improvement type may no longer be
adequate. Some type of reconstruction may be needed. This analysis
shows costs for the improvements initially seiected but not simulated

and costs for the later improvement which was actually simulated.
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This gives an indication of the increase in construction cost
resulting from deferment of the initial improvement. Inflation costs

are not considered.

Types of Analysis by HPMS.
HPMS performs three basic types of analysis: needs, investment,
and impact. Each of these is summarized below.

Needs Analysis.

1. Travel Projection. Using the current and future average

annual daily traffic data items, travel is projected for
each year of the analysis period.

2. Pavement Deterioration. Using a modification of the

AASHTQ Road Test equations and 18-kip equivalent axle loads,
pavement deterioration is simulated over time. A normal
level of maintenance is assumed.

3. Capacity Calculation. Using methods based on the Highway

Capacity Manual (1965), capacities are calculated for future
conditions and simulated improvements.

4, Deficiency Identification. Deficiencies are identified by

comparing the conditions of each sample highway section with
the minimum tolerable conditions specified for that type of
highway.

5. Improvement Type Simulation. Based on the identified

deficiencies, the model selects one of twelve possible types
of improvement for each highway section. Changes are made

to the section record to simulate the changes that would be
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6.

made by the type of improvement selected.

Cost Estimation. Construction and right-of-way costs are

based on the improvement type and the number of lanes after
improvement. Rural costs are also based on functional class
and terrain type. Urban costs are based on highway design
type and type of development. Costs are 1980 national
average values, which may be changed by the user.

Composite Index Assignment. The composite index value is

based on three components--condition, safety, and service.
Each of these components is in turn based on several data
items which directly affect it. This concept is similar to

the sufficiency ratings used by many States.

Investment Analysis.

1.

Investment Level. This process analyzes seven fixed

levels of investment over a single funding period of up to
20 years. The levels range from full needs to zero capital
investment. "Full needs" means that all selected
improvements are funded. For the‘fiQe fntermediate funding
levels, only a portion of the selected iﬁprovements are
funded and simulated. This analysis provides identification
of full needs costs, types of improvement, and the resultant
system conditions for each investment level.

Funding Period. The model allows selection of up to four

consecutive funding periods for analysis (maximum total time
is 20 years). The funds available for each period are

provided by the user. The results are produced separately
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for each funding period. The improvements simulated for
each period are taken from the top of the priority listing '
for the period, to the extent of available funds.

3. Improvement Prioritization. Sample sections identified as

needing improvement are ranked in priority order. This
ranking is based on either a cost effectiveness index, the
base year composite index, a combination of these, or any
one of the component indices (condition, safefy, or
service). When less than full needs funds'are available for
investment, the improvements are selected from the top of
the ranking list until all funds are- expended. Imbrovements
ranked below this point are not simulated by the model. The
prioritized 1ist of sample sections may be printed for
inspection.

Impact Analysis.

1. Traffic Density Distribution. The model distributes daily

travel over several discrete portions of the 24-hour day,
each with a different level of congestion. Each portion.of.
the day is analyzed separately and the results are
aggregated.

2. Traffic Fleet Composition. The model determines the

distribution of the seven vehicle types by rural and urban
functional systems. The vehicle types include two sizes of
passenger cars, pickups and vans, and four sizes of trucks.

3. Vehicle QOperation Simulation. Operation of each of the

seven vehicle types is simulated on each sample section.
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This simulation includes the effect of traffic density,
pavement type and condition, curvature, and grade. The
effects on vehicle operation are analyzed in terms of
running speed, speed change cycles, stops, idling time, fuel
consumption, and vehicle operating costs. Emissions and
accidents are also considered in the analysis.

4. Estimation of User Costs. Average overall travel speeds,

fuel consumption, vehicle operating costs (1980 values), and
emissions are estimated for each of the seven vehicle types
based on the parameters given in paragraph 3 above.

Accidents are estimated collectively for all vehicle types.

Availability, Costs, and Documentation of HPMS.

The HPMS dataset is readily available since this data is
furnished annually to FHWA by the States. The same sample section
data is used as input to the analysis model. For use statewide, no
further data manipulation should be necessary. The sample is designed
to be statistically sound on a statewide basis for each functionai
system in either rural, small urban, or urbanized areas. The program§
are designed for use with a minimum of effort or additional coding.
Parameter cards are used to specify the options desired and to modify
certain values or tables (e.g., minimum tolerable conditions). Other
changes (e.g., construction costs) may be made by modifying only one
subprogram. The actual cost of operation varies according to the
computer system, number of sample sections, and types of analysis

specified. In general, no more than 2 minutes CPU time and 450K core
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are required for a specific computer run (approximate range of $4 to
$45).

Although the HPMS analytical process was originally developed for
use on the national level, it has been modified for use on a statewide
basis and has been tested in several States. The software is
available, along with Volumes II, III, and IV of the documentation. A
State may request the software by sending a computer tape to:

Federal Highway Administration

Office of Highway Planning (HHP-12)

400 Seventh Street, S.W.

Washington, D.C. 20590
The Federal Highway Administration will be available to provide
technical assistance to States using the process. The HPMS
documentation package consists of:

A. Volume I - Executive Summary. The Executive Summary is a brief

overview of the capabilities of the HPMS analytical process.

B. . Volume II - Technical Manual. The Technical Manual contains

the technical aspects of the package including the types of
analysis done, the formulas used, and the values of various
tables included in the programs such as minimum tolerable
conditions, design standards, and improvement costs.

C. Volume III - User's Guide. The User's Guide contains the

instructions for using the analytical process. This includes
specifying which analyses are to be run, how to cverride default
values, and how to specify funding for analysis periods.

D. Volume IV - System Documentation. The System Documentation
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provides information on the structure of the software and on the
logic of the analyses. It explains how certain values or

features included in the process can be changed.

Highway Condition and Quality of Highway Construction Survey

Physical deterioration of pavements and bridge decks, reduction
in testing and inspection manpower in construction projects, and
concerns for maintaining or improving the quality of highway
construction led the Federal Highway A&ministration to initiate the
1976 Highway Condition and Quality of Highway Construction Survey.

The basic approach of the Survey called for the conduct of. the
following:

| 1. Condition surveys of recently completed pavements and bridge
decks (0-9 years of service life).

2. Construction quality surveys of on-going projects.

3. Construction staffing suryeys'of 6n-going projects.

The analytic procedures of the Survey provided for the synthesis
and correlation of these three bodies of information (condition,
construction quality, and project staffing), one with another, to
assist in answering the following fundamental questidhs with respect
to rigid and flexible pavements and bridge decks:

1. Are highway pavements performing in accordance with service
life expectations, and if not, is there an association with
construction quaiity?

2. What are the current quality levels of ongoing construction?

3. What are the critical quality parameters that insure good
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performance?

4. What are the trends in staffing of construction projects?

5. Does project staffing affect the quality of the work?

In addition to providing insight to these basic questions, the Survey
was to provide a reference datum against which subsequent quality and
staffing evaluations and comparisons can be made to judge the efficacy
of corrective measures.

The Condition Survey Phase consists of evaluating, on a sampling
basis, the condition of completed pave&ents and bridge decks with 0 to
9 years of service life. The pavements and bridge decks are randomly
sampled on a stratified basis for the 9-year period; thus, it was
possible to draw inferences with regard to the trends of such
berformance criteria és pavement roughness, skid resistance, and
serviceability indices.

The Construction Quality Survey Phase calls for assessing the
current quality levels of materials and procedures utilized fn tﬁe
construction of rigid and flexible pavements and bridge decks.
On-going Interstate and Federal-aid Primary projects involving the
construction of one or more of these elements during the period of
July 1, 1976, to October 15, 1976, were surveyed on a sample basis.
Quality data were gathered for 3 production days on each project and
analyzed using a statistically based estimating tool called the
Quality Level Procedure. This tool uses the results of routine
project tests and inspections, project specifiéation requirements, and
statistical theory to estimate the quality of work being performed or

produced. The results are a measure of the Quality of Conformity to
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Specifications.

The Construction Staffing Survey Phase calls for a review of
project staffing relating to those activities which contribute to the
quality of the pavement or bridge deck, namely inspection and testing.
The staffing portion of the survey was conducted concurrently with
the quality of conformity portion of the survey in order to determine
if a correlation exists between staffing and quality level. In
addition to staffing level information, data on personnel
classifications, personnel qua]ificati;ns, activities performed, and
work units were collected and analyzed to provide bench marks for
purposes of construction manpower planning. Due to the wide -
variability of staffing data collection and the difficulty in drawing
conclusions, staff dgta are no longer collected in the Survey after
1982,

The results of the survey were published in July 1977, in the
"Highway Condition and Quality of Highway Constructioq Survey ﬁeport."
The 1976 Survey was a prototype survey and was the model for future
Surveys. As a result of the experience gained in 1976, improvements
wefe made in the survey forms and data collection techniques. The
1979, 1980, 1982, and 1984 Surveys are a continuation of the 1976
Survey and were conducted to:

1. provide current information on the condition of recently

completed highways,

2. identify problem areas in the qualify of highway

construction,

3. provide information necessary to formulate strategies to
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improve the quality,

4. provide data necessary to determine the relationship, if
any, between the quality of construction and pavement
distress, and

5. generate data about project staffing and productivity rates
to allow identification and analysis of staffing trends.

The 1979 and 1982 Surveys covering flexible pavements and the

1980 and 1984 Surveys covering rigid pavements and bridge degks were
divided into current condition, constr;ction quality, and construction
staffing phases. The projects selected for the current condition
phase are limited to those that were reviewed in a previous
construction quality phase. The construction quality phase consists
of a review and evajuation of selected qﬁality elements on Interstate
and Federal-aid primary projects where construction is underway.
Quality of construction evaluations are made on the subgrade, subbase,
base course, binder and surfacing courses of both flexible and
Portland cement concrete pavements. In addition, the distress, skid,
- and Present Serviceability Rating were determined for each project.
The number of projects.that have been evaluated ranged between 58 and
633 depending on which pavement element was studied. The data that
were collected include the items shown in Table 3. The condition,
weighted average quality level, quality level below 90 percent, and
various staffing percentages were compared between 1976 and two
subsequent surveys (1979 and 1980) to see whether construction quélity
and staffing levels are declining and whether there is a correlation

between construction quality and the observed distress. Some of the
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TABLE 3. Data Collected in the Highway Condition
and Quality of Highway Construction Survey

Project Identification

Subgrade

Moisture

Density

Staffing: Testing or Inspection
Engineers or Technicians
Years of Experience
Number and Man-Hours

Subbase

Moisture or Admixture Content
Density

Grading, % Passing #200

Control Sieve, % Passing
Thickness

Staffing: (same as for subgrade)

Base

Moisture or Admixture Content
Density

Grading, % Passing #200

Control Sieve, % Passing
Thickness

Staffing: (same as for subgrade)

Binder Course

Mix Laydown Temperature

Density

Bitumen Content

Grading, % Passing #200

Control Sieve, % Passing
Thickness

Staffing: (same as for subgrade)

Bituminous Surfacing

Mix Laydown Temperature

Density

Bitumen Content

Grading, % Passing #200

Control Sieve, % Passing
Thickness

Surface Roughness, in/mi
Staffing: (same as for subgrade)
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TABLE 3. Data Collected in the Highway Condition
and Quality of Highway Construction Survey (Cont'd)

Project Identification (Cont'd)

Portland Cement Concrete Base or Surfacing

Mix Temperature

Air Content

Stump

Water/Cement Ratio

Density

Strength

Thickness

Surface Roughness, in/mi
-Staffing: (same as for subgrade)

Pavement Condition

Design 18-kip Equivalent Single Axle Loads (ESAL)
No. of 18-kip ESAL Applied to Date

Age of Pavement

Skid Number

Present Serviceability Rating

Pavement Distress Severity (10 types)

Pavement Drainage

Maintenance Cost/Mile

Bridge Deck Construction Quality

Mix Temperature

Air Content

Slump

Water/Cement Ratio

Density

Strength

Thickness

Surface Roughness, in/mi
Reinforcing Bar Cover

Staffing: (same as for subgrade)

Bridge Deck Condition

Distress Severity
Cracking
Spalling
Rutting
Polishing

Reinforcing Bar Cover

37



results of these comparisons are repeated in Tables 4 through 6.

Table 4 shows the change of the percentages of projects with quality
levels below 90 percent from 1976 to 1979. The average change was
+10.7 percent for the binder course and +7.5 percent for the surface
course, indicating a significant decline in quality. The same general
trend was noted in rigid pavements and bridge decks. Table 5 shows
the changes in rigid pavement quality from 1976 to 1980, indicating an
average change of 11.9% of all project§ being built in 1980 at lower
quality than in 1976. Table 6 shows the change in construction
quality for bridge decks indicating that 4.1% more projects are of
Tower quality in 1980 than in 1976. The changes in project inspection

=~

and testing showed that fewer and more experienced engineers and /

T T R - 2

technicians are being used in these crucial areas in construction.

Quality Levels

The term "quality level" has been used without definition up to
this point. A specific definition was used in this survey by basing
the quality Tevel on the degree to which construction quality control
tests were within specified limits. |

An upper and Tower Quality Index was calculated from the average
test value, x, the upper and lower specification limit, U.L. and L.L.,
respectively, and the range of test values, R.

The upper Quality Index is
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TABLE 4. Percent of Flexible Pavement Projects

With Quality Levels Less Than 90

Quality
Control
Factor

Binder Course

Laydown Temperature
Density

Bitumen Content

% Passing No. 200

% Passing Control Sieve
Thickness

Surface Course

Laydown Temperature
Density

Bitumen Content

% Passing No. 200

% Passing Contol Sieve
Thickness

39

Percent of Projects

1976

10
28
18
18
26
56

Average change

16
40
30
21
22
53

Average change

1979

21
42
36
23
23
75

19
46
34
27
32
69

Change
in

Percent

+11
+14
+18
+5
-3
+19

10.7%



TABLE 5. Percent of Rigid Pavement Projects
With Quality Levels Less Than 90

Percent of Projects With Quality
Construction Quality Element Levels Less Than 90

1976 1980 Change % Change

Subgrade
Density 27 33 + 6 + 22.2
Subbase
Moisture/Admixture Content 50 38 -12 - 24.0
Density 24 33 +9 + 37.5
No. 200 Sieve 10 12 + 2 + 20.0
Control Sieve 9- 17 +8 |, + 88.9
Thickness* 27 63 +36 +133.3
Aggregate Base ‘
Moisture/Admixture Content 40 54 +14 + 35.0
Density 33 39 +6 + 18.2
No. 200 Sieve 24 22 -2 - 8.2
Control Sieve ' 20 18 -2 - 10.0
Thickness* 38 43 +10 + 26.3
Bituminous Base
Laydown Temperature NR 25
Density 17 29 +12 + 70.6
Bitumen Content 17 35 +18 +105.9
No. 200 Sieve 19 19 0 0
Control Sieve 29 31 - + 2 + 6.9
Thickness* 60 50 -10 - 16.7
PCC Base
Mix Temperature NR Q**
Air Content NR 33
Slump NR 28
W/C Ratio NR NR
Density NR 50
Strength NR 42
Thickness* NR 47
PCC Surfacing
Mix Temperature 10 15 + 5 + 50.0
Air Content 19 31 +12 + 63.2
Slump 39 50 +11 + 28.2
W/C Ratio 11 11 0 0
Strength 12 19 + 7 + 58.3
Thickness* 30 32 + 2 + 6.7
Density NR 67
Overall
Average for all Pavement ~
Surfacing Elements 20.2 32.1 +11.9 + 58.9
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TABLE 6. Percent of Bridge Deck Projects
With Quality Levels Less Than 90

Percent of Projects With Quality
Construction Quality Element Levels Less Than 90

1976 1980 Change % Change

Mix Temperature 7 14 + 7 +100.0
Air Content 26 37 +11 + 42.3
STump 52 51 -1 - 1.9
W/C Ratio 13 21 + 8 + 61.5
Density 20 29 +9 + 45,0
Strength 5 11 + 6 +120.0
Rebar Cover* 68 - 57 -11 - 16.2

Average for all Bridge
Deck Surfacing Elements 27.3 31.4 +4.1 + 15.2

*The indicated lack of conformity to specifications for thickness and
rebar cover control may be due to limited construction tolerances.
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The Tower Quality Index is

_x =-L.L.
Q = —

A table for estimating the percent of the lot that is actually
within tolerance was used to establish the percent within upper and
tower bounds, P and P, respectively. The total percent

within tolerance limits, PT’ was given ‘by

If this value of P, was less than 90, the test was counted among
those with a quality level less than $0.

With this definition, a quality level of "100" is an estimate
that all of a product meets the specifications; a quality level of
“80" is an estimate that 80 percent of the product meets the
specifications.

A quality level of 90 (estimating 90 percent of the production
complies with specifications) was selected as the criterion to
differentiate between good quality work and that where improvements
may be needed. These criteria, i.e., the estimated percent of the
production in compliance with the specifications and the percent of
projects with quality levels less than 90, are the basic analyses used

to develop conclusions about the quality of construction.



Correlations Between Pavement Distress and Quality Level.

A simple linear regression analysis was made to determine if the.
severity of distress recorded in 1979 on flexible pavements was
correlated with the quality levels recorded in 1976. Some
correlations were found, to be significant and these are listed in

Table 7.

Significance of Highway Condition'gnd Quality of Highway

Construction Survey.

The information that has been collected in 1976, 1979, and 1980
has been coded and stored in a computer-accessible form for a variety
of pavement sections for which a complete set of data construction,
traffic, distress, and quality control materials properties are
recorded. There are over 600 flexible pavements in this data base, as
well as over 400 rigid pavements and over 300 bridge decks. It is a
good start for Long-Term Monitoring and may be able to be blended into

an overall monitoring program.

Cost Allocation

The subject of Cost Allocation is tied ultimately to road user
taxes. It is now and has been for decades a subject of intense
interest by all taxpayers and has as its objective to arrive at an
"equitable" means of distributing the costs of building, maintaining,
rehabilitating, and reconstructing the nation's highways. As it has
beern practiced in the last 25 years, the cost allocation approach that

has been used by the Federal government and most State governments is
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TABLE 7. Correlated Distress Types
and Low Construction Quality Levels

Distress Related Quality Control Tests
Longitudinal Cracking. Binder Course
Gradation

Bitumen Content
Surface Course

Thickness

Bitumen Content

Transverse Cracking Subbase
Gradation
- Thickness
Binder Course
Gradation
Thickness
Bitumen Content
Surface Course
Gradation
Thickness
Bitumen Content

Rutting Subbase
Moisture/Admixture Content
Surface Course
Density
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predicted on fairness or equity, which is defined as "cost allocation
on the basis of cost occasioning," that is, those vehicle groups that
give rise to certain capital costs should bear the tax burden to pay
for such costs. Whatever basis is adopted for allocating these costs,
it must be perceived as fair or equitable by highway users and even
non-users who also pay a share of the costs.

One of the primary purposes of the AASHO Road Test was to provide
basic data on which to base an equitable allocation of costs for a
major Federal cost allocation study conducted between 1956 and 1965
with major reports to the U.S. Congress in 1961 and 1965. The study
was mandated by the Highway Revenue Act of 1956, which also
established the Highway Trust Fund.

The preferred method of that early study made use of the then
recently developed AASHO Road Test equations. Essentially, the method
consists of a sequential design of a pavement for successive
increments of axle weights and because of this is termed the
“Incremental Method." Axle loads are categorized into six groups and
all axle loads within a range of axle loads are assumed to weigh the
same as the upper boundary of their respective weight group, except
that the heaviest category is represented by an appropriate average
load. Twenty-year axle passages in each weight category are
estimated.

A series of pavement thicknesses is designed. The first
thickness is designed for all axles at their actual weights. The next
thickness is designed for all axles as though they weighed a maximum

of 20,000 pounds (20 kips) for a single axle or a corresponding
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equivalent weight tandem axle. The difference in thickness is charged
equally to each axle above 20 kips. The process is repeated until the
thickness corresponding to a maximum load of 3 kips (the upper
boundary of the lightest axle weight group) is designed. The cost of
this final thickness is assigned equally to all axles.

Only new pavements were considered in this incremental approach.
Pavement overlay and reconstruction costs were assigned in the same
proportion as results from application of the approach to hypothetical
new pavements. No overlaid or recycled pavements were designed or
considered, as was probably appropriate for a study done when
construction of the Interstate system was just beginning and when
Federal funds on other highway systems were much more concentrated on
new construction than they are today.

A pavement of a given thickness can withstand a certain number of
ESAL applications before wearing out. According to design theory, it
does not matter whether the ESAL's are provided by a large number of
small axle loads or a small number of large axle loads. Further, the
number of ESAL applications accommodated by the addition of 1 extra
inch of pavement thickness is much less for thin pavements than for
thick pavements.

The old incremental method fails to follow equitable application
of design theory by charging one set of axle weights a different
thickness-requirement-per-ESAL than another set of axle weights. The
order of hypothetical ESAL removal, i.e., which vehicle class is
removed first, has a profound effect on pavement cost assignment.

According to standard design theory, it can be done in any order. An
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equitable removal order would not systematically give lower charges to
one set of axle weights than another but would uniformly remove ESAL'é
from all axle weight classes during the cost assignment process.

A new study of cost allocation was mandated by the U.S. Congress
in the Surface Transportation Assistance Act of 1978. There were
several reasons that a new study was seen as desirable. For example,
as stated in the Congressional Budget Office Guidelines:

A new cost-allocation study now appears to be needed for several
reasons. First, an increase in highway taxes appears likely in
the near future as the growth in Highway Trust Fund revenues is
outstripped by continued inflation in construction costs. The
financial stress on the Highway Trust Fund will intensify as the
effects of energy legislation start to dampen the growth in
consumption of motor fuels, thereby holding back the growth in
associated tax receipts.

Second, a new look at cost allocation becomes timely as the
federal highway program shifts emphasis away from new
construction and toward repair and rehabilitation. Some of the
new programs associated with this shift differ significantly from
those now in effect in the ways in which costs can be traced to
specific groups of users.

Third, the last comprehensive federal cost-allocation study was
published in 1965. Much of the information used in that study is
by now out-of-date and unreliable. Estimates of travel by each
class of vehicle, for example, which are essential throughout the
process of cost allocation, are based on traffic counts that vary
considerably in reliability.

Finally, the methodology used in previcus studies can be improved

upon both in a number of technical aspects and in the way it

reflects the new mix of federal highway programs.

It was recognized that the incremental method of cost allocation
that was used in the last major Federal study did not account for
pavement 4-R (resurfacing, restoration, rehabilitation, and
reconstruction) costs. This is primarily because in the 1950's the

emphasis was on initiating the Interstate system and the incremental
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method had a certain appeal.

Section 506 of the 1978 Surface Transportation Assistance Act is'
the portion of the Act that bears directly on the subject of Long-Term
Monitoring. In Section 506, the Secretary of Transportation was
authorized and directed, in cooperation with the State highway
departments, to undertake a complete investigation and study of:

(1) the costs occasioned in design, construction,
rehabilitation, and maintenaq;e of Federal-aid highways by
the use of vehicles of different dimensions, weights, and
other specifications, and by the frequency of such vehicles
in the traffic stream;

(2) the proportionate share of such design, construction,
rehabilitation, and maintenance costs attributable to each
class of persons and vehicles using such highways; and

(3) the need for long-term or continuous monitoring of roadway
deterioration to determine the relative damage attributable

-to traffic and environmental factors.

Recommended Approach.

The FHWA and several contractors carried out several studies of
cost allocation methods and finally arrived at a recommended one which
deals with new pavements differently than rehabilitated ones. The
recommended approach for assigning pavement costs follows directly
from the major criticisms of the approach used 20 years ago. First of
all, distinction is made between costs incurred to build new pavements

and costs incurred to reconstruct or repair existing pavements. New
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pavement costs are assigned based on current pavement design practice.
Vehicles from each class are hypothetically removed in equal
proportions until further removal would not reduce pavement thickness
required. Pavement repair and reconstruction costs are assigned based
on each vehicle's anticipated contribution to the wearing out of the
pavement. Unlike the approach of 20 years ago, the recommended
approach specifically attempts to assign pavement rehabilitation costs
based on the reasons these costs are iq;urred. Similarly, the
recommended method for new pavement overcomes the major weaknesses of
the application of the old approach to that category of costs.

The cost allocation approach used in the 1982 study is to
consider each of the most important distresses for flexible and rigid
pavements, model their occurrences as a function of traffic, and gauge
the relative importance of each distress at different magnitudes in
the decision to rehabilitate a pavement.

The distress models are based on both pavement performance theory
and on the performance of actual pavement sections. Each distress is
expressed as a function of the factors that contribute to it; traffic
is one of the factors in most of the major distresses.

Together, the distress models are used to simulate the condition
of pavement sections after the passage of time and traffic. At some
point, the combination of distresses occurring induces a decision to
rehabilitate the road. The distresses existing at the time of this
decision have, therefore, caused the need to rehabilitate. A number
of States use numerical ratings to determine the need for

rehabilitation as a function of distresses, so the relative importance
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of each distress can be estimated directly.

Neither the distress models nor the distress weighting schemes
are the final word in analysis of the causes of the need for pavement
rehabilitation. Despite the many highway pavements built during the
past 20 years, there are simply not enough monitored sections with
adequate traffic data to conclusively verify the mechanistic pavement
behavior theory that was relied upon in the development of the
pavement distress models used in this cost allocation study.

Similarly, rationalization and quantification of the pavement
rehabilitation decision are still improving and are expected to evolve
rapidly in the next few years as the importance of rational pavement
management gains wide recognition. Thus, the approach used in the
1982 study for rehabilitated pavement cost assignment, although judged
to be better than any alternative and far better than ignoring
rehabilitation costs, as was done in the 1956-1965 study, results in
an improved, but much less than perfectly accurate, cost assignment.

The assignment of pavement rehabilitation costs has a major
effect on the overall cost assignments to vehicle classes. Not only
are pavement expenditures the largest components of Federal highway
dollars, but the relative cost responsibilities are more sensitive to
changes of vehicle class than any other category of costs. Thus, the
importance of improving our knowledge of pavement deterioration

relationships via Long-Term Monitoring cannot be overemphasized.

Other FHWA Long-Term Monitoring Data Bases

In addition to the HPMS and Highway Condition and Quality of
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Highway Construction data bases, the FHWA has developed other data

bases for specific purposes. Several of these are described below.

Highway Statistics.

This data source is a general collection of a myriad of existing
reporting forms which are periodically supplied to FHWA. The
information gathered in this manner includes extensive mileage, motor
fuel, motor vehicle, driver licensing, highway usage characteristics,
and finance data. These data, however, have some features that hinder
their direct use in monitoring performance. For instance, individual
tables present different details that are not interrelated and data
are not always presented in a consistent manner. Without these
consistencies and interrelationships, performance cannot be
successfully monitored.

Another problem area relates to the definition of "municipal" and
"urban." The térm ”munfcipal“ is not synonymous with "urban" and
varies from State to State. While urban is normally defined as
Federal-aid urban, there is no separation of small urban and urbanized
information, and this definition is normally used only with Federal-
aid system discussions.

Motor fuel, motor-vehicle taxes and revenues, vehicle
registration, and driver licenses data are considerably more useful.
Financial expenditure data are available in aggregate form but are not
available by functional classification, improvement type, or

individual urbanized area.
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Table TA-1.

This table provides statewide information on mileage, vehicles
per day, travel, fatalities, fatal accidents, nonfatal injuries, and
nonfatal injury accidents by Federal-aid and generalized functional
system--arterial, collector, and local. Rural- urban and full control
of access breakdowns are provided; accident information is presented
in both number and rate form.

The above data presently allows State-by-State comparisons of
rate information on a Federal-aid and other State and local road
basis. However, there are no property-damage-only accident rate,
detailed functional system, design type, or well-defined geographic

location data available.

Fatal Accident Reports System (FARS).

This National Highway Traffic Safety Administration (NHTSA)
system provideé data on fatal accidents for rural and urban areas
within each State. However, not only does it not provide information
on other types of accidents, the traffic volumes associated with the
accidents, access control, and functional system, but also the
accuracy of the data describing the conditions related to the accident
is questionable. There is also a difference in the definition of a

fatality between this source and Table TA-1.
Truck Weight Study (TWS).

This source of information provides vehicle classification data

on an annual! basis and truck weight data every other year with

52



approximately half the States reporting each year. There are several
difficulties in using data from this source. First, the proportion of
trucks in the classified traffic stream is higher than the overall
average because the stations are located on routes that have heavy
truck usage. Secondly, there is a limited number of urban stations.
And finally, there is significant weight information available only
for the summer months. A revised TWS Guide, currently in draft form
(July 1984), addresses many of these shortcomings. For additional

information on this, contact Frank Jarema, HHP-44, (202) 426-0160.

Nationwide Personal Transportation Study (NPTS).

This study was conducted by the Bureau of the Census, Department
of Commerce, for FHWA in 1969-70. This survey made it possible to
relate household socio-economic and location characteristics to daily
travel characteristics for all modes, but only for nationwide
statistics. | |

The NPTS was merged with the National Travel Survey (NTS) in 1977
and, therefore, is part of the 1977 Census of Transportation.
Resultant data are in aggregate areawide form for various levels of
geographic detail. No information on functional classification is
provided. These efforts will provide useful national background

information but will provide no State or section specific information.
Automatic Traffic Recorder Data (ATR).

There are presently 45 States submitting hourly traffic volume

data on computer tape for some 4,085 permanent ATR counter locations
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nationwide. Due to technical problems, particularly the collection of
data in winter months, only 3,000 are supplied for more than 9 months
of the year.

Each counter site reported is identified by route, location, and
highway class. Until such time that the identification information
can be expanded to include functional classification and other
physical characteristics, these data will not be very useful in

performance monitoring.

Structure Inventory and Appraisal of the Nation's Bridges.
Under the National Bridge Inspection Standard (NBIS) inventory
program, all bridges on the Federal-aid systems are inventoried,
inspected, and appraised by the States. The first NBIS inventory was
begun in July 1972 with the most recent update required as of December
1, 1977. These data now include functional classification as well as

city and county codes.

National Highway-Railroad Crossing Inventory.

This inventory contains up-to-date information for each crossing.
The functional classification of the highway is identified, but the
Federal-aid rural, small urban, or urbanized area designation is not

included.
Other Data Sources.

Four other data sources were examined and were found to be

deficient to the extent that they were excluded from the monitoring
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process. These sources and a major deficiency for each are:

- 55 M.P.H. Speed Monitoring Studies. Collected only on those

segments having a 55 m.p.h. speed limit.

- Truck Inventory and Use Survey (Bureau of the Census). Is a

probability sample collected every 5 years and is not reliable at less
than multi-State area levels,

- Land Area and Population (Bureau of the Census). Contains no

Federal-aid urban or urbanized area statistics.

- Project Status Record (PR-37). Excludes non-Federal-aid

projects.
DEVELOPMENT OF STATE AND NATIONAL LONG-TERM MONITORING DATA BASES

In addition to the data resources that have been compiled by the
FHWA in the Highway Performance Monitoring System (HPMS), the Highway
Condition and Quality of Highway Construction Survey, fhe Cost
Allocation studies, and the Vehicle Size and Weight studies, other
data bases have been assembled primarily for research purposes by the
States, the National Cooperative Highway Research Program (NCHRP), and
by the FHWA. Primarily in response to the need for Satellite Road
Test information at the conclusion of the AASHO Road Test, a number of
States began systematically to collect detailed inventory and
monitoring data on a collection of pavements. An assessment of the
quality and quantity of that data was made recently in NCHRP Project
20-7, Task 17, by Texas A&M University, and the results of that study

will be summarized below. In addition, the NCHRP funded the
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development of the Concrete Pavement Evaluation System (COPES)

at the University of I1linois. A separate section of this background
materials will be devoted to a description of COPES because of its
close relation to the ongoing Long-Term Monitoring pilot studies. One
other data base is in the process of being assembled under contract to
the FHWA, this one being concerned with projects on which various
forms of asphalt recycling have been used. The Asphalt Recycling Data
Base contains approximately 316 projects, was initiated by Iowa State
University, and is being carried on at present by the Asphalt
Institute. All of these data sources may play an important role in
the future Long-Term Monitoring program.

The title of NCHRP Project 20-7, Task 17, was "Evaluation of
AASHO Road Test Satellite and Environmental Studies" and was conducted
in two phases by the Texas Transportation Institute. In the first
phase, a questionnaire was sent to all 50 States and replies were
received from 47. The replies were studied systematfca]ly to
determine both the quality and quantity of data that were available
and an assessment was made of the likelihood that such data could be
used in the development of pavement design equations. The
questionnaire also revealed how accessible the data were: whether
they were stored in centralized or decentralized manual files, or in a
computer accessible form. The second phase investigated some of the
data in detail to determine how good of an overlay design equation
could be constructed from the data that were available in Texas and
Minnesota, and what kind of data are needed to develop different

levels of such equations. The results of this study will be discussed
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in more detail in a later section of this report.
IMPACT OF THE 1982 SURFACE TRANSPORTATION ASSISTANCE ACT

In the Surface Transportation Assistance Act (STAA) of 1982, the
HU.S. Congress added several more tasks to those that had been mandated
in the STAA of 1978. The 1978 Act called for a study of the costs,
benefits, and the effects of State regulations on truck sizes and
weights, a study of cost allocation, and a pilot long-term monitoring
effort to assess the costs of collecting long-term performance data.
In the 1982 Act, further truck size and weight studies were called
for, as well as a study of the effect of climate on the rate of
pavement deterioration to determine whether climate factors should be
included in cost apportionment formulas. The two Acts taken together
showed a clear recognition by Congress, and firm support by AASHTO,
industry, and the FHWA of the need to have more detailed and accurate
data and models to permit careful and comprehensive studies of:

1. Cost responsibility, allocation, and apportionment.

2. Effects of truck sizes and weights on pavement
deterioration, transportation benefits, and revenues.

3. Effects of weather on pavement deterioration.

4, Quality of highway construction and development of realistic
statistical specifications which are based upon actual
performance.

5. Cost effective preventive maintenance and rehabilitation

strategies.
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The data for all of these studies must come from a Long-Term
Monitoring program which involves the testing of pavements in the
field, and the patient collection of inventory and monitoring data for
the full life cycle of selected types of pavements. All of this, and
other considerations as well, has led to the adoption of the Federal

pavement initiatives.

NATIONAL INITIATIVES ON PAVEMENT REHABILITATION AND DESIGN

The shift of emphasis from new construction to rehabilitation
raises many questions that can only be answered by judgement and
intuition at present. In addition to the need for the studies
mentioned in the previous section, the following questions have been
raised:

1. Which rehabilitation strategies are more suitable under

given conditions?

2. What are the costs of deferred maintenance?

3. What maintenance costs are associated with various types of

rehabilitation?

4. What are the long range (life cycle) performances and costs

of rehabilitation strategies?

5. What are the future long term 1mpaéts of increased truck

loadings?

Securing information to provide needed answers to current and
future pavement rehabilitation and design issues is extremely complex,

and at present, fragmented. In order to address short term and long
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term needs and at the same time mesh with ongoing activities, FHWA has

embarked on the following overall program:

1.

2.

Working with AASHTO, FHWA will compile and disseminate all
presently used pavement rehabilitation design methods and
techniques that have proven to be successful and are cost
effective; This is a near terﬁ solution to make the most of
what we now have while waiting for the results of longer
range efforts outlined below.

The FHWA will survey and ide&iify the national pavement
management information needs (both policy and technical) of
FHWA in the areas of planning, design, construction, and
maintenance, as required by Congress to manage the national
highway program. The effort will be an internal FHWA
activity and will be related directly to Long Term Pavement
Monitoring (LTM). The identified needs will be used in
evaluating ongoing information-gathering efforts and in
assessing new initiatives;

Working with AASHTO and industry, FHWA will develop a
coordinated program of demonstration and experimental
projects on pavement rehabilitation techniques and
materials. The effort will be meshed with the ongoing
research program.

The FHWA will work with AASHTO and TRB to complete the
update of the interim pavement design guide in the shortest
possible time frame. |

Working with AASHTO and TRB, FHWA will evaluate the need for
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future full-scale road testing of some form and the
feasibility of accelerated testing systems to allow more
rapid evaluation of new pavement rehabilitation techniques
and materials.

6. The FHWA will issue a quarterly newsletter to highlight
pavement management state-of-the-art, technology tfansfer
activities, research, training, and other pertinent
information of interest to pavement engineers.

More detailed descriptions of the six FHWA initiatives are given

below.

Initiative No. 1. Pavement Rehabilitation Design and Techniques Study
There are no road tests or other significant work upon which to
base our rehabilitation design and construction procedures or to
addrgss the ever increasing questions concerning rehabilitation
techniques. With the current level of expenditures for pavement
rehabilitation, and the increased level expected, there exists a
definite need for guidance on rehabilitation techniques and design and
construction methods. Securing information to provide needed answers
to current rehabilitation issues are extremely complex and at present
fragmented. With the current emphasis on rehabilitation, the
state-of-the practice needs to be evaluated. It is important to know
which techniques have been tried and how they have performed. It is
equally important to have a system to ensure that rehabilitation data

will be collected and analyzed in the future.
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Objective of Initiative No. 1.

To compile and disseminate all presently used pavement
rehabilitation design methods and techniques used and to evaluate
their performance. To develop a system to collect rehabilitation

information on a continuing basis.

Scope of Initiative No. 1.

The FHWA will investigate the presently used pavement
rehabilitation design methods and techniques throughout the United
States. A rehabilitation technique is considered to be any procedure
or method used to extend the useful life of a flexible or rigid
pavement. An evaluation will be made to determine the performance of
various techniques. Information gathered will be compiled and
disseminated in a summary report and manual. A system will also be

developed to collect rehabilitation information on a continuing basis.

Work Plan.

The proposed study will include a three-phase approach. Under
the initial phase, a general questionnaire will be completed by the
regions, or division offices if necessary. The questionnaire will
identify the pavement rehabilitation techniques that have been used
and are being used, and_what information is available. Under the
second phase, review guidelines will be developed and enough selected
divisions will be visited and reviewed to compile detailed information
for a manual of available rehabiiitation techniques. The final phase

will involve developing a system to collect project specific
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rehabilitation information on a continuing basis.

Tasks. ‘

A. Present study concept to the AASHTO Standing Committee on
Highways for its information and comments.

B. Conduct a literature review of rehabilitation design methods
and techniques currently used for flexible and rigid pavements.

C. Develop a general questionnaire to be used in a nationwide
evaluation of the state-of-the-practice in rehabilitation design and
construction techniques for both flexible and rigid pavements.

D. The questionnaire developed under Task C will be completed
for each State by the regional office. This may require reviews in or
assistance by the respective division offices, depending upon
information available at each regional office.

E. Develop a summary report from information obtained in Task D.

F. Using information from Task D, identify the rehabilitation
techniques that will be evaluated in depth. Develop review guidelines
and data collection plan, i.e., sample size, frequency, etc. for use
in the selected states. Conduct a pilot review of one State to
evaluate the effectiveness of the guidelines.

G. WUsing the above guidelines, conduct a field review in one
State of each region with region and division staff. Following these
reviews, the regions will conduct reviews in selected States. States
will be identified depending upon difference in techniques,
geographical areas, and climatic conditions.

H. Prepare a reference manual on rehabilitation techniques based
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on existing literature and data gathered during the survey in Task E.

I. Develop a system to collect, store, retrieve, and analyze

pavement rehabilitation information.l The system will iné]ude
rehabilitation data collected under Task D and G. The system is to be
expanded to include data from future rehabilitation projects. Prior
NEEP, experimental projects, demonstration projects, research and
development work will be coordinated. It is anticipated that the
system will be coordinated with the proposed revision of the Highway
Condition and Quality of Highway Construction Survey.

J. Develop a plan to periodically update the summary report,

manual, and survey.

K. Continue field reviews by regions.

The following items will be considered within this initiative:

1. In addition to preparing a manual, technical assistance may
be prepared on special topics or technidues that are not in
the manual or that warrant extra attention.

2. Contact will be made with industry and leading universities
to keep them advised of the initiative and to solicit their
input.

3. This initiative will be paralleling the update of the AASHTO
Interim Guide. The update will also address rehabilitation
design. The Joint Task force on Pavements will be advised
of this initiative and the results will be closely
monitored.

4, This work plan will be submitted to the Pavement Management

Coordinating Group (PMCG). The Office of Engineering will
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keep the PMCG advised of progress.
5. The possibility of securing the service of an outside
consultant for assistance under Tasks C, F, and I will be

evaluated and pursued.

Initiative No. 2. Pavement Management Information Needs Study

This internal study by the FHWA calls for coordination with all
the various pavement management activities that might have data
collection implications, and, in particular with the Long-Term
Monitoring Workshops and Initiative Number 5 dealing with accelerated

laboratory testing and road testing.

Background.

It has been recognized by the Federal Highway Administration
(FHWA) that a higher level of effort is justified to secure better
information upon which to base cost-effective decisions relating to
pavements. In order to satisfy one aspect of the recognized need for
more definitive information, this initiative was approved in May that
would survey and identify national pavement information that is needed
by the FHWA in the areas of planning, design, construction, and

maintenance to manage the National Highway Program.

Objectives of Initiative No. 2.
a. To identify, categorize, and prioritize FHWA pavement
management information uses and needs

b. To survey available and required resources necessary to

64



satisfy the high priority needs
c. To develop a coordinated plan (including a coordinated set of
data elements) for obtaining and maintaining an adequate information

system

Scope of Initiative No. 2.

The FHWA is examining national pavement management information
needed by the various FHWA Headquarter§ offices for proper stewardship
of the Federal-Aid Highway Program. The end product of such
examination will be a coordinated plan aimed at the collection and
analysis of pavement data and relationships in a more cost-effective
and comprehensive fashion. Distinctions will be made between
recurring monitoring types of information needs and one-time or

infrequent special analyses or data collection efforts.

Description of Tasks.

Task A. Literature Review: Perform literature search to

become familiar with organizations, functions, and procedures of
various program offices that are involved in pavements.

Task B. Inventory Needs and Resources: Develop classification

parameters and initial summary of pavement information needs (data and
relationships) and resources as perceived by various offices.

Task C. In-Depth Interviews on Uses, Needs, and Resources:

Conduct in-depth interviews of various program offices to:
1. Verify information uses and needs contained in initial

summary and add or delete as necessary.

65



2. Determine data that is currently being collected and
relationships currently available, including their use, mode
of collection, and collection costs (FHWA and States).

Task D. Analysis of Interviews: Analyze results of interviews

to arrive at final list of pavement information uses and needs.
Develop inventory of data currently being collected and extant
relationships.

Task E. Needs versus Resources: Translate information needs

into data elements. Compare data element list (derived from the
information needs) with inventory of data currently being collected
and extant relationships.

Task F. Prioritization of Needs: Present needs list and

current resources to FHWA top management for approval and
prioritization. This would be accomplished by each program office.
Interim Report 1 (April 1984) was distributed to program offices
involved in the project.

Task G. Coordination with Other Efforts: Participate in an

advisory capacity in the Long-Term Monitoring and Evaluation of Road
Testing and Accelerated Testing (Initiative #5) efforts. Ensure that
the results of these efforts are considered in this study.

Task H. Criteria Development: Develop criteria to assess and

rank information uses and needs (cost of collection of data to satisfy
needs, relative importance, etc.).

April-May 1984 Prepare a concept paper defining the criteria,

including possible ways to measure them.

Potential criteria include:
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Immediacy of need is the information

requirement pressing and current or long-term,
etc.

Void of current information are there

surrogate or substitute measures that could
satisfy the information need at no or low
additional cost.

Importance to the agency's mission is the

information needed for a required project,
e.g., project approval, report to Congress,
etc., and how important is the particular
mission.

Importance of the information to the States

Dollar savings from better information -for

example, a reduction in required future
capital/maintenance outlays resulting from
better designs; user cost savings from better
investment/maintenance practices resulting
from more informed decisions based on better
information, etc.

Cost of improved information -this subtask

is the major tie-in with Task 9. The costs of
gathering better data (mechanical, LTM, etc.)
will be estimated in a crude fashion at first
to be used as one of the screening criterion.

A more refined cost estimate will be made as
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part of Task 9 on the screened or reduced set
of priority information requirements.

April-May 1984 Reexamine the Task F results by putting the

information needs into a suitable form for
priority assessment; consolidate the information
needs into a smaller number of categories where
feasible.

June-August 1984 Define the data elements required to meet the

information data available, possible surrogates,
and current voids.

June-December 1984 Quantify the various criteria

Apply the criteria to the information needs

from Task F.

September 1984: Finish a draft Task 8 report
(Interim Report Number 2) for use in the LTM
conference the first of October 1984.
December 1984: Refine the criteria
quantification in conjunction with the Task 9
alternative development effort.

Task I. Alternative Development: Develop coordinated plan for

satisfying all data needs.

June 1984-March 1985 Determine method of coilection of increased

data requirements--LTM, laboratory mechanical
testing, on-site accelerated mechanical testing,
etc.

Determine sample size, frequency, etc., and
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how to coordinate the sampling and data
collection efforts.

Estimate the cost of additional data

collection efforts.

Task J. Alternative Selection: Present various alternatives

for a coordinated pavement management information system to top
management for decision (March 31, 1985).

Task K. AASHTO Involvement: Brigf AASHTO on selected

alternative. Work on plans for changes to existing data collection
efforts and on new efforts.

Task L. Impliementation Plan: Develop implementation plan.

January- Prepare multi-year program budget for plan.
September 1985 Suggest revisions to existing plans/budgets.
| Define responsibility for collection, storage,
and analysis of data (i.e., Headquarters, field,
States, etc.).
Determine data storage/retrieval system.

Task M. Implementation Decisions: Present implementation plan

for top management decision (Milestone 3 - September 30, 1985).

Initiative No. 3. Coordinated Demonstration and Experimental Projects
Program

Because the complete replacement of the deteriorating pavements
is, in many instances, undesirable because of excessive cost and
traffic disruption, a definite need exists for direction on proper

pavement rehabilitation techniques. The pavement rehabilitation
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techniques currently in use need to be evaluated to identify those

which are the most efficient and cost-effective.

Objective of Initiative No. 3.

The objective of this initiative is to work with AASHTO and
private industry to develop and implement a continuing major ‘
coordinated demonstration/experimental projects program on pavement
rehabilitation and mesh this effort with other FHWA pavement

rehabilitation programs.

Ongoing Activities of Initiative No. 3.

Both the Demonstration and Experimental Projects Programs
currently have underway activities relating to pavement
rehabilitation. The following is a listing of those activities.

1. NEEP No. 27 - Portland Cement Concrete Pavement (PCCP)

Joint Restoration and Rehabilitation: The objective of

this project is to obtain experience with a variety of joint
rehabilitation techniques to restore load transfer between
slabs, preVent the intrusion of material and water into and
through the joint, reduce resultant cracking, and restore
the existing PCCP to high service condition without use of
an overlay.

2. NEEP No. 28 - Highway Pavement Subdrain Systems: The

objective of this project is to obtain experience and data
on the various types of drainage systems, both for new

construction and for 4-R type projects.
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Experimental Project No. 2 - Concrete Qverlays: The

purpose of this project is to gather data needed to
determine the potential of thin bonded concrete overlays as
a rehabilitation procedure. The work will require
monitoring performance of selected thin bonded concrete
overlay projects to establish the feasibility of this
technique. Data will be gathered regarding the initial
construction costs and problems. Long-term performance
studies will attempt to document maintenance costs and
pavement life to establish cost-effectiveness.

Experimental Project No. 3 - Asphalt Additives: The

objective of this project is to promote the systematic
gatgering and reporting of information on the design,
construction, cost, and performance of different asphalt
additives. The different additives eligible for evaluation
under this project can include rubber, chemical, or natural
products that are added to the asphalt.

Experimental Project (proposed) - Joint Sealants:

Significant contract use of imbroved joint materials for
concrete pavements is limited. Most States have experience
with one or more of these materials, but because of the
abundant types and brands available, it is difficult for a
State to obtain adequate experience with them all. To
expedite evaluation and dissemination of information on the
use of the various joint sealants, it is proposed to select

a representative sample of interested States having contract

71



experience with a particular sealant to participate in a
controlled evaluation of their projects. Utilizing
information derived from the State evaluations of the
various sealant products, information on costs and
performance will be compiled and disseminated.

Experimental Project (proposed) - Pavement Rehabilitation

Techniques: This project is still in the development
stage. It will be part of a.poordinated effort between the
Demonstration Projects Division, the Construction and
Maintenance Division, and the Pavement Design Branch to
collect data on quality control, materials, specifications,
and adequacy of design for various pavement rehabilitation
teéﬁniques and to equate these variables to the overall
performance of the pavement.

Demonstration Project No. 17 - Prestressed Concrete

Pavement Construction: The objective of this project is to

demonstrate the technological and economical feasibility of
prestressed concrete pavements. Evaluation of the various
projects constructed to date hés demonstrated that
prestressed concrete pavements can be built using currently
available prestressing technology and that it represents a
competitive alternative to other conventionally used
pavements. The application of prestress allows a
significant reduction in the thickness and reinforcement
requirements of concrete pavements. Also, this method is

expected to result in faster paving rates, energy
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conservation, and by reducing the number of joints and
cracks, reduce maintenance requirements.

Demonstration Project No. 47 - Recycling Portlant Cement

Concrete Pavements: The objective of this project is to

construct and evaluate recycled portland cement concrete
pavements. Crushed concrete is obtained from any
satisfactory source and used in the new portland cement
concrete pavement.

Demonstration Project No. 50 - Sprinkle Treatment: The

objective of this project is to construct and evaluate
projects involving the application of nonpolishing
aggregates to the surface of newly placed hot-mix asphalt
concrete pavements. Addition of skid-resistant aggregate
prior to compaction of the asphaltic concrete enables
embedment and retention of the skid-resistant material. As
a result, the less expensive and more readily available
polishing aggregates can be used for structural requirements
of the pavement while reserving the high-quality
nonpolishing aggregates for the wearing surface. The result
is a roadway with improved skid resistance qualities and a
savings in cost and valuable aggregate resources.

Demonstration Project No. 54 - Sulfur Extended Asphalt

SEA): The objective of this project is to encourage the
construction and evaluation of pavements using SEA as a
binder. The projects are being evaluated to determine the

performance and durability of pavements incorporating
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11.

12.

sulfur, the cost effectiveness of using sulfur, and the
quantities of energy and resources that are conserved.

Demonstration Project No. 55 - Asphalt Emulsions: The

objective of this project is construction and evaluation of
projects using asphalt emulsions. A mix design method for
emulsified asphalt aggregate pavements has not been
universal1y accepted. Currently, at least 11 different
procedures are being used. This demonstration project
encompasses projects in which asphalt emulsions are uSed as
surface treatments, including seal coats, slurry seals, tack
coats, and prime coats.

Demonstration Project No. 59 - The Use of Fly Ash in

Highway Construction: The objectives of this project are

to use fly ash in construction and evaluate its use in
highway construction. One major use is in lime-fly
ash-aggregates (LFA) mixtures. LFA mixtures are blends of
mineral aggregate, lime, fly ash, and water combined in
proper proportions and compacted to high densities. When
properly cured, these mixtures harden to produce Eigh
quality paving materials that are suitable for use as road
base and subbase courses. For faster curing and accelerated
strength gains, portland cement has been partially or wholly
substituted for lime. Another use of fly ash is the partial
replacement of portland cement in PCC mixes. When used in
this manner, it has the potential to reduce costs, reduce

heat of hydration, and increase the mix workability. Fly
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13.

ash can also be used as a stabilized fill and embankment
material, and as a partial replacement for the binder
material in various grouts.

Demonstration Project (proposed) - Portland Cement Concrete

Pavement (PCCP) Restoration: It is anticipated that this

project will be announced in the near future. This project
has been developed to highlight certain proven
rehabilitation techniques to restore PCC roadways which can
be used as an alternatives to currently employed methods
such as PCC or bituminous concrete overlays or total
reconstruction of the pavement structure. This
demonstration project will incorporate many proven methods
of PCC pavement restoration such as diamona'grinding, Jjoint
sealing, and slab replacement. The widespread use of these
method can provide an economical cost effective means of
improving the rideability and extending the service life of

many deteriorating PCC pavements.

Proposed Activities of Initiative No. 3.

1.

2.

Work with the Office of Research, Development, and
Technology and the Pavement Management Coordinating Group
(PMCG) working group to identify items of new technology to
be incorporated in either the experimental or demonstration
project. This will be accomplished prior to the annual
budgeting process.

Solicit input from the field on items of new technology and
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potential rehabilitation techniques and materials on an

annual basis. This will be proposed as a continuing agenda.

item at the annual national technology transfer meeting.

Research, Development, and Technology is currently

developing a new process for solicitation of research

problems. This solicitation could also provide input into

the experimental projects prdgram.

Use the input from the Task Force for Initiative No. 1 to

assist in identifying items of new technology and potential

rehabilitation techniques and materials.

Continue solicitation of new technology on potential

rehabilitation techniques and materials from industry and

AASHTO through representation on the folléﬁing committees or

task forces:

a. ACPA Committee on Pavement Rehabilitation

b.  AASHTO/AGC/ARTBA Subcommittee on New Highway Materials

c. Task Force No. 20, Development of Generic Specification
for Patching Materials Used in Rapid Repair of PCC

d. Task Force No. 22, Cross Reference of Materials
Specifications for Waterways, Airports, Transit, and
Highway Projects

e. Task Force No. 23, Materials, Specifications, and
Processes for Rehabilitation of PCC Pavements

f. Task Force No. 25, Development of Generic
Specifications and Laboratory Test Procedures for

Geotextiles Used in Civil Engineering Applications
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5. Solicit representation from all involved program offices on
the technical advisory committee of all experimental and |
demonstration projects.

6. Assist the Construction and Maintenance Division with the
development of an automated information collection analysis
and retrieval system.

7. Work with the region and division office technology transfer
coordinators and State representatives to improve the
reporting and dissemination procedures for new and

innovative technology.

Initiative No. 3. Demonstration/Experimental Projects Program
Time Schedule:
The schedule for the various projects listed previously are on

the following page.

Initiative No. 4. Updating the AASHTO Pavement Design Guide

The AASHO Road Test, when completed in 1960, was the most
significant of a number of road tests conducted since the beginning of
the highway program. It provided information that has been used
internationally for cost allocation and pavement design purposes. No
road test work of similar significance has been done since that time.
While research has continued in the pavement area, the limitations of
the AASHO Road Test (one climate, locally available materials used,
short duration, limited load applications, etc.) continue to be

monumental problems that must be dealt with in a much greater effort.
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Year

Task 83 84 85 86 87 88

*1. NEEP No. 27 = =-=ceea-
*2. NEEP No. 28 = ==-=ee-e

3. EP No. 2 e
4, EP No. 3 e emecccmccccccncaees - - - - - = - = - - -
5. EP-Joint Sealants —ew-ceccecacaaaa-

6. EP-Pvt.Rehab.TeCh., =ececmccmmccccccmcmccee @ e o = = 2 e = == -
7. DP No. 17 = cecemceccmceccccccccana-

8. DP No. 47 = mcececcccccacaas - - - -

9. DP No. 50 = eeceecccccccecee - - - -

10. DP No. 54 cecmmcccmcemmccmomoce—a= = = = = = = = = - = -
11 DP No. 55 = ccccccccccccaeee - - - -

12. DP No. 59 e
13. DP-PCCP ResStoration —--e=e-eccecaccccccmccace = = = = = = = = = = =

*After 1984, results from these NEEP's will be included in the
Experimental Project on Pavement Rehabilitation Techniques.
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Issues such as: the effects of climate, the effects of various
configurations of truck sizes and weights, the cost responsibility,
and the need for performance and 1ife cycle cost information remain as
issues that call for solutions. This lack of information for pavement
purposes has been recognized by the Congress, industry, AASHTO, and
FHWA.

The AASHTO recognized these problems when it recently approved
$500,000 to update and expand (to include rehabilitation) the AAHSTO

Interim Guide using currently available information.

Objective of Initiative No. 4.
Encourage and assist AASHTO and TRB in completing the update of

the Interim Pavement Design Guide in the -shortest possible time.

Scope of Initiative No. 4.

The Chief of the FHWA Pavement Branch serves as secretary to the
AASHTO Joint Task Force on Pavements. Using this position, the
Pavement Branch will assist AASHTO and TRB in updating the guide in

the shortest possible time while ensuring a high quality product.

Work Plan.

The Pavement Branch, Office of Engineering, will closely monitor
the progress of Phase I and Phase Il of the AASHTO Design Guide
Update. Phase I includes performing a literature review and survey,
securing public input from industry and others, and developing an

outline and format for the new guide. Phase I was completed in
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December 1983. Phase Il is the development of technical input for the
guide, and is scheduled for completion in December 1984. The Pavement
Branch will work with AASHTO and TRB to ensure adequate funding and
completion in the shortest time.

Technical assisténce and review wi]l be provided by the Pavement
Branch with the assistance from other offices in the PMCG. The
Pavement Branch will keep the PMCG advised of the progress on the
update and involve the other offices iq.the review of the update. The
Pavement Branch will provide representation at all public meetings
held on the update and of all AASHTO Joint Task Force meetings

concerning the update where possible.

Initiative No. 5. Pavement Testing

The AASHO Road Test completed in 1960 was the most significant of
a number of road tests conducted since the beginning of the highway
program. }It provided information that has been used internationally
for coét allocation and pavement design purposes. No road test work
of similar significance has been done since that time. While research
has continued in the pavement area, the limitations of the AASHO Road
Test (one climate, locally available materials used, short duration,
1imited load applications, etc.) continue to be monumental problems
that must be dealt with in a much greater effort. Issues such as:
the effects of climate, the effects of various configurations of truck
sizes and weights, the cost responsibility, and the need for
performance and life cyé]e cost information remain as issues that call

for solutions. This lack of information for pavement purposes has
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been recognized by the Congress, industry, AASHTO, and FHWA.

The FHWA Office of Research recognized the need for a pavement
testing program when it proposed an accelerated testing system to
perform more rapid evaluations of pavement designs and performance.

As we now enter an era of 4R or rehasilitation, the questions are
more complex and there has been no road test or other significant work
done with respect to the rehabilitation questions. With the current
léve] of expenditure for pavement rehapjlitation, and the increased
level expected, a higher level of effort is justified to secure better
information upon which to base cost effective decisions in the use of

those funds.

Objective of Initiative No. 5.

To evaluate the need for future full-scale road testing of some
form and the feasibility of accelerated pavement testing to perform
more rapid evaluation of new pavement rehabilitation techniques and

materials.

Scope of Initiative No. 5.

The FHWA convened a national workshop in March 1984 with
international repfesentation of experts in the field of pavements.
The end product of this workshop was an evaluation rebort discuséing
how these tools can be used in an overall approach to evaluating and
testing pavements. The results and recommendations that came from

that Workshop will be discussed more in detail in Chapter 3.
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Initiative No. 6. Quarterly Pavement Newsletter
New developments in 3R and 4R projects, methods, and techniques

and progress on the national pavement initiatives suggests that there
is an urgent need to get new pavement state-of-the-art information out
to the pavement community: FHWA, State,‘and local officials. Much of
this information is not widely available or used. New information is
presently being developed, and will be available in the future. It is
'important to develop a process to collect and disseminate such
pavement information. The Pavement Newsletter was designed to provide

this needed service, and the second edition has now been distributed.

Coordination of Initiatives

The overall coordination of the results of the National
Initiatives is expected to result in an overall plan for a coordinated
Long-Term Monitoring program, a national Pavement Testing program, the
revised AASHTO pavement design guide, and for an efficient cooperative
program for satisfying Stéte and local pavement management information
needs.

Much of the information that has been assembed will be presented
to the participants in the two Long-Term Monitoring workshops, the
first of which will develop alternative methods of creating a national
Long-Term Monitoring program including possibly the coordinated use of
available data bases. The second workshop will evaluate the
alternatives and arrive at a final recommendation for an overall
coordinated plan. The importance of these two workshops is

illustrated in Figure 2, which shows the approximate time scale
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according to which these workshops are proceeding.
LONG TERM MONITORING PROGRAM

As discussed in Chapter 1, the FHWA and AASHTO took thellead in
developing concepts for a program of ongoing monitoring of in-service
pavements to develop a national data bank. This national data bank is
intended to serve a'number of information needs, and to espeéial]y
support the development of badly needed relationships for predicting
performance of pavements and designing repair or rehabilitation
projects. This work effort to date has included:

1. Initial identification of data items to be collected and
development of a data collection guide and data bank schema
for use in collection and management of the data.

2. Establishment of LTM pilot studies in eight states and
including 144 test sections. The distribution of these test
sections by state, type of pavement, and environmental zone
appears in Table 8.

The initial program was accomplished by having each of
the eight participating States identify their pavement
monitoring data needs for statewide program analysis,
project analysis, and deterioration case studies. States
were provided with input on pavement data needs by the
AASHTO Joint Task Force on Pavement FHWA staff, and several
noted experts in special aspects of pavement monitoring

systems. These State pavement monitoring programs were
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TABLE 8.

Pavement Sections for the
Long-Term Monitoring Pilot Study

Environmental

Type of Pavement

State Zone Flexible Composite Rigid
Arkansas Wet - No Freeze 4 10 )
California Dry - No Freeze 6 2 16

Wet - Freeze 3 4 3
Wet - No Freeze 4
Colorado Dry - Freeze 7 2
Wet - Freeze 2
Idaho Dry - Freeze 7 7
Iowa Wet - Freeze 3 4 9
New Mexico Dry - Freeze 4
Dry - No Freeze 8 1
Pennsylvania Wet - Freeze 22
Washington Dry - Freeze 3
Dry - No Freeze 1
Wet - Freeze 2 1
Wet - No Freeze 3
TOTAL 56 21 67




reviewed by the AASHTO Joint Task Force on Pavement advisory
panel of experts and comments given as:to how each State
could improve their pavement monitoring program. Each
participating State operated their pavement monitoring
program. At the end of each year, the participating State
reports on their pavement monitoring program to the FHWA
contract manager.

The major portion of regéurces in this effort were
placed on the deterioration case studies which call for the
establishment of a minimum of ten sites per State to be |
studied in detail to develop improved relationships between
pavement design, axle-load, maintenance, and environment.

At the end of each year the participating State prepares a
report that details the information obtained, analysis
performed, cost to obtain the data, and makes
recommendations concerning the techniques used for long-term
pavement monitoring. Each participating State is expected
to continue to monitor pavement performance on the case
study sites and provide annual reports.

A contract for technical support to assist in evaluating the
pilot studies, creating a data bank for managihg the data,
developing an annual plan for continued collection and
management of the data, preparing background documents for
use in the two LTM workshops, developing alternatives to be
considered by the workshop in selecting a tentative plan for

the future expanded LTM effort, and documenting the results
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of the pilot studies, workshops, and other studies included.
Planned and hosted the Pavement Testing Conference discussed
previously and in the next chapter.

Participated with AASHTO and the Transportation Research

Board in planning a national pavement testing program.
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CHAPTER 3
PAVEMENT TESTING CONFERENCE

The purpose of the Pavement Testing Conference sponsored by the

Federal Highway Administration (FHWA) was to develop a National

Pavement Testing (NPT) Program which would yield data to serve the

following needs:

l.

Evaluating and developing alternative pavement
rehabilitation and construction techniques.

Evaluating and developing predictive design equations for
pavement design and rehabilitations.

Conducting special studies, such as cost allocations, heavy
vehicle weight effecté; and environmental effects, required
by the Congress or others.

Supporting project and network pavement management

activities at the State and national level.

To fulfill its purpose, the conference was divided into two broad

categories and four workshops within each category as follows:

Category 1 ~ Testing Methods

Workshop A - Road Test and Test Track
Workshop B - Mechanical Testing
Workshop C - Inservice Testing

Workshop D - Combination of A, B, and C

Category 2 - Data Needs and Uses

Workshop E - Rehabilitation Techniques

Workshop F - Equations and Materials
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Workshop G - Special Studies
Workshop H - Network Pavement Management
The primary task addressed in the first of each workshop session
was the assessment of the state-of-the-art in the workshop subject
area and the identification of future data needs or listing of methods
required to upgrade the subject for future pavement managemént. In
the second workshop session, participants evaluated the FHWA proposed
NPT program, based upon the identified future needs, and developed
recommended changes to the proposed pr&gram.
In order to assure a broad consultation and a comprehensive
viewpoint to the conclusions reached, the 88 participants in the
Workshop were invited from the variety of categories shown in Table

9.

TABLE 9. Pavement Testing Conference Participants

State Agencies 15
Universities 7
Private Consultants 8
Foreign Countries 9
International Road Federation 1
World Bank 1
Transportation Research Board 2
Industry Groups 5
U.S. Army Corps of Engineers 2
Federal Aviation Administration 1
Department of Transportation 1
Consulting Firms 3
FHWA 33

TOTAL PARTICIPANTS 88

FHWA PROPOSED NATIONAL PAVEMENT TESTING PROGRAM

The FHWA identified four work categories that will generate the
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major pavement testing and data needs for the future:

l.

Evaluating alternative rehabilitation and construction
techniques was considered an immediate need, requiring test
methods which can rapidly evaluate rehabilitation strategies
and generate required data needs.

Evaluating and developing bredictive design equations was
considered strategiéa]]y important to developing mechanistic
pavement analysis models essential to overall pavement
management. Data, particu]af]y that related to pavement
performance, and test methods applicable to verification of
prediction models will be required.

Special studies, including technical problems or
Congressional mandates, generally require solutions to very
specific issues such as cost apportionment, cost allocation,
effect of axles or wheel configurations, effect of tire
pressure, dynamic impacts and similar items.

Pavement management activity--project and network pavement
management at the State and national levels--will require
predictive models for many of the factors affecting pavement
performance. A vast amount of pavement data will be

required.

Following a brief description and analysis of the current

pavement testing programs and data bases, the FHWA evaluated the

advantages and disadvantages of testing systems and proposed the

following NPT program:

1.

Inservice testing - Inservice testing would consist of two
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major parts: (1) Long-Term'Pavement Monitoring (LTM) in
which each State would collect data on carefully selected
sections of existing pavements, and (2) Design Highway
Sections (DHS) which would be located either parallel to or
in the main traffic lanes and data collected by LTM along
with additional measurements as necessary. There are many
advantages and disadvantages to inservice testing. A major
advantage is the realism and credibility of the data
collected, while the major d{sadvantage is the time required
to collect'the data.

Mechanical testing - For the proposed NPT program,

mechanical testing is considered to be the application of
simulated rolling-wheel loads on either inservice or
laboratory pavement sections and under either controlled or
ambient climatic conditions. The FHWA program proposed
conducting mechanical testing in two phases. Phase I would
consist of developing and using a mechanical testing system
at the.Turner-Fairbank Highway Research Center to test
simulated highway sections. Phase II would be to build four
mechanical testers to be located in each of four
environmental zones and used primarily to test inservice
pavement sections. Among its several advantages is the
speed at which data can be generated. The main disadvantage
is the need to translate the data to represent real-world

conditions.

Test Track - Test tracks are considered to be full-scale
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pavement sections constructed by normal construction
equipment and subjected to planned combinations of real
traffic in an accelerated manner. The AASHO Road Test is an
example of this type of testing. The FHWA program
considered three options: (1) Update the AASHO Road Test
section designs, track configurations, and other factors,
(2) Construct four regional test tracks, and (3) Use a
single test track equipped with an automated guidance system
for the application of traffiﬁ. Of these three options, the
FHWA program recommended using the automated test track.
Test tracks have the advantage of full-scale pavement
sections subjected to actual traffic which can generate
realistic data much more rapidly than inservice testing.

The major disadvantage is the lack of credibility of results
because environmental effects cannot be evaluated.

Estimated startup, annual operating, and total costs for the NPT
program were included in the proposal, as was an implementation plan.
The implementation plan proposed starting with mechanical testing and
inservice testing over the first 2-5 years and introducing test-track
testing in approximately 5-10 years. A total of 20 years was selected
as reasonable for the program, with significant data being generated

within the first 5 years.
Proposed Testing Methods

Although all three testing methods proposed by the FHWA were

perceived as yielding needed pavement data, inservice testing and
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mechanical testing were given the highest priority in the program. In

addition, the need for continued laboratory testing was stressed.

Inservice Testing.

The inservice testing program as proposed was defined as the
collection of pavement performance data through long-term monitoring
of selected sections of pavement which are a part of the operating
highway network. Two categories of highway sections are propbsed as a
part of the inservjce testing--existing on-line pavement sections and
specially designed, newly constructed pavement sections built either
on-line or parallel to existing on-line pévements.

It was proposed that a long-term monitoring program on existing
inservice pavements should be initiated as soon as possible, and that
the program include all States, with an average of 40 test sections
per State, or a total of around 2,000 sections.

A program of testing and monitoring designed highway sections
averaging 2 miles per State, or 100 miles, also should be undertaken.
Specifically, it was decided that designed highway sections on
parallel sites should be constructed as a part of this program, in at
least each of the four AASHTO regions, to permit some special testing

- to be done on them in lieu of regional test tracks.

Mechanical Testing.
The proposed mechanical testing program was defined as the
loading and testing of pavements using mechanical devices to simulate

vehicle loads and to accelerate application of those loads to test
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pavement strips, inservice existing pavements, and new design sections
of inservice pavements. Recommended is a linear mobile testing system
similar to the unit developed in Australia (ALF) or the unit developed
in South Africa (HVS). It was suggested that consideration also be
given to the use of existing mechanical testing devices (i.e., at the
U.S. Army Waterways Experiment Station, University of Washington,
University of I1linois) to fulfill immediate testing needs. Although
the inservice testing program was considered the most valid and
cost-effective method for studying reh;bilitation, it was recognized
that mechanical testing on specially designed test sections or newly
constructed highway sections would permit initial test results to be
expedited,

Acquisition and assignment of mobile linear mechanical testing
systems were recommended on a phased basis. The conference
recommended the initial acquisition of one mechanical testing unit to
be used in a national laboratory at the FHNA Turner-%airbank Highway
Research Center. The unit should provide national testing capability
in an environmentally controiled laboratory setting and with mobility
for field tests as well.

When the initial operating experience in the laboratory has
substantiated the desirability of the selected linear mobile testing
system (or suggested modifications), two additional units should be
acquired and stationed in two AASHTO regions for testing inservice
pavement sections. Following sufffcient regional operating experience
to support the continuation of the plan (or its modification), the

final two units should be acquired and stationed in the remaining
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AASHTO regions. Because the mechanical tests are key factors in the
short-term results needed from the program, the phasing sequence was
proposed on a relatively rapid schedule so that the laboratory and
regional mechanical testing systems all would be in place and

operating within a 5-year period.

Test Roads or Test Tracks.

Consideration was given to the need for full-scale test tracks
capable of using actual vehicles for 1$ading and testing. There was
ho support fo} a major national test road on the AASHTO scale. The
conference particibants expressed some interest in smaller regional
test tracks to accommodate alternative environmental factors. Special
studies such as evaluating the effect of new axle configurations and
suspension systems én pavement performance may require test track
experiments. However, it was concluded that no test road or test
track should be considered until the feasibility of utilizing existing
test tracks, such as the one in Pennsylvania, is fully explored.
Because of the limitations on environmental variability and the costs
of construction and operation, it was recommended that test tracks not

be included in the program unless it is impractical to contract for

studies at existing tracks.
Data Needs

A1l of the data needs outlined in the test program proposed by

FHWA were strongly endorsed by the conference participants.
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Rehabilitation.

The evaluation of rehabilitation techniques and the improvement
of rehabilitation technology was ranked as the single most important
data need to be satisfied by the NPT program.. In recognition of this
need, the conference participants proposed tﬁat a majority of the
long-term monitoring inservice sections and the designed highway
sections be rehabilitated\pavement sections. The inservice testing
program was considered the most valid and cost- effective method for
studying rehabilitation. Mechanical tégting on designed highway

sections would permit initial test findings to be expedited by

accelerating the loadings.

Network Pavement Management.

The data needed to serve pavement management systems is to be
provided primarily through inservice testing. Many performance
questions critical to effective pavement management can be satisfied
through the inservice testing program.

At the national level, pavement management systems require data
on:

- physical characteristics (design, age, etc.)

- operations characteristics (traffic, loads)

- performance characteristics (roughness, distress)

At the State network level, pavement management system data
should include:

- physical characteristics

- operations characteristics
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- maintenance performed (activity, data, costs)
- rehabilitation performed (design, construction, dates, costs)
- performance (roughness, distress, skid resistance, accident
record, structural capacity [deflections])
The conference participants recommended that both national and
State-level network pavement management systems be established and

operated in close coordination with the NPT program.

Equations.

Pavement system performance models can take the form of
mechanistic, probabilistic (statistical), or empirical equations. The
inservice tests using designed highway sections were ranked as
offering the greatest value for developing improved pavement
performance models. Such models need to be developed in terms of
distress phenomena such as deformation, cracking, disintegration, and
surface ffiction.

Three levels of response need to be considered in developing
models and in planning the data collection program for the national
pavement tests:

- the primary response of pavements to loading through stress,

strain, and deformation;

- a secondary response through the development of distress

phenomena such as cracking, spalling, and disintegration; and

- a tertiary response through changes in riding quality (PSI).
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Materials. -

Mechanical and chemical tests of materials in the laboratory need
to be verified and correlated with field performance in the pavement
system. The inservice testing method using designed highway sections

was considered the best source of data needed for materials studies.

Special Studies.

Two types of special studies were considered by the conference in
assessing data needs: “

- policy studies, such as cost allocation and apportionment

formulas;

- technical studies, such as evaluation of tire pressure or axle

configurations; and load equivalency factors.

All testing methods may be needed to satisfy special study
reqUihements, but the inservfce tests were ranked as most valuable,
with test tracks as an important supplemental data source. Mechanical
tests were considered.the least likely to serve special needs. The
conference recommended that.the NPT program be structured to provide
special undesignated funds for special studies rather than attempt to

provide for unknown needs in the ongoing program.

Program Characteristics

As an important part of its deliberations, the conference
considered not only the experimental design for the NPT program, but
also the institutional and operational characteristics which will

influence its success. The conference committee felt strongly that a
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significant effort would be required to assemble representatives of
the participating agencies, create advisory groups at the policy and
technical levels, establish an organizational plan, arrange funding,
institute standards for program performance, and design the
experiment. Criteria that should guide those involved in this process
were proposed in each of the workshops and endorsed by the conference
committee. The criteria that pertain to Long-Term Monitoring and data

collection are discussed below.

Data.

An important, complex, and difficult requirement that must be
addréssed is the establishment of data collection and data processing
procedures which provide the required uniformity and quality necessary
for reliable applicable analyses and results. Standards need to be
set f6r the data collected (i.e, what is measured, how it is measured,
where it is measured, when it is measured, what it is measured with).
Sample selection procedures, frequency, and quality controls need to
be Qet; Where possible, equipment should be standardized (i.e.,
roughnesé-measuring equipment) or a reliable correlation established
between acceptable alternative types of equipment. Also, a process
and program for equipment calibration will be needed to ensure
continuing accuracy of some types of measuring devices.

Data management techniques must be employed for the following:

1. The variety and quantity of data collected should be

carefully controlled. Data collection decisions must be

based upon established needs for the data, not upon its
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availability.

2. Data bases should be designed to ensure that the retained
data be in content and form suitable for the broadest
possible use in the NPT program and in other programs such
as pavement management, maintenance management, maintenance

budgeting, and safety studies.

Supplemental Research.

A peripheral research need that sﬁbuld be considered in the NPT
program is the need either to develop new technology or to improve
existing technology and equipment so that mechanized, efficient,
low-cost data collection processes can be employed where possible.
The use of infrared, radar, sonar, lasers, photography, television,
radio, fiber optics, and other technologies may permit automated
sensing, recording, and transmission of data at high speeds and low
costs with great benefits to the national program.

The development of computer-based "expert systems" in which
computer programs emulate the probiem-solving behavior of human
experts by interrogation, interpretation, inference, diagnosis,
prescription, and recommendation hold much promise. The magnitude of
the data base and the scope of the expertise involved in the NPT
program offer significant resources for developing expert systems in
pavément performance and should be considered as a component of this

program.
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Costs.

The deliberations of the conference committee were concentrated
on the conceptual design and characteristics of the program rather
than costs. The cost estimates prepared by the FHWA as part of its
proposed plan were reviewed and broad-based assessments made of the
levels of research effort and hardware and construction requirements.
The resulting estimates developed or modified by the conference and
reflecting the recommended program configuration are shown in Table
10. While these values are unrefined éﬁd derived from early
conceptual plans, they do support a national program with likely
startup costs in excess of $100 million and an annual operating cost
of approximately $20 million in 1984 dollars.

These expenditures represent a méjor new investment in pavement
research, but a very modest expenditure when put in perspective with
the need to rehabilitate and protect the multibillion dollar national

pavement network toward which the new technology will be directed.
QUESTIONS THAT NEED ANSWERS

The questions that have been raised are all important and Long-
Term Monitoring will play an important role in how well they are
answered. As in all of these matters, the way that the Long-Term
Monitoring program is organized will be determined primarily by those
answers which are regarded as most important. There are data needs on
every level: national highway network, State and district highway

network, and project level. As many questions as there are and as
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TABLE 10. National Pavement Testing Program
Preliminary Estimates of Costs

Start Up Annual Total Costs
Costs Costs (20 years)
$Millions  $Millions  $Millions

Inservice Testing

Existing Pavement Section 14 10 214
*2000 sites
Designed Highway Sections 100 2 140
+2 miles per State
on-line sections and ($20,000 per mile)

parallel sections

Mechanical Testing, Linear
Mobile Testing Unit

Phase 1: Laboratory and 3 1 23
one testing unit

Phase Il: Regional testing 8 4 88
units

Initially: 2 testing units
Final: 2 additional testing
units

Test Roads and Tracks

Study of Existing Tracks 1 1

Contract Studies (with 4 80
existing test tracks)

TOTAL: 126 21 546
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many data needs as have been identified, it is highly probable that
the most cost-effective organization of the Long-Term Monitoring
Program should be such as to make data as transportable and as usable
for multiple purposes as is possible. If this is so, it is also
highly desirable to have the data measured, recorded, and stored in as
uniform a way as possible to make it as retrievable as possible and |
useful to as many agencies as may have a need for it. The more
specialized or local a particular item of data is, the less need there
is for it to be measured in a uniform Qﬁy. Data uses can be
characterized by the scope within which they will be shared among

organizations according to the following scheme:

Data Required

Uniformity Scope of Shared Degree of
Category Data Use Uniformity
A National Highest
B Regional High
C State , Moderate
D District Fair
E Project ‘ Low

Data may also be categorized by the object of its use; whether it
is intended for research or special studies or for calibrating
mechanistic models or whether it is intended as a broad-scale
statistical measure of the pavement function, condition or
performance. Four data categories have been defined on the basis of

its intended use.
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Data Use
Category Date Use

A Simple broad scale measurements, statistical
relations between data items

B Network level pavement management

C Project Tevel pavement management and design

D Research, special studies, calibrating mechanistic
models

As the Tist of questions is given below, it is well to reflect
upon the type and amount of data that is needed to answer each

question and how uniform the data should be.

Questions

1. What are the most suitable rehabilitation strategies and under
what conditions?

2. What is the expected pavement life and life cycle costs of
different rehabilitation strategies?

3. What are the appropriate decision criteria and costs for
preventive maintenance?

4. What are the costs of deferred maintenance?

5. What are the costs of routine maintenance?

6. What are the impacts of increased truck loadings, increased tire
pressures, and changing tire construction?

7. What should be the factors that are considered in cost
apportionment formulas?

8. What effects of traffic, pavement design, tire pressure and

design, climate, volumetrically active subgrades (frost and
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10.

11.

12.

13.

14.

15.

expansive clay) should be considered in cost allocation?

What portion of user costs should be considered in arriving at
decisions on optimum pavement designs?

What specifications that are currently used for construction
quality control should become statistically-based and be
correlated with actual pavement performance?

How should constructor's pay quantities be changed based upon the
quality control that is achieved? Should the pay item deduction
be tied to the expected increase {h life cycle costS?

What are the effects of new materials, construction techniques,
additives, reinforcing and strain-relieving layers on the lite of
rehabilitation and its life cycle costs?

What new design and analysis methods for pavements and overlays
need to be developed and evaluated?

What are the appropriate decision criteria to use to establish
priority ]istsﬂanq to dis£ribute rehabilitation and construction
funds for different candidate projects?

What data should be collected in order to be prepared to respond
to future studies that are required by Congress?

Obviously, a wide variety of data will be required to answer

these questions. In order to keep the quantity of data collected and

the cost of collecting and storing to a minimum, it is essential to

plan the data collection effort carefully to attain the maximum use

from it. This consideration naturally brings up the subjects of

experimental design and statistical sampling which will be considered

in subsequent chapters.
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CHAPTER 4
AASHO ROAD TEST

In this section, several aspects of the AASHO Road Test will be
discussed:

1. Its experimental design'for both rigid and flexible

pavements

2. What was monitored

3. What relationships were founé

4. What types of analysis were used; the form of the equation

selected and the selection criteria that were used.

This will be instructive in showing how to determine what types
of data are required and how much of it is needed.

The AASHO Road Test was composed of two fairly simple experiments
one with flexible and one with rigid pavements, each with four
variables. These variables for flexible pavements were load level and
the thicknesses of surface, base, and subbase. For rigid pavements,
the variables were load level, thicknesses of stab and subbase, and
whether the slab was reinforced or not. Despite its simplicity, there
were a total of 468 sections of flexible pavement and 368 sections of

rigid pavement, for a total of 836 sections of pavement.
FLEXIBLE PAVEMENT EXPERIMENT

So many pavement sections were required because of the number of

levels that were used. For example, there were 6 single-axle and 4
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tandem-axle loads that were applied to these pavements. - Table 11
shows the levels of the different variables that were used in the
flexible pavement experiment. When the number of levels of the
variables are multiplied together, i.e. load, 11; surface thickness,
6; base thickness, 4; and subbase thickness, 5, the product is 1320,
which is the total number of sections that would have been required to
fill out a “full factorial” experimental design. However, by
arranging the pavement sections so that only the stronger pavements
were loaded with the heavier loads, thé total number of "main
experiment" pavement sections was reduced to 288 with another 44

“replicate sections," which were built in order to give an idea of how
much experimental error occurs between pavement sections that are
built aﬁd loaded in an identical way. By recognizing the simple
engineering fact that strong pavements are used with heavy loads, the
number of required sections was reduced to 22% (i.e. 288 divided by
1320). o

There were special studies that were also conducted on the
effects of the subsurface layers, surface treated pavements, paved
shoulders, and base type. Table 12 shows how the main experimental
design of the AASHO Road Test on flexible pavements was set up. As
shown in the table, the experiment was broken down into
sub-experiments in which, typically, there were two load levels and
three levels of thickness of surface, base, and subbase. Three levels
are usually put into an experimeht when it is suspected that what is
measured will vary in a nonlinear way with one of the variables in the

experiment. It is worth while noting that in the layout of the
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TABLE 11. Flexible Pavement Experiment Variables
at the AASHO Road Test

Number of

Variables Levels Size of Variables
Load Level 11 see below

No Load 1 0 kips

Single-Axle 6 2, 6, 12, 18, 22.4, 30 kips

Tandem-Axle 4 24, 32, 40, 48 kips
Surface Course Thickness 6 -1, 2, 3, 4, 5, 6 inches
Base Course Thickness 4 0, 3, 6, 9 inches
Subbase Thickness 5 0, 4, 8, 12, 16 inches
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TABLE 12.

Actual Number of Variables and Pavement Sections
in the AASHO Road Test Flexible Pavement Experiments

A. MAIN EXPERIMENT
Load Levels* Thickness Levels Total in
Loop Main
No. O S T Surface Base Subbase Experiment Replicates
1 2 0 0 3 2 3 36 12
= 2 0 2 0 3 3 2 36 3
=i 3 o 1 1 3 3 3 54 6
e 4 0 1 1 3 3 3 54 6
omo | 5 0 1 1 3 3 3 54 6
§§4 6 0 1 1 3 3 3 54 6
TOTALS: 288 44
* 0 - Zero Load; S - Single-Axles; T - Tandem-Axles
B. SPECIAL STUDIES
Total in
Loop Surface Paved Base Primary
No. Subsurface Treatment Shoulders Type Experiments Replicates
1 12 -- -- -- 12 4
> 2 -- 12 -- -- 12 12
= 3 - -- 6 6 12 12
'5.2-§ 4 -- -- 6 6 12 12
=S 5 -- -- 6 6 12 12
§§:J_J 6 — - 6 6 12 12
a TOTALS : 72 64
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experiment, the Road Test staff considered that between 36 and 54
pavement sections were a sufficient number of pavement sections for

any of the sub-experiments that were conducted on each Loop of the

Road Test.
RIGID PAVEMENT EXPERIMENT

Table 13 shows the levels of the variables in the main rigid
pavement experiment. If the number ofhlevels are multiplied together,
the total number of pavement sections is 704. Using the same
engineering knowledge that the heavier loads are placed on the heavier
pavements, the experiment was broken into sub-experiments, and the
total number of pavement sections was reduced to 260 or 37 percent of
the full factorial. Another 52 pavement sections were built as
replicates to determine the size of experimental error, and still
other pavement sections were placed as special studies of the effect
of the subsurface and of paved shoulders. Table 14 shows how all of
the sub-experiments and Special studies on rigid pavements were set
up. It is worth noting that here again in the main sub-experiments
the total number of pavement sections that was judged to be sufficient

was between 32 and 48.
OVERLAY EXPERIMENTS

A total of 99 flexible pavement sections were overlaid when they

reached a Serviceability Index that was generally below 1.5. Overlay
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TABLE 13. Rigid Pavement Experiment Variables
at the AASHO Road Test

Number of
Variables Levels Size of Variables
Load Level 11 see below
No Load 1 0 kips
Single-Axle 6 2, 6, 12, 18, 22.4, 30 kips
Tandem-Axle 4 24, 32, 40, 48 kips
Reinforcing 2 None, Reinforced

Slab Thickness 2.5, 3.5, 5, 6.5, 8, 9.5, 11, 12.5 inches

S

Subbase 0, 3, 6, 9 inches

111



Increasingly
Heavier
Loads

Increasingly
Heavier
Loads

TABLE 14. Actual Number of Variables and Pavement Sections
in the AASHO Road Test Rigid Pavement Experiments

A. MAIN EXPERIMENT

Rein- Thickness Total in
Loop Load Levels* forcing+ Levels Main
No. 0 S T 0 R Slab Subbase Experiment Replicates

1 2 0 0 1 1 4 2 32 16
2 0 2 0 1 1 3 3 36 4
3 0 1 1 1 1 4 3 48 8
4 0 1 1 1 1 4 3 48 8
5 0 1 1 1 1 4 3 48 8
6 0 1 1 1 1 4 3 48 8
TOTALS: 260 52
* 0 - Zero Load; S - Single-Axles; T - Tandem-Axles
+ 0 - no reinforcing; R - Reinforced
B. SPECIAL STUDIES
Total in
Loop Paved Main
No. Subsurface Shoulders Experiment Replicates .
1 4 -- 4 4
2 - - - -
3 -- 12 12 --
4 -- 12 12 --
5 - 12 12 --
6 -- 12 12 --

TOTALS: 52 4
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thicknesses ranged between 2 and 3.5 inches. A total of 18 overlays

were placed on the rigid pavements with thicknesses of 2 and 3 inches.
INVENTORY OF THE AASHO ROAD TEST

The identification of all of the thicknesses and the material
properties of each layer, the dimensions and cross-section of each
pavement section, as well as all of the statistical properties of
weather such as annual rainfall, maxim;m and minimum mean monthly
temperatures are all part of the inventory data for the AASHO Road
Test. The sectioﬁs of pavement in Loop 1 were left without traffic in
order to observe the effects of the weather on the rate of

deterioration of the pavements.
MONITORING OF THE AASHO ROAD TEST

The data that were monitored at the AASHO Road Test included
traffic, environmental variables, some materials properties, and three
types of response of the pavement: primary, secondary, and tertiary.
Each of these will be summarized below.

1. Traffic

The daily number of passes of the vehicles in each lane in
each Loop were counted.

2. Environmental Variables

Daily air and pavement temperature and rainfall, seasonal

subgrade water content, seasonal changes in the vertical
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elevation of the pavement surface in the untrafficked Loop, and
curling and joint opening in the rigid pavement sections were
monitored.

3. Material Properties

Subgrade water content, density, CBR, and plate load tests
to determine the coefficient of subgrade reaction, Marshall
stability as a function of temperature, and moisture and
temperature coefficients of expansion of concrete were either
monitored or measured in special iab tests at the AASHO Road
Test.

4. Primary Responses

The primary responses that were monitored at the Road Test
included deflections, strains, and stresses.

5. Secondary Responses

The secondary responses at the Road Test included roughness,
various forms of distress and pumping, and rutting and distortion
of the layers with time and traffic. Patching was recorded as it
was required.

6. Tertiary Responses

The tertiary response at the Road Test was the
Serviceability Index, which was inferred from other physical
measurements such as roughness, cracking, patching, and rutting.
[t is from the inventory and monitoring data that were collected

at the Road Test that several relationships between the variables were

developed.
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ANALYSIS OF MONITORING DATA

The monitoring data (primary, secondary, and tertiary) was

assumed to depend primarily upon the load applied to the pavement and

to the "structural" thickness of the pavement section, which will be

called the "design" of the pavement. A form of equation that was

assumed to give the proper relationship between the variables was used

in a linear regression analysis to give the "constants" that related

the variables.

Four types of relationships were analyzed:

1.

The relations between performance as a dependent variable

and load and design as the independent variables. These

relations became the well known AASHO pavement design
equations.

The relations between structural deterioration (various

forms of distress) as dependent variables and load and
design as independent variables.

In flexible pavements, the measures of structural
deterioration for which equations were developed included
rut depth and Class 2 cracking. In rigid pavements, the
structural deterioration for which equations were developed
included a cracking index although faulting and pumping were
also measured and recorded. Each of these equations can be
used as a pavement design equation and also can be used to
develop equivalent axle loads.

The relations between deflection or strain as a
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dependent variable and load, design, traveling speed,

and temperature as independent variables.

In flexible pavements, equations were developed for

. normal and rebound deflections in the spring and fall, and

total deflections at different vehicle speeds. In rigid
pavements, equations were developed for both deflection
and strain and it was found that they both depend upon the
temperature differential across the depth of the concrete
siab. “

The relations between performance as a dependent variable

and deflection or strain and temperature differential

as independent variables.

The equations that were developed for flexible
pavements related the.number of equivalent axle loads to
reach a set value of serviceability index to the spring and
fall normal deflections. The equations developed for rigid
pavement related equivalent axle applications to dynamic
edge strain and to static edge deflections, the latter being

corrected for temperature differential.

Regression Analysis Used

Linear regression analysis was used at the AASHO Road Test. The

familiar design equations with exponents in them were developed by
linear relations between the logarithms of the dependent and
independent variables. Because we now have larger and faster

computers than were available in 1960 when the analysis of AASHO Road
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Test data was done and because we now have standard analysis methods
that permit routine nonlinear regression analysis, we have many more
options in the analysis of pavement data than were available to the
staff of the AASHO Road Test. It is, in fact, possible to select the
form of equation which is known from engineering principles and from

.theory to represent correctly the relations among the variables and
allow the computer to find the constants for the equation

automatically.

Form of Equation Selected
The form of equation that was used at the AASHO Road‘Test was
limited by what could be analyzed using linear regression. The form

of equation that was finally selected was

B
9= (3 (1)
where

g = the damage ratio, a number varying from O to 1.

"] = the number of equivalent axle loads.

o = a constant representing the number of equivalent axle
loads required to take a pavement to a damage ratio of
1.

B = a power representing the rate at which damage

accumulates.

The logarithm of the equation gives
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log g = - Blogp + B log W (2)

which is of a linear form such as

y = a+ bx (3)
where

y = log g - (4)

X = log W ) (5)

a = - glogp (6)

b =8 (7)

Although other forms of equation were tried that were reducible

to the linear form shown above in Equation 3, this equation was

finally selected because the sum of squared errors between the

observations and the predictions were as small as any and smaller than

most.

However, as in the original experimental design of the Road Test,

in which
required
the same
of forms
equation

The

engineering knowledge was able to reduce the number of
pavemeni sections to 22 and 37 percent of the full factorial,
kind of engineering knowledge could have eliminated a number
of equation from consideration, including the form of

that was originally chosen.

serviceability index is defined on a scale between 0 and 5

and cannot become negative no matter how many axle equivalents pass

over a pavement. This fact, which is a "boundary condition,"

requires a form of equation that remains between 0 and 5, a
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requirement that is violated by the form of equation that was selected
at the AASHO Road Test. The form of equation that is required by the

boundary conditions on serviceability index must approach a horizontai
asymptote at large values of equivalent axle load applications. This

requirement can be satisfied by exponential and S-shaped curves.

Because we no longer have the hardware and software constraints
that were faced by the staff of the AASHO Road Test, we can and should
spend the extra time it takes to make sure that the correct form of
equation is selected based upon "boundary conditions" and the
principles of mechanics. Just as it was used in the design of the
Road Test experiment, engineering knowledge should be used in the
selection of the form of equation used for the analysis.

Why is the form of equation important? A statement from the
AASHO Road Test Report 5 (HRB Special Report 61E) states the reason as
well as any:

“Attempts at mathematical analysis designed to establish specific

relationships between performance and overlay design were

unsuccessful, because the outcome of each analysis proved to be

highly dependent (emphasis mine) on the assumptions made

concerning the mathematical model for the analysis." (pg. 112)

The same can be said for all assumed forms of equation, and
especially as is related to overlay design. This statement emphasizes
the need for selecting the form of the equation carefully based upon
engineering principles rather than upon mere statistical or

computational convenience.
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CHAPTER 5
AASHO ROAD TEST SATELLITE STUDIES

At the conclusion of the AASHO Road Test, it was recognized that
there were two major "variables" that affect the performance of
pavements which had remained constant during the Road Test: the
effects of the subgrade and of the local climate. It was apparent
that these variables and others needed to be incorporated into the
AASHO design equations in order for them to have widespread
applicability. Further data collection in locations other than
Ottawa, Il1linois, the site of the AASHO Road Test, was required and
this initiated the satellite studies program, guidelines for which
were provided in NCHRP Report 2A, "Guidelines for Satellite Studies of
Pavement Performance." The following is a review of the
recommendations contained in NCHRP Report 2, "An Introduction to
Guidelines for Satellite Studies of Pavement Performance.”

Any variable in a satellite study is. considered to be either a
load variab]e; a climatic or regional variable, a structural variable,
or a performance variable. The general objective for a study might
be, for example, to learn how a particular structural variable is
affected by a climatic variable, or how some performance variable is
affected by combined changes in load, climatic, and structural
variables.

Four interrelated activities are required to produce this kind of
information. Appropriate experiment designs need to be developed,

test sections selected or constructed, and appropriate measurements
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made, processed, and analyzed.

One of the basic proposals in the guidelines in NCHRP Report 2A
is that measurement teams be equipped and trained to obtain “common
denominator" measurements on all satellite test sections, or at least
on those which are part of a nationwide design. These teams would be
supplemental to the sponsor's measurement programs and would visit
each satellite project on a regular basis throughout the life of the
project.

It is assumed in the guidelines tgat a manual specifying in
detail how "common denominator" measurements are to be obtained will
be developed for use by the measurement teams.

Whether undertaken by the measurement team, project sponsor, or
both, the following measurement program is considered to be minimal
for any satellite test section:

1. Structural Variables. Thicknesses of surfacing, base,

and/or subbase courses; strength characteristics of each structural
component, by at least one and preferably two test procedures;
measurements for classification of structural components (wherever
appropriate); and at least one measure of composite strength.

2. Load Variables. At least one loadometer study which

applies directly to the test sections in the study. Load studies will
ordinarily be supplemented by vehicle count studies and applicable
trends of traffic composition.

3. Climatic and Regional Variables. Measurements to describe

year-round test section climate and environment, as well as seasonal

variations in composite strength, for example, "highs and lows" for

121



deflections.

4, Performance Variables. Yearly evaluations of surface

deformation and deterioration, present serviceability index and l
performance index. The guidelines give details for several
alternative methods of obtaining present serviceability ‘and

performance index values.
DEVELOPMENT OF EXPERIMENTAL DESIGNS

The controlling activity in any satellite study is the
development of an experimental design which shows how selected
structural, load, and climatic or regional factors will be varied in

combination with one another.

Test Sife Factors.

Certain variables will not vary appreciably within test sites,
but will have different levels from one test site to another. Such
variabieﬁ are called test site factors, and will generally involve
differences in roadbed material, climatic conditions, or rate of
equivalent 18-kip axle-load accumulation.

A simple example is shown in Figure 3. Rainfall and freeze-thaw
conditions, for instance, have been used to describe three levels of
climatic severity: 1low, medium, and high. The vertical scale shows
three levels of as-constructed roadbed strength, perhaps in terms of
subgrade modulus of reaction. Thus there are nine combinations of

test site factors in the illustrative experiment design. It will be
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supposed in this example that all nine test site conditions will have
the same number of equivalent 18-kip axle loads per day, so that they

are not an experimental factor.

Pavement Structure Féctors.

The next question is whether any pavement structure factors will
be included in the experiment design. If not; the example will be a
two-factor study which has either the same pavement design at all nine
test sites, or perhaps the same range &f designs at every site.

It will be supposed that this example is a rigid pavement study
and that two pavement structure factors will be varied at each test
site. The first factor will be thickness of surfacing at two levels,
seven and nine inches. It is assumed that the surfacing material,
reinforcement, and jointing is similar to that of the reinforced AASHO
Road Test sections. The second pavement factor will be the strength
of subbase material which is six inches thick for all test sections.
The low-level strength is assumed to be equivalent to that of AASHO
Road Test subbase, and a high-level strength will be obtained by
cement stabilization. As shown in Figure 4, the illustrative
experiment design proyides for four different pavement designs at any

test site, 7L, 7H, 9L, and 9H.

Complete Factorial Experiments for Individual Satellite Studies.
If the experiment design contains all possible combinations of
selected factor levels, the study is a complete factorial experiment.

For the example, Figure 5 shows 36 test sections in the complete
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factorial, nine test sites in all combinations with four pavement
structures. The guidelines recommend this type of experiment design
for any individual satellite study, using either two, three, or four
factors and either two 6r three levels for any factor. It is also
recommended that at least one factor be similar to a Road Test factor
and that one or more new factors be included. Furthermore, it is
proposed that at least one level of any factor should correspond to a
level that was used in the Road Test. Of the four factors iﬂ the
example, only the surfacing thickness ;actor was varied at the AASHO
Road Test, so this study will provide information on three new

factors.

Experiment Designs with Factors Confdunded.

In existing pavement studies, particularly, it may not be
possible to fill all cells in a proposed experiment design. As an
extreme case, perhaps only the seven sections shown in Figure 6 can be
found in the existing highway system. It can be seen that the
stronger pavement designs are associated with more adverse roadbed and
climatic conditions and that weaker designs are found in more
favorable roadbed-climatic conditions. This situation is to be
expected in existing pavement studies since the basic principles of
pavement design imply that such compensations be made. As the example
now stands, a few direct comparisons can be made, but for the most
part surfacing and subbase effects are confused or confounded with
each other and with the effects of test site factors. Still further

confusion would occur if the 18-kip ESAL's were to vary from one site
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to another. In this example, it is virtually impossible to analyze
the separate effects of the four factors selected for study. If the
research objectives definitely include the study of all four
variables, then consideration will have to be given to the
construction of new experimental sections to give a complete factorial

experiment.

Composite Experiment Designs for Nationwide Satellite Studies.

In addition to experimenf design éuides for individual satellite
studies, the guidelines include composite experiment designs that can
be used for nationwide cooperative studies of pavement performance.
The present illustration shows the nature of the proposed nationwide
designs. Three types of test sites are shown in Figure 7: four
factorial sites involving the high and low levels of roadbed strength
and climatic severity,'one centroid site with‘medium levels, and four
exténsion sites which introduce very high and very low levels of one
factor when at the medium level of the.other factor. In the
nationwide composite design, five test site factors are used: two for
roadbed strength, two for climatic conditions, and one for daily load
rate, with a total of 32 factorial sites, one centroid site, and ten
extension sites. Thus a nationwide composite experiment would involve
43 test sites encompassing a wide range of roadbed and climatic
conditions.

As shown in Figure 8, several additional combinations of
surfacing thickness and subbase stabilizations are introduced for the

composite experiment design. One of these is for a centroid structure
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which has eight-inch surfacing thickness and medium stabilization
level. This 8M section occurs once at the centroid site, once at
every factorial site, and in duplicate at all extension sites. Thus
the centroid structure is common to all test sites and serves as a
control or standard section. Factorial sites now include oﬁly two of
the four pavement designs which were in the complete factorial
experiment of Figure 5, but these have been selected according to
certain mathematical principles.

At the centroid site extra low ané extra high levels of surfacing
thickness (six and ten inches) are used with medium stabilization, and
extra Tow and extra high levels of subbase stabilization (VL and VH)
are used with medium surface thickness. Thus the centroid site now
has five test sections for the study of wide variations in pavement
structure factors.

In the illustrative composite experiment design, only 25 test
sections are used to study'the same factors, and over wider ranges, as
for the 36-section complete factorial experiment. The nationwide
designs given in the guidelines involve six structural factors in
addition to the five test site factors previously described. Each of
the ten extension sites has two centroid sections, each of the 32
factorial sites has five sections, and the centroid site has 13
sections, totaling 193 test sections for any pavement type under
study. To study eleven factors in a complete factorial experiment
would require over 2,000 test sections. The composite experiment
design is believed to be near optimum for nationwide cooperative
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