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EXECUTIVE SUMMARY

INTRODUCTION

The Washington State Department of Transportation (WSDOT) alone is
responsible for a highway system consisting of 7,057 centerline miles of pavement,
approximately six percent of which are portland cement concrete (PCC) pavements.
The majority of these pavements are quickly approaching or, in some cases, have
exceeded their design life. Prolonging the lives of pavements through various
rehabilitation techniques has become a major concern of not only the WSDOT but
many other state highway agencies as well.

The selection of a feasible rehabilitation strategy that will not only remedy
the existing distresses but possess the structural capacity and integrity to support
future increased traffic volumes is a difficult and critical task that requires a
thorough understanding of how pavements perform. While some aspects of
rehabilitation design may be solved deterministically using mechanistic models and
established principles and procedures, others must be solved heuristically, using
subjective knowledge, opinions, beliefs, and judgment possessed by the individual
engineer.

While deterministic knowledge is easily obtained and preserved in textbooks
and other published literature, heuristic knowledge is not. Often, as in the case of
pavement engineering, heuristic knowledge is possessed by a limited number of
experienced engineering specialists who are found only in some state and federal
agencies, private companies, and universities. Furthermore, since it is acquired by
individual engineers through experience, it is not. easily transferred, and as these
engineers retire, it may be lost. These concerns spurred the development of
"knowledge-based systems" and, more specifically, the subset of these systems called

"expert systems." These computer programs attempt to capture the knowledge of
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experts and use it to solve difficult problems within a specifically defined subject
range.

EXPEAR is such a system. It was developed to help knowledgeable
pavement engineers solve the difficult problem of selecting an appropriate
rehabilitation strategy for specific projects.

The objectives of this study were both to evaluate EXPEAR using
Washington state project data to determine the reasonableness of the program's
output in comparison to WSDOT's current procedures, and to identify any existing

program "bugs” and/or desirable program enhancements.

EXPEAR

The EXpert system for Pavement Evaluation And Rehabilitation
(EXPEAR) is an advisory system to assist the practicing engineer in evaluating a
specific pavement section and selecting pavement rehabilitation alternatives.
EXPEAR consists of three separate programs; they include Joirited Plain Concrete
Pavements (JPCP), Continuously Reinforced Concrete Pavements (CRCP), and
Jointed Reinforced Concrete Pavements (JRCP). The program was written with
Borland International, Inc.'s Turbo-Pascal and is designed to operate on any IBM
PC or compatible with a 256 Kilobyte memory.

The evaluation of a candidate rehabilitation project begins with the
collection of some basic inventory and survey data. The inventory data include such
things as the pavement cross-section, subgrade classification, joint spacing, lane
widths, climate and traffic data. The survey data quantify the present pavement
condition and are taken for a number of sample units within the project based on
the pavement distress classification system found in NCHRP Report No. 277. The
monitoring data also include the present serviceability rating (PSR) as determined

by a team of two engineers who drive over the entire length of the project and rate



the ride. This information is then input to EXPEAR, which extrapolates the
conditions described in the sample units to cover the entire project length.

The program then evaluates the existing pavement condition in twelve
specific areas of pavement performance including structural adequacy, roughness,
drainage, joint deterioration, foundation movement, joint sealant condition, skid
resistance, joint construction, concrete durability, load transfer, loss of support, and
shoulders. The evaluation uses decision trees to compare the pavement's condition
with predetermined critical distress levels for each of the 12 categories. At this
point, EXPEAR also predicts future performance without rehabilitation, based on a
number of models from the COncrete Pavement Evaluation System (COPES), as
well as a few recommendations for further physical testing.

Finally, EXPEAR provides the major rehabilitation techniques that it
considers to be feasible for the project. The principle techniques include
reconstruction of both lanes, reconstruction of the outer lane with restoration of the
inner lane, restoration of both lanes, asphalt concrete (AC) structural overlay,
portland cement concrete (PCC) bonded overlay, or (PCC) unbonded overlay. The
engineer may then select one or more of these strategies for evaluation and
EXPEAR predicts its performance for the next 20 years, based on another group of
predictive models that include those from the COPES as well as some from the
Development of Illinois Pavement Feedback System, an ongoing study being

conducted for the Illinois Department of Transportation.

METHODOLOGY

To evaluate the reasonableness of EXPEAR program output, pavement
design and condition data were entered from four test sections within Washington
state. The evaluation was limited to the EXPEAR JCP program, since there are
few CRCP or JRCP pavements in Washington state. After pavement data were

input, the EXPEAR output and results were then reviewed subjectively for



reasonableness and compared to the findings of that study, as well as the state's
current procedures for determining appropriate rehabilitation. The projects used
for input included the PCC rehabilitation test sites on I-5 in Spokane, as well as two
other sites worthy of investigation located on I-90 near Snoqualmie Pass (about 50
to 60 miles east of Seattle). The EXPEAR output was then compared with the
pavement's present condition (1988). The analysis was limited on all test sites to the
outside or truck lane, since in all case studies the pavement distresses were

relatively insignificant in adjacent lanes.

FINDINGS

In general the transverse cracking model predicted cracking that was much
more severe than WSDOT observed. The transverse cracking model was insensitive
to existing cracks that would be expected to return in PCC bonded overlays. The
EXPEAR models predicted premature failures for newly reconstructed pavements
that the WSDOT has observed to perform very well for performance periods greater
than 20 years. EXPEAR predicted the severity of reflection cracking to be greater
in a pavement that had undergone cracking and seating before overlaying than in
one that had not, even though it predicted more total reflection cracking in the
latter pavement.

Often, EXPEAR predicted distress trends that were not reasonable, such as
the improvement (self-healing effect) of the PSR over time. The reflection cracking
model was not especially sensitive to AC overlay thicknesses. EXPEAR did not
distinguish asphalt treated bases from other stabilized bases, such as cement or lime
stabilized bases, which are known to perform differently. In addition, EXPEAR did
not account for the unique material properties found in Washington, such as the
strength and durability of asphalt concrete mixes used in overlays, or asphalt treated

bases used beneath concrete pavements.



A test of the risk of rehabilitation options, as well as the human element,
appeared to be missing from the program, which relied heavily on predictive
models. Finallyy, EXPEAR did not address longitudinal cracking, which is a
significant distress type in Washington, in its predictive models.

Despite its problems, the EXPEAR system did have several positive
attributes, including the following.

EXPEAR incorporates some of the information known about
pavement rehabilitation options and assembles it in a useful manner.
The estimates of future pavement performance could be useful in the
scoping and planning stages of rehabilitation projects.

EXPEAR provides an automated procedure for organizing survey
inventory and monitoring data that did not previously exist.

By allowing the user to manipulate and analyze a variety of
rehabilitation options that are applicable to a particular project,
different geographical locations are accommodated while the analysis
of other options is encouraged.

EXPEAR provides a standardized method of evaluating concrete
pavements and classifying distresses (COPES).

EXPEAR addresses the problem of documenting the heuristic
knowledge possessed by pavement engineers that is necessary for
successful rehabilitation design.

In its current form, EXPEAR (version 1.1) is a relatively "bug-free"

program that functions smoothly and quickly.

CONCLUSIONS AND RECOMMENDATIONS
The models primarily used in EXPEAR are from the COPES. Because of

local conditions these models had little chance of producing reasonable predictions.

However, because of various factors, the exact duplication of field observations and



test results is impractical. While the first condition should be investigated by the
developers of EXPEAR, the last reason suggests that both the developers and users
of EXPEAR will have to develop a level of tolerable and acceptable differences if
EXPEAR and systems like it are to become an integral part of pavement
engineering.

The researchers concluded that the obvious high level of effort expended in
creating EXPEAR is commendable. A systexﬁ of this type can be a useful tool not
only for pavement design but also as a scoping and planning tool for pavement
rehabilitation. In addition, it provides an automated, practical means of recording
pavement survey and monitoring data, which did not previously exist.

However, the Washington State DOT will probably not use EXPEAR in its
present form. The performance predictions of both existing pavements and
rehabilitation strategies are generally inconsistent with what has been observed in
Washington state. For the near term, individual performance models that are found
to be representative of Washington's conditions will be used where applicable

(mostly for rehabilitation scoping or planning).



CHAPTER 1. INTRODUCTION AND RESEARCH APPROACH

Over the last few decades, many of the United States' high type pavements,
including those that make up the vital Interstate System, have been exposed to
volumes of heavy truck traffic far in excess of that for which they were designed.
This combined with age (many of the Interstate pavements are 20 to 30 years old) is
resulting in deteriorated pavement structures [1]. The Washington State
Department of Transportation (WSDOT) alone is responsible for a highway system
consisting of 7,057 centerline miles of pavement, approximately six percent of which
are portland cement concrete (PCC) pavements mostly located in urban areas with
high traffic volumes [2]. The majority of these pavements are quickly approaching
or, in some cases, have exceeded their design life. Prolonging the lives of pavements
through various rehabilitation techniques has become a major concern of not only
the WSDOT but many other state highway agencies as well.

The selection of a feasible rehabilitation strategy that will not only remedy
the existing distresses but possess the structural capacity and integrity to support
future increased traffic volumes is a difficult and critical task that requires a
thorough understanding of how pavements perform. In addition, the task is
complicated by uncertainty about future traffic volumes, truck weights, and
construction costs, as well as factors relating to construction, design, material
properties, and the environment that affect pavements in ways which are not clearly
defined. So while some aspects of rehabilitation design may be solved
deterministically using mechanistic models and established principles and
procedures, others must be solved heuristically, using subjective knowledge,
opinions, beliefs, and judgment possessed by the individual engineer.

While deterministic knowledge is easily obtained and preserved in textbooks
and other published literature, heuristic knowledge is not. Often, as in the case of
pavement engineering, heuristic knowledge is possessed by a limited number of
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experienced engineering specialists who are found only in some state and federal
agencies, private companies, and universities. Furthermore, since it is acquired by
individual engineers through experience, it is not easily transferred, and as these
engineers retire, it may be lost. These concerns spurred the development of
"knowledge-based systems" and, more specifically, the subset of these systems called
"expert systems." These computer programs attempt to capture the knowledge of
experts and use it to solve difficult problems within a specifically defined subject
range. EXPEAR is such a system, and was developed to help knowledgeable
pavement engineers solve the difficult problem of selecting an appropriate

rehabilitation strategy for specific projects [2].

OBJECTIVES

The objectives of this study are as follows:

1. to evaluate EXPEAR using Washington state project data to
determine the reasonableness of the program's output in comparison
to WSDOT's current procedures; and

2. to identify any existing program "bugs” and/or desirable program

enhancements before its distribution.

REPORT OVERVIEW

This report consists of four additional chapters. Chapter 1 contains a general
introduction to expert systems, an introduction to the EXPEAR system, and a
review of the case studies used in the evaluation of the EXPEAR system, including
the methodology used, site descriptions, and the data input to the system. Chapter 2
discusses the results of the EXPEAR analysis and compares EXPEAR output and
WSDOT practices and procedures. Chapter 3 discusses the use of EXPEAR,
including its user friendliness, the user's manual, bugs detected, and suggested
enhancements. Finally, Chapter 4 contains the conclusions and recommendations

of the study.



EXPERT SYSTEMS

With the rapid increase in capability and decrease in price of mini-and
microcomputers, a great deal of interest in expert system technology has been
generated in many industries. Recently, the Federal Highway Administration
(FHWA) and others in the highway community have been considering the potential
application for this technology in highway engineering.

History

Expert systems research, which is a branch of the field of artificial
intelligence, began in the late 1950s as an attempt to automate the thought
processes of scientists [3]. The early programs were run on mainframe computers
and were usually written using LISP, which is the common language for artificial
intelligence. Eventually a program called "MYCIN" was developed by Feigenbaum
and Shortliffe through the Heuristic Programming Project at Stanford University [4].
This program was designed to help doctors diagnose bacteriological diseases.
MYCIN is still in use today and became a landmark in expert system technology for
two reasons. First, it was the first expert system that had the ability to explain why
decisions were made. Secondly, it was the first system that was able to separate the
decision making process from the rules and data [3].

As this and other expert systems evolved, it became increasingly apparent
that the decision process contained in these programs was largely independent of
the type of expert system, rules, and data. Researchers found that the logic could be
applied to create other expert systems using different rules and data sets. As a
result, "EMYCIN" was developed, which is basically the decision making process
used in MYCIN stripped from the rules and data sets contained in that program.
EMYCIN was termed a "shell" program, which could be used to develop other
expert systems in different fields [3].

Although the development of shell programs greatly facilitated the
development of expert systems in various applications, expert systems were still used

9



almost exclusively in the university setting because they were run on mainframe
computers [3]. Only after a great deal of research were shell programs made
capable of operation on mini-and microcomputers, which is why members of the
engineering community have only recently taken interest in the development of
expert systems [5].

Structure

An expert system consists of three major components. These include the
knowledge base, the inference engihe, and the user interface [S]. The knowledge
base consists of rules and facts that capture an expert's or group of experts'
knowledge, opinions, beliefs, rules of thumb, intuition, and experience. The
inference engine is the part of the program that combines rules and data to make
decisions, assertions, hypotheses, and conclusions. It is through the inference engine
that the reasoning strategy (or method of solutions) is controlled [4]. The part of
the program extracted from MYCIN to create EMYCIN (the shell) is an inference
engine, which combines information supplied by the user with information and facts
contained in the knowledge base to advise the user on how to solve a specific
problem or attain a goal [3]. The inference engine may also make decisions about
what additional information may be needed or what conclusions may be drawn
based on the information supplied. The user interface then translates the
information contained in the knowledge base and processed by the inference engine
to a form that is comprehendible and useful to the user [5]. This structure is
illustrated in Figure 1.

General Applications

Expert systems may be applied in several different situations, but they are
primarily applicable to situations that require special knowledge, experience, or
judgment to diagnosis, analyze, and provide a feasible solution strategy [6]. The
following have been offered as criteria for implementation of an expert system to
any given situation:

10



Expert User

{ Knowledge | USER ,
{ Acquisition Module INTERFACE Explanation Module
Knowledge Base | Context

Inference Engine

Figure 1. Basic Structure of an Expert System [after ref. 6]
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Technical Considerations
Both the problem to be addressed and the expected output from the

advisory system can be clearly defined.

There are recognized experts in the field, and there is general
agreement among these experts on the knowledge required to solve
the problem.

Experts need private knowledge (experience, heuristics, etc.) in
addition to technical tools (such as handbooks and computers) to
identify the problem, make inferences about it, and analyze it.

Management and Human Requirements

The end users must be identified and their needs and skills
considered. The transfer to and application by the end users of the
completed system must be major factors in the system planning and
design.

Someone in the organization must be an advocate of the advisory
system. Ideally this includes both a developer and a user (5]

Some may argue that the conditions that exist in the design and analysis of
pavement rehabilitation strategy meet most of the above criteria, and therefore it is
a potential candidate for the implementation of an expert system. However, in the
field of highway technology there have been a relatively small number of expert
systems developed for pavement applications. The shortage of good, practical
pavement Knowledge-Based Expert Systems (KBES) in this field is due not so much
to the limitations of present KBES frameworks as to the difficulty of compiling,
organizing, and formalizing the huge body of heuristic expertise that characterizes
the profession [4]. However, a few useful pavement systems do exist.

Pavement Applications

SCEPTRE (A Surface Condition Expert System for Pavement
Rehabilitation) is one such example. This prototype system for the rehabilitation of
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flexible pavements was developed cooperatively by the University of California
(Irvine), the University of Washington, and the WSDOT under a partial grant by the
National Science Foundation. The system is capable of deducing a set of feasible
project rehabilitation strategies for subsequent detailed analysis and design based
on a knowledge-base representing several human experts and user inputs. In
addition, SCEPTRE can explain its line of reasoning and is easily modified, making
it potentially valuable to a broad range of users. The program utilizes a shell
program called "EXSYS," which is an expert system development package for IBM
PC and compatible microcomputers [6].

Another pavement related expert system was developed as part of a joint
investigation conducted by Purdue University in cooperation with the Indiana
Department of Highways and the FHWA. The program is entitled "An Expert
System to Estimate Highway Pavement Routine Maintenance Work Load." The
program was written in LISP and may be used to estimate highway pavement
routine maintenance needs at a subdistrict level. The system contains a knowledge-
base that was prepared by from the experience and judgment of unit foremen and
requires user input relating to the general features of the highway section and its
existing distresses. The output gives specific recommendations as to the type and
quantity of activities to be performed, as well as the expected costs for these
activities [7].

"Pavement Expert" is an expert system that was developed in the United
Kingdom to aid in the evaluation of concrete pavements. This system is intended to
operate on a portable microcomputer mounted to a surveying car. It is designed to
guide the user through the pavement evaluation process, to present information for
error checking and to provide pertinent help at any time. The program builds a
model representing the general condition of the road being evaluated as
information is input during the survey. This model is then used to calculate the
Structural Damage Index and the Pavement Condition Rating (PCR), which relate
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to the structural capacity and the general riding condition of the pavement,
respectively. Pavement Expert is then able to present the pavement condition
information graphically, as well as make some general conclusions. The knowledge-
base contained in this system was extracted from the documents for the PCR, as well
as some experts in this field. The knowledge-base is represented by a rule base
expert system shell called "Savoir" and runs on any IBM or compatible
microcomputer [8].

Pavement management may also be an excellent application for expert
systems. Currently the data requirements are fairly well established, and in general
there is agreement on how to quantify pavement serviceability and failure.
However, many of the rules regarding breakpoints for pavement distress severities
and extents need further definition and development [3].

In addition to those mentioned previously, several other pavement-related
expert systems exist. Some of these systems will be presented and/or demonstrated
at a Workshop on Expert Systems in Pavement Engineering to be held before the
TRB Annual meeting in January of 1989. The workshop will focus on the
development, operation, performance, and benefits of expert systems, as well as

their limitations [9].

EXPEAR

The EXpert system for Pavement Evaluation And Rehabilitation
(EXPEAR) was originally developed by Kathleen T. Hall and Michael 1. Darter at
the University of Illinois for the Federal Highway Administration [1]. Currently, the
system is being further developed for the Illinois Department of Transportation
(IDOT). According to the FHWA, "EXPEAR is an advisory system to assist the
practicing engineer in evaluating a specific pavement section and selecting
pavement rehabilitation alternatives” [9]. EXPEAR consists of three separate

programs; they include Jointed Plain Concrete Pavements (JPCP), Continuously
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Reinforced Concrete Pavements (CRCP), and Jointed Reinforced Concrete
Pavements (JRCP). The program was written with Borland International, Inc.'s
Turbo-Pascal and is designed to operate on any IBM PC or compatible with a 256
Kilobyte memory [1].

Operation Summary

The evaluation of a candidate rehabilitation project begins with the
collection of some basic inventory and survey data. The inventory data include such
things as the pavement cross-section, subgrade classification, joint spacing, lane
widths, climate and traffic data. The survey data quantify the present pavement
condition and are taken for a number of sample units within the project based on
the pavement distress classification system found in NCHRP Report No. 277 [10].
The monitoring data also include the present serviceability rating (PSR) as
determined by a team of two engineers who drive over the entire length of the
project and rate the ride. This information is then input to EXPEAR, which
extrapolates the conditions described in the sample units to cover the entire project
length.

The program then evaluates the existing pavement condition in twelve
specific areas of pavement performance including structural adequacy, roughness,
drainage, joint deterioration, foundation movement, joint sealant condition, skid
resistance, joint construction, concrete durability, load transfer, loss of support, and
shoulders. The evaluation uses decision trees to compare the pavement's condition
with predetermined critical distress levels for each of the 12 categories. At this
point, EXPEAR also predicts future performance without rehabilitation, based on a
number of medeis from the COncrete Pavement Evaluation System (COPES) [11],
as well as a few recommendations for further physical testing.

Finally, EXPEAR provides the major rehabilitation techniques that it
considers to oe feasible for the project. The principle techniques include
recoristruction of both lanes, reconstruction of the outer lane with restoration of the
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inner lane, restoration of both lanes, asphalt concrete (AC) structural overlay,
portland cement concrete (PCC) bonded overlay, or (PCC) unbonded overlay. The
engineer may then select one or more of these strategies for evaluation and
EXPEAR predicts its performance for the next 20 years, based on another group of
predictive models that include those from the COPES as well as some from the
Development of Illinois Pavement Feedback System, an ongoing study being
conducted for the Illinois Department of Transportation [2].

Decision Trees

EXPEAR uses a decision tree format to perform the diagnostic activities of
concrete pavement evaluation. A sample decision tree is shown in Figure 2. The
decision trees consist of a configuration of nodes, branches, and conclusions. Nodes
represent bits of information related to the pavement in question that are input to
the system by the user. At each node, EXPEAR must decide which branch of the
tree should be followed, according to the values for the choice shown for the
branches. By proceeding down the branches of the tree, a conclusion is eventually
reached that determines the presence or absence of specific deficiencies within one
major problem area. Decision trees exist for each of the 12 pavement performance
areas. Each of the evaluation conclusions is accompanied by one or more possible
rehabilitation techniques that could be performed to correct the deficiency
concluded to exist. Although these techniques are not used at this point to develop
a rehabilitation strategy, they do give the engineer an idea of the types of repairs
that may be appropriate for correcting any specific deficiency irrespective of other
deficiencies that may exist [1].

Pavement Performance Predictions without Rehabilitation

The performance prediction models used to evaluate the pavement's future
condition without rehabilitation were, as mentioned previously, developed under
NCHRP Project 1-19 [10] with data from 418 pavement sections representing over
1,305 miles of mostly heavily trafficked interstate highways. The data represent
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seven states, including Illinois, Georgia, Utah, Minnesota, Louisiana, and California,
and to a lesser extent, Nebraska [10]. The performance of the pavement is
predicted for key distress types, including faulting, cracking, joint deterioration,
pumping, and for the PSR. The program uses the extrapolated input values of these
distresses to calculate future distresses and displays one or more sentences
describing the deficiencies predicted to occur and the years in which the critical
values of these deficiencies are triggered. These critical values can be the system'’s
default values or they can be values specified by the engineer.

Selection of Major Rehabilitation Approaches

On the basis of user inputs and the evaluation results, the major
rehabilitation approaches are selected using another decision tree, shown in
Figure 3. This decision tree is based on the following guidelines:

. Substantial load-related distress indicates a structural deficiency and

may be corrected by either a structural overlay or reconstruction.

. Structural overlays are used to correct structural deficiencies

indicated by design and traffic factors.
. High-severity D-cracking or reactive aggregate distress indicates a
durability deficiency and is correctable by either a structural overlay
(unbonded PCC only) or reconstruction.

. All other pavement deficiencies are corrected by restoration
techniques [1].

Development of a Rehabilitation Strategy

Once the major rehabilitation approaches have been established, the user
interacts with the system to develop a rehabilitation strategy for the project. The
strategy includes specific techniques to be performed on each lane and on each
shoulder. EXPEAR uses a different decision tree for each of the main
rehabilitation approaches to determine the specific deficiencies that must be

corrected on each lane and shoulder.
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Rehabilitation Strategy Performance Predictions

As was done for the evaluation of the future performance of the pavement
without rehabilitation, the future performance of the selected rehabilitation strategy
is predicted in terms of levels of distress for key distress types. Future performance
is calculated for a 20-year period and assumes rehabilitation occurs in the present
year. The COPES models, along with models developed within the state of Illinois,
are used to perform these calculations.

The key distress types predicted for AC overlays include rutting and
reflective cracking, which is predicted in two ways: "total" feet of reflective cracking
per mile as well as feet of "medium to high severity" reflective cracking. For both
bonded and unbonded overlays the models predict faulting, transverse cracking, and
joint deterioration. In the cases of reconstruction and restoration, the quantities of
faulting, transverse cracking, joint deterioration and pumping are predicted. Full

depth repair faulting is also included for the restoration case.

METHODOLOGY

To evaluate the reasonableness of EXPEAR program output, pavement
design and condition data were entered from four test sections within Washington
state. The evaluation was limited to the EXPEAR JPCP program, since there are
few CRCP or JRCP pavements in Washington state. Two of the four test sections
were also test sites in the PCC Rehabilitation Study (a WSDOT/FHWA HP&R
research activity) [12]. After pavement data were input, the EXPEAR output and
results were then reviewed subjectively for reasonableness and compared to the
findings of that study, as well as the state's current procedures for determining
appropriate rehabilitation. The projects used for input included the PCC
Rehabilitation test sites on I-5 (MP 176, north) in Seattle and I-90 (MP 278, west) in
Spokane, as well as two other sites worthy of investigation. These were located on I-

90 near Snoqualmie Pass at MP 55 eastbound and MP 61 westbound. The [-90 (MP
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55, east) Snoqualmie Pass project was somewhat unique because it was restored in
1986 and its condition prior to restoration was used as input to EXPEAR. The
EXPEAR output was then compared with its present condition (1988). The analysis
was limited on all test sites to the outside or truck lane ("lane one" as defined by
EXPEAR), since in all case studies the pavement distresses were relatively
insignificant in adjacent lanes. A summary of the pavement design and condition
data is shown for each of these test sections in the following figures. (Figures 4
through 6 for I-5, MP 176, Figures 7 through 9 for 1-90, MP 278, Figures 10 through
12 for I-90, MP 55, and Figures 13 through 15 for I-90, MP 61.)

Site Descriptions

Much of the inventory data needed as input to the program were available
for all four test sites from the Pavement Management System developed by the
WSDOT, with the exception of the climate information, which was obtained from
records of the Gale Research Company and the National Weather Bureau [13,14].
Existing pavement condition survey data were collected from several sources. For
the Seattle and Spokane test sites, faulting surveys and distress mappings were
obtained from the PCC Rehabilitation study. (Detailed survey information is
contained in Appendix E). Faulting measurements, which are the only distress form
on the [-90 west (MP 61) test site in Snoqualmie Pass, were taken specifically for
this study. The data available for the I-90 east (MP 55) project were unique because
the project was rehabilitated in 1986, but extensive distress mapping had been done
before rehabilitation. This 1986 mapping, as well as faulting measurements, were
available for input to this stu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>