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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 study. In addition, load transfer measurements, taken with
a WSDOT Falling Weight Deflectometer (FWD), were available for all test sites.

Existing Forms of Distress

The primary forms of distress on I-5 through Seattle included longitudinal
cracking and wheelpath wear. In addition, the joint sealant was in poor condition
over most of the sample units surveyed. Faulting was not a major problem on this
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Pavement Cross-Section

9.0"PCC

6.0" Base

T (C.S.T.C)

Silty-Clay Material

12 foot lane width (AASHTO Classification = A-4

- 15 foot joint spacing Average Subgrade Modulus = 22,400 psi
« No dowel bars

Climate
Climate Zone = Wet non-freeze
Average Annual Temperature =53 °F
Average Annual Temperature Range =39 °F
Mean Annual Precipitation = 39 inches

Corps of Engineers Mean Freezing Index =25 °F-days

Traffic

Estimated two-way ADT = 145,900
% Trucks (single and combination units) =4

Figure 4. Inventory Data, I-5 North (Milepost 176.35 -176.43)
Seattle, Washington
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CURRENT FORMS OF DISTRESS

Distress Type Lane 1 Lane 2
(Quter) (Inner)

Longitudinal Cracking 2200 feet/mile | 1467 feet/mile

Joint Faulting 0.10 in./mile 0 in/mile
Surface Polishing yes yes
Concrete Surface yes yes

Wear (Rutting)

WSDOT PCR = 40
PSR (Lane 1) = 3.4
PSR (Lane 2) = 3.4

Figure 5. Condition Data, I-5 North (Milepost 176.35 -176.43)
Seattle, Washington
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% Load ]
Transfer

JOINT LOAD TRANSFER

29 35

13 18 | 24
15 0 21" 27 ““ 32 77 38

Station

"Approach" Slab

"Leave" Slab

Figure 6. Inventory Data, I-5 North (Milepost 176.35 -176.43)
Seattle, Washington

24



Pavement Cross-Section

' SRR \h 3 s-. 2 8.0" PCC
: 12.0" Base

T (C.S.T.C)

oot -:%. '3:\- ~'$‘~ XII -"

e e

Granular Material

» 12 foot lane width AASHTO Classification = A-2

15 foot joint spacing Average Subgrade Modulus = 24,000 psi
» No dowel bars

Climate
Climate Zone = Wet-dry freeze
Average Annual Temperature =47 °F
Average Annual Temperature Range =65 °F
Mean Annual Precipitation = 17 inches

Corps of Engineers Mean Freezing Index = 667 °F-days

Traffic

Estimated two-way ADT = 38,300
% Trucks (single and combination units) =13

Figure 7. Inventory Data, I-90 West (Milepost 278.60 - 278.75)
Spokane, Washington
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CURRENT FORMS OF DISTRESS

Distress Type Lane 1 Lane 2
(Outer) |  (Inner)
Joint Faulting 0.20 in./mile 0 in./mile
No. of Deter. Trans. Cracks 235/mile 0/mile
Longitudinal Cracking 440 ft/mile 0 ft/mile
Surface Polishing yes yes
Conc. Surface Wear (Rutting) yes yes

WSDOT PCR = 20
PSR (Lane 1) =2.5
PSR (Lane 2) = 2.5

Figure 8. Condition Data, I-90 West (Milepost 278.60 - 278.75)
Spokane, Washington
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JOINT LOAD TRANSFER

% Load 7]
Transfer ]

711 13 15 19 21 25 27

Station

1]

"Approach” Slab

"Leave" Slab

Figure 9. Inventory Data, I-90 West (Milepost 278.60 - 278.75)
Spokane, Washington
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Pavement Cross-Section

Ray 9.0" PCC
: 12.0" Base

T (C.S.T.C)

Granular Material

« 12 foot lane width AASHTO Classification = A-1
15 foot joint spacing Average Subgrade Modulus = 15,800 psi
« No dowel bars

Climate
Climate Zone = Wet freeze-thaw
Average Annual Temperature =42°F
Average Annual Temperature Range =50°F
Mean Annual Precipitation = 108 inches

Corps of Engineers Mean Freezing Index = 937 °F-days

Traffic

Estimated two-way ADT = 17,300
% Trucks (single and combination units) = 19

Figure 10. Inventory Data, I-90 East (Milepost 55.50 - 63.99)
Snoqualmie Pass, Washington
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1986 FORMS OF DISTRESS (Pre-CPR)

Distress Type Lane 1 Lane 2
(Outer) (Inner)
Joint Faulting 0.25 in./mi. 0 in./mile
No. of Deter. Trans. Cracks 17/mile 4/mile
Longitudinal Cracking 577 f/mi. 95 ft/mile
Joints w/ Trans. Cracks w/in 2 ft. 1/mile 1/mile
Number of Corner Breaks 4/mile 1/mile
Surface Polishing yes yes

Estimated PSR (Lane 1) = 2.5
Estimated PSR (Lane 2) = 2.5

CURRENT 1988 FORMS OF DISTRESS

(Two years after CPR)
Distress Type Lane 1 Lane 2
(Quter) (Inner)
Joint Faulting 0.10in./mi. | Oin./mile

WSDOT PCR = 63
PSR (Lane 1) =25
PSR (Lane 2) = 2.5

Figure 11. Condition Data, I-90 East (Milepost 55.50 - 63.99)
Snoqualmie Pass, Washington
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JOINT LOAD TRANSFER

% Load ]
Transfer ]

5

Station

"Approach" Slab

"Leave" Slab

Figure 12. Inventory Data, I-90 East (Milepost 55.50 - 63.99)
Snoqualmie Pass, Washington
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Pavement Cross-Section

9.0" PCC
9.0" Base

ﬁ T (C.S.T.C)

Granular Material

12 foot lane width AASHTO Classification = A-1

15 foot joint spacing Average Subgrade Modulus = 15,800 psi
» No dowel bars

Climate
Climate Zone = Wet freeze-thaw
Average Annual Temperature =42 °F
Average Annual Tzmperature Range =50 °F
Mean Annual Precipitation = 108 inches

Corps of Engineers Mean Freezing Index =937 °F-days

Traffic

Estimated two-way ADT = 17,300
% Trucks (single and combination units) =19

Figure 13. Inventory Data, I-90 West (Milepost 61.00 - 61.01)
Snoqualmie Pass, Washington
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CURRENT FORMS OF DISTRESS

Distress Type Lane 1 Lane 2
(Outer) (Inner)
Joint Faulting 0.13 in./mile 0 in./mile
Surface Polishing yes yes

WSDOT PCR = 50
PSR (Lane 1) = 2.5
PSR (Lane 2) = 2.5

Figure 14. Condition Data, I-90 West (Milepost 61.00 — 61.01)
Snoqualmie Pass, Washington
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% Load
Transfer

JOINT LOAD TRANSFER

7 9 15 17 19 21 23
Station

"Approach" Slab

"Leave" Slab

Figure 15. Inventory Data, I-90 West (Milepost 61.00-61.01)
Snoqualmie Pass, Washington
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site; the average was about 0.10 inch, which is why the pavement still rode fairly well
at a PSR of 3.4. (All PSR values were subjectively determined by two people who
drove over the project site at the posted speed limit, as prescribed in the EXPEAR
manual [11].) Faulting was a much mdre significant distress form on the [-90
Spokane project (MP 278), which also had a large number of deteriorated
transverse cracks. The PSR for this pavement was only 2.5. This pavement is also
worn in the wheelpaths (studded tire wear), and the joint sealant is in poor
condition. Both the I-90 Spokane and I-S Seattle pavements showed signs of fatigue
and were expected to deteriorate over the coming years until rehabilitation could
take place.

Before its restoration in 1986, the eastbound lanes of I-90 near Snoqualmie
Pass (MP 55) had some transverse cracking, an average faulting at the joints of 0.25
inch, extensive full depth repairs, and a few corner breaks. The PSR was 2.5. The
forms of pavement distress on the remaining I-90 westbound site (MP 61) included a
modest amount of faulting (0.13 inch) and a number of deteriorated transverse

joints.
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CHAPTER 2. FINDINGS

COMPARISON OF EXPEAR RESULTS AND WSDOT PRACTICES

The above inventory and monitoring data were input using EXPEAR's full
screen editor. These inputs, as well as the future performance predictions without
rehabilitation, are shown in Appendices A, B, C, and D for the Seattle, Spokane,
Snoqualmie westbound, and Snoqualmie eastbound test sites, respectively.

For the 1-90 eastbound (MP 55) test section in Snoqualmie Pass, EXPEAR
suggested four major rehabilitation options. These options included restoration of
both lanes, overlaying both lanes, reconstruction of the outer lane with restoration
of the inner lane, and reconstruction of both lanes. In 1986, the WSDOT essentially
restored both lanes. This restoration included some full and partial slab
replacements, subsealing of the slabs, resealing of the transverse joints, and
diamond grinding of the pavement surface. @ EXPEAR recommended that
restoration include resealing of the longitudinal centerline joint, full depth repair
(FDR) of cracks and corner breaks, sealing of cracks, resealing of transverse joints,
and grinding. The restoration performance predicted by EXPEAR was better in
some respects than what was actually achieved. For example, EXPEAR predicted
that the average faulting at the transverse joints would not be 0.10 inches until after
ten years, when the actual faulting reached 0.10 inches only two years after
restoration. (Compare Appendix C2.1 with Figure 11.) However, EXPEAR did
predict that the PSR would be below the acceptable level of 3.0 in 1989, and since it
actually was 2.5 in 1988, the estimate was reasonable. In addition, EXPEAR
predicted that the pavement would have transverse cracking, pumping and faulting
of the FDRs in the early 1990s. This may be true, but there is no evidence of these
distresses as of November 1988.

EXPEAR suggested the same four rehabilitation techniques for both the I1-90
westbound (MP 61) and the I-90 eastbound, (MP 55) Snoqualmie Pass test sections.
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However, the WSDOT would probably rehabilitate the westbound site (MP 61) with
a totally different technique. The probable rehabilitation would include removing
the outer lane and replacing it with a full depth asphalt concrete pavement,
approximately 10 inches thick, and restoring the inner lane. The reasoning behind
this strategy is that while the outer lane could be replaced with PCC, the inner lane
still has another ten years (estimated) of useful life. By replacing the outer lane
with AC which will deteriorate within approximately the same amount of time, the
reconstruction or overlaying of both lanes at the same time is facilitated. The
WSDOT feels that this is the most cost-effective solution to remedy the current
conditions at this site.

Replacement of the outer lane with a full depth AC concrete pavement is
also a possible rehabilitation strategy for the Spokane test site; however, it is more
likely that WSDOT policies will cause this section to be reconstructed with 12-inch
PCC pavement over a 4-inch asphalt treated base (ATB) with new PCC tied
shoulders (if funding allows). Reconstruction of both lanes was also an option
considered in the PCC Rehabilitation study, although the full depth AC concrete
option was not considered. Another possibility under the WSDOT's consideration is
an AC overlay with cracking and seating. EXPEAR recommends two major
rehabilitation strategies for this pavement.  These include overlay and
reconstruction.

EXPEAR's recommendation to overlay the I-5 Seattle (MP 176) agreed with
one of the WSDOT's options to rehabilitate this section. The WSDOT AC overlay
option is to overlay the existing concrete pavement with 4.2 inches of AC concrete.
However, as on the Spokane project, it is viable for the WSDOT to remove and
replace the existing pavement with 12 or more inches of concrete, if funding is

available.
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EXPEAR REHABILITATION RESULTS

After EXPEAR provided the major rehabilitation options, various runs of
the program were conducted for each of these options. The tables on the following
pages summarize these runs, giving the predicted performance of the major
rehabilitation techniques prescribed by EXPEAR (Table 1 for 1-90, MP 278,
Table 2 for I-5, MP 176, Table 3 for 1-90, MP S5, Table 4 for I-90, MP 61). The
summary displays the techniques applied and the predicted performance within a
20-year period for that design. What is actually shown is the year in which a
particular distress type reaches an unacceptable level, based on the following critical
values:

Medium-high severity reflective cracking (M-H sev crks)---125 per mile

Total reflective cracking (ref crks)---250 per mile

Rutting (rutting)---0.5 inch

Joint faulting (faulting)---0.13 inch average per mile

Transverse cracking (trns crks)---800 feet per mile

PSR (PSR)---3.0

Joint deterioration (jt deter)---55 joints per mile

Pumping (pumping)---1.0 (low severity)

FDR faulting (FDR faulting)---0.13 inch

The actual EXPEAR output from each of these runs is contained in
Appendices A, B, C, and D. (It should be noted that some of the input values
contained in these appendices and in Tables 1-4, such as the 7/8" dowels and the

0.5" bonded overlays, were used only to "exercise” EXPEAR and thus may not be

realistic.)
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TABLE 1. EXPEAR REHABILITATION SUMMARY FOR 1-90 WEST, MP 278

1. Location

1-90 Westbound, Spokane
Starting Milepost: 278.60
Ending Milepost: 278.75

2. Current (1988)Pavement Distress Types
Faulting, Transverse and Longitudinal Cracking, Surface Polishing,
Surface Wear

3. WSDOT Rehabilitation Options
Reconstruction
12" PCC pavement
4" Asphalt Treated Base
PCC tied shoulders
Crack and Seat with AC Overlay

4. EXPEAR Major Rehabilitation Options:
Overlay
Reconstruction

5. EXPEAR Rehabilitation Performance Summary
(a)AC Structural Overlay
42" AC rutting--1998
ttl ref crks--2000
M-H sev ref crks--1989

(b)AC Overlay with Crack and Seat
2.5'X 2.5 pieces, 15 ton roller

0.5" AC rutting--1998
1.0" AC rutting--1998
3.0"AC rutting--1998
42" AC rutting--1998
(¢)PCC Bonded Overlay
2.0" PCC jt deter--2005
trans crks--1996
3.0"PCC jt deter--2005
trans crks--1996
6.0" PCC jt deter--2005
trans crks--1996
(d)PCC Unbonded Overlay
5.0" PCC trans crks--1989
7.0" PCC trans crks--1990
10.0" PCC trans crks--2000
114" PCC trans crks--2007
11.5"PCC no failure--20 yrs

(e)Reconstruction
Stabilized Base, 15' Joint Spacing

12" PCC faulting--2007

12.1" PCC faulting--2007

12.2" PCC no failure--20 yrs
Granular Base, 15' Joint Spacing

12" PCC faulting--1992
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TABLE 2. EXPEAR REHABILITATION SUMMARY FOR I-5 NORTH, MP 176

1. Location

I-5 North, Seattle
Starting Milepost: 176.35
Ending Milepost: 176.43

2. Current (1988) Pavement Distress Types
Longitudinal Cracking, Faulting, Surface Polishing, Surface Wear

3. WSDOT Rehabilitation Options
Overlay
4.2" AC overlay
Reconstruction
12" PCC pavement
4" Asphalt Treated Base
PCC tied shoulders

4. EXPEAR Major Rehabilitation Options
Overlay

5. EXPEAR Rehabilitation Performance Summary
(a)AC Structural Overlay

1.0" AC rutting--2006
42" AC rutting--2006
10.0" AC rutting--2005

(b)AC Overlay with Crack and Seat
2.5'X 2.5' pieces, 15 ton roller

5.0"AC rutting--2006
42" AC rutting--2006
3.0"AC rutting--2006

2'X 2' pieces, 15 ton roller
5.0"AC rutting--2006
42" AC rutting--2006

6'X 5' pieces, 15 ton roller
42" AC rutting--2006

2'X 2' pieces, 20 ton roller
5.0" AC rutting--2006

6'X 5' pieces, 20 ton roller
42" AC rutting--2006

(¢)PCC Bonded Overlay
0.5" PCC no failure--20 yrs
1.0" PCC no failure--20 yrs
2.0"PCC no failure--20 yrs
3.0"PCC no failure--20 yrs
(d)PC nbonded Overla

2.0"PCC trans crks--1989
7.0"PCC trans crks--1994
8.5"PCC trans crks--2007
8.6"PCC no failure--20 yrs
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TABLE 3. EXPEAR REHABILITATION SUMMARY FOR 1-90 EAST, MP 55

1. Location

1-90 Eastbound, Snoqualmie Pass
Starting Milepost: 55.50

Ending Milepost: 63.99

2. Pavement Distress Types (prior to 1986)
Faulting, Longitudinal and Transverse Cracking, Corner Breaks,

Surface Polishing

3. WSDOT Rehabilitation Options
Concrete Pavement Restoration
Full and partial slab replacements, reseal transverse joints

subsealing, grinding

4. EXPEAR Major Rehabilitation Options
Restore both lanes
Overlay both lanes
Reconstruct outer lane, restore inner lane
Reconstruct both lanes

5. EXPEAR Rehabilitation Performance Summary
(a)Restore Both Lanes

Reseal longitudinal CL joint, FDR cracks and corner breaks, seal cracks,
reseal transverse joints, grinding

faulting at joints--2003

FDR faulting--1993

trans crks--1995
umping--1990

SR--1989
(b)AC Structural Overlay
14" AC M-H sev crks--2007
1.5" AC no failure--20 yrs
2.0"AC no failure--20 yrs
42" AC no failure--20 yrs

(c)AC Overlay with Crack and Seat
2.5'X 2.5' pieces, 15 ton roller

14" AC rutting--2007

1.5" AC no failure--20 yrs

42" AC no failure--20 yrs
(d)PCC Bonded Overlay

12" PCC trans crks--1994, jt deter--2005

18" PCC trans crks--1994, jt deter--2005
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TABLE 3. EXPEAR REHABILITATION SUMMARY FOR 1-90 EAST, MP 55

(Continued)
(e)PCC Unbonded Overlay
No Dowels
8" PCC trans crks--1995
10.5" PCC trans crks--2007
10.6" PCC no failure--20 yrs
* 7/8" Dowels
10.5" PCC trans crks--2007
10.6" PCC no failure--20 yrs
(HReconstruct Both Lanes
No Dowels, Stabilized Base
12" PCC faulting--2007,pump--1990, PSR--1993
18" PCC pump--1991, PSR--1995
No Dowels, Granular Base
12" PCC faulting--1992, pump--1990, PSR--1993
18" PCC faulting--1997, pump--1991, PSR--1995
* 7/8" Dowels, Stabilized Base
12" PCC pump--1990, PSR--1993
18" PCC pump--1991, PSR--1995
* 7/8" Dowels, Granular Base
12" PCC faulting--2005, pump--1990, PSR--1993
18" PCC pump--1991, PSR--1995

* Actually, larger diameter dowels would be specified by WSDOT, if used.

41



TABLE 4. EXPEAR REHABILITATION SUMMARY FOR 1-90 WEST, MP 61

1. Location

1-90 Westbound, Snoqualmie Pass
Starting Milepost: 61.00

Ending Milepost: 61.01

2. Current (1988) Pavement Distress Types
Faulting, Surface Polishing

3. WSDOT Rehabilitation Options
Full Depth Asphalt Concrete Pavement Replacement of Truck Lane

42" overlay

4. EXPEAR Major Rehabilitation Options
Restore Both Lanes
Overlay Both Lanes
Reconstruct Outer, Restore Inner
(not shown since analysis is includes outer lane only)
Reconstruct Both Lanes

5. EXPEAR Rehabilitation Performance Summary

(a)Restore Both Lanes
reseal longitudinal CL joint, FDR cracks and corner breaks, seal cracks,
reseal transverse joints, grinding
jt faulting--2003
FDR faulting--1993
trans crks--1995
jt deter--1989
pump--1990
PSR--1989

AC nonstructural overlay, reseal longitudinal CL joint, FDR joints
reseal transverse joints

1"AC ref crks--2000, rutting--2006
M-H sev ref crks--1989
2" AC M-H sev ref crks--1990
(b)AC Structural Overlay
2"AC M-H sev ref crks--1991
42" AC M-H sev ref crks--1990
10" AC M-H sev ref crks--1990

(¢)AC Overlay with Crack and Seat
2.5'X 2.5' pieces, 15 ton roller

14" AC rutting--2007

1.5" AC no failure--20 yrs

42" AC no failure--20 yrs
6'X 5' pieces, 15 ton roller

14" AC rutting--2007

1.5" AC no failure--20 yrs

42" AC no failure--20 yrs
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TABLE 4. EXPEAR REHABILITATION SUMMARY FOR [-90 WEST, MP 61

(Continued)
(d)PCC Bonded Overla
3" PCC trans crks--1994, jt deter--2005
S"PCC trans crks--1994, jt deter--2005
7" PCC trans crks--1994, jt deter--2005
12" PCC trans crks--1994, jt deter--2005
24" PCC trans crks--1994, jt deter--2005
(e)PCC Unbonded Overlay
No Dowels, 15' joint spacing
10.5" PCC trans crks--2007
10.6" PCC no failure--20 yrs
No Dowels, 13' joint spacing
10.5" PCC trans crks--2007
10.6" PCC no failure--20 yrs
No Dowels, 10' joint spacing
10.5" PCC trans crks--2007
10.6" PCC no failure--20 yrs

(HReconstruction
No Dowels, 15'joint spacing, stabilized base, 650 psi PCC modulus of rupture

12" PCC faulting--2007, pump--1990, PSR--1993
18" PCC pump--1991, PSR--1995

No Dowels, 15' joint spacing, stabilized base, 750 psi PCC modulus of rupture
12" PCC faulting--2007, pump--1990, PSR--1993
18" PCC pump--1991, PSR--1995

7/8" Dowels, 15' joint spacing, stabilized base, 650 psi PCC modulus of rupture
12" PCC pump--1990, PSR--1993
18" PCC pump--1991, PSR--1995

7/8" Dowels, 15' joint spacing, stabilized base, 750 psi PCC modulus of rupture
12" PCC aulting--2007, pump--1990, PSR--1993
18" PCC pump--1991, PSR--1995

No Dowels, 15' joint spacing, granular base, 750 psi PCC modulus of rupture
12" PCC faulting--1992, pump--1990, PSR--1993
18" PCC faulting--1997, pump--1991, PSR--1995
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EXPEAR REHABILITATION OUTPUT SUMMARY

(The following is based mostly on trends observed in Washington State.)

Although in general the transverse cracking model predicts cracking that is
much more severe than WSDOT observed, the predicted distress trend for the I-90
(MP 278) Spokane project without rehabilitation was found to be reasonable. This
could be because transverse cracking already exists on this site and the model is
calibrated more appropriately than when no cracking is present. In addition, the
amounts of transverse cracking predicted for unbonded overlays were both
reasonable and sensitive to overlay thicknesses.

The transverse cracking model is insensitive to existing cracks that would be
expected to return in PCC bonded overlays. For example, the 2-inch bonded
overlay on the I-90 (MP 278) Spokane project is given too much integrity in regard
to its ability to resist transverse cracking. Although EXPEAR assumes full depth
repairs (FDR) of cracks before they are overlaid, the remaining life of the old
pavement underneath the overlay is questionable and could reasonably be expected
to crack.

The EXPEAR models predict premature failures for newly reconstructed
pavements that the WSDOT has observed to perform very well for performance
periods greater than 20 years. For example, consider the 1-90 westbound (MP 61)
Snoqualmie Pass project. Newly reconstructed pavements of both 12 and 18 inches
with stabilized bases are predicted to have significant amounts of pumping and a
PSR of 3.0 or less in the early 1990's--only a few years after reconstruction
(Appendices D7.1-D7.8). The same is basically true for the reconstructed
pavements proposed for the 1-90 eastbound (MP 55) Snoqualmie Pass project
(Appendices C7.1,C7.2,C7.5,C7.6). This is not representative of what has been
observed in Washington state. Pavements only 8 or 9 inches thick with granular
bases have been known to have a useful life of 30 years. A 12-inch thick pavement
with an asphalt treated base would be expected to have a useful life of 35 to 40 years
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in Seattle, where the climate is a little milder but the traffic volume is much greater
than that at Snoqualmie Pass. In addition, EXPEAR's predicted performance of
these new pavements seems to be inconsistent with the AASHTO Design Guide
[15].

EXPEAR predicts the severity of reflection cracking to be greater in a
pavement that has undergone cracking and seating before overlaying than in one
that has not, even though it predicts more total reflection cracking in the latter
pavement. For example, consider the following 20-year quantities of reflection
cracking predicted for these proposed I-S5 northbound (MP 176) Seattle
rehabilitation designs (Appendix A3.2 and A2.2):

Cracking
M-H Total
Severity
4.2" AC overlay with cracking and seating 158 573
4.2" AC overlay (no cracking and seating) 0 1089

One would expect just the opposite to be true; that is, while there may be
more reflective cracking in an overlay with cracking and seating (primarily because
there are more cracks that can be reflected) the severity level of those cracks should
be less than in the overlay without cracking and seating. Reducing the slab size
reduces the relative vertical movement because of at least the following two
reasons: First, if any voids exist beneath the pavement that may cause the
uncracked panel to rock when it is loaded, the seating process will drive the smaller
pieces into the base/subgrade, eliminating the potential for rocking. Secondly, the
slab curling, which commonly occurs in slabs subject to varying temperatures, will be
reduced in a shorter slab [16].

Often, EXPEAR predicts distress trends that are not reasonable, such as the
improvement (self-healing effect) of the PSR over time. Specifically this occurred
on the 12.2-inch newly reconstructed PCC pavement for the I-90 westbound (MP

278) Spokane project (Appendix B6.3). EXPEAR predicted the PSR to be 4.5 in
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the present year and by the year 2007, up to 4.6. It is not apparent why the PSR
model calculated these predictions. Another example of an unreasonable prediction
is the forecast that the depth of rutting will exceed the thickness of an AC overlay.
This occurred on the 0.5 inch ahd 1.0 inch overlays with cracking and seating on the
1-90, (MP 278) Spokane project (Appendices B3.1, B3.2). The predicted 20-year
rutting depths were 1.34 inch and 0.5 inch for the 0.5 and 1.0 inch overlays,
respectively.

Another concern is that the PSR is often predicted to reach a level of "0".
One expects that few, if any, of the EXPEAR models were based on a PSR level of
"0" (or approaching "0").

The reflection cracking model is not especially sensitive to AC overlay
thicknesses. This was demonstrated in the predictions for the 1-90 (MP 278)
Spokane AC overlays with cracking and seating. Both the 4.2-inch and 0.5-inch
overlays (also the 3-inch and 1-inch) were predicted to have exactly the same
amount of reflection cracking over the 20-year period (Appendices B3.4, B3.1).
This does not seem reasonable since, in general, thicker overlays provide better load
transfer across the joints, reducing the amount of reflection cracking.

EXPEAR does 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 does 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,
appears to be missing from the "expert" program, which relies heavily on predictive
models. This is best shown by the example in which the user may input
unreasonable overlay thicknesses for evaluation, such as the 0.5-inch PCC bonded
overlay which was predicted to perform successfully for 20 years on the I-5
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northbound (MP 176) Seattle project (Appendix A4.1). Not only would a bonded
overlay be a poor rehabilitation strategy candidate for this project because it is not
structurally sound, but it clearly would not perform as EXPEAR predicts. The same
may be said for the 1.5-inch AC overlay with cracking and seating on the I-90
eastbound (MP 55) Snoqualmie Pass project (Appendix C4.2). This was predicted
not to fail within 20 years as well, which is very unlikely. An expert system should
have some minimum standards that prevent the input of unreasonable thicknesses.
Finally, EXPEAR does not address longitudinal cracking, which is a

significant distress type in Washington state, in its predictive models.
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CHAPTER 3. APPRAISAL AND APPLICATION

INTRODUCTION

Based on the research team's experience with the EXPEAR program, a
number of observations regarding the user friendliness, the EXPEAR manual,
program bugs, and opportunities for program enhancement were made. The
following chapter summarizes these findings.

POSITIVE ATTRIBUTES OF EXPEAR

The following items were considered to be some of the positive attributes of
the EXPEAR system:

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.
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EASE OF OPERATION AN USER FRIENDLINESS

The following items refer to items in the EXPEAR system which either
hampered the ease of operation or detracted from the user friendliness of the
program. Also noted are possible ways by which these problems could be
addressed.

Ability of User to Specify Performance Period

Currently, concrete pavements are often designed for 30-year initial
performance periods, but EXPEAR only uses a 20-year analysis period. The ability
of the user to specify the performance period would accommodate the analysis of
pavements that are known to last longer than 20 years.

Printing EXPEAR's Various Documents

In the program's present form, it is difficult to print the various output
documentation EXPEAR generates. Print options are generally found only at the
end of a program input session, making it impossible to retrieve old outputs without
running through the input sequences again or exiting the program completely and
printing from the disk operating system (DOS). A print menu that lists the various
documents in the directory would be very helpful.

Ability to View Filenames of Existing Projects

When asked for a filename as input, the user should be able to view those
that are available and not have to rely on memory or exit the program to view the
DOS directory.

Requests for Irrelevant Data

When the toggle item "uniform joint spacing" is selected, the program should
skip the question, "Transverse joint sequence, if random (feet):". Likewise, the
request for "dowel bar diameter" should be skipped when "aggregate interlock" has
been input as the load transfer mechanism. These types of requests for irrelevant

data should be eliminated.
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The ability to copy information that is likely to be identical for all sample
units on a given project (drainage, loss of support, surface condition, joint sealant
condition, concrete durability, previous repair) would be a time-saving
enhancement. Likewise, the climate information that is requested by EXPEAR
when it evaluates the performance of AC overlays should be retrieved from the
initial project information file (including monthly temperature range).

Ability to Output Evaluations Directly to Printer

The user should be able to obtain a hard copy of the output without viewing
it on the screen, which can be tedious and time-consuming.

Documentation of Rehabilitation Strategies Evaluated

Rehabilitation performance prediction output should be labeled with the
material thicknesses, dowel bar diameters, joint spacings, material properties,
project name, and other pertinent data.

Inputting the Number of Lanes on the Project

The toggle item should be for one or two lanes only, since the input of three
or more lanes will result in an execution error.

EXPEAR MANUAL
Include Calibration Variables in PSR and Pumping Models

Pages 303 and 302 [2] should be corrected to show the calibration variables

that the EXPEAR program uses to account for the present levels of distress.

Specify that "Joint Deterioration” Refers to Transverse Cracking
The manual, which refers to NCHRP 277 [11] for definitions of distress,

should cite that a "deteriorated joint" refers to spalling of various severities (not

faulting or joint sealant condition).

Specify that Cracking Model Refers to Transverse Cracking

Page 299 should cite that cracking refers to the total length of transverse

cracking and does not include longitudinal cracking.
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Cite that AVGMT is Equivalent to the Average Annual Temperature

In the PSR model, page 303, it should be pointed out that the average
monthly temperature (AVGMT) is actually the same as the average annual
temperature that EXPEAR requests as input.

Include "Tally Sheets" for the 110191 Sample Project

The inclusion of tally sheets for the sample project would be helpful in
extending the procedures to other projects.

Include an Annual Precipitation Chart of Useful Scale

The annual precipitation chart included on page 260 should be blown up by
sections to a legible scale.

PROGRAM BUGS

Only two "bugs" were found in EXPEAR. These are listed below.

An Execution Error Results if More than Two Lanes are Input for Analysis

This problem could be corrected if a toggle item that limited the number to
one or two lanes only was used to input the value.

A Calculation Error Exists in the Restoration Future Distress Predictions
Subroutine

When restoration has been selected as a rehabilitation technique, the

program calculates the age of the pavement to be thousands of years older than it is
(See Appendices D2.1,C2.1).
ENHANCEMENTS

In addition to the minor improvements to the program suggested above,
several opportunities for significant enhancement exist. = Some of these
enhancements may have already been incorporated into new versions of EXPEAR
that were not available for review, but they are mentioned here to underscore their
importance.

Provide Cost Analysis for the Various Rehabilitation Strategies

Without a cost analysis, it is impossible to select the most appropriate and
cost-effective rehabilitation strategy. A subroutine in the program to calculate
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construction and life cycle costs would facilitate this analysis, at least on a
preliminary level. The program should allow the user to specify unit prices of
construction and maintenance materials, as well as the analysis period.

Provide the Ability to Delay Rehabilitation for Analysis Purposes

Although EXPEAR addresses the condition of the pavement if no
rehabilitation occurs by predicting the distresses for the next 20 years, it does not
address the common situation in which rehabilitation cannot occur until some time
later than the present year. The system would be more valuable if it could accept
the distress values predicted at some specified point in time in the future and then
use those values as input for the rehabilitation strategies.

Improve the Program's Capability to Explain its Line of Reasoning

One advantage of expert systems in general is their ability to explain the
reasoning employed to reach conclusions. An inference engine should have the
ability not only to use the rules and data in the knowledge-base to make conclusions,
but also to retrace its path to explain which rules and data were critical to the
conclusions. Although EXPEAR makes some references as to the critical values
that caused it to select certain branches within decision trees, its overall
transparency could be greatly improved. The benefits of explanation are threefold.
First, erroneous, inconsistent or inappropriate rules are revealed. Secondly, the
user has more confidence in the answers received from the system. Finally, the
system could be used as a learning tool [3].

Include a Graphics Package

The capability of the systém to plot distress trends for the purposes of
comparing rehabilitation techniques, as well as to show the future conditions of a
pavement without rehabilitation, would be a significant enhancement to the output

obtained from EXPEAR.
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CHAPTER 4. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The obvious high level of effort expended in creating EXPEAR, a unique
system to aid in the design of pavement rehabilitation, is commendable. A system
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).

RECOMMENDATIONS

The models primarily used in EXPEAR are from the COPES. Because of
local conditions (such as the independent variables being zero in multiplicative
models, such as the joint deterioration model) 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.

Perhaps the most beneficial aspect of an expert system is the separation of
the inference engine and the knowledge base, since once the mechanics of the
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inference engine and the structure of rules has been established, the computer code
should ideally never need to be rewritten whenever new rules or data are added.
Once the program has been written, the programmer should be relieved of the
burden of system maintenance. It should be placed in the hands of the experienced
engineer, since the pavement engineer is most familiar with the data and is
responsible for the answers produced by the system. Therefore this person should
appropriately be entrusted with the structure of the system [3]. In addition, this
would facilitate continual improvements and customization of the knowledge-base.

There are basically two ways to accommodate this, and really only one that
may be appropriate. One option that should be avoided is to make the program
source code available to all users. A completely "open" system presents several
problems. First, an inexperienced programmer attempting to improve or correct the
program, may aggravate existing errors with additional errors by not employing
defensive programming techniques. The result of this action is that the program
may produce results anywhere from slightly incorrect to absurd and could
conceivably become unexecutable. Secondly, the EXPEAR developers could not
provide support to programs that had been significantly modified.

However, another possibility is to create a system with completed shells so
that rules may be introduced by the various users of EXPEAR. If the system could
be created so that the user could introduce new rules for given computer runs, the
system would not permanently incorporate the rules until they were authorized by
an EXPEAR developer [17]. This could be a powerful tool in the hands of a
competent pavement engineer, while it would also prevent possible damage to the
system. In addition, if significant interest in improving the system existed among
state highway agencies, an annual national workshop could be established at which
proposals for enhancements, changes, and additions to the system could be made.

Since the program source code was not available for review in this study, it is
not apparent that EXPEAR would lend itself to this kind of situation. Howéver, it
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does not seem that it would be too difficult to make the coefficients of variables
contained in various distress models modifiable to become more representative of
local conditions.

In light of the above comments, this author recommends that further
development of the inference engine and the definition of the rule structure be
undertaken, for it is essential that the program be dynamic and have the capability

to be customized to meet individual state requirements and conditions.
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APPENDIX A
I-5 NORTH (MP 176) SEATTLE
EXPEAR OUTPUT

Page
Al. Input Data and Performance Predictions without
Rehabilitation ...ccoouveieeereeiirieeeeereerrerenesessucisenessnessneesessessssersssistsssessnsssssanesssees 60
A2. AC Structural Qverlay
A2.1 ) 0 - N GOSN PPPPPPPRI 85
A2.2 4.2 AC oooeeeeeeeeeeeeereeeeereseesssteraastaaaaaa st atet e st ee e e et eeeaasaaaassesssnnses 86
A2.3  10.0" AC i iiiiiiiieeeeeeeeeeieeeeeeeesssssreasaesssssesssresterenesasasassssssssssssssstnannn 87
A3. AC Overlay with Crack and Seat
2.5’X 2.5" pieces, 15 ton roller
A3.l 5.0" AC oo iiiiieieeeeeeeeeeeceeeeeereseessssrrar st eaasaseesartare st s assasasaaeaaaasesessessses 88
A3.2 B.2" AC aaeeeeeeeeeeeeseeeessesaseresesseesasassssssssaeessssssasessssssssssnssssnsssnssssates 89
A3.3 K 30 - N G TP RURURURORROPPPPPPPISS 90
2'X 2’ pieces, 15 ton roller
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2'X 2’ piece, 20 ton roller
A3.7 L3 0 - N GO OO PO OPPPPPPPPPPO 94
6’X 5’ pieces, 20 ton roller
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A4. P Bond verl
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Add 3.0 PCOC oeeeeeeeeeeeeeeeeeeereeesssesssesesssesesassssnsesessssessessesssreasaesanensansssss 99
AS5. PCC Unbonded Qverlay
AS.1 2.0"PCC.iiieeeeeeeeeeeeeersrersrseeeeeessessssssssnnsassesssasssens reerererreeeeeeraeaeaaanas 100
AS5.2 TOPPCC oo ceeeeeeeeeeereeeeeeesssrreesasssstessssasssssssssssssssssanasassssssasesssssos 101
AS5.3 B.5"PCC . eiiiieeeeeeeeeeeeeeesreeeeeeeeeaeaseaarassssnnasa s et es et eatasraaasasararaaaaaaees 102
A54 BB"PC C .oeeeiiieieeeeeeeeeeeeeeesssseeeeseeeeseesassassssssssteseseesarssssssssnssansssasssases 103
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Projtect Survev Summarv Faor JRCP

61

Desior. encuineer: HRoilv Simmons Date of survey: 27/z2z/88
FRIILLT IDENTIFICATION

~lChwav cesigriatior: I-9S

Statre: wasaincto

LirecTior o7 sdrvey: Nzt o L

Startinc mi_enast: 176.35 :

Ireivmc mileoost: 17€.43 -

Nimper of samcie urits: 3
CoInRTE

Zlimatic zone: wet ronfreeze

Estimatec anrnual temperature rarge (F): 38.7

rMear armual orecioitation (inches): 38.9

Corps of Encineers freezinc i1ndex (Fahrenhei:it decree—days) :
Averace Annual Temperature (degrees Fahrenhe:it):

o M
nwm
\l
LN

- SLAB CONSTRUCTION -
- Year cIonmstructec: 1365

Slabh f-.icvress (1nches): 3.@

wicth =€ traffic lanes (feet): 1Z.00

Covorete Z8-czav moculus of rupture (psi1): 652, 22

TRANSVERSE AND LONGITUDINAL JOINTS
Patterr of Jjoint soac1rg- uni form
Trarneverse *o1nt sdacirvc 1fF unmiforn (feet): 15,0
Transverse oint secuernce 17 rancom (feet) :
Tyoe ¢f sealant: liguic
Rverage transverse j1o1nt reservoair cimensions:
wictn (inches): @.25

ceoth (iviches): 1. S

-~
-

Metnod used to form transverse joints: sawirng
s Transverse 1oint sawed cepth (inches): 1.5

Tyoe of load transfer system: aggregate interlock
Doweli bar ciameter (inchesz): 2.0Q
yetnoo uze2c to forme longituciral oints betweer lares: sawing

Loncitucinal Joint sawed or formecd cepth (1nches) : c. 3

ErRSE
Ease tvoe: cense—graced untreated aoaorepgate
rodiulinws of subprace reaction (psi/inch): S2Q@. QY

SJESRRDE
Drecominart sadarade soil RASHTO classification: A4
Are swelilmioso01ls a oroblem v area: no )
were steos tawxern to prevent the swelling scils problems n/a



voe oS sgmouLcar: 52 62
wicE= of smoulcers (feet): inner: L, outer: i1a. @2
irmer .are €.ope clrectior: +owarc vner shoulcer
CTRAST IO
Tetivatec current thrcuos two-way ADT: 14520
Zercerc comrmercia. trucws: Lo 2
Teta. rumser oF lanes iv cirection of survev: =
Tuture 18-kip ESA_ growtn rate (percernt oer year): 2.5
Thime traffic volume crowio rate: ascroximately same as in past
Lerie Two Lane cre
Total accumuiatec 18-kip ESAL (mallions): c. 74 13.73



R

IDENTIFICATION
romoer: i/
samoie unit (feet):

tartinzg mileoost: 176

ca. &

Lane two

namper of ceterioratec transverse cracwks. L-M-H: @
‘Ear facsltion at transverse cracks (inches) s Z. &
camner of ceteriorated transverse 1cirts: %
¥ear faultino at transverse 1oints {(1nches) : 2. 2@
oattzer 2f Lrarsvercse Jcunts: 4
e o FORE & slabd reslacements: @
Year. faudliinc &t FDR & siab reoi. irte (incnes): €.
Nurmzer of TDR & s:an resnlacemert 101NMtS: a

Numoe:s of corner bDreaxks: v

—2mzt= of long. oracxkaing, YM-A only (feet): z. @

—erigtn of szaliing of loncit. Joint, M-H only:
CRACAINE AT TRANSVERSEZ JIJINTS

Total 1oints wits trans. cracks within & feet: @
FOUNDRTION MOVEMENT

Numbper of settlements (M-H severity): 2

Numoer of heaves (M-H severity): a
DRAINAGE

Are LZcorciTtucairal sibcrains presernt and furcticoral: nc

What 1= the tybpical heicht of the oavemert above the ditchline:

Do cditches have standing water or cattails in them: no
L.0SS OF SUPPORT

Extent =f evidernce of oumoing or water bleedirig: none
S_URFRCE CCONDITION

vetoc usec to texture the pavement at cornstructicr: cother

Is trhe surface palished in the wheelpaths: yes

Is eicgr:ficart tire ruttinc in the wheelpaths: yes
JOINT SER_ANT CONDITION

Congitior of the trarnsverse jcint sealant: hignh

Cornc:ition of the laonzitudinal joint sealart:

Are susstantia. amnts of ircompressibles in gnts: no
CONCRE™Z DURREILITY

Ixtent of "D" cracxirnz at 1oints or cracks: rione

Extert of reactive apgorepate distress: rone

Cxtert of scaiinc: none
PREVIO.E RIVRIR

Adre Tull-centh reoalrs placed with dowels: ves

Fre sart.a. centr reoairs present at most [oints: ro

—as c.amond craincing beev dore: i

Fae crIoIv.LIvD beev cone: g

-
]

63

~ane one

[N O]
R

naone

yes
yes

high
high
no

none
ncarvie
rnarne



D

0

FRiizcator Ccrackling:

Linear CZracking:

weather:rvic/ravelii.ng:

Lare/shouloar

Settlemenrnts o

Blowno.es at

Lane/Shouicer

r

oirt

cdrcoxffe

Heaves a.onc outer

trarsverse 1C1ris:

-

zint

concilticona:

inner

rione

ione

icone

norne

ricne

ncorie

pooy

Rt

Outer
64
nore
none
Yo
noOv.e
vuavie

same

2oar



Sovo_ 2 LnIT IDENTIFICZAQTION
Taione wrexlt o vumoer: o/
—erTm oY sampie urit (feet): 6@.@

Norzer o cetericratec transverse cracks. L-M-H: @

“zav; vau.tins &t trarsverse cracrs (inches) : ., ¢

Nomper Y geterioratec transverse ~oints: 2

vear fauitirz at transverse 1vints (inches) : a. 20

narzer oF frarsverse -~oints: 4

vamzes of FDRE & s:an renlacements: @

Yearn faulitirvz at FDR & siab repl. 'nts (inches): .00

Aumser of TDR & slab reonlacerent acints @

Nimzser ©fF corvier bpreaks: Z

.ercTtn ¥ long., cracxing, Me-- only (feet): Z.@

—ergtn °Ff spalliing of longit. joint, M-“ orily:
CRACKING £7 TRANSVERSES JJINTS

Total roints with trans. cracks within & feet: @
FOUNDARTION NMOVEMENT

Numoer of settlements (M-H severity): @

Numoer of neaves (M-H severity): "]
DIAINAGE

SvE .ongritucinal suscrains present and furictioral: no

wm=2t 1€ the tyo2:ical heicht ofF the pavemert above the citchl

Do ditcnes have standinc water or cattails in them: no
LOSS OF SUPPCRT

Extent of evicdence of oumbiriz or water bleedingc: norne
EURFAIE CONDITION

¥ethoc usec to texture the pavement at cormstruction: aother

Is the surface polishec in the wheelipaths: yes

Is siz=1ficant tire ruttirng in the wheelpaths: yes
JOINT SEA_RNY CONDITION

C:zc:t;nv of the trarmsverse jo0int sealant: high

Corcaizion of the lorncitudinal joint sealant:

fAre substantial amnts of incompressibles in Jnts: no
CONCRETE DURREILITY

Extert of "D" cracuinz at -"cints or cracks: ricrie

Extent of reactive agcregate distress: rione

Extewnit of scaliing: riorne
PRZVIC2E KREPRIR

Are Tuall-ceonth reonairs placed with cowels: n/a

fre partia. deot» recairs cresent at most yoints: ne

Has ciliamovic crindinc beern corne: Yid

‘&€ orooving beer cdorne: ric

Starting

—arne two

miiesast:

ine:

65

—ane coane
7
Z. Qe

nane

yes
yes

high
high
no.

nare
nane
nore

n/a
(g =
Yl
Yz



[

0

S-S _DZRS

Sett.ements or

heavees a.ont cuter

Ziocwnoles at transverse 1cints:

Lane/Shoulcer

Joint concition:

ecce:

Inner

yiovie

none

ricorie

rorne

rone

nore

Door

riare

v:ore

ricv e

Do or



/ Starting

o€ samoie urnit (feet): €@.@

Mmilienost:

Larne two

Nomoer of deterioratec transverse cracvs, L—M-H: @&
Yesv. viu, at trarisverse cracqs (iricnhes): Q. 2l
Namper of cetericratec transverse oirnte: 2
~ear TadlTtirnz at transverse joints (:nches): 2. 22
Twemoer of trarsverse cinte: 4
“umzer ¥ FDRE & sladb reclacements: @
mear feuitinc at FDR & slab rep:i. nts (1nches): .08 - -
Numoe of TIX & siad renlacemert roints: 2
Nomper of corver Sreaks: @
—2wzto of lormc. cracxaing, M- only (feet): S2. @2
—erctn of spaliinc of longit. Joint, M-H only:

CRACZHING AT TRANSVERSE JOINTS
Total 1oi1vmts with trans. cracks within 2 feet: @

FOUNDATION MOVEMENT
Number of settlements (M-H severity): 2

e Numper of heaves (M-H severity): @
=

DRAOINGGE

Are lorncatadinal subdrains oresent and functiornal: no

W-at ics the tycical heicht of the pavemert above the citchlire:
Y c

0SS OF SUPRORT
Extent of eviderice of cumpirnz or water bleeding:

SURFRZCEZ CCONDITION
Met~oc usec to texture the pavement at constructi
Is the surface polished in the wheelpaths:

Is sizgrnificant tire rutting in the wheelpaths:

<~ JGINT SERLANT CGNDITION

Comcition of the transverse Jjoint sealant:
Corcition of the lonpitudinal Joint sealant:

fre substantial amnts of incomoressibles in jnts:

x

CONCRETE DURAREBI_ITY
Zxtent of "D cracking at 1oints or cracks:
Extert of react:ve apprecate cistress:
Extent of scalinc:

PREVIOLE RERRIR
Are fulli-geoth renailrs placed with dowels:
Fre zartial cepth repa:irs presernt at most J1oints:
Has ciamonc arinding been canes
-as crooving beer gone:

< Do citches have standing water or cattails in them: n

none

ans
yes
yvyes

high

na

iorne
riorne
noare

n/a
no
1=
gl

(=

other

IT7E.4
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—ane one

[N

S8R S

&

[3Y

Q]

~
~

45. ¢
2. @

ricnme

ves
yes

high
high
no

Yiore
ncrie
norie

n/a
i<
ic



AC

SHOUL_DERS

P2

n

3oe
P S

_irear Cracrl

ator cracking:

v:ig:

weatherirnc/raveliinc:

—ane/shouicer

n

Elmwnolies at

Larne/Snoulder

Joint cropoff:

ettiemerts or heaves alonp cuter ecce:

transverse 1oints:

Joint concation:

Irnrer

narne

vione

nore

none

none -

norne

PoOoOr

Outer
68

Yuovie

rore

rnoane

norne

rione

poor



ZxTrazolatec {(Per T"ile) Values For seattle

—are two

Numzer of ceterioratec trarnsverse coracke: "
Yeari Ta..tir.z av ceter. trarns. c-acks (inches): ¢.QQ@
Numzer ©of ceteri:cratec transverse joints: @&
Mear, fau.itiro at trarsverse 1ocirnts (inches) : 0. 2
Nesoer of transverse oints: 35&
Wumser of full-deot™ reosairs: ]
Meszr faultiric at FDR Joints (inches): 2. 22
Nuroe-~ of full-dedth reoair Joints: 2
Numoer of corner breaks: Q@
—emgt~ of lonmz. cracking, M-H only (feet): 14€€6.7
—erzit of spa.slint oF loncit. Joint, M-F anly:

Total :oints with trans. cracks within £ feet: @
Number <«f settlemertse (M-H severity): 2
‘Numper =% -eaves (- severity): V]

Lar.e

"4
¢.2
vl
Z.1

-
<,
-~

69

are
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CURRENT PAVEMENT EVALUARTION

O A R e s a2 2 TR LR LTSI S S LSS S 2SS 222 ad bt b b b d b b b bt b
—ANZ L

O R N g g g g e e s 2 22222222 LRSS L LSRR S LRSS 22 L L2l 2 2L bl g bl b gy

A lormgitudinal 2oint construction deficiercy 1n larne 1, likely cue tao
ar. 1racecuate cepth of saw cut. is indicatec by loncitudinal craceivc.

a. seal lo-voitudinal cracks
5. stitech loncitudival cracks

The cavement in iane 1 shows no 1ndications of a transverse joint
coristruction deficiency.

A transverse j1aint sealarnt deficiency is indicated in lane 1 by medium-
to hich-severity jcint sealant damage and an inadeguate Joint seaiant
reservolr snape factor for the existing sealant type.

Rideability i1in lane 1 is acceptable.

‘a. do rnothing

- ——————————— ——— ————————— — — — ——— — ——— ——— —_——— — — — — ———— — — "~ —— — —— —— —— o — —-—

DURAREILITY DEFICIENCY:

The paveuernt in lane 1 shows ro indications of significant surface or
concrete durability problems.

«

Joint cetericraticon or other pavement deterioration in lane 1 may be
acceleratec by water infiltration permitted by poor longitudinal
roant sealant canditiorn.

a. reseal .oncitucinal centerline Joint

No 1oant detericration exists in lane 1. -

STRUCTURAL DEFICIENCY:

Htructura: deficiency of the pavement in lare 1 is ind:cated by a wet



1

y cilimate. a siab thicwkrness of 5.8 1rnches anc
iom anmridal 18-kip ESALs.

a. RC structura. averiav

D. crac< anc seat anc AC structuwral aoveriay

c. BCC hornzec overliay -

c. SCC unbdovices overliay

SHMID RESISTANZE DEFICIENCY:

_ces oF s-<uc resistance and patential for hydrozlarning are iwncicated
iv lane [ oy oDolishec whee: paths arvc stucded tive ruttainc

i
of .25 1nches or more.

&. Cringcing
b. AC rnormsiructural overlay

LORD TRANSFER DEFICIENCY:

o locad transfer deficiency is indicated at transverse joints in lane 1.

. GO nmothLvg

A potewntial 1oac transfer deficiency exists at uricowelled full-depth
‘repairs 1n lane 1, but mean full-depth repair faulting is not ’
sigrificant.

a. ao nothing

I o o s e e o e e e o e e e B e e L ——— B e L S ——

FOUNDRTION MIOVEMENT :

:h potential for frost heave 1s indicated by a mean Freezing Index
..greater thanr @.

“a. o nothaing

The oavement ir the larne ! shows no indications of loss of slab support.”

"Me navemernt in lare 1 shows no indications of a drainage deficiercy.

a. co nothainc
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SOINT CINSTRUCTION DIFITZIENCTY:

The ocavemenrnt 1rn lane & shows no indicaticons of a trarsverse joint
construction deficierncy.

a. do rothing

A transverse 1oint sealant deficiercy is indicatec in lane 2 by mediun-
tc hich-severity Joint sealant damage anc an inacecuate jcint sealaent
reservcir shape factor for the existing sealant type.

"ROUGHNESS :

-

Rideability in lane & is accectable.

-

"a. do nothing

-— - —

DURABILITY DEFICIENCY:

-~

The pavement in lane & shows no indications of significant surface or
cocncrete aurability problems.

a. do nothing

:JOINT DETERIORATION:

No joint deterioration exists in lane &.

- a. do nothing

- —————————— ———— —_——— — o ——— —— —— ——— —— ————— — ——

STRUCTURAL DEFICIENCY:

SKID RESISTANCE DEFICIENCY:

lLoss of skid resistance and patential for hydroplaninc are indicated
irn lare & by pclished wheel paths and studded tire rutting
of @.2% inches or more.

&. oraincinc
5. AC rnonstructural overlay

o e e . e e -— ——— o —— - —— o o o -——

..0OAD TRANSFER DEFICIENCY:

Ne load transfer deficiercy is indicated at transverse »cints in lare c.

a. o nothing



QA ootevrTt:ial loac
reSairse LY Lare
csi1zrrfrcant.

&. v oventting
FOUNZETLION mOVEM
S ootertial for
creater trarn Q.

The navemert 1n

transfer deficiercy exists at undowelled full-deotn
<. but mear: ful:-depth repair faulitirc .s not

——— e o — — —— ——————————————— ————— —— ——

tre larne & shows no indications of loss of slab sunocort.

—— - -_ —— -— —— — — — —— — ———— — — — o ———— — o =
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InNER S-GULDER
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Excesesive 1nmfFi.iratior of water nereath the pavement and inner AC
shou.cer is incicatec by poor lane/shoulder soint ssalant conditicor.

a. resea. lane/shoulider Joant
B. o mothine
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Excess:ive 1nfritration of water neneath the pavement and outer AC
g BN 1€ 1mcicared by boor ane/shouvider 1oint sealant condition.

a. resea. .anessnoicer toint RS



PHYSICAL TESTING RECOMMENDATIONS
———————————————————— NONDESTRUCTIVE DEFLECTION TESTING ——————————=—————=——

Novioestructive defiection testirg (NDT) of the pavement 1s recommended to
fiirtmer i1rnvesticate ceficiencies observes irn the pre.iminary evaluationr

—€ t=g cave—ert. Use a Fallinz weiznt Deflectomete» cor cther NDT device
caoab.e of apopiyirng Cyriamic ilcads to the pavement cver a range of Lcac levels
comsaran.e to actual truck wheel lcads (1.e., 9@2¢ tc 16020 pounds).

Ner-ceetructive cef.ection testing should be conductec i a Z.1-mile section

rardonly selected withirn eacn mile of the prosect. Deflectiorn testing ghnoald ool
Se concuctec whner the amoient temperature 1s betweeri 3¢ arnc 82 cegrees -anrerteLl
ts avoic roint and crack lock—ud anc excessive curlinz.

Testinc soouwid be performec at the followiro locations:

Certer of the slab: Measure deflection basirn in the center of the traffic

"lare 1r orcer to packcalculate elastic modulus of slab and effective « value be
.. the siab. Tnis information may be used in a structural analysis of the pavemernt
in cetermining urii formity of supocrt alonc the preoaect (see NCHR]P Report Nz, Z6°
Lane ecce: Measure deflections at tne outer edge of the traffic lare

(next to the shoulder). If the pavement has a tiec concrete shoulder, also measu
‘deflectimns acrcss lane/shoulder jeoint. This information may be used in a
‘structural analysis of the pavement.

Corner of the slab: Measure deflecticns across transverse joints and cracks
arc comoute their load transfer efficiencies. This information will be usec
iy, a structurai analyeis of the navemenrt.

v
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——————————————————————— DESTRUCTIVE DEFLECTION TESTING —mm————m—m e

- cntairning samoles of material fram the ocavement structure)

s rerurcences To furtner Lrivesticete ceficiercies coserved 1n the orellnirnary e

T2, samid.es must pe obdtainec by corirvz throuon tae corncrete surface

aric Tase with a core b1t (&—inch cirameter ur.ess specafied otherwise).

: s Dase Duix samdles shouid ba obtairned. Stabilized base samisles sholld

e coterrec fram coring, 1 f pDossible. wWhere urcisturbec soil samples are recuire
sﬁou;c be obtainec by samslirg the sc1l bereati. the pavement

=rg case & thirm—wailec Sheiby tube.

)
i

'
3]
ct
"
<
]
t
D
n
ct
-
]
9]

tructive testirz reguirec s-culd be concucted o+ at least
ly three or more slabs irn each @.1-mile section rancomiy selecte

e 3 c

worur o eacn miie of the oroaect. Tor reasons of efficiercy anc safetv, rorncestiri
testing éenc cesiriuctive testing should be concuctec concurrerntly.

The followiria types of cestructive testirg are recommendec:

Oota:r cores from the center of the traffic lare.
Cotair cores throuct selected trarmsverse joints.

FL Lol aT L0ng vne longitucinal scirnt witn rlcnificaht spallinc ar
reaszZy Iorzitu
-acjacent cracxs, 1f presernt). Examine the cores visuwaily to cetermirne

whetne> the oint or one or more of the cracws is functiornirng

-
tucirnal cracks, core throuzh the lonzitudiral joint (arnc

r

as & Joint.
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-— MATERIALS EVAL_LATION - -

iaboratory testivic of material samcles
) 15 recommencec. . oe followin:
rom the meterial samplies:

Visuai: irsnectior anc possibly
ostairnec from cestructive testini (oorivm
tyoes =¥ information should be cbtainec

The strerzta of the cores ostainec from the conacrete slab should be
determiviec 95y incirect tensicor testing in The iaboratory. This information
mav be usec 1n a structura. aralysis of the oavement. In the case of
concrete ceteri1oration cue to poor curability (e.c., D cracking or reactive
acgrecata’, t-e strength of the concrete 12 arn ircicator of tne extent of
the ceterioraticn.

Sxam:ne the cores obtaired from the center of the siab arnc through the
trarsverse jcints to determire the thickness anc souncrness of the corcrete.
Determirne the thickness of the base layer by examirning the base material
obtairned from the corinc operation.

slje
(S



ot the oavemernt

SHID TESTING

ex181s ancd suarface will

5 — e ——— o ————— —

1s warrarntec because a structural
iikely be overlaid or recornstructed.



———————————————— ROUGHNESS TESTING

Rougnriess testiriz 1s riot warranted.

o §1 L

it

LN
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F_TURZ LDISTRESE PREZDICTICN

w

DISTRESS AnND BSR BFROJECTIONS 50X LANE 1

.Lative frnuaal Year DQuareoirc Faaltirng Deter. Trarsverse
SEL ESAL ‘oints Cracrine
LEL7 Q.73 1368 2.2 Q. 1& 4 @
P 2.8 13832 e.e Q.12 Z ce
tE.2 @, 3 1252 Q.1 ¢. 12 7] 41
_E.E ¢. 85 1991 Q.1 Q.11 7] €3
iT7. 2 2.67 139 e. & 2.11 2 88
7.2 ¢.83 1933 é.c Q.11 @& 114
©8.8 Q.31 1334 2.3 .11 Q@ i42
iT.6 @.=3 133 e.3 .11 2 173
Ze¢. 7 2. 96 1396 Q.3 .11 7 za7
zi.7 Q.38 12397 Q. 4 .11 & 243
ce. 7 1.01 1358 Q. 4 .11 Q 28e
Zz.8 .23 1255 .S ¢. i1 @ 3eS
R 1.%26 fulvav] 2.5 @. 11 @ 372
ZZ. 2 L.28 =2l 2.S 2. i Q2 4
z7.@ 1.1 cazz Q2. € .12 e 477
25, & 1.14 cREZE 2.6 e. 1z @ 537
3.3 1.17 IS g ¢.7 Q.12 2 eac
3e. = 1.20 cas @.7 ¢. 1z 2 e7¢e
2.7 1.23 zaes a.7 2.1z Q 749
32Z.3 .28 a7 z.8 Z. 12 [ed 33
i 1D i8-xa1p ¢ = none Inches Joints Feet
miiliorne millions 1 = low per per
S = medium mile mile
3 = hich

Thecse preojectiors ere estimates of exoected performarice based on
precictive macels. “hev should not be taker as exact values, but
nstead as relative ircicators of performance.
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FUTURE TIZTRIZZ RREDIZTIONE
TIETRIGE OND ISR DRTIZITIONG FIZF LANT 2
L BT e W E : E& Sorzivs Faoslting veter. rarsveres

ZEAL coints Crac-ing
z.7 @, 44 . SES 2.2 &. e ] Z
.z .45 15E3 [ 2.8 ¢ 12
Z.E Labz 9% ¢. . .2 ¢ z2
fea 2 .47 19312 Q. Q. 2C1 < Z&
_. G el 1232 C.c Z. 2L & &4y
.l g.Se 1333 2.3 0. a1 ] S
S.E 2. 92 1934 2.3 Q.21 @ =z
&. 1 Z2.S=2 199% 2.3 2.¢1 2 &3
€.7 2.53 13%€ . 4 .21 7] 7%
7.Z 2. S5 1997 Q. 4 2. 1 74 a3
7.6 .56 1338 2.5 2. B a 1002
H. 3 7. E8 19393 2.5 2. & Q 111
6. % ¢.E3 ralvedvy 2.6 . ez @ 122
R 2. &2 cal 2.6 2. 22 @ 133
DR S .62 zeez Z. 6 2.2z @ 146
i¢. 6 2. 63 ceas 2.7 2. &z ") 159
il 4 . 6% cAe4 .7 ¢. o 2 17
i 2 Z. 67 SRS Q2. & 2. ez @ 186
1E. 8 2. 68 ZQRE Z.8 2.2z "] 20!
3. E 2.7¢ zZee27 z.8 .22 2 ZilE
18-K1o 18-k10D ¢ = nore Inches Joints Feet
milliorms millions 1 = low per per
= = megilum mile mile

3 = high

"
18}
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e G (o
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These orocections are estimates of expectec performance based on
oredictive models. They should not be taken as exact values, but
imsteac as relative i1ncicators of performance.

NOQTE:
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FUTURE PAVEMENT EVALUARTION

LR R R B R Tt T T T T 3 B N N g v g g U ViV VI VIV O VU
LANE .
HEFERE D RS X B S PN 2RI I NI T I I I I IR NI F I B WP B NI U BB NI I BN BN

Yy 1v lane 1 occurs 1ir 19393 as indicatec by an uriaccentasly
&% for the cavement’s RDT level.

R . bR alaihihg

Structural ceficievicy of the pavemert in lare 1 occurs 1n Z@Q7 as
irvoizatez oy BA¢ feet or more of detericrated trarnsverse cracks per mile.

.a. full-cedts reonair of cracks, AC structural coverlay
b. f...-cdeotn reosir of cracks. crack and seat arnc AC structural cverlay
c. full-cedth reoair of cracks, PCC bornded overlay

Li-fectt redalr of cracks. PCC unbonced oaverlay

<

No loac transfer ceficiency at trarnsverse oints in lane 1 occurs based
~on orecictec oant faultaine over the riext @ vears.

upoort in lare 1 occurs based or predicted joint
next C@ years.

ho crairaze ceficiercy in lane 1 cccurs over the next 2@ years, based con
the orec.iziec :eveli of pumpino.
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****#***#*****%**********i*******************i********* I ZTTET 2L 2SS 2 22 bt o b g
LANE =2
**-ﬁ***{-*%*********************i**************i’***********‘ﬁ***% XTI S LR R E L 22 LR

RCLG~-NESS:

Pomr riceanility in lare & cocurs in 199€ as 1rndicated by an unaccestas.y
imow crecictec PSR for the pavemernt's RDT level.

&. TUANCANZ
5. AC nonstructural overlay

TETRUCTURAL DEFICIENCY:

bl

?No structural ceficiency in lane & occurs based on oredicted trarsverse
‘eracking cver the rnext 2@ years.

B o —— o —————————————— — ————————— —— — —— e s - —— —— ———

5

“Ne loac trarnsfer deficiercy at transverse joints in lane £ occurs based
on predicted joint faulting cver the rext @ years.

Ne ioss of slab support in lame & occurs based on predictec joint
faultinc over the rnext @ years.

————————— ——— — - -—— ——— ————————————— ———— ——— —— ] —— - —

"DRAINAGE DEFICIENCY:

EIL
b 2=

yNo drairage deficiency in lane & cccurs cver the next Z¢ years, based on
~the prec:ctec level of pumpinc.




A2. AC Structural Overlay

A2.1 FLO" AC ittt e s e s
A2.2 42" AC ..ottt e
A2.3  J0.0" AC.. ettt e n s ane
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING AT CVIRLAY

TCTAL FEDILM-HIGH

YEAR AGE cum REFLECTIVE REFLECTIVE RUTTING

ESALS CRACKING CRACKING .-

13288 @ Q. o2 @ @ 2L .00

1389 1 2.8: 102S ") L en B..00

1990 = 1.€3 1064 ] 2. e

1991 z 2. 48 1087 %] 2. 0=

193 4 2.3S 1104 2 2.25

1533 s 4.4 1118 ] 2. 28

1994 € S. 15 1129 @ .11

1935 7 6.028 1133 ] Q. 14

1996 8 7.04 1147 ] .17

1997 9 8.0z 1155 ] 2. 21

1998 10 9.03 1161 ] 0. 24

4 1993 11 10. 06 1168 2 @. 27
— Zooe 1z 11.12 1173 ("] 2. 32
= 2eet 13 12.20 1179 ] 2. 34
= Zers 14 13. 32 1183 ] .37
; =" JO) 1S 14. 46 1188 ] Q. 40
. Zons 1€ 15. 62 1193 @ @. 44
- 2205 17 1€. 82 1197 e Q. 47
- 20RE 18 18. 25 1201 ] 0. 51
zee7 13 19. 30 1204 ] 2. 55
18-kio Feet Feet Inches

mililions per mile per miile

NOTE: These projections are estimates of expected performance based on
predictive models. They should not be taken as exact values, but
instead as relative indicators of performance.

{Summary:

“Total reflective cracking of the AC overlay in lane 1 is not
predicted to reach an unacceptable level within the next twenty years.

Medium— to high-severity reflective cracking of the ARC coverlay in
iare 1 is rot precicted to reach an unacceptable level within the
riext twenty years.

Ruttirng or the AC overlay in lane 1 is predicted to egual or exceed
arn uraccectable level of 8.S@ irches in £0RE.
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DREDICTEZD PERFCRMANCE FOR LANE 1 FOLLOWING AC OVERLAY

86
TOTAL MEDIUM-HIGH

YZAR Qs5E cum REFL_ECTIVE REFLECTIVE RUTTING

ESRLSs CRACKING CRACKING
1988 s 2. 22 @ @ T e.er
L3873 : 2.&: 325 2 . @. B2
133Q = 1.E62 361 @ ttE Q. e
1258 3 2. 48 583 ® e . @.0Z
133z 4 3. 32 398 @ 0. 06
1393z = 4. 24 112 @Q 2. 25
13994 = 2. 15 idzt @ "y
L22C 7 €.28 12E3 2 2. 1
193€& & 7.4 1037 2 2.18
1337 3 8. @z 1044 7] 2.21
1338 i@ 3.23 1@5e @ 8. &4
12555 i1 12. 26 1856 Q 2. &7
2eea 1= 11,18 1061 2 2.31
Z0a: 13 12. 20 i1Q66 ] 2. 34
Py e i4 t3. 32 1e7e @ .37
ZRRE 15 14. 46 1075 ] 2. 41
Zrr4 lE 18. €2 1@79 %4} Q. 44
Z2RE 17 16. 82 108z "] 2. 48
Z22E i8 18. 25 1286 o 2. 52
Z0R7 i3 13. 3@ 1085 2 2. 55

18-kip Feet Feet Inches

millicons per mile per mile

NOT=Z: Trese projecticns are estimates of expected performarce bases on
precictive models. They should not be taken as exact values, but
instead as relative indicators of performance.

Summary:

“Total! reflective cracking of the AC overlay in lane 1 is not

" Medium- to m1gh-severity reflective cracking of the RAC overlay in

predicted to reach an unacceptable level within the next twenty years.

lare . is rot precdictec to reach an unacceptable level within the
rnext twenty years.

/gutt;f: v, the RAZ wverlay 1irn larne 1 1s precicted to equal or excesd

ar unacceptable leve: of .22 inches in E@2z.
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DREDICfED PERFORMANCE FOR LANE 1 FOLLOWING AC OVERLAY

TOTA- MED IUN—H IGH
YEARR AGE cum REFLECTIVE REFLECTIVE  RUTTING
ESALs CRACKING CRACKING - =
A
1988 @ 2. 22 2 @ v @, Qe
1985 1 2.81 a7 o Yo Q. @R
1930 5 1.63 902 @ . ez
19391 3 Z.48 324 @ 2. @5
199& 4 2.35 923 2 2. 28
1933 s 4. 24 950 2 Q.11
1994 & 5.15 96 2 2. 14
19395 7 6.8 968 @ 2. 17
1996 8 7.04 975 @ Q.22
1997 9 8.z 98e 2 Q. &3
- 1998 1@ 9.03 988 (] 2. 26
£ 1999 11 12. 26 993 ] 2. 29
- zooe 1g 11. 12 998 2 2. 33
= ={".1" 33 13 12.c0 1003 2 Q. 36
e 2oz 14 13. 32 1007 @ 2. 39
2023 is 14.46 1011 2 Q. 43
zees 1€ 185. €2 1215 e Q. 4€
¢ 2ees 17 16. 82 1018 ] 2. 52
. 2006 18 18.05 1eez . 0.53
2007 19 19. 30 1e2s ] Q.57
- 18-kip Feet Feet Irches
millions per mile per mile

NOTE: These projections are estimates of expected performarnce based on
predictive models. They should not be taker as exact values, but

b instead as relative indicators of performance.

L:Summary:

“Total reflective cracking of the AC overlay in lane 1 is not

_predicted to reach an unacceptable level within the next twenty years.

Medium— to high—-severity reflective cracking of the AC overlay in
lare 1 is not predicted to reach an unacceptable level within the
riext twenty years.

Ruttiro cn the AC overlay in lare 1 is predicted to eaqual or exceed
arn unacceptable level of .52 inches in 2Q@S.



Page

A3. AC Overlay with Crack and Seat

2.5°X 2.5’ pieces, 15 ton roller

A3.l 5.0" AC et eeeecce e e e e e nraa e e e te e e s e s s e et e et e s e e e aaeaeanaaans 88
A3.2 B.2" AC cauooeieeeeeeieiceeeeeeereeeeeesee s ssaaeesees e s s srsast et e s aessaseesssensssnsaraaanens 89
A3.3 3.0" AC .. ieeeeeeeeeeeee et et e e s e e eae et e e et e e e s se s s s e st a e e et e s e et eassssnen 90
2’X 2’ pieces, 15 ton roller

A34 5.0" AC . eeeeeeeeeeetee et e e e e e e e aaaas e e e e e e ae e aanrbanaraaaeaaes 91
A3.5 G.2" AC .ooiiiiieeeieetetrtrreeeeeeeeeerrereseee e e s s s sanra s et s e e e e e e s aaasase s nnnrannnes 92

6’X 5’ pieces, 15 ton roller
A3.6 B.2" AC oo eeeeeeeeree et re e e et ee e s aara et e e e e s e eessssss s snnnnnraraiaes 93

A3.7 5.0" AC ..ttt 94

6’X 5’ pieces, 20 ton roller
A3.8 B.2" AC oo eceeeeteeeeeteesesssssatee e e e sesesssabarararaaeaeeteeaeeeeesnennnen 95



PREDICTED PERFORMANCEZ FOR LANE 1 FOLLOWING CRACHK & SERT 88

TOTAL MEDIUM-HIGH
YEARR AGE Cum REFLECTIVE REFLECTIVE RUTTING
ESALSs CRACXING CRACKING
1988 74 2. 2@ 2 @ oTT @l @@
1283 1 ¢.81 38 ") . .@8.00
1990 2 1. €3 43 i) B . I .
1991 3 2. 48 49 " - B. 03
199& 4 3.35 SS @ 2. 26
1333 S 4,24 61 %] 2. 23
1994 € 5.18 &7 74 Q. 1=z
1935 7 €. 028 74 @ 2. 1S
13936 8 7. 04 (=Y @ @.18
1397 9 8.0z 87 @ 2.1
1998 1@ 9. @3 94 2 . 24
13999 11 12. 26 101 Q@ Q2. &8
zove ig 11.12 128 Qo 2. 31
- =717 B 13 12. 20 115 2 2. 34
- coe 14 13. 3¢ 137 14 2. 38 -
' coes 15 14. 46 160 9 Q. 41
Z0R4 16 18. 62 183 44 @. 45
o 20ees 17 16. 82 206 59 3. 48
200r€E 18 18. @5 22e 74 2. 352
=07 19 19. 30 253 a3 2. 55
18-kip Feet Feet Inches
millions per mile per mile

NOTE: These projecticns are estimates of expected performance based on
predictive models. They should not be takern as exact values, but
instead as relative indicators of performarice.

-Summary:

“

iTotal reflective cracking of the AC overlay in lane 1 is not
" predicted to reach an unacceptable level within the next twenty years.

.

‘Medium- to high-severity reflective cracking of the AC overlay in
lane 1 is naot precicted to reach arn unacceptable level within the
next twenty years.

Rutting on the AC coverlay in lane 1 is predicted to egual or exceed
an unacceptable level of 08.50 inches in 200€.
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING CRACK & SEAT

YZAR AGE
1938 @
13983 i
19932 2
1991 3
199 4
1993 S
1994 &
1955 7
1936 8
1937 9
1338 1@
1993 11
Qe 1z
2081 13
zeuz 14
2013 15
@24 1e
2005 17
Z@ve 18
zoe7 19

Cum
ESALSs

11.12
12.20
13. 32
14. 46
15. 62
16. 82
18. 85
19. 3@

18-kaip

millions

NOTE: These pbrojecticorns are estimates

predictive models.

mmary :

TOTAL
REFLECTIVE
CRACKING

2
38
43
49
55
61
€7
74
8a
a7
94

101

108

115

137

160

183

206

230

253

Feet
per mile

MEDIUM-HIGH
REFLECTIVE
CRACKING

8650006800889 806

Feet
per mile

RUTTING

Q. 0@

- Q. 00

2. o2
2. 83
2. 06
@. 03
Q. 1¢&
@. 15
@.18
Q. &1
@. 24
Q.27
2. 31
Q. 34
2.37
Q. 41
Q. 44
Q. 48
0. 52
2. 55

Inches

They should not be taken as exact values,
instead as relative indicators of performarce.

iTotal reflective cracking of the AC overlay in lane 1 is not
predicted to reach an unacceptable level within the next twenty years.

- Medium— to high-severity reflective cracking of the AC overlay in
ne 1 is not predicted to reach an unacceptable level within the

la
ne

Ru
an

xt twerty years.

tting orn the AC overlay

in lare 1

is predicted to equal or exceed
uriacceptable level of 0.5@ inches in 2006.

89

of expected performarice based on

but



OREDICTED PERFORMANCE FOR LANE 1 FO__OWING CRRCK & SERT 90

TOTAL MEDIUM-HIGH
YEAR AGE Cum REFLECTIVE REFLECTIVE RUTTING
ESALs CRACKING CRACHING
1988 )] Q2. 22 @ 2 - =& e.002
1383 1 8. 81 38 2 _f:'@.@@
1952 = 1.€3 43 @ SN .1
1991 3 €. 48 49 ", “ @, @3
199¢& 4 3.35 5SS "] 2. 26
1933 S 4. 24 61 %] 2. 28
1994 & S5.18 &7 @2 2.11
1995 7 6. 028 74 "] 3. 1S
19596 8 7. 04 8@ @ @.18
1997 9 8. @2 87 ") 2. 21
1998 10 9.03 94 ] Q.24
1993 11 10. @6 101 Q2 Q.27
- 2000 12 11.12 108 "} 2. 32
B 2ee1 13 12. 20 115 o Q. 34
i - 2eves i4 - 13.3e 137 i4 Q. 37
= 2003 15 14. 46 160 29 Q. 41
& 2004 16 15. 62 183 T4y Q. 44
i“ 20ees 17 16. 82 206 9 Q. 48
_ 2026 18 18.@5 230 74 2.51
g? 20v7 19 19. 30 253 89 Q. S5
i 18-kip Feet Feet Inches
: millions per mile per mile
Y
. NOTE: These projections are estimates of expected performance based on
N predictive models. They should not be taken as exact values, but
f instead as relative indicators of performance.
~Bummary:
ﬁTotal reflective cracking of the AC overlay in lane 1 is not
3predicted to reach an unacceptable level within the next twenty years.
i

#
z

43

“"Medium- to high-severity reflective cracking of the AC overlay in
lare 1 is not predictec to reach an unacceptable level within the
next twenty years.

Ruttirg on the AC cverlay in lane 1 is predicted to equal or exceed
an unacceptable level of 0.50 inches in 2006.

t eme

,'_1.:?‘_;? Al



PREDICTED PERFORMANCE FOR LANE . FOLLOWING CRACK & SERT

TOTA MED I UM—RIGH 91
YZAR ags Cum REFLEL " iVE REFLECTIVE RU™ ING
ESALs CRACHKING CRACKING
1988 @ @¢. ) 2 3. B0
138% 1 2.81 2 @ p 2. 02
1332 z 1.EZ2 @ Q T Q. ek
153: o .48 2 2 Q.05
L33E 4 2. 25 2 2 T Q.05
1553 5 4,24 2 2 T @. 03
1934 g .15 @ ? 2. 12
133% 7 £.08 o 2 Q.15
193¢ 8 7.4 1Q @ 2. 18
1997 9 8. ez 16 2 2. 21
1998 1@ 3.@3 23 @ d. 24
1995 11 12. @& z0 Q 3.2
ZQoa 1z 11,12 o) @ 2. 21
goe1 3 12. 20 58 i3 . 34
- Zowe 14 13. 32 81 28 2. 38
I zeas 15 14. 46 104 44 2. 41
- 2224 16 15. &8 127 59 2. 45 -
= Z005 g 16. 82 15@ 74 3. 48
‘ ZQ26 18 16.25 174 83 0.52
i ZQe7 19 19. 3@ 198 184 2. 55
= 18-k1p Feet Feet Inches
* milliions per mile per mile

NOTE: These orolections are estimates of expected performarnce based on
. prec:ctive moceis. They shoulc not be takern as exact vaiues, but
insteac as relative indicators of operformanrce.

Summery:
iTotal ~eflective cracking of the AC overlay in lare 1 is not
5predicted to reach an unacceptable level within the rext twenty years.

-

“"Medium— to hicgh-severity reflective crackinc of the AC overlay in
lare | is rot precdicted to reach an uriaccepntable level within the o
next twenty years.

Ruttonz cor: the AC overliay ir lare ! is predictec to eg.al or exceec
a7 wunecceptazle evel of L.S2 irches in SQRE.
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PREDICTED PZRFORMANCE FOR LANE 1 FO__OWING CRACK & S=AT

TAOTAL MEDI V=1 GH
YEAR AGE Cum REFLECTIVE REF_ECTIVE RUTTING
ESALse CRACKING CRACKING T
1988 "d Q. 2 @ 7]
1989 1 Q.81 @ @
199@ c 1.63 @ @
1931 3 c. 48 2 Q
199¢ 4 3.35 Q Q2
139393 S 4.4 @ 7
13934 [ .15 @ @
1995 7 6.8 3 Q
1336 8 7.04 1@ @
1957 9 8.02 16 Q
- 1998 10 9. 02 23 o
el 1999 11 10. 06 30 ")
- coRd 1 i1.1& 38 Q
: 2001 13 i2.20 S8 13
zoe 14 13.32 a1 c8
. 2003 15 14, 46 104 44
ceas 1€ 15. &8 127 o9
EA 20eS 17 16. 82 159 74
o 20186 18 18. @5 174 89
2ea7 19 19. 3@ 198 124
. 18-kip Feet Feet Inches
) millions per mile per mile

NOTE: These projections are estimates of expected performance based on
predictive models. They should not be takern as exact values, but
instead as relative indicators of performance.

“Bummary:

“Total reflective cracking of the AC overlay in lane 1 is not
‘predicted to reach an unacceptable level within the next twenty years. ..

Medium— to high-severity reflective cracking of the AC overlay in
larre 1| is not oredicted to reach anm unacceptable level within the
next twenty years.

Rutting on the AC overlay in lane 1 is predicted to equal or exceed
arn unacceptable level of @.5@ inches in Z0OQE.
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SRIZDICTZID CIRFOOVANCE FOR LANE 1 FOL_DWING CRACH & SEAT

TSTRL MEDIUM-KICGH
VIR AGE Cum R=Z=LECTIVE REFLECTIVE RUTTING
ECAR_s CRACKING CRACKING .-

& 2. e2 by 2 T oe.en

: ¢.8: c£8% @ . B. @2

= .63 =35 2 3. g

R 3 . 48 31 ¢ 2. &3

& 4 3. 35 Ie7 @ 2. &

) s 4.4 313 @ 2. 23

> L € 5.15 319 7] 2.1z

g 7 £.28 328 7, @.13
1338 & 7.¢4 332 @ 2.18
1337 5 8.z 345 (3 2. 21
1998 i@ 9.3 367 21 Q. 24
1393 13 10. Q& 389 36 @.27
Zeee 1z 11. 18 411 se @.31
zee: 13 12.z0 434 67 2. 34
ZQZE i4 13. 3& 457 z 2. 37
223 i3 14. 46 482 37 2. 41
Za24 1e 15. 62 Sa3 112 2. 44
cerRs 17 1€. 82 se& 127 3. 48
ZAZE 18 18. @5 SSe 143 2.5z
cea7 15 19. 32 SA3, 158 2. 8S
18-kipo Feet Feet Inches

millions per mile per mile

NOTE: These projections are estimates of expected perfoarmance based on
orecaictive mocels. They should not be taker as exact values, but
insteac as relative i1ndicators of performarce.

~Summary:
Total reflective cracking of the AC overlay in lare 1 1s not

- precictec to reach arn unacceptable level within the rext twerty years.

to nizh-severity reflective cracking of the AC aoverlay in
€ not oredicted to reach an unacceptable level withirn the
Y Y

~utting ov. the AC overlay in lare 1 is predicted to equal or exceed
ar: unaccectab.e level of 8.52 irnches in 20R6.



PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING CRACK & SEAT

TOTAL MEDIUM-HIGH 94
YEAR AGE cum SFLECTIVE  REFLECTIVE  RUTTING
ESALs CRACKING CRACKING
1988 2 2. 00 @ ) 2. 22
1983 1 @.81 ss 2 N
1990 2 1.63 EQ @ - Q.02
1991 3 Z. 48 66 @ T4 Q.83
199 4 3.35 7 ? - .06
1933 S 4,24 78 @ - Q.03
1994 [ 5.15 84 @ Q.12
1935 7 €. @8 91 2 Q. 15
1996 8 7.04 97 2 2. 18
19397 9 8.02 104 2 Q.21
1998 10 9.3 111 2 2. 24
1999 11 12. 06 118 @ 2.8
Z000 12 11.12 125 2 2. 31
: 2001 13 12.20 133 ) 2. 34
z 2002 14 13.32 153 13 Q. 38
— 2003 1S 14. 46 176 28 2. 41
= 2004 16 15. 62 199 43 @. 45
a7 200S 17 16. 82 ee3 58 2. 48
i 2006 18 18. 05 246 74 @. 52
Z cee7 19 19. 3@ 270 83 2. 55
_T 18-kip Feet Feet Inches
* millions per mile per mile

NOTE: These projections are estimates of expected performance based or
predictive models. They should rot be taken as exact values, but
instead as relative indicators of performance.

- Summary:

‘Total reflective cracking of the AC overlay in lane 1 is not
fpredicted to reach an unacceptable level within the next twenty years.

bl

- Medium— to high—-severity reflective cracking of the AC overlay in
lane 1 is not predicted to reach an unacceptable level within the

riext twenty years.

Ruttirg on the AC cverlay in lane 1 is predicted to equal or exceed
an unacceptable level of 0.58 inches in Z@QE.
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ORZDICTED PERFORMANCE FOR LANE 1 FOLLOWING CRACK & SSEAT
TOTAL MEDIUNM—HIGH
vELR RGE cum REFLECTIVE REFL_ECTIVE RUTTING
ESALSs CRARCKING CRACKING
1ELRE ¢ Z. Q¢ Q " T . ee
LZ8z Z 2. 81 277 7 L. Q.02
L3O z 1.E63 363 2 T e.oe
197 3 Z. 46 288 %] 2.232
9%z 4 2. 35 234 & 2. 26
1923 s 4, 24 4Q0 @ 2. e3
1994 & S.15 4@7 2 2.1z
195 7 6. @8 413 @ 2. 15
1336 8 7.204 4z Q .18
1357 3 8. ez z6 @ 2. &1
1938 i@ 3.23 439 6 @. 24
1999 1 1@2. 26 461 21 @.27
Zooe e 11.:2 484 3€ 2. 31
=vlv B 13 1&8. 2@ Se 51 Q. 34
zeze 14 12,32 5292 67 .37
Evavapey 18 14, 46 32 az 2. 41
ZRQ4 tE 1. €2 57S 37 2. 44
v dvass 17 1€. 82 5398 i1& Q. 48
ZQve 18 18. @< 62z 127 2. 52
cQa7 19 19. 32 64€ 142 2. 55
18-k1in Feet “eet Inches
milliones per mi.le per mile

NOTE: These projections are estimates of expected performance based on
precict:ve mocels. They should not be taken as exact values, but
insteac as reiative i1ndicators of oerformarce.

"Summary:

Tczal reflective crackinc of the AC cverlay in lane 1 is not
‘precictec to reach an unacceptable level withirn the next twenty years.

Fecrua— to nign-sever:ty reflective cracking of the AC averlay in
lare . s rizt precicted to reach an urnaccestable level within the
rext Twevity yearec.

Ruttivz - the AZ overlay 1y, lare 1 1s precictec to egual or exceed
i Luriaccentac.e level of Q.S2 irches 1n SQQE.



A4. PCC Bonded Overlay

Ad4.] 0.5" PCC .eeeeeeeeteeceeseeeeeeeccstestecsssssstssssssssass s sssnssassntssbasssanansas 96
A4.2 LL0" PCC .eeieeeeeeereeeceentcntte st nsssse s st st st s s s 97
A4.3 2.0" PCC ..o eeeeeecceereeereeesettesrestssssnsssasssse st et st s s bt a e n e s s 98

Ad44 3.0" PCC ..eeereeeeteeieececsennt et e estesasesaassse et s st ssan s saa s s b s s naannas 99
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ORELICTED PERFORMANCE SOR LANE 1 FOLLOWING EONDED PCC OVERLAY

YEARR AGE CUMULARTIVE JOINT JOINT TRANSVERSE

ESA_s FRULTING DETERIORATIDON CRACKING

1388 v . g2 2. 22 0.0 g
1989 1 2.81 2. @ 2.1 “fq
1332 F=3 1. €62 2. o2 2.3 35
13951 3 Z. 48 Q. 02 2.8 47
1932 4 3. 25 3. 22 1.5 S9
1993 S 4, 24 2. Q2 .9 63
1334 6 S.15 2. 22 3.8 79
1935 7 6. 08 8. 2@ S. 4 as
1396 a8 7.04 2. 020 7.4 98

. 1997 S 8.z 2. 20 9.7 108

= 1998 12 9.3 2. 00 12. 4 116

- 1999 11 10. 06 2.020 15. 4 125

%, zeen 12 11.1& 2. 22 18.9 134

# zZot 13 12. 20 2. Q2 2e. 7 142

i zoes 14 13. 32 2. 020 27.0 152

= zZeR2z 1S 14, 46 2. 02 31.6 158

L 2004 16 15. 62 3. 22 36.7 166
=S 17 16. 82 2. 00 4.3 174
caRe 18 18.0S 0. 020 48.3 182
zera7 19 19. 32 2. o 54.8 189

18-kip Inches Joints Feet
millions per mile per mile
NOTE: These pbrclections are estimates of expected performarnce based on

- predictive models. They should not be taken as exact values, but

fu instead as relative indicators of performance.

;SUMMQRY:

fJoint faulting on the PCC overlay in lane 1 is not predicted ——
“to reach arn unacceptable level within the next twenty years.

Joint deterioration on the PCC overlay in lane 1 is not predicted
to reach an urnacceptable level within the riext twenty years.

Transverse cracking of the PCC overlay is riot predicted to reach
an unacceptable level within the rnext twenty years.




PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING BONDED PCC OVERLARY

1988
1989
139@
1991
193z
1933
1954
139395
19%9¢
1997
1998
1999
="
zeal
=41 I
2BR3
204
20es
2086
20wv7

ﬁ‘ ‘.',;. .

1 e

AGE CUMULATIVE
ESALs
Q@ . v
1 2.81
z 1.63
3 . 48
4 3.35
S 4. 24
6 S5.15
7 6.028
8 7.04
9 8.02
10 9.03
11 10. 86
ie 11.12
13 12. 20
14 13. 32
1S 14. 46
16 15. 62
17 16. 82
18 18.85
19 19. 32
18-kip

millions

JOINT
FRULTING

2. 00
2.0
Q. o
2. 0@
. 00
©. 00
2. 0@
@. 00
2. 00
2. 02
2. 00
2. 00
2. 20
2. 02
.00
2. 22
2. 00
0. 00
2. 20
Q. 00

Inches

JOINT TRANSVERSE

DETERIORATION  CRACKING
2.2 @
2.1 21
.3 35
2.8 47
1.5 S3
2.5 €9
3.8 79
S. 4 89
7.4 a8
9.7 18

12.4 116
15. 4 125
18.9 134
e2.7 142
27.0 150
31.6 158
36.7 166
42.3 174
48. 3 182
54.8 189
Joints Feet
per mile per mile
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NOTE: These projections are estimates of expected performarnce based on

~ SUMMARY :

“Joint faulting on the PCC overlay in lane

predictive models. They should not be taken as exact values,

instead as relative indicators of performance.

i1 is not predicted

to reach an unacceptable level within the next twenty years.

Joint deterioratiornn on the PCC overlay in
to reach an unacceptable level within the

Transverse crackino of the PCC overlay 1s not

larne 1 is riot predicted

rext twenty years.

an unacceptable level within the next twenty years.

predicted to reach

but



8]
2)
m
(]

JOINT TRANSVERSE

DETERIORATION CRACKING
.0 ..+
. 1 el
2.3 T3S
2.8 47
1.5 =32
] £3
3.8 79
S. 4 83
7.4 38
5.7 128
12.4 116
15. 4 125
18.9 134
2.7 142
27.0 150
31.6 158
36.7 1€6
4c. 3 174
48. 3 182
54.8 189
Joirts Feet

per miie oer mile

NOTE: These projections are estimates of expectec performarce basec

YEAR RGE CUMULFTIVE JOINT
ESACs TRUTING

1386 @ Z.a Q2. e
138 b 2. 61 Q. 2
L2322 = 1.63 @. 22
1231 ) c. 48 2. a2
193z 4 3. 3S Q. e
19z23 ) 4, 24 Q. a0
1994 = S. 1S5 Q. 22
1925 7 6.6 2. e
1226 8 7.04 valv}
1337 3 8.z Q. o2
1938 19 9.03 2. 00
1999 i1 1@. e Q. o2

57 ceooe 12 11.12 0. 202

> g i3 i2.20 2.2

= ceez 14 13.32 Q. 22
2223 iS5 14, 46 Q.2

- ZQ04 1€ 1S.62 Q.20

. SOET bt 16. 82 ¢. 8a

Ay 2res 18 18. 25 Q. 0@

X caa7 13 13. 3@ 2. ¢

18-kino Inches
miililaris
oredictive moceis. They showld no
insteac &s relative i1ncicactors of
TEUMMARY :

.Joint Tauw:tinc orn tne

FCC

aoverliay 1in lars

t Se taver as exact values,
perfoarmance.

I is not precaiciec

"to reach ar unaccestable level within the next twenty years.
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IETTTLIUED DEXTCRMANIE TIR OLANT 1 FOL_OWING EBINDED SZC OVER_AY
YERRE ~3E SUMULERTIVE JTINT JOINT TRANSVERSE
£54ls FRU_TING DTTEZRIORSTION CRACKING
2 2. 22 e¢.e¢ 2.2 e
) M ¢.8: 2. 2 Q. 21
= 1.2 e.2¢ ¢. 2 25
ER z Z. 68 Q. 2.8 47
LTEX ~ S 35 VA .S St
1333 5 4. 24 @. Qv 2.9 63
LIEa € S.18 . B¢ c. 6 73
.3z 7 £.28 2. a2 S.4 a3
: e 7.24 e.e2 7.4 34
LZET 3 &. e 2. 2@ 9.7 ie8
<2598 ie 3. 03 C. 02 1. 4 i1
1995 11 12. 25 2. o 15. 4 125
R e 11.12 2. oe 18.9 134
S 23 1S. 8¢ 2. e e 7 142
227z L4 12.3s 2,22 z7.¢ 182
SCCE iz i4. 46 Z. 0 31.6 158
PR = :S. 62 v 26.7 1656
2z 17 lc. 8z 2. a2 4z, 2 174
=222 12 18.2% 2. 20 46, 2 18z
2827 19 15038 ¢.0oe S4. 6 183
=l e eSS Joivts Feec
riiLlioms per mile per mile
E: Thess oro-ect.ons are est.vates -F expectec performance basec on
oreslCiive FIZElE. They sho.lc roit be takern as exact valiues, Sux
irnetess as re.etive .rcicatcrs of oerforrarce.
oRh .
T “a..tirc on tne PCC cvericy rn lane 1 is »ot orec:oved
eac- a» unaccestable levei w:i:tmiv the next twerty years.
cale. PZC cveriay 1~ lave i s not Zwes.cter
Lo S-S ' eve. withLir Lie rexl twerty yeers.
eve-sg cvackiv: of tme BCC cveriay 1s rot sred:icter to react
recTeItalle Leve. wil r tme vexi twerly years.



AS. PCC Unbonded Overlay

AS.1 2L0"PCC ...ttt s 100
AS5.2 0 o O SRR 101
A53 B.5"PCC ...ttt 102
A54 BLE"PCC ...ttt st ba et 103



PREDICTED PERFORMANCE FOR _ANE 1 FOLLOWING UNBONDED PCC OVERLAY

100
YEAR AGE CUMULATIVE JOINT JCOINT TRANSVERSE J
ESRLs FRULTING DETERIORATION CRACHKING

1988 7] Q.02 Q. @@ Q.2 2

198% i .81 .83 2.9 62103259

193¢ = 1.63 2. @3 2.0@ 43274527

1531 z .48 Q.04 2. ‘13679982z

1993z 4 3. 39 a. 8% .@ 312747757

1993 S 4,24 a. S 0. 998661994

1994 = .15 3. 835 2.2 132442842

123 7 6.8 . 06 . 16217621933

19326 a8 7. 04 J. Q& 2.0 c24cE4CEEL L

1937 3 8. e 2. 26 2. 347E696524

1998 i@ 9. @3 2. @7 2.0 4814672066

1923 11 12. 26 0.7 Q. 6486401133

e [valv) 1e 11.12 3. 27 ¢.0 854227519

cev1 13 12. 2@ 2. 08 2.0 11237392388
- 2eac 14 13. 32 Q.28 2.2 14032012928 ‘
= 2022z 15 14. 46 2. 08 2.0 17591969133
f; 204 16 15. 62 Q.28 2.0 21783143877
- s 17 1€. 82 2. 03 2.2 2670202129025

e 18 18. @25 2. @29 2.2 32416120242 \
o zee7 19 19. 3@ 2. 29 @.92 390c4744426

18-kip Inches Joints Feet

. millions per mile per mile
NCTE: These orojections are estimates of expected performance based on

orecictive models. They should not be taken as exact values. but
= instead as relative indicators of performance.

SUMMARY :
:Joint faulting on the PCC overlay in lane 1 is rot predicted

.to reach an urnacceptable level within the rext twenty years.

~Joint deterioration on the PCC overlay in lane 1 is not predicted
to reach an urniacceptable level within the next twenty years.

Transverse crackirng of the PCC overlay is oredicted to egual or exceed an
uracceptable level of 820 feet per mile in 1398S.

Rl
a1



YEARR AGE CUMULATIVE JOINT JOINT TRANSVERSE

ESALs TAULTING DETERIOJORATION CRACHXING
L2B6 QR Q. ae 2. B2 G2 ]
13E3 1 .81 .23 2.2 e2e
133 e 1.632 2.3 2.0 ‘32z
1331 3 .48 Q. 04 Q.2 &17
123 4 .39 2. 25 2.2 Bae
193932 S 4.24 2. 05 2.2 T 848
12%4 & S. 1S 2.5 2.3 aez
133% 7 6.8 Q2. 26 2.2 99¢€
1= a 7. 04 2. B6 2. @ 1228
19397 9 8. ez 2. 26 2.2 1536
1936 10 9.3 a.e7 0.0 198z
13939 11 12. Q6 2. a7 .2 2348
cea 2 11.12 ¢.a7 2. =885
ca1 13 12.20 2. 08 .2 3526
sz 14 13. 32 2.08 .02 4288
2R3 15 14. 46 2. 08 2.0 5184
2004 16 18.€2 2.08 2.0 €233
cQRS 17 16. 82 2. 23 2.0 7454
ZQRE 18 18. @5 2.03 2.0 88€E6
coa7 19 19. 30 2. 029 2.2 10493
18-kip Inches Joints Feet

millions per mile per mile
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NOTE: These projections are estimates of expected performarice based on
precictive models. They should not be taken as exact values, but

instead as relative indicators of performance.

SUMMARY :
Joint faultirig on the PCC overlay in lare ! is not predicted

‘to reach an unacceptable level within the next twenty years.

fJoint detericoratiorn on the PCC overlay in lane 1 is not predicted
to reach ar uriacceptable level within the next twenty years.

Transverse cracking of the PCC overlay is predicted to eaual or exceed
unacceptable level of B8R0 feet per mile in 1994.

an



ODREDICTED PERFORMANCE FOR LANE 1 FOLLOWING UNBONDED PCC OVERLRAY

YERR

1988
1983
199@
1991
193z
1993
1334
19398
1399¢
19397
1998
1999
. 2000
zoa1
2o
223
cee4
20@5
c2oese
zaa7

MY

AGE CUMULATIVE

ESALs

v} 2. o
1 2. 81
b= 1.63
3 Z. 48
4 3. 35
S 4. 24
€ S.15
7 €. @8
8 7.04
9 8. vz
12 9.03
11 12. 26
12 11.12
i3 12.20
14 13. 32
15 14. 46
1€ 15. 62
17 16. 82
18 18. @S
19 19. 30
18-kip

millions

JOINT
FAULTING

Q. o2
2. 03
B.@a3
J. 04
2. @5
@. 05
2.02S
3. &
2. 26
@. ae
e. 07
@. 07
Q.07
2. a8
0. 8
@. 8
2. @8
2. @3
2. 89
@. 29

Inches

JOINT TRANSVERSE

DETERIORATION CRAGKING
2.0 @
Q.0 D@
2.@a 128
2.2 139
0.2 186
2. @ c=1e
2.0 c38
2.2 c2ES
2.0 233
.2 3z
2.0 355
0.0 392
2.0 429
2.2 473
.0 Sae2
0.0 577
2.0 €33
2.0 708
0.0 786
0.2 874
Joints Feet

per mile per mile
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NOTE: These projections are estimates of expected performance based on

" SUMMARY :

predictive models. They should not be taken as exact values,

insteac as relative ircicators of performance.

.to reach an uracceptable level within the next twenty years.

Joint deterioraticn on the PCC overlay in lane 1 is not oredicted

to reach

ar unacceptable level within the next twenty years.

“Joint faulting on the PCC overlay in lane 1 is rnot predicted

Transverse crackiro of the PCC overlay is predicted to equal or exceed an
able level cf 802 feet per mile i1n ZVA7.

uriaccept



PREDICTE

1288
19893
1991
1931
199
1993
1934
1995
199¢6
1937
1998
1999
T 200e
coul
ceec
=4, ]
204
20@S
2erse
z2ea7
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NOTE:
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TBUMMARY

142

%

AGE CUMULATIVE
ESALs
Q Q.22
1 2. 81
z 1.62
3 c. 48
4 3. 35
S 4. 24
6 S5.15
7 6. 28
8 7. 04
9 8. az
10 9. 03
11 12. 06
12 11.12
13 12. 20
14 13. 32
1S 14. 46
16 15. 62
17 16. 82
18 18. @S
19 19. 30
18-kip

millions

JOINT
FAULTING

2. 22
@.03
8. @3
Q. 24
2. @5
2. 85
"
@. @6
2. &
2. 26
. 07
0. 07
2.07
2. 08
2. 08
2. 08
0. 08
2. 029
Q.09
2. 09

Inches
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D PERFORMANCE FOR LANE 1 FOLLOWING UNBONDED PCC OVERLAY

JOINT TRANSVERSE
DETERIORATION  CRACKING
Booed

TR
121
15@
176

- - 200
==
248
274
300
329
360

395
433 -~
473
S23
S75
635
701
775

°OPSS9S98SSeSS
000000000000 NE6

S!BSCQP(QQ!SS

Joints Feet
per mile per mile

These projections are estimates of expected performance based on
predictive models. They should not be takenr as exact values, but
instead as relative indicators of performance.

“Joint faultirg on the PCC overlay in lane 1 is not predicted
_to reach an unacceptable level within the next twenty years.

Joint detericration an the PCC overlay in lane 1 is not predicted
to reach an unaccepntable level within the next twenty years.

Transverse cracking of the PCC coverlay is riot predicted to reach
an uraccentable level within the next twenty years.




APPENDIX B

1-90 WEST (MP 278) SPOKANE
EXPEAR OUTPUT
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B2.

B3.

B4.

BS.

B6.

APPENDIX B
1-90 WEST (MP 278) SPOKANE
EXPEAR OUTPUT

Page

Input Data and Performance Predictions without.
READIIAtION 1.veuveeereueeieeiereeretieiererr ettt sttt 106
A ructural Qverla

B2.1 B.2" AC e eeeeeeieeeeeesreseesessessessssraeaesasssateateteeseeeaa st s e st st e st et s e ee s 132
AC Overlay with Crack and Seat

2.5°X 2.5’ pieces, 15 ton roller

B3.1 0.5" AC o eeeeeeeeeeeeeeeeseseeereeeseseesssrssaraasassssssasetteseteseeaesassssanssasssssssatnes 133

B3.2 Fo0" AC aaaaeeeeeeeeserreeeeesaeeessssssssssseesassssssecessssssssssssssnsssssnsssssesssssannees 134

B3.3 30 - N SRR 135

B3.4 B.2" AC i eeeeeeeeeeeeeseesaeaasaseeseseseestsasasssssssssesteseesansarnranssssssssststetoes 136
P on verl

B4.1 20" PCC aaniieeeeeeeeeeessaseeeeeeeseessessssssnsasssssssssssssssnsssanssasasasnsssseesessssses 137

B4.2 30" PCCnneeeeeereereseseseseseessssnssssssssasessssssssssssssssnsssnesssasasssssssssesssses 138

B4.3 6.0" PCC anooeeeeeeeeeereeeseesseseessssssssssssssssssessssssssasssssssnssssssssasssnassssssssss 139
P nbon verl

BS.1 5.0" PCCaaeieeeeeeeeerseseesseesessssssesesasseesseasassessssssssssssssssssssesnnnsssssssssss 140

B5.2 T0" PCCeeeeeeereeeeeesseesssscesessesssanssseseeessssssssesssssssssssssassrsnnsssssssssocs 141

B5.3  10.0" PCC aoeeeeeeeeeeereeeeeeeeeseenassessssnsesssssssssssssssssssnsssssnssssasasssssssssiens 142

BS54  11.8" PCC oeeeeeeeeeeeeeeeeeeeesissennssnnesssssssssesssssssssenssssannssansssssssesssssinee 143

BS5.5  11.5" PCC oeeeeeeeeeeeeeeeeeeeeeseeesessssasessessssesssssssssnssssassasaessssssssnantianees 144
Reconstruction

Stabilized Base, 15’ Joint Spacing

B6.1 B27 PCOC neeeeeeeereeeeeeeessesssessssssssssssssasessessesssnsssssssssssssssssansessasssssssntees 145

B6.2 12,17 PCC aaeneeeeeeeeeeeeeeeeeneeeseesseessesesssssssnsesemsesssssssssssaaessesssssstacnatesees 146

BO.3  12.2" PCC oo eeeeeeeeecseeseeseeeseseeessssesessssssssesssssssssnsssesssannassssssessssnnnes 147

Granular Base, 15’ Joint Spacing

BO.8 127 PCC o ooeeeeeeeeeeeeeeeeeeeseeeseeesssssssssssssssssssssassssssssssssnssssasssssssssassssssans 148
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. Project Survey Summary For JRCP

Desigr ericirneer: HOLLY SIMMONS Date of survey:

PROJEZT IDENTIFICATION

-.onway designation: I-9@ -
State: WRSHINGTON e
Direct:on of survey: West
Starting milepast: c278. e
Encirviog milepost: 278.75

Number of sample units: 3

e e npA——
La—..&vw"! =

Climatic zorne: wet-dry freeze
Estimated annual temperature range (F): 64.0Q
Mear armual precipitatiorn (inches): 1€.7

Corps of Engineers freezing index (Fahrenheit degree-—days):
Average Arnual Temperature (degrees Fahrerheit):

. SLAE CONSTRUCTION
Year constructed: 1965
Slab thickrness (inches): 8.2
Width of traffic lares (feet): 12.00
Concrete 28-day modulus of rupture (psi): 650. 00

TRANSVERSE AND LONGITUDINAL JOINTS
Patterr of Joint spacing: uniformn
Trarnsverse Joint spacing 1f uniform (feet)
Transverse Jjoint sequence if random (feet)
Type of sealant: liquid
Average transverse Jjoint reservoir dimensions:
width (inches): @.&5
depth (inches): 1. 50

Method used to form transverse jJoints: sawing
Transverse Joint sawed depth (inches): 1.5

Type of load transfer system: aggregate interlock

Dowel bar ciameter (inches): 0.0

Methcod used to form lorgitudinal joints between lanes: sawing
Longitudinal j;oint sawed or formed depth (inches): 2.3

BARSE
Ease type: dense-goraded untreated aggrepate
Mocdulus of suborade reaction (psi/inch): 200. 02

SURGRADE
Predominant subgrade soil AARSHTO classification: AZ
Are swelling soils a problem in area: no .
were steos taken to prevent the swelling soils problem: n/a

107

@7/@7/88

€E7.0
47.c@



:[,3’. i

, SHOULDER

Tvpe of shoulder:

108
AC
Wicth of snoulders (feet): irnner: 2. @ outer: 1.0
Irmer lane slope direction: toward irmer shoulder
TRAFFIC

Estimated current through two—-way ADT: 83w
Percent commercial trucks: 13.0

ratal riumber of lanes in direction of survey: 2
Future 18-kipo ESAL growth rate

(>4
(percent per year) :
Truck traffic volume prowth rate:

8.2
aporoximately same as in past
Lane two Lare one
Total accumulated 18-kip ESAL (millicons): 1.c6 €. 30
RIDE QUALITY
PSR 2.5

ra



 SAMPLE UNIT

I

w

ity

e

IDENTIFICARTION

Sample unit number: 1/ Starting milepost: &78.6
Lerigcth of sample unit (feet): 60.2
Lane two La
Number of detericrated transverse cracks, L—-M-H: %]
rearn faultirg at transverse cracks (inches): 2. 20
Number of deteriorated transverse joints: e - -
Mean faulting at transverse joints (1ncnes): 2. 22
Number of transverse J1o1nts: 4
Number of FDRS & slab reolacements: 2 -
Mean faultinc at FDR & slab repl. gnts (inches): 0.00
Number of FDR & slab replacement jcints: 7]
Number of corner breaks: "4}
Lerigth of long. cracking, M-H only (feet): 2.0
Length of spalling of longit. jJoint, M-H only:
CRACKING AT TRANSVERSE JOINTS
Total joints with trans. cracks within 2 feet: o
FOUNDATION MOVEMENT
Number of settlements (M-H severity): "
Number of heaves (M—-H severity): "}
. DRAINAGE
Are lorngitudinal subdrains present and functional: no
What is the typical height of the pavement above the ditchline:
Do ditches have standing water or cattails in them: no
LOSS OF SUPPORT
Extent of eviderce of pumbino or water bleeding: none
SURFACE CONDITION
Method used to texture the pavement at construction: other
Is the surface polished in the wheelpaths: yes
Is sigrnificant tire rutting in the wheelpaths: yes
JOINT SERLANT CONDITION
Condition of the transverse joint sealant: high
Condition of the longitudinal )joint sealant:
Are substantial amnts of incompressibles in Jnts: yes
CONCRETE DURAERILITY
Extert of "D" cracking at joints or cracks: none
Extent of reactive aggregate distress: none
Extent of scaling: none
PREVIOUS REPAIR
Are full-deoth repairs placed with dowels: n/a
Are partial depth repairs present at most Joints: no
Has diamcnd grinding been done: no
Has grooving beern dore: no
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none

yes
yes

high
high
yes

riornie
rione
nore

n/a
| g]=}
Yic
no



, AC

3 g;x[!

——

L

SHOULDERS

Alligator cracking:

Linear Cracking:

weathering/ravelling:

Lane/shoulder jocint dropoff:
Settlements or heaves along cuter edge:
Blowholes at transverse joints:

Lane/Shoulder gJoint condition:

Irmer

none

none

none

none

none

none

poor

Outeriyp
none
norne
none
none
none
niovie

poor



, EAMPLE UNIT IDENTIFICATION

111

Sample unit number: =/ Starting milepost: 278. 1

Length of sample unit (feet): 60.0
Lane two

Number of detericratec trarsverse cracks, L—-M-H: 2
Mear: faultirng at transverse cracks (inches): @. 22
Number of deteriorated transverse joints: 2
mear faulting at transverse joints (inches): 0. 02
Number of transverse joints: 4
Numper of FDRS & slab reolacements: 74
Mears faultinp at FDR & slab repl. Jnts (inches): 0.00
Number of FDR & slab replacement joints: "}
Nurber of corner breaks: @
Lergth of lorno. cracking, M-H only (feet): 2.0

Lergth of spalling of longit. joint, M-H only:

CRACKING AT TRANSVERSE JOINTS
Total joints with trans. cracks within 2 feet: @

FOUNDATION MOVEMENT

Number of settlements (M-H severity): "4}
Number of heaves (M—-H severity): %]
DRAINRGE

Are lorgitudinal subdrains present and functional: no
What is the typical height of the pavement above the ditchline:
Do cditches have standirng water or cattails in them: no

LOSS OF SUPPORT
Extent of evidence of pumping or water bleeding: nore

SURFACE CONDITION
Method used to texture the pavement at construction: other
Is the surface polished in the wheelpaths: yes
1s significant tire rutting in the wheelpaths: yes

JOINT SEALANT CONDITION
Cordition of the transverse joint sealant: high
Condition of the lonpitudinal jJoint sealant:
Are substarntial amnts of irncomoressibles in jnts: no

CONCRETE DURABILITY

Extent of "D" crackinp at joints or cracks: norne
Extent of reactive aggorepate distress: none
Externt of scalinc: norie

PREVIOUS REPRIR

Are full-deoth repairs placed with dowels: n/a
Are partial depth repairs present at most joints: no
Has diamond grinding beer done: no

Has grooving been cone: no

Larne one

e
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icorie

yes
yes

high
high
no

none
none
riore

rn/a
| g =]
no
no



. RC SHYOULDERS Irnner Duter“z

Alligator cracking: none rione
Linear Cracking: ricne rnone
Weathering/ravelling: none rione
Lane/shoulder Jjoint dropoff: none . ricene
Settlemerts or heaves along outer edge: none ’ none
Elowholes at transverse Joints: none ricone

Lare/Shoulder jJoint condition: poor poor



. SAMPLE UNIT IDENTIFICATION 113
Sample uriit riumber: 2/ Starting milepost: &278.1
Length of sample unit (feet): €0.0

Lane two Lare one
Number of deteriorated transverse cracks, L—-M-H: "} 4
mear: faulting at transverse cracks (inches): 2. 00 @.e8
Number of deteriorated transverse joints: e @
Mear faulting at transverse Jcints (inches): 2. 22 - 2.19
Number of transverse joints: 4 o 4
Number of FDRS & slab reolacements: 72 @
Mear faulting at FDR & slab repl. Jnts (inches): 0. 020 2. 00
Number of FDR & slab renlacement joints: " ]
Number of corrner breaks: "] ]
Lergth of long. cracking, M-H only (feet): 2.0 1S.0
Lenoth of spalling of longit. joint, M-H only: 2.0
CRACKING AT TRANSVERSE JOINTS
Total joints with trans. cracks within 2 feet: "] 7/
FOUNDATION MOVEMENT
Number of settlements (M-H severity): 2 2
Number of heaves (M-H severity): 7, 2

DRAINRGE
Are lorgitudinal subdrains present and functional: no
What is the typical heioht of the pavement above the ditchline: @.5
Do ditches have standirng water or cattails in them: no

LOSS OF SUPPORT
Extert of evidernce of pumbirig or water bleeding: none rione

SURFACE CONDITION
Mmethod used to texture the pavement at construction: other
Is the surface polished in the wheelpaths: yes yes
Is significant tire ruttinog in the wheelpaths: yes ves

JOINT SEALANT CONDITION

Condition of the trarnsverse joint sealant: high high
Condition of the longitudinal joint sealant: high
Are substantial amnts of incompressibles in jgnts: no no

CONCRETE DURABILITY

Extent of "D" cracking at jJoints or cracks: none none
Extent of reactive aggregate distress: none none
Extent of scaling: none none

PREVIOUS REPARIR

Are full-depth repairs placed with dowels: n/a n/a
Are partial depth repairs present at most Joints: no no
Has diamond grindivng been dore: no 4 no

Has orocoving been done: no no

e



~AC SHOULDERS

[L 34

gtk R e
TR I

4R e

Rlligator cracking:

Lirnear Cracking:

Weathering/ravelling:

Lane/shoulder joint dropoff:
Settlements or heaves along cuter edpe:
Elowholes at transverse joints:

Lane/Shoulder joint coendition:

Inrer

none

none

none

none

none

none

poor

éuterll4’
riane
none
none
none
none
none

poor
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Extrapclated (Per Mile) Values For spokane

Lane two Lane ore
Number of detericrated transverse cracks: "4 _ 235
Mear: faulting at deter. trans. cracks (inches): 2. 0@ o @. 23
Number of deteriorated transverse joints: 2 @2
rear faulting at trarnsverse Jcints (inches): Q. 2 2.1
Number of transverse jJoints: 352 352
Number of full-deoth repairs: "/ @
Mmearn faulting at FDR joints (inches): 2. V2 2. 02
Number of full-depth repair Joints: Q @
Number of corner breaks: @ 2
Lerngtn of long. cracking, M-H only (feet): 0.0@ 440.0
Length of spalling of longit. joint, M-H only: 0.2
-“Total jJoints with trans. cracks within 2 feet: "] Q
Number of settlements (M-H severity): Q 7]

Number of heaves (M-H severity): @ %]



CURRENT PAVEMENT EVALUARTION
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********************************************************’*****.******%-&****

LANE 1

************************************************'I-*********“.'.**************

_._.—_—_-———_——_—_———-——_-.——_—_—_———_—__-__—.__—-—— -

JOINT CONSTRUCTION DEFICIENCY:

A lonogitudinal acint corstruction deficiency in lane 1, likely due to
arn inadequate depth of saw cut, is indicated by longitudinal cracking.

a. seal lonpitudinal cracks
b. stitch longitudinal cracks

The pavement in lane 1 shows no indications of a transverse joint
Zoonstruction deficiency.

-

“da. do nothing

—.__——.__.__.________—-.—_.-_—_._...——__.__._—____.___—_

JOINT SEALANT DEFICIENCY:

——— = - - a——

‘A trarnsverse joint sealant deficiency is indicated in lane 1 by medium-
to high-severity Joint sealant damage and an inadequate Joint sealant
reservoir shape factor for the existing sealant type.

_a. reseal transverse joints

- ROUGHNESS::

Poor rideability in lane 1 is indicated by total faulting of more than
inches per mile at Joints, cracks, and full-depth repairs (if present),
an urnacceptaply low PSR (3.0) for the pavement's ADT level.

'a. grinding
b. AC nonstructural overlay

DURABILITY DEFICIENCY:

The pavemert irn lane 1 shows no irndications of significant surface or
concrete durability problems.

a. do nothing

JOINT DETERIORATION:

————————— — —— - - - ——— —— - —— —

Joint detericration or other pavemert deterioration in lane 1 may be
accelerated by water infiltration permitted by pcor longitudinal
Jjoint sealant corndition. g

a. reseal lonpgitudinal centerline Joint
No jJoint deterioration exists in larne 1.

a. do rnothing

46
and
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STRUCTURAL DEFICIENCY:

Structural deficiency of the pavement ir lare 1 is indicated by 800 or
more feet of cetericrated trarsverse cracks per mile.

a. fulli—-deoth repair of cracks, AC structural overlay

b. full-cepth repair of cracks, crack and seat and AC structural overlay
c. full-deoth reoair of cracks, PCC bonded coverlay Raid

d. full-depth repair of cracks, PCC unbonded cverlay ’

e. reconstruct

SKID RESISTANCE DEFICIENCY:

Loss of skid resistance and potential for hydroplaning are indicated
in lane 1 by polished wheel paths and studded tire rutting
of @.2% inches or more.

Ta. grinding

~b. RC nonstructural overlay

lLOQD TRANSFER DEFICIENCY:

_Rggrepate interlock is providing inadequate load transfer in lane 1 at
ithe transverse joints, as indicated by mean transverse joint faulting of
zmore than @.13 inches.

"a. load transfer restoration at joints

No load transfer deficiercy is indicated at deteriorated transverse
cracks in lane 1.

"a. do nothirig
:No uridowelled full-deoth repairs are oresent in larne 1.

. a. do nothino

FOUNDATION MOVEMENT:

A potertial for frost heave is indicated by a mean Freezing Index
greater than 0.

a. do nothing

LOSS OF SUPPORT:

Loss of slab support in the lane 1 is indicated by faulting greater than
©.13 inches at Joints and cracks.

a. subseal at joints and cracks

DRAINAGE DEFICIENCY:

A drairape deficiercy is indicated in lane 1 by faulting greater than .13
inches ceccurring in a wet or wet-dry climate.

a. i1nstall or reoair longitudirial subdrairns
b. install or repair longitudinal subdrains, seal all joints and cracks
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I I I I I I I I I I I I I I I I I I I I I I I I I I I W I I W I I I I T IS I W I I I I I I I I I I W

LANE &
st TSI RS IS RIS IS ST ST SIS TSI SRS T SRR R R g g v

JOINT CONSTRUCTION DEFICIENCY:
The pavemernt 1n lane & shows rno indicaticns of a trarsverse joint
construction deficiency. o

a. do rnothine

JOCINT SEALANT DEFICIENCY:
A transverse j1oint sealant deficiency is indicated in lane 2 by medium-—
to high-severity j2int sealant damape and an i1nadequate joint sealant

reservolr shape factor for the existing sealant type.

a. reseal transverse joints

_ ROUGHNESS::

Poor rideability 1n lane ¢ is indicated by an unacceptably low PSR for
“the pavement's ADT level.

5a. grinding
b. AC nonstructural overlay

.DURABILITY DEFICIENCY:

The pavement in larne £ shows no indications of significant surface or
coricrete durability problems.

a. do nothing

JOINT DETERIORATION:

No Joint deterioration exists in lane 2.

a. do nothing

Loss of skid resistarnce and potential for hydroplaning are indicafed
in lare & by polishea wheel paths and studded tire rutting
of @.23 inches or more.

a. crirncing
5. C rionstructural aoverlay

LOAD TRANSFER DEFICIENCY:

No load transfer deficiency is indicated at trarnsverse Joints in lane 2.
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a. co nothing
No urgowellec full-ceptn repairs are present 1n larne c.

a. co nothing

....__.__._-—.————.——.-—_—_——.—____--—_——_-‘--_——_——_——_——_——-—_.--_.-

FOUNDATION MOVEMENT: I

A poterntial for frost heave 1S irdicated by a mean Freezing Index
greater than @.

a. do riothing

.___-._._.__———-—_—_.—..-——————_..-_.__.__.__.__—__—__—_——...-—.-——_u—-——_——.—‘—__—_—_._

LOSS OF SUPPORT:

The pavemernt in the lane & shows no indications of loss of slab suoport.

: A do nothing

DRAINAGE DEFICIENCY:

The pavement in lane & shows no indications of a drainage deficaiercy.

a. do nothing
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INNER SHOULDER

U I H I NI I IE I I I I IE I I I I I I I I I T T I I I I I I I I I W KN
Excessive infiltration of water beneath the pavement and inner: AC

shoulder 1is :ndicated by noor lane/shoulder 1o0int sealant conditicon.

a. reseal lane/shculder joint

b. dz rnothirng
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*******************************i***************************i**i************

OUTER SHOULDER
Rrpeppppappgegpupvpugeggat e TR R TR X 2 2 2 2 S L AR R R AL L L SRS SRR R A A AR Rk G

Excessive infiltration of water beneath the pavemert and outer AC
shoulder is indicated by poor lane/shoulder 1o1int sea:ant conditior.
a. reseal lare/shoulder Joint -

b. ¢ notning

an
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PHYSICAL TESTING RECOMMENDATIONS
———————————————————— NONDESTRUCTIVE DEF_ECTION TESTING ——————————————————m

Nnorncestructive cefiectiorn testi=z (NDT) of the pavement is recommerdec to
firzner i1rvesticate ceficiencies cobservecd in the preliminary evaluation

~f t-e cavemert. Lse a Fall:inc keic-t Deflectometer or other NDT device
capan.e of apoiyinc dynamic loads to the pavement over a range of load lievels
comoaran.2 to actual truck wheel lcads (i1.e., Q22 to 16000 pounds).

Noncestructive ceflection testing should be conducted in a @.1l-mile section
rarigomiy selected within each mile of the orcject. Deflection testing should oni
be coriducted wher the ambient temperature is between S0 and 80 degrees Fahrennei
to avoid 1oint and crack lock-uo and excessive curling.

Testing should be performed at the following locations:

Certer of the slab: Measure deflection basin in the center of the traffic
~lane 1r order to backcalculate elastic modulus of slab and effective k value be
the s.az. This i1nformation may be used in a structural analys:s of the pavement
in determiring uniformity of support along the project (see NCHRP Report No. &0
_Lare edpe: Measure deflections at the cuter edge of the traffic lare
(rrext to the shcoulder). If the pavement has a t:ied corncrete shculder, also measu
deflections across lare/shoulder joint. This information may be used in a
rstructural aralysis of the pavement.

Correr of the slab: Measure deflections across transverse joints and cracks

~anc compute their load transfer efficierncies. This information will be used

in a structural ana.ysis of the pavement.

Corrner of the slab cver a range of load levels: Measure deflections at the corne
the s.ab using a range of load levels between 920Q@ and 160@Q pcurnds. Wher the me
deflections are pliotted on a load versus ceflection graph and straight lines are
through ooints, toe lines which do not 1ntersect the deflecticr axis within 0.2
of the cricin will indicate corners with loss of support beneath the slab

(see NCHRP Rencrt No. 281).
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———————————————————— DZISTRUCTIVE DEF_IITION TESTING ——- - -

setructive testing (obtairing samplies of materia: from the pavement ztruct.re)

: wmecommerded to further invest:zate deficiencies obse-ved in the preliminary e
iterial samoles must be obtained by coring throuph the concrete surface

«C mase with a core 2it (E—inch diameter ur.less soecified otherwise).

~arnuiar base bulk samples shoulc be obtairnec. tabilized base sam-_.es should

» obtainec from coring, if possible. Where undisturbed soil samples are rec.ire

ey should be ostainec Lty sampling the sxil berneath the pavement
e hase a thirn—-walled Shelby tube.

icm tyoe of destructive testing required shou.d be concucted on at least

e anc preferably three or more slabs in each @.l-mile section randorly selecte
ithir each mile of the project. For reasons of efficiercy and safety, nondestrdu
istinc anc destructive testing should be conductecd concurrently.

1@ following types of destructive testing are recommendec:

stain cores from the center of the traffic lane.

stair cores taroupgh selected transverse joints.

. locatieons alorng the loncitucdirnal joint with significant spalling or
;arby longitudinal cracks, core through the longitudinal joint (and
ijacent cracks, if present). Examine the cores visually to determine

iether the Joint or ore or more of the cracks is functioning
5 a yocint.



—————————————————————————— MATERIALS SVALUATION =mme e

imspection anc ocossibly laboratory testincg of material samslies
~ota.rned Ffrom destructive testinzg (coring) is recommended. The followinzo
tyoes o irformation shoulcd be cbtained from the materia. samples:

The girevzin of tne cores obtarined from the concrete slab should bhe
ceterminec by iricirect tenmsiorn testirc ir the laboratorv. This information
rmay ne usec in a structu-al analysis of the p<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>