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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
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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.

34



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.
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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

51



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
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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
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2'X 2’ pieces, 15 ton roller
A34 5.0" AC oiiiiiiieeeeeeeeeeeecteeeeeeteseessanrraaaaaaesese e arartraaa s st aaaaa s e s s e st s e s s ees 91
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2'X 2’ piece, 20 ton roller
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AS5. PCC Unbonded Qverlay
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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
R EH P HFEEFRIREERERX AR EREREERAR TR AR ERREFEIFXFSRRAXXXRFEFSRRAF SIS S EFFSFF RIS

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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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.

- - &L P & PR oy o]
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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
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%

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
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, 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
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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): @ %]
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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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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 pavement. Ir the case =¥
covicrete ceterioraticorn cue to poor curability (e.c., D cracking or reactive

agzrezate), t-e strercih of the covcrete is an indicatce of the externt of
~Ne cetericration.

Examrine the cores obtaired from the center of the slab ancd through the
transverse J1oints to cetermine the thickness and soundress of the concrete.

Determine the thickress of the base layer by examining the base material
octbtained from the coraing operation.

-

Determire the oermeability of the orariilar base. his information may be used

te verify t-e pavement subcdrairnage capability anc the reed for a drainage improv

-
|

-

‘Peterm:ine t-e Piterberg limite (liguid limit, plastic limit, and nlasticity
incdex; of the subgrade scil irn the laboratory. This information is neecec %o
determire the cermeability of the subgrade scil, and the susceptibility of
the scil to fourndation movement (swelling, frost heave, anc localized
consclidatiori.)

-
~

-

Determire the classification of the sudgrade soil (proporticons of gravel,
sarc, silt anc clay) in the laboratory usinc either the ARSHTC cor Unifiec
s0il classification systems. This informatiorn is needec to estimate the

permeability of the subprade s2il, arnd the susceptibility of the soil to
fourdation movement (swelling, frost heave, ancd localized consclidation).
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————————————————————————————— SKID TESTING ——mm———————m—mm e ——m e

No sxid testing of the pavement is warrantec because & structural
deficiency exists and surface will like.y be aover.aic or reconstructec.

o
>
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TESTING
lare to verify that

———————————————————————— ROUGHNESS
Rouphriess testing 1s recommernced 1rn each traffic
pavemerit 1s excessively rouzgh and to determire the cause of the roughriess.
Roughriess testiric should be performed cover the entire length of the
pavemernt ard tne roughriess measured at each V.1 mile segment.
the pavement with rouphrness equipment capable of producing either a
response—-type measurement of the pavemert's roughress (e.g., Mays Meter)
Compare the measured roughness tzo your

Prepare a profile

Test
a orafile measurement cevice.
cf significant roughness that rieed special attention.

or
agericy's starcard for an acceotable level of roughness.

the roughness index along the progect for each traffic lare toc identify

of
points

g

B SE
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FUTURE DISTRESS PREDICTIONS

DISTRESS AND PSR PROJECTIONS FOR LANE 1
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=
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Trarsverse
Cracking
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20350
24584
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438E4

53337
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mile

NOTE: These projections are estimates of expected performance based on
predictive models. They should riot be taken as exact values, but
instead as relative indicators of performance.
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DISTRESS AND PSR PROJECTIONS FOR LANE 2
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Trarsverse
Cracking
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NOTE: These projections are estimates of expected performance based on

predictive models.

instead as relative indicators of performance.

They should not be taken as exact values,
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FUTURE PAVEMENT EVALURTION
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LANE 1
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——————— ——————— —— ————————— — ———————— {— —— ———— —— —— - — T~ o~ — o o {— -~

ROUBHNESS:

Poor riceability in lare 1 cccurs in 1988 as indicated by an unacceptasly
low predicted PSR for the pavement's ADT level.

a. grinding
b. AC ronstructural overlay

JDINT DETERIORQTIDN'

—— -— s s e o s e i <t S S e i e ke i i s s i s ik s e il

No significant joint deterioration in lane 1 cccturs over the next Z0 years.

—— — ———— -— —— v — —— - —— - - - - o ] s a ool cs o s Wbl i o s . At i

'STRUCTURAL DEFICIENCY:

4

"Structural deficiercy of the pavemerit in larne 1 occurs in 1388 as
Txndxcated by 8@ feet or more of deteriorated trarnsverse cracks per mile.

a. full—-denth repair of cracks, AC structural coverlay

b. full-depth repair of cracks, crack and seat and AC structural overlay
e. full-depth repair of cracks, PCC bonded overlay

d. full-depth repair of cracks, PCC uribonded overlay

e. reconstruct

LOAD TRANSFER DEFICIENCY:

fInadecuate load transfer at transverse joints in lane 1 cccurs in 1988 as
indicated by predictecd faultirng of 0.12 inches or more.

"a. load transfer restoration at joints
b. do nothing

e o - ™

LOSS OF SUPPORT:

Loss of slab support ivn larne 1 occurs in 1988 as indicated by oredicted
faultinc creater than 0.13 inches at transverse joints.

a. subseal at joints and cracks
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ROUGHNESS:

Poor rideability in lamne & occurs in 1988 as indicated by an unacceptably
iow precicted PSR for the pavement's ADT level.

a. crincing
b. C rnonstructural overlay

@ —————— — ——————————— — T— S—— — — —— —————— —

JOINT DETERIORRTION:

~

No significant joint deterioration in lane & occurs over the next 20 years.

. STRUCTURAL DEFICIENCY:

"Structural deficiency of the pavement in lane 2 occurs in 1939 as
indicated by 8¢ feet or more of detericrated trarnsverse cracks per mile.

a. full-deoth repair of cracks, AC structural overlay

b. full-denth repair of cracks, crack and seat and AC structural overlay
c. full-deoth repair of cracks, PCC bonded overlay

d. fuli-depth repair of cracks, PCC unbonded cverlay

e. reconstruct

LOAD TRANSFER DEFICIENCY:

No load transfer deficiercy at transverse joints in lane 2 occurs based
on predicted joint faulting over the next 20 years.

LOSS OF SUPPORT:

‘No loss of slab support in lane 2 occurs based orn predicted joint
faulting over the next 2@ years. .

———————————— {——— —{————

DRAINAGE DEFICIENCY:

A drairape deficiercy in lane 2 occurs in 19939 as indicated by predicted
soumpiric reachinog the low severity level.

a. install or repair longitudinal subdrains
b. irstall or repair longitudirnal subdrains, seal all jJoints and cracks
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PREDICTED PERFORMANCE FOR

YERR AGE
1988 @
1389 1
199& 2
199 3
1932 4
1933 5
1994 €
1935 7
1936 8
1957 3
1998 1@
19993 11
Zove 12
2001 13
¥ 200z 14
o ceez 1S
it Zo04 1€
- zees 17
ZQQR6 18
- zea7 19

Ry

cum
ESALs

a. oa
@. 85
1.77
2.77
2.85
S.@1
€.27
7.64
9.1
10.71
12. 44
14. 32
16. 34
18.53
20. 92
a3. 47
26. 24
29. 24
3. 49
36. 1

18-kip
millions

LANE ! FOLLOWING AC CVERLAY

TOTAL
REFLECTIVE
CRACKING

@
264
c7c@
z773
c8ee
&85¢&
£88%
291@
&9:3s
2952
297
2987
3083
3018
3032
3045
3058
3e7@
3e8z
3093

Feet
per mile

MEDIUM-HIGH

REFLECTIVE
CRACKING

2
1610
2119
£496
c811
=856
=88%S
291@
2932
a95z
e97a
987
3003
3018
303z
3045
3058
307e
3e8e
3033

Feet
per mile

RUTTING

2. 2@
Q. 18

2. 21
Q.24

o e.a7
2. 21

Q. 34

2. 38

2. 4z

2. 46
.51

2. 56
2.61

Q. 67
.72
.78

2. 85
Q.92
1.00

1. 08

Inches

132

NOTE: These orojections are estimates of expected performance based on

precictive models.

instead as relative indicators of performance.

-~

= Bummary:

~Total relfective crackino of the AC overlay in

lane 1 is

They should not be taken as exact values,

‘predicted to ecual or exceed an unacceptable level of 3008 feet

Jper mile in 2008Q.

Medium— to high-severity reflective cracking of the AC overlay in
larie 1 is oporedicted to equal or exceed arn unacceptable level of 1500

feet per mile 1n 1983.

Rutting on the AC overlay in lane 1
of @.52 inches in 1998.

an unaccentable level

is predicted to eaual

or exceed

but



B3. AC Overlay with Crack and Seat

2.5'X 2.5’ pieces, 15 ton roller

B3.1
B3.2
B3.3
B34

0.5" AC...eeiiiiieecteeeceeeseeteseree e e s s r e s s st s e 133
JL0" AC .. iiiiieiieeerseeeessnesssae e aee s tsssssaesss st ssan e saa s s st s s s na s naeees 134
3.0" AC ..uuiiiieiriierrreeeesnnesseatesine e e sa e sess s e s et et s b st 135
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING CRACK & SERT

TCTAL MEDIUM—-HIGH

VEAR AGE cum REF_ECTIVE REFLECTIVE _ RUTTING

ESALSs CRACKING CRACHING e

1368 @ Q. 0@ @ ()] E . . .

1383 1 2. 85 zZse @2 miQﬁ‘m.17

193@ z 1.77 284 @ ", =17

1931 3 2.77 42 @ 2.3

i99& 4 3.85 459 @ 0.27

1993 5 5.01 S@1 )] 2. 30

1994 € 6.27 546 @ Q. 34

1995 7 7.64 596 2 2. 28

1936 e 3.1& 649 2 Q. 4

1997 S 10.71 707 Q Q. 46

1998 1@ 12. 44 769 2 2.51

% 1999 11 14. 32 © 837 e Q. 56
= ceoe 12 16. 24 910 "] .61
- 2001 13 18.53 989 . 0. 66
- ez 14 £0.90 1@75 2 R.72
cRR3 15 23. 47 11€7 7} .78

i 2004 1€ 26. 24 12€8 ) 2. 85
- Z08sS 17 £9. 24 1376 ") Q. S&
f 2006 18 32. 49 1493 ] 2. 99
> zea7 19 36. 01 1620 2 1. @7
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 taken as exact values, but
instead as relative indicators of performance.

PBummary:

QTotal reflective cracking of the AC overlay in lane 1 is not

1: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 not predicted to reach an unacceptable level within the
rnext twenty years.

Ruttirg on the AC overlay in lane 1 is predicted tco equal or exceed
ari unaccepotable level of 0.52 inches in 1998.
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING CRACK & SEART
TOTAL MEDIUM=HIGH
YEAR AGE cum REFLECTIVE REFLECTIVE RUTTING
ESALSs CRACKING CRACK ING
1988 @ 2. 22 @ @ Q. a2
1985 1 2. 85 ol v} @. 18
199@ z 1.77 384 @ @.2:
1991 3 2.77 4@ @ 2. 24
19392 4 .85 459 & &. 27
1993 s 5. 01 501 @ 2. 31
1994 [ 6.27 £4€ & @. 34
1995 7 7.64 %96 @& 2. 38
193¢€ 8 9. 12 6493 d 3. 42
1997 9 18.7: 7a7 @ 3. 46
1998 19 i&. 44 769 Q @.51
- 1999 11 14. 32 837 @ . 56
N 2000 12 1€. 34 910 @ 2. 61
e 2001 13 18. 53 983 v é. 67
- 2022 14 z0. 9@ 1275 & 3. 72
: 2023z 15 £3. 47 11€7 )} @. 78
2004 16 26. 24 1268 "] @. 85
; zo2s 17 29. &4 1376 @ Q.92
T ZeQ6 18 32. 49 1493 @ 1. 00
- o087 i9 36.01 1EEQD @ 1. 08
18-kin Feet Feet Irches
- milliéns per mile per mile

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

“8ummary :

 Total reflective ecracking of the AC overlay in lané 1 is rnot
' precicted to reach an unacceptable level within the riext twenty years,

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

Rutting corn the AC overlay in lane 1 is predictec té €qual or exceed
an unacceotable level cf @.50 inches in 1938.



B4. PCC Bonded Overlay

B4.1 2.0" pPCC
B4.2 3.0" PCC
B4.3 6.0" PCC

..........................................................................................

..........................................................................................
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BREDICTED PERFORMANCE FOR LANE 1 FOLLOWING BONDED PCC OVERLRY

— 2

YZAR AGE CUMULATIVE JOINT JGINT TRANSBVERSE
ESALS FRU_TING DETERICRATION CRACKING
1988 @ Q. a2 2. o 2. @ SN .
13989 1 Q.85 2.03 0.1 183
199@ 2. 1.77 @. 23 2. 4 308
199: 3 .77 Q. 04 1.0 417
1932 4 3.85 2. 04 1.9 518
1933 S S.01 2. 04 3.e €14
1994 & 6.27 0. 04 4.9 705
19395 7 7.64 Q.05 7.0 794
199€ 8 S. 12 2. 25 9.6 Y=Y
_ 1997 9 12.71 .05 12.7 963
ES 1998 1@ 12. 44 .05 1€6.2 1045
- 1993 11 14. 32 .05 20.3 1186 e
= 2000 12 16. 34 2.05 25.0 1206
zoe1 13 18.53 2. 26 30.2 1284
zoae 14 20. 9@ 2. 26 36.1 1361
zees 15 23.47 2. 26 42. € 1438
Z0R4 1€ 26.24 0. 06 49,7 1514
zoes 17 29. 24 0. 26 57.5 1592
206 18 32. 49 2. 6 6E. 2 1665
zeR7 19 26.01 2. 07 75. 8 1740
18-kip Inches Joints Feet
millions per mile per mile

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 :
~Joint faulting on the PCC overlay in lane 1 is not predicted

to reacnh an unacceptable level within the next twenty years.

Joint cetericration on the PCC coverlay in lane 1 is predicted to equal
o exceed an unacceptable level of S5.00 joints per mile in 20@S.

Transverse cracking of the PCC cverlay 1s predicted to equal or exceed an
uracceptable leveli of B8R0 feet per mile in 199¢€.
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DRZDICTID PERFORMANCE FOR LANE 1 FOLLOWING EONDED PCC OVERLAY

YERRK AGE CUMULRTIVE JOINT JOINT TRANSVERSE
ESALs FRULTING DETERIORATION CRACKING

196886 @ 2. 00 2. 22 2.0 R
198%° b 2. 85 2. a3 .1 ‘183
15352 s 1.77 @.3 Q. 4 308
1921 3 .77 2. 24 1.0 417
1952 4 3.85 3. B4 1.9 Si8
23933 S S. 01 2. 04 3.2 614
1954 & €.27 Q.04 4.9 703
193E 7 7.64 2. @5 7.@ 794
1256 a8 9.1& 2.5 9.6 88w
1997 9 12.71 2. 05 12.7 963
1938 1@ 12. 44 2. @5 16.2 1845
1999 11 14. 32 8. @5 20. 3 i126
2QRC ie 16. 34 @. 05 25.0 1206
zae! 13 18. 83 @. 26 30.¢& 1284
coes i4 c@. 38 3. a6 36.1 1361
ZA23 1S 23. 47 2. & 4Z2.6 14328

) cQR4 16 26. 24 2. 26 49.7 1514
SRS 17 29. c4 Q. 06 57.5 1598
ceRe i 32. 49 2. 06 6E. @ 1€€65
Zea7 19 3€. @1 Q.27 7. & 1740

168—-kip Inches Joints Feet

~ millions per mile per mile

7 NOTE: These projectiorns are estimates of expected performarce based on

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

ﬁf insteac as relative indicators of performance.

S SUMMARY :
“Joint faultirig on the PCC overlay in lane 1 is not predicted
" to reach an urnacceptable level withirn the riext twenty years.

Joirnt detericraticon on the PCC overlay in lane 1 is predicted to egual
o+ exceec an unacceptable level of S$5.0@ joints per mile in 2@Q@S.

Transverse cracking of the PCC overlay is predicted to equal or exceed an
uriacceptable level of 8¢ feet per mile in 1996.
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING BONDED PCC OVERLAY

YEARR AGE CJUMULRTIVE JOINT JOINT TRANSVERSE
ESALs FRAULTING DETERIDORATION CRACKING

13886 ¢ Q. e Q2. 22 2.@ e
1983 1 Q.85 2.@3 2.1 183
193¢ & 1.77 Q.22 2.4 I8
1951 3 2.77 . 04 1.2 417
1352 4 z.85 Q.24 1.9 S1i8
1993 S S.01 2. 04 3.2 €14
1994 ) 6.27 2. 04 4.9 7085
1935 7 7.64 2. 05 7.@ 794
1996 8 9.1&2 .05 9.6 882

;; 1997 9 18.71 2. 05 12.7 963

o 1998 10 12. 44 2.05 16.2 1045

i’, 1999 11 14.32 2.05 20. 3 1126

- 20020 i2 16.34 — 2. 025 25.0 1206

T zowi 13 18.53 2. 26 0.2 1284

5 coes 14 20. 90 2. 06 36.1 1361
zoa3 15 23. 47 @. 26 42. 6 1438

= co4 16 6. c4 2. a6 49.7 1514

. 2005 17 29. 24 2. 26 57.5S 159@

: 2eRe 18 32.49 2. 26 €6€.Q 1€€5

‘ caa7 19 36. 01 @. @7 75. & 17402

, 16-kip Inches Joints Feet

N millions per mile per mile

. . -

% NOTE: These projections are estimates of expected performance based on

z precictive models. They should not be taken as exact values, but

%3 iristead as relative indicators of performance.

gl
T8UMMARY :

'fJoint faulting on the PCC overlay in lane 1 is riot predicted
“to reach arn unacceptable level within the next twenty years.

Joint deterioraticon on the PCC overlay in lane 1 is predicted to eaual
or exceec an unacceptable level of SS.@2 jcints per mile in zaes.

Transverse cracking of the PCC overlay is predicted to egqual or exceed an
unacceptable ievel of 822 feet per mile in 1336.
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B5. PCC Unbonded Overlay

B5.1
B5.2
B5.3
B5.4
BS5.5

5.0" PCC....iieereeereeeeeecen it sae s rte s e s sbae s s e s s s saana e s s e e s nnne e 140
T0" PCC..eieeeeeccncctt ittt e ar e s ba e s e ta s e st e ee s aa s e 141
10.0" PCC ..oeeeeecieeereereee sttt eeses e s sa s e s a s s ssan e st nee e 142
L1.4" PCC ettt ss ittt 143
L1.5" PCC ..ttt te e e ra s e st 144
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PREDICT =

1986
1389
199
1991
193z
1993
1394
13395
1936
1937
1998
1999

- 2000

2@l
ceec
cQ@3
zees
20esS
2ove
ZoR7

AGE

gvgo~NOUMPUL-S

10

CUmULATIV
ESALSs

2. e
@. 8%
1.77
2.77
3. 8%
S.21
&.27
7.64
S. 1
12.71
12. 44
14. 32
16. 34
18. 33
28. 90
23. 47
26.24
29. 24
3c. 49
3E. 01

18-kip
millions

E JOINT
FRULTING

Q. e
@. a2
2. 04
a. 24
2.3
2. 8S
g. B&
@. 26
@. 87
0. 07
2.8
@. 08
@. 09
@.23
@. 09
Q.12
2.10
.11
2.11
a.12

Irches

D OCERFORMANCE FOR LANE : FOLLOWING UNBONDED PCC OVERLAY

JOINT TRANSVERSE
DET=ZRICRATION CRACKING
.2 @
2.2 3292
.2 7923
. @ 17a3@
.2 32894
2. @ SazsSa
2.2 BE456
2.@ 1S1€8c
2.2 ee3t 12
2. @ 335183
@.2 477302
2.2 667141
2.0 -9151e8
. @ 1236336
2.0 16851123
2.2 218509
2.0 28531028
2.2 3703271
2.0 4773072
2.0 %}13986
Joints Feet
per mile per mile

140

NOTE: These projections are estimates of expected performance based on
sredictive models.
irsteac as relative indicators of performance.

SUMMARY :

Joint faulting on the PCC overlay in larne

They should not be taken as exact values,

1 is not predicted

to reach arn uracceptable level within the rnext twenty years.

Joint cetericration on the PCC overlay

+to reach ar unacceptable le

vel within

in
the next twerity years.

lane 1 is not predicted

Transverse cracking of the PCC overlay is precicted to equal or exceed

uraccentable level

cf 82 feet per mile

in 1989%.

but

an
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ty

1 FOL_OWING UNBONDED PCC OVERLAY

YEFRS A5E OO RTINVE JOINT JOINT TRANSVERSE
=E55_e SOULTING DETERIGRATION CRACKTING
e
1=88 2 2. 22 2. 2@ e.@ R
L3 : Z. 8% 2.23 .02 633
1532 : 1.77 2. 24 2.0 995
1222 z Z.77 2. 24 2.2 1423
I 4 3. 8% Z. S 0.@ =Y
1533 S S. @1 2. 85 8.2 2839
1354 € €.27 2. 06 0.2 3987
133E 7 7.E4 Q. Q€ 2.0 5873
1338 a 9.12 2. @7 .02 773
13937 3 12.71 2. 07 0.0 10E33
- 1998 i@ 12. 44 2. 28 0.2 14484
= 1339 11 14. 32 2. 28 2.0 19543
o r=d]vv.] 1z 16. 34 2. 09 0.0 26127
- a1 13 18. 53 2. 89 0.0 34626
zeez 14 2¢. 9¢ 2.0273 .0 43524
z =y ey 1S 23. 47 2. 1@ .0 5941z
: 2224 1 EE. 24 2.1 ¢.0o 77017
- 202S 17 29. 24 Q.11 2.2 99230
- cere 18 32. 49 .11 2.0 127143
2ad7 19 3&. 01 2.1z 0.0 16232
: i18-k1p inches Joints Feet
millions per mile per mile
NOTE: These projections are estimates of expected performance based on
. precdictive models. They should not be taken as exact values, but
~ instead as relative indicators of performance.
TBUMMARY :

Joint faulitirg on the PCC overlay in larne 1 is not predicted
“"¢0 reach an unacceptable level within the next twenty years.

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

Transverse crack:ng of the PCC overlay i1s predicted to equal or exceed an
unacceostaoc.e lever of B0 feet per mile in 199Q.
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SITDICTIIZ CTSRECIVANCE FIR OLANE I FOLLOWiNG UNBONDII O OVEIRLAY

VELK REZ CUMUL AT IVE JOINT JOINT TRANSVERSE

ESALs FRULTING DETERIORATION CRACKING
1388 Z 2. e @.ev 2. € 2
19873 Z 2. 8% 2. e3 2. ¢ pRy
153¢ s 1.77 C. 24 e.¢ LES
1922 2 2.77 2. 04 Q.2 Zi3
1252 &4 3. 8% 2.es @, 2 )
13933 S S.01 @. @S Q.2 £33
1924 € €.27 0. 26 2.2 I46
1995 7 7.€4 2. 26 Q.2 39¢E
199¢& 8 9. 1¢ 2.07 2.2 438
1997 39 12.71 @. 07 2.0 829
1938 12 12. 44 2. 28 2.8 12
1999 11 14, 3= @. 28 2. 713
ZrRa ie 16. 34 2. 03 G.a 836
Zaal iz 18. 53 2. 23 2.2 2987
zees 14 =8. 30 2. 29 2.2 1171
Z0B3 18 23. 47 2. 1@ g. 2 1339
cks i€ 26. 24 2.1 2.9 1€73
=" Vbt 17 29. 24 .11 . @ 2@ze
ZRRe i8 32. 49 2.11 8.2 2453
zo27 19 3. 21 Q.12 2.2 =981
18-kip Irnches Joints Feet

millions per mile per mile

NOTE: These projections are estimates of expectec oerformance basec on
- nrecictive models. They should rnot be taken as exact values,
instead as relative i1ndicators of performance.
SUMMARY:

Joirt faultirng on the PCC overlay in lare

tc reach an unaccentable level withirn the

Joint cdetericration orn the PCC cverlay in
to reac~ ari unacceptable level within the

Tranzverse crackinz of the PCC overlay is

1 is
rext

lare
riext

oread

not predictec
twerity yeares.

1 1is not oredictec
twerty years.

icted to equal or exceec

uriccceotalble level of B8RZ feet per mile in EQC2Q.

av
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Ty

JRTTIOTED SIXEDORMANCE FOR LAGNT 1 FS__C

pue

vER™ AGE CUMUJLATIVE STINT

£SALs TQU_TING
iza8 @ . Q@ 2. 22
1989 : Q. 8% Q.23
1338 z 1.77 Z. Q4
=N = .77 Q.24
1335 4 .85 .25
1953 S S. @1 a. 05
1254 & €.27 2. BE
1235 7 7.64 Q. Q€
123€ 8 3.1& 2.@7
1937 5 12. 71 Q.27
1398 10 1E. 44 2. 08
1999 11 14. 32 2. 8
- cone 12 16. 34 9. 09
2 zo21 13 18.532 2. 23
ZQ0E 14 z2. 90 2.2
ZQ23 15 23. 47 2. 12
224 3 ZE. 4 2. 10
Z025 17 29. & 2. 11
ZQ2e 18 3E.49 Q.11
o7 19 ZE. 21 Q. 1&

i8-x1i0 Incres

millions

s

wINE _NBONDED PCC CVEZRLAY

JOINT TRANSVERSE

DETERIGRATION CRACKING
a2 - @
. @ - Te0
2. 8|87
Q. ¢ 122
.@ L3
2.2 150
2.2 1E3
2.2 132
2.2 212
Q. @ 236
2.0 ce2
. @ 29z
.2 326
Q. @ 366
2. Q 412
.2 4E6
.2 S3:
.0 €£@9
2. Q@ 702
z. @ 814
Joints Feet

per mile per mile

143

NOTE: These projections are estimates of expected performance based on
t be taken as exact values, but

predictive models. They should no
iristead as relative indicators of

SUMMARY :
Joirnt faulting cor the PCC overlay irn lane

toc reach an unacceptable level within the

cint cetericration on the PCC overlay in
m er. unacceptable leveil within the

Transverse cracking of the PCC overlay is
uriacceptaon.ie level of B2 feet per mile

performance.

1 i1s not predicted
next twenty years.

lane 1 is not predicted
rext twerty years.

predicted to equal or exceed
in 227.

an



DRECICTID BRSRTSIMANCT SOR LANE 1 F0OLI OWING UNEONDED PCC CVERLAY
YEAR RGE CUMULATIVE JOINT JOINT TRANSVERSE
ESALS FAULTING DETERICRATICN CRACKING

1388 Z 2. a2 2. O 2.2 @

1982 i Q.85 Q.23 2.2 =8

135¢ 2 .77 . Q4 .o ‘83

1552 3 z.77 ¢. Cs 2.2 125

1352 4 z.85 G. 25 2.0 124

1933 ] 5. 01 2. 05 ¢.Q 143

1234 3 €£.27 2. Q€ 2.9 162

1395 7 7.E4 Q. 26 Q.@ i81

1396 8 9.1& .27 2.0 zez

1397 3 10,71 2. a7 2.0 zz24

1998 19 1. 44 2.8 2.0 £49

= 1999 11 14. 32 Q. 08 2.0 77

- 2022 12 16. 34 2.29 2.0 ze8

pa zee: 13 18.53 Q.29 2.2 344

ZeE 14 2. 90 Q.25 2.2 =87

Q3 15 23. 47 2.1@ 2.2 437

2R 4 1€ 26. 24 Q. 1@ 2. 496

Zo2s 17 25. 24 .11 2.9 SEE

ZRZE i8 32. 49 .11 2.0 ES1

saa7 19 36. 01 0.12 2. 753

- 18-kiD Irnches Joirts Feet
) millions per mile per mile

' NOTE: These projections are estimates of expected performance based on

predictive models. They shauld not be taken as exact values,
instead as reiative indicators of performance,

"SUMMARY :
'Joint faulting on the PCC overlay in lane ! is not predicted

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

Joint cetericraticon on the PCC overlay in lare 1 is not predicted
to reach an unacceptable level within the riext twenty years.

Transverse cracking of the PCC overlay is not predicted to reach
ari wacceptable level within the riext twernty years.

but

144
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B6. Reconstruction

Stabilized Base, 15’ Joint Spacing

BO.1 12" PCC ...ttt sttt 145
B6.2 121" PCC ...ttt ettt 146
B6.3 122" PCC ..ottt 147

Granular Base, 15’ Joint Spacing
B6.4 12" PCC ...uoieeeeeeeeeeeeeeeeeeeeeeesssneseeesesse st e ssasssansssaae s sss e s e ennnnsaens 148
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SREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RECONSTRUCTION
145
YEAR AGE CUMULATIVE JOINT TRANSVERSE JOINT PUMPING PSR
=SALs FQULTING CRACXKING DETERICRATION
1386 ] 2.0 Q. o2 v 2. @ 2.9 4.5
1 2&73 1 2. 85 2.7 4€ 2.e RO - - 4.1
L3292 Z 1.77 @. 8 &7 2.2 v ez 4.1
1231 3 2.77 2. 29 84 2.@ B - i 4,1
133 4 =. 88 a.e3 39 2.0 - .@.3 4.1
1933 = S.01 ¢. a3 114 2.0 Q. 4 4.1
1934 & €.27 2.12 129 2.2 2.4 4.1
1995 7 7.64 Q.12 144 2.Q .4 4.1
1996 8 9.12 2.10 160 2.2 2.5 4.0
1937 9 10. 712 2.11 176 2.0 2.5 4.0
1938 10 12. 44 Qa.1. 194 2.2 2.5 3.7
1933 i 14, 32 Q.11 214 2.2 2. € 3.9
=] 1) 12 16. 34 2.11 235 2.0 @.€ 3.8
« 2001 13 18.53 Q.11 26@ 2.0 2.6 3.8
& zeez 14 20. 90 e.12 288 0.0 e.7 3.7
a7 2023 1S 23. 47 Q.12 321 e.0 2.7 3.6
= 2004 16 26. 24 Q.12 359 2.9 e.7 3.6
i‘- zaes 17 23. z4 Q.1 423 2.9 2.8 3.5
= 2006 18 32. 49 a.12 456 .02 2.8 3.4
_ o 2ear 19 36.01 .13 S19 2.0 2.9 3.3
-
18-kip Inches feet Joints @ = none @-S
millions per mile per mile 1 = low
_ 2 = medium
" 3 = nhigh
= NOTE: These projections are estimates of expected performance based on
. oredictive models. They should not be taken as exact values, but
insteacd as relative indicators of performarce.

SBUMMARY :

?Joint faulting on the recorstructed pavement in lare 1 is predicted to

“®qual or exceed an unacceptable level of B.12 inches per mile in 2807.

‘.J- -—
Transvercse cracking of the recorstructead pavement in lare 1 is nct
precictec to reacrh an unacceptable level within the next twenty years.

- .

Joirt ceterioration orn the reconstructed pavemernt in lane 1 i1s not
precictec to reach an unacceptable level within the next twenty years.

Pumoinc ovn the reconstructed pavement in lane 1 is not predicted to
reach ari uniacceptable level within the next twenty years. f%y’

L
et e e
‘.

PSR cor the reconstructed pavemert irn lane 1 is riot predicted to reacn
arn uriacceptable level within the next twenty years.
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SREDICTED PERFORMANCE FOR LANE ! FOLLOWING RECONSTRUCTION
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YERR AGE CUMULATIVE JOINT TRANSVERSE JOINT _ PUMPING
ESALS FAULTING CRACKING DETERIORATION
1388 2 Q. 00 3. 00 7] 2.0 . 0.0 4
389 1 2. 85 2.1 46 0.0 e e 2 4
1332 = 1.77 2.11 €7 2.0 0.2 4
1991 3 2.77 Q.12 84 .2 .3 4
1383& 4 3.85 .13 99 2.0 2.3 4
1933 S S.01 .13 114 2.0 Q. 4 4
1994 ) 6.27 .14 129 2.0 2.4 4
1995 7 7. 64 Q.14 144 2.0 0. 4 4
1956 8 9.12 2.14 160 0.Q 2.5 4
.gl 1997 9 10.71 2.15 176 2.2 2.5 4
;f‘1998 10 12. 44 2.15 194 2.0 2.5 3.
,§?;1999 11 14. 32 _ @.15 o _ 214 .0 .6 .3
- 2000 12 16. 34 2. 15 235 0.0 2.6 3
g“ 2001 132 18. 53 2. 16 260 2.2 2.6 3
= 20z 14 20. 90 2. 16 88 2.0 2.7 3
E--2003 18 e3. 47 2. 16 321 2.0 0.7 -3
f§ 2004 16 26.24 .17 359 2.0 2.7 3
i¥ 2005 17 29. 24 .17 403 2.@ 2.8 3
& 2006 18 32. 49 2.17 456 2.2 2.8 3
-1 ]".lrd 19 36.01 0.17 519 0.0 2.9 3
H
" 18-kinp Inches feet Joints @ = none
= millions per mile per mile 1 = low
: o 2 = medium
- 3 = high
* )
i%'NOTE: These projections are estimates of expected performance baséa on
gi« predictive models. They should not be taken as exact values, but
ff instead as relative indicators of performance.
§ 2
~SUMMARY: s
»

Joint faulting on the reconstructed pavement in lane 1 is predicted to
equal or exceed an unacceptable level of 3.13 inches per mile in 1992a.

Trarnsverse cracxing of the reconstructed pavement 1n lane 1 1s not
precicted to reacn an unacceptable level within the rnext twenty years.

Joint detericration on the reconstructed pavement in lare 1 is not
predictec to reach an unacceptable level within the next twenty years.

Pumoing on tne reconstructed pavement in lare 1 is not oredidféd to
reach an unacceptable level within the next twenty years. o

26K on tne reconstructed pavement in lane 1 is not predicted to reach
arn uriaccentaeble level within the next twenty years.
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Project Survey Summary For JRCP

Des:gr engineer: Holly Simmons Date of survay:

PROJECT IDENTIFICATION
Highway cdesignaticon: I1-9@
State: Washington
Direction of survey: Sast
Starting milepost: 55. 5@
Ending milepost: €3.99

Number of sample units: 1

CLIMATE
Climatic zone: wet freeze—-thaw
Estimated annual temperature range (F): 49.5
Mean arnnual precipitation (inches) : 107.6

Corps of Engineers freezing index (Fahrenheit degree—days) :
Average Annual Temperature (degrees Fahrenheit):

I gLAR CONSTRUCTION

Year constructed: 1959

Slab thickness (inches): 9.0

Width of traffic lanes (feet): 12.0@

Corcrete &£8-day modulus of rupture (psi): 650.00

TRANSVERSE AND LONGITUDINAL JOINTS
pattern of joint spacing: uni form
Transverse joint spacing if uniform (feet)
Transverse Jjoint sequence if random (feet)
Type of sealant: liquid
Average transverse joint reservoir dimensions:
width (inches): .25
depth (inches): 1. 50

[y
_Ul
]

Method used to form transverse Joints: sawing
Transverse Jjoint sawed depth (inches): 1.5

Type of locad trarnsfer system: aggregate interlock

Dowel bar diameter (inches): 0. 00

Method used to form longitudinal joints between lanes: sawing
Lonpitudinal joint sawed or formed depth (inches): 2.3

BASE
Base type: coen—graded drainage layenr
Moduius of suborade reaction (psi/inch): 200. 2@

SUBGRADE
Predominant subgrade soil AASHTO classification: Al
Are swelling soils a problem in area: no
Were stepos taken to prevent the swelling scils problem: n/a
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SHOL_DER
Tyoe of snoulder: ARAC
widta of sncoculders (feet): irmer: 4.0@ outer: 10. 0
Inner larne slope cirection: toward inner shoulder R
TRAFFIC

Estimated current through two—-way ADT: 17200

Percent commercial trucks: 13.@

Tatal rumber of lares in direction of survey: &

Future 18-kip ESAL growth rate (percent per year): 6.6

“rucxk traffic volume growth rate: approximately same as in past

Lane two Lane ore
Total accumulated 18-kip ESAL (millions): 2. 82 8. 19
RIDE QURLITY
PSR - 2.5 2.9

yowih

$ -
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SAMPLE UNIT IDENTIFICRTION

Sampie urat rniumber: 1/ Starting milepost:
Lercth of sample unit (feet): 44827.:2
Lane two
Number of deteriocrated transverse cracks, L-M-H: 33 .
Mear: faulting at transverse cracks (inches) : 2. 00
Number of detericrated transverse Joints: Q2
Mearn faulting at transverse Joints (inches): 2. 22
Number of transverse Joints: 2988
Number of FDRS & slab replacements: "4
Mean faulting at FDR & slab repl. Jgnts (inches): 2. 00
Number of FDR & slab replacement Joints: Q@
Number of corner breaks: 10
Length of lonao. cracking, M-H only (feet): 810.0
Length of spalling of longit. Joint, M-H only:
CRACKING AT TRANSVERSE JOINTS
Total Joints with trans. cracks within & feet: 11
FOUNDATION MOVEMENT
Number of settlements (M-H severity): ")
Number of heaves (M-H severity): U]

DRAINAGE
Are longitudinal subdrains present and functional: no

155

S5.5

Lane onre
144
Q. 2
Q2
é8.25
=988
D]
2. 00
]
33
4900. @&
2.0

What is the typical height of the pavement above the ditchline: 5.0

Do ditches have standing water or cattails in them: n

LOSS OF SUPPORT
Extent of evidence of pumping or water bleeding: none

SURFACE CONDITION

Method used to texture the pavement at construction:
Is the surface polished in the wheelpaths: yes
Is significant tire rutting in the wheelpaths: no

JOINT SEALANT CONDITION
Corndition of the transverse Joint sealant: high
Cordition of the longitudinal Joint sealant:
Are substantial amnts of ircompressibles in Jnts: yes

CONCRETE DURARBILITY

Extent of "D" cracking at joints or cracks: none
Extent of reactive apgregate distress: none
Extent of scaling: none

PREVIOUS REPRIR

Are full-depth repairs placed with dowels: no
Are partial depth repairs present at most Jjoints: no
Has diamorid prinding been done: yes

Has grooving been done: no

(]

other

none

yes
no

high
high
yes

none
none
novnie

Qo
L gi=]
yes
no
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AC SHOULDERS
Alligator cracking:
_i1rniear Crackaino:
weathering/raveliling:
Lane/shaulder Joint dropoff:
Settlemernts or heaves alorng cuter edpe:
Blowhcoles at transverse Joints:

Lare/Shoulder jJoint condition:

Inner
none
none
none
none
norne
norie

good

156

Outer
rnone
rione
nane
riarie
some
nonie

good



Extrapciated (Per Mile) Values For oresng

Larne two

nNumber of ceteriorated transverse cracks: 4
vean faultirng at deter. trans, cracks (inches): @.00
Number of cetericrated transverse Joints: "
vearn faulting at transverse Joints (irnches): 2. 022
Number of transverse joints: 352
Number of full-deoth repairs: "]
Mear. faultirg at FDR jJoints (inches): Q.22
- Number of full-deoth repair joints: "]
- Number of corner breaks: 1
«hength of long. cracking, M-H only (feet): 95. 4
*length of spalling of longit. jJoint, M-H only:
_Total Jjoints with trans. cracks within 2 feet: 1
Number of settlements (M-H severity): "/

Number of heaves (M-H severity): 2

157
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CURRENT PAVEMENT EVALUATION

-y

*-l-***********-l-**********************************************“**********-I-**

LANE 1 ~
JUSRNVRpppepppgegegepvpeaeeIes R SR TR 23 S LS 2 22 S L i b h e a b i b ikl

JOINT CONSTRUCTION DEFICIENCY:

A longitudinal joint construction deficiency in lane 1, likely due to
ar inadecuate depth of saw cut, is indicated by longitudinal cracking.

a. seal lonpitudinal cracks
..b. stitch longitudinal cracks
ih transverse joint cornstruction deficierncy in lane 1, likely due to
an inacdecuate depth of saw cut, is indicated by transverse cracking
~within & feet of trarisverse joints.

~ a. seal cracks near transverse joints -
. b. load transfer restoration at cracks near transverse joints, seal cracks
- near transverse joints

ﬁJOINT SERALANT DEFICIENCY:

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

a. reseal transverse Jjoints

- ROUGHNESS :

. Poor rideability in lane 1 is indicated by total faulting of more than _46
inches per mile at joints, cracks, and full—-depth repairs (if present), and
arn unacceostably low PSR (2.Q) for the pavemert’s ADT level.

a. gcrincinc
5. AC rnonstructural overlay

DURARILITY DEFICIENCY:

The pavement in lane 1 shows no irndications of significant surface or
corcrete durability problems. 4

a. do nothing

JOINT DETERIORATION: *.%

Joint deterioraticon or other pavement detericration in lane 1 may be
accelerated bv water infiltration permitted by poor longitudinal
soint sealant condition.

a. resesal lornpitudinal centerline joint

No 1oint cetericration exists in lane 1.
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STRUCTURAL DEFICIENCY:

The pavement ir lare 1 exhibits some load—asscciated distress (betweer:
{ ang &4 corner breaks per mile) which recuires repair but does rot
irndicate a structural deficiency.

a. full-cdepth repair of corner breaks
The pavement in larne { exhibits some lcad-asscciated distress {(between

1 and 799 feet of deteriorated transverse cracks per mile) which requires
repair but does rot indicate a structural deficiency.

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

;Loss of skid resistance in lane 1 is indicated by peclished wheel
+ paths.

a. grinding
b. grooving
c. AT ronstructural cverlay

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

LOAD TRANSFER DEFICIENCY:

Aggregate interlcock is providing inadeauate lcad transfer in larne 1 at

. the trarsverse Jjoints, as inrdicated by mean transverse joint faulting of
- more than @.13 inches.

vd

-a. load transfer restoration at jJoints

7 No load transfer deficiency is indicated at deteriorated transverse

cracks in lane 1.
a. do rnothing
A potential load transfer deficiercy exists at undowelled full-depth

repairs in lane 1, but mean full-depth repair faulting is not
significant.

FOUNDATION MOVEMENT:

A potential for frost heave is indicated by a mean Freezing Index
creater than @.

a. do vothing

LOSS OF SUPPORT:

The pavement in the lare 1 shows no indications of loss of slab supcort.
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DRRINAGE DEFICIENCY:

The cavement ir iane 1 shows no indications of a drairnage deficiency.

a. CT notning

;q‘qw

q:;.,':,t an?
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***********************************l***************************************

_ANE & -

**************************************#************#******G’*‘*************

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

JOINT CONSTRUCTION DEFICIENCY:

o transverse joint construction deficiercy in lane 2, likely due tc<
arn inadeguate depth of saw cut, is indicated by transverse cracking
within 2 feet of transverse Joints.

a. seal cracks rnear transverse Joints
b. load trarnsfer restcoration at cracks near transverse Joints, seal cracks

near transverse joints

. JOINT SEALANT DEFICIENCY:

:;Q transverse joint sealant deficiency is indicated in lane ¢ by medium-—
~¢o high-severity Joint csealant damage ancd an inadequate Joint sealant
% yreservoir shape factor for the existing sealant type.

a. reseal transverse joints

ROUGHNESS:

Pocr rideability in larne & is indicated by an unacceptably low PSR for
the pavement's ADT level.

- grinding
- b. AC rnonstructural overlay

“DURABILITY DEFICIENCY:

ST

. The pavement in lane 2 shows no indications of significant surface or ..
concrete durability problems.

a. do nothing

JOINT DETERIORATION:
No joint deterioration exists in lane &.
a. co nothing

STRUCTURAL DEFICIENCY:

The pavement in larne & exhibits some lcad-asscciated distress'(between
1 and &4 corner breaks per mile) which requires repair but does ncot
indicate a structural deficiency.

a. full-depth repair of corner breaks
The pavement in lane 2 exhibits some load—asscciated distress (between

1 and 793 feet of deteriorated transverse cracks per mile) which requires
repair but does not indicate a structural deficiency.



a. full-cepth repair of cracks

e — e —— ——— ———— o T——— ———— O — = ———— —— —— — p—— -

SHXID RESISTANTE DEFICIENCY:

_=sss of skid resistarnce irn lane &2 is indicated by polished wheel
patns.

a. grirvcing
b. grooving
c. AC rienstructural caverlay

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

LOAD TRANSFER DEFICIENCY:

No load trarnsfer deficiency is indicated at transverse joints in lare c.

a. do nothing

x'f‘ii

A potential lcad transfer deficiency exists at undowelled full-deoth
repairs in lane &, but mean full—-depth repair faulting is not

-significant.

s

a. co nothing

FOUNDARTION MOVEMENT:

‘A motential for frost heave is indi.cated by a mean Freezing Index

greater than 0.

a. do nothing

LOSS OF SUPPORT:

- The pavement in the lane 2 shows no indications of loss of slab support.

'a. do nothing

DRAINAGE DEFICIENCY:

The pavemert in lane & shows no indications of a drainage deficiency.

a. do nothing
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QUTER SHOULDER
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'l'****************i*********m***********

The cuter AC shoulder shows no indications of significant deterioration.

a. da nothing
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INNER SHOULDER '
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****************i*********&******%********&********
***********************************************************************

The irmer AC shoulder shows no indications of significant dcf-rioration.

a. co nothing

R TR
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FUTURE DISTRESS PREDICTIONS

DISTRESS AND PSR PROJECTIONS FOR LANE 1

Cumulative Arnnual Year Pumping Faulting Deter. Transverse PS

£85L ESAL ' Joints Cracking
8.2 2. 56 1988 0.0 Q.25 @ =1 c."
8.8 2. 60 1989 1.0 .29 4 c88 2.
3. 4 2. 64 1990 1.1 @.25 8 386 Q.:
1.1 @. 68 1991 1.2 Q. 26 13 439 Q.
10.8 .73 1992 1.4 Q.6 18 630 Q..
11.6 .78 1993 1.5 2. 26 e3 783 Q..
12.5S 2.83 1994 1.6 .26 a3 960 Q.
12.3 2. 88 1995 1.8 2. 26 35 1165 Q.
14.3 3. 94 1996 1.9 2. 26 41 1405 2.
15. 3 1. Q@ 1997 2.1 Q.27 47 ' 1683 Q.
1€. 3 1.07 19398 2.2 Q.27 S4 2008 Q.
17.5 1.14 1993 S .27 ec 2386 Q.
18.7 1.22 2000 2.6 @.27 70 28e27 Q.
c20. 1. 3@ 2001 2.7 0.27 78 3348 2. .
21.4 1.38 20z 2.9 Q.27 - 86 3943 Q.
2.9 1. 47 z2Qa3 3.@ 2.2 95 4644 Q.:
4. 4 1.57 cQd4 3.0 2.c8 124 5462 2.
c6. 1 1.67 208sS 3.0 @.z8 114 6417 2. .
27.9 1.78 2006 3.0 2.c8 124 7533 @.!
z9.8 1.90 2007 3.0 Q.28 135 8836 Q.
18-kip 18-kip 2 = none Inches Joints Feet -

millions millions 1 = law per per
e = medium mile mile
3 = high

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.
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FUTURE DISTRESS PREDICTIONS

eSS

DISTRESS AND PSR PROJECTIONS FOR LANE 2 __-_

-

Cumulative Arnnual Year Pumping Faulting Deter. Transverse PSR
ESAL ESAL Joints Cracking
2.8 .12 1988 Q.2 0. 00 o 47 2.5
1.0 2.13 1989 2.1 0. 22 4 56 2.3
l.1 .14 13990 2.2 2. 01 8 €6 2.1
1.2 2.15 1991 . 2.3 2.01 13 76 1.9
1.4 Q.16 1992 2. 4 2.01 18 86 1.7
1.6 .17 , 1993 2.5 2.021 23 96 1.5
1.8 @.18 1994 2.6 .01 29 107 1.3
2.0 2.20 1995 0.7 @. 20z 35 119 1.1
2.2 .21 1996 2.8 Q. oz 41 132 2.8
2.4 Q. 2c 1997 2.8 2.2z 47 145 2.6
2.6 2. 24 1998 .9 2. 02 S4 1S9 2.3
2.9 @.2S 1999 1.0 2.2 (Y= 175 2.0
3.2 .27 2000 1.1 0.083 70 192 .2
3. 4 2.29 2001 1.2 2.23 78 211 0.2
3.8 2. 31 caaes 1.3 2. 23 86 23z 2.0
4.1 .33 2003 1.4 .03 95 225 2.2
4, 4 @. 35 04 1.5 Q.23 104 281 2.2
4.8 2. 37 2025 1.7 @.23 114 311 0.2
5.2 @. 42 2006 1.8 Q.04 124 344 0.2
S.6 Q. 4c =g 1.9 Q.24 135 382 2.0
18-kip 18-k1ipo @ = none Inches Joints Feet -5
millions millions 1 = low per per
2 = medium mile mile
3 = high

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

o

N
*******************************!****************{***********.l’******************

LANE 1 -
*************************************************************i***&******i*******

— e e S — T ————— —— " (= T > T G S o -— -

ROUGHNESS:

Poor rideability in lane 1 occurs in 1988 as indicated by an unacceptably
low predicted PSR for the pavement's ADT level.

L a. grinding
_b. AC ronstructural overlay

-
ggDINT DETERIORATION:

————— —— ———— P " W T ¢ —— ——

- 8ignificant joint deterioration in larne 1 occurs in 1999 as indicated by
" 85 or more deteriorated joints per mile.

fa. full-depth repair at jJoints

STRUCTURAL DEFICIENCY:

fStructural deficiency of the pavement in lane 1 cccurs in 1994 as
" indicatec by 800 feet or more of deteriorated transverse cracks per mile.

* a. full-depth repair of cracks, AC structural overlay

¢ b. full-depth repair of cracks, crack and seat and AC structural overlay
Ze. full-depth repair of cracks, PCC bonded overlay

*d. full-depth repair of cracks, PCC unbonded overlay

~‘p. reconstruct

;LDQD TRANSFER DEFICIENCY: - -

‘Inadequate load transfer at transverse joints ir lane 1 occurs in 1988 as
indicated by predicted faulting of .13 inches or more.

a. load transfer restoration at Joints
b. do nothing

LOSS OF SUPPORT:

Loss of slab support in lane 1 occurs in 1988 as irndicated by predicted
faulting oreater than ©.13 inches at transverse joints.

a. subseal at Joints and cracks g

——————————— —— ——— —— — — ——— ———— —

DRAINAGE DEFICIENCY:

A drainage deficiency in lane 1 cccurs in 1989 as indicated by predicted
pumping reaching the low severity level.

a. install or repair longitudinal subdrains
b. install or repair longitudinal subdrains, seal all jgoints and cracks



168

%**-}***%******************************&*****************************************

Lo~

_RANZ =

*-h-)-#-****l*******-!-*l'***‘I'********’l****{***i*********************’****************‘**

ROUGHANESS:

Seoeor raideabiiity 1w lane & cccurs in 1388 as indicated by an unacceotabiy
‘-w precicted PSR for the pavement's ADT level.

a. arindinc
b. AC ronstructural overlay

JOINT DETERIORATION:

Sigrificant Jcint detericration in lare & cccurs i1n 1999 as 1ndicated by
55 o more deteriorated joints per mile.

a. full-deoth renair at Joints

STRUCTURAL DEFICIENCY:

Ne structural deficiency in lane & occurs nased on oredicted trarisverse
crackinc over the next &8 years.

LOAD TRANSFER DEFICIENCY:

Nc locad transfer ceficiency at transverse Jjoints in lane & occurs based
on predicted Joint faulting over the next z@ years.

LOSS OF SUPPORT:

No loss of slab supoort in lane 2 occurs based corn predicted joint
faultirg over the next 2@ years.

DRAINRGE DEFICIENCY:

A drainage ceficiercy in lane & occurs in 1999 as irdicated by oredicted
pumping reaching the low severity level.

a. irmstail or reoalr longitudinal subdrains
b, imstall cor repair longitudinal subdrains, seal all jJoints and cracks



169

PHYSICAL TESTING RECOMMENDATIONS

———————————————————— NONDESTRUCTIVE DEFLECTION TESTING

Nordestructive deflection testing (NDT) of the pavement is recommerdecd to
further investipate deficiencies observed in the preliminary evaluation

of the pavement. Use a Falling wWweight Deflectometer or other NDT device
capable cof applying dynamic loads to the pavement over a range of load levels
comnarable to actual truck wheel loads (i.e., 90@2 to 16000 pounds) .

Nondestructive deflection testinp should be conducted in a B.1-mile section
randomly selected within each mile of the project. Deflection testing should on
be conducted when the ambient temperature is between 5@ and 80 degrees Fahrenhe
to avoid joint and crack lock-up and excessive curling.

-l@sting should be performed at the following locations: ) —

“Center of the slab: Measure deflection basin in the center of the traffic
““lane in order to backcalcuiate elastic modulus of slab and effective k value b
the siab. This information may be used in a structural analysis of the oavemer
: in determining uniformity of support along the project (see NCHRP Report No. 28
" Lane edge: Measure deflections at the outer edge of the traffic lane
(next to the shoulder). If the pavement has a tied concrete shoulder, also meas
deflections acrcss lane/shoulder joint. This information may be used in a
. structurai analysis of the pavement.

Corner of the slab: Measure deflections across transverse joints and cracks
and compute their load transfer efficiencies. This information will be used
in a structural analysis of the pavement.
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————————————————————— DESTRUCTIVE DEFLECTION TESTING —_———

Destructive testing (obtaining samples of material from the pavement structure)
is reccmmencecd tc further investipate deficiercies observed in the oreliminary
Materia. sambles must be obtained by coring througn the concrete surface

ard base with a core bit (6-inch diameter unless specified otherwise).

Grarnular base bulk samnles should be cbtained. Stabilized base samples should
be obtairec from coring, if possible. Where undisturbed scil samples are reguilr
they snould be cobtained by sampling the soil berieath the pavement

and base a thin-walled Shelby tube.

Each type of destructive testing required should be conducted on at least
one arc preferably three or more slabs in each @.1-mile section randomly select:
within each mile of the project. For reasons of efficiency and safety, nondestr

.testing and destructive testing should be conducted concurrently.

>

Tﬁe followinrng types of destructive testinpg are recommended:

ODbtain cores from the center of the traffic lane.

. Obta:in cores through selected transverse Joints.

At locations along the longitudinal Jjoint with significant spalling or
nearby longitudinal cracks, core through the longitudinal Joint (and
adyacert cracks, if present). Examive the cores visually to determine
whether the Joint or one or more of the cracks is functioning

" as a Jqoint.
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—————————————————————————— MATERIALS EVALUATION ———————

Visual irspecticr and possibly laboratory testino of material samples
obtained from destructive testing (coring) is recommended. The foliowirg
types of information should be cbtained from the material samples:

The strength of the cores obtaired from the concrete slab should be
cetermined by indirect tension testing in the 1aboratory. This information
may be used in & structural analysis of the pavemerit. In the case of
corcrete ceterioration due to poor durability (e.o., D cracking or reactive
aggregate), the strength of the concrete is an indicator of the extent of
the deterioration.

_Examine the cores obtaired from the center of the slab and through the

ggtransverse Joints to cetermine the thickrness and soundness of the concrete.
$

o

¥PDetermine the thickness of the base layer by examining the base material

}

!

ﬂbbtained from the coring operation.

§

i A8 s

i'::?_’

l'lf;!rhl:'

' ;,;‘;r &g
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————————————————————————————— SKID TESTING ————-

Physical testirng is recommended to further investigate and quantify the
causes of poor skid resistance observed in the oreliminary evaluation. The
following types of testing are recommended: ‘
Measure tne skid resistance of the pavement with either a ribbed tire
(ASTM E S21) or a bald tire (RASTM E S24) mounted on a locked-wheel skid
trailer. Testiro with both types of tires 1s preferred in order to obtain
pooc estimates of both the macrotexture and microtexture of the pavement
surface. If only one type of tire can be used, the bald tire 1s recommended.
Measure skic resistance with the skid trailer over a section of pavement
at least 1502 feet long (aporoximately 0.3 mile) within each mile cof
the project to obtain an estimate of the overall skid resistance of
* the pavement surface. '

=

.
~

R

MR
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———————————————————————— ROUGHNESS TESTING ——==—=———==—=———=========

Rouphness testing 1is recommended in each traffic lane to verify that the
pavement 1S excessively rough and to determine the cause of the roughrness.
Rouchness testing should be performed over the entire length of the
pavement and the roughress measured at each @.1 mile segment.

Test the pavement with roughrness equipmerit capable of producing either a
response—-type measurement of the pavement's roughness (e.g., Mays Meter)
or a orofile measurement device. Compare the measured roughness to your
agency's standard for an accentable level of roughness. Prepare a prafile
of the roughness index along the project for each traffic lane to identify
points of significant roughress that need special attention.



C2. Restoration

C2.1 Restore Both Lanes

............................................................................
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RESTORATION

VEAR @B= CUMJLATIVE JOINT FDR TRANSVERSE JOINT PUMPING PSR
ESALs FAULTING FAULTING CRACKING DETERIOR.
1988 2337 8.19 2. 00 2. 02 @ 2.8, 5 ©.0 4.5
1983 23538 8.73 @.@3 @. 6 835 5.8 7 -@.93 2.4
1992 =933 9. 43 Q.04 > 2. 28 18& 252.0 1.4 2.3
1331 294¢ Q.12 @.0S Q.1@ £96 35z. @ 1.5 2. &
199% 234. 12.85% 2. e .11 47 35e. ¢ 2. 4 z.1
1953 2942 1i.62 0. @6 .13 =73 3Se. @ 2.8 2.1
1934 2943 12. 45 @.07 .15 756 352. 0 3. @ c. @
1995 2944 13.33 @. 08 2. 16 96e 352. ¢ 3.0 1.9
199€ 2945 14.28 2. 08 2. 18 121 3Sz. @ 3.@ 1.9
1997 294¢€ 15. 28 2. 09 2.c0 1480 35z. @ 3.e 1.8
~ 1998 2947 16. 35 .12 0. ae 1824 352. 8 3.2 1.7
#1999 2948 17.49 .10 2.23 2183 352.0 3.0 1.6
= ZonY 2349 18. 7@ 2.11 2.25 2624 352. 0 3.0 1.5
:;#“20@1 2959 20. 00 " @.11 2.27 3139 352.08 3.2 1.4
=o. 2oz 2951 21. 38 0.1 2.29 3739 352.9 3.0 1.3
e 2@03 29SSz 2. 85 2.13 2.31 4440 352.0 3.0 1.1
T 2004 2953 24. 42 .12 2. 33 S259 35&. 3.0 1.@
g 28RS 2354 26. @9 Q.14 2. 36 6214 352. 0 3.@ 2.8
?f 2006 29SS 27.88 2. 14 2. 38 7330 352. 0 3.0 0.6
é;' £ee7 29356 29.78 @. 15 2. 40 ae3e2 352. @ 3.0 Q.4
i 18-kip Inches Inches Feet Joints @ = none @-5
Y miliions per per i = low
v mile mile 2 = medium
= 3 = high

N

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

“ SUMMARY :

-

Joint faulting on the restored pavement in lane 1 is predicted to equal
or exceed an unacceptable level of ©.13 inches in 2003.

Tull-deoth repair faulting on the restored pavement in lane 1 is predicted
to eguai or exceed an unacceptable level of @.13 inches in 1993.

Cracking cn the restored pavement 1n lare 1 is predicted to eaual or
exceec an uraccepntable level ~f 80 feet per mile in 1995.

>

Jeint cetericration on the restored pavement in lare 1 is predicted to
ecual or exceed arn unacceptable level of 55 Jjoints per mile in 1989.

Sumoing on the restored pavement in larne 1 is predicted to egual or
exceec an uriacceptable level cof 1.2 in 1990.

PSR cn the restored pavement in lane 1 is predicted to equal or fall
helow arn uraccentable level of 3.@ in 1383.
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C3. Structural Overlay

C3.1 14" AC. ittt ssrec et e as s s e s saa sttt 175
C3.2 15" AC ettt 176
C3.3 2.0" AC ... ittt s 177

C3.4 B.2" AC... ettt 178
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SREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RC CVERLRAY

TOTAL MED IUM-KHI1GH

YEAR AGE cum REFLECTIVE REFLECTIVE _RUTTING

ESALSs CRACKING CRACKING .
1388 2 @. e @ 2 ’ Q.02
1289 i 2. 6Q 1465 43¢e - @B.0Q
139392 = 1.24 1519 SE8 3. Q¢
1951 3 1.93 1553 €6E€8 Q2. a2
193 4 c. €6 1577 751 0. 02
1983 S 3.43 1597 824 Q2. ee
1934 (=3 4,26 1613 ase @. 01
13995 7 S. 14 1627 2950 3. &4
1996 8 €.0239 1640 1227 2.7
1397 3 7.3 1651 1061 2. 10
1998 1@ 8. 16 1€61 11182 .13
1999 11 9. 30 1670 1162 @.17
=2ae ig 12. 51 1679 iz1e Q. ze
ceal 13 11.81 1687 1256 Q. 24
Zees 14 3. 179 1695 132 2. 28
ZRee3 ie 14,66 i17ez 1347 Q. 32
ZQd4 16 16. 23 17@9 1390 2. 36
cers 17 17.9@ 171¢€ 1434 3. 41
cQas 18 13.6e9 17a¢& 1476 2. 4S
=37 19 £1.59 1728 1518 2. 52

18-k1p Feet Feet Inches

millions per mile per mile

NOTE: These projecticns are estimates of expected performance based on
oredictive mcodels. They should not be taker as exact values, but
instead as relative indicators of performance.

Summary:

Total reflective cracking of the RAC overlay 1in lane 1 is not
precictec to reacn an urnacceptable level within the next twenty years.

Medium— tc high-severity reflective cracking of the AT overlay in
iare 1 1s preci:cted to ecual or exceecd an unacceptable level of 1S@&
feet ner mile 1n SQ&7.

Ruitino on the AC overlay in lane 1 is oredicted to ecual or exceed
ari unacceotan.e level of @.32 inches in zoe7.



2PREDICTED PERFORMANCE FOR LANE : FOLLOWING AC OVERLAY

YEAR AGE
1368 @
1385 1
155@ 2
13991 3
195z 4
1933 S
1994 €
13395 7
1996 8
1937 9
1938 10
. 1993 11
— Z000 1z
by zea1 13
- zeas 14
. zoa3 15
. a4 16
- 2005 17
Z0R6 18
coa7 19

millions

Cum
ESALs

2. 2@
2. 60
1.24
1.93
Z. 66
3.43
4. 26
S. 14
6. @9
7.@3
8. 16
9. 30
12. 351
11.81
13.19
14.66
16.23
17.90
13.69
21.59

18-kip

TOTAL
REFLECTIVE
CRACKING

@
1458
151z
1S4€
1570@
1583
16Q€
1620
1632
1643
1653
1663
1671
1679
1687
1694
17021
1728
1714
1720

Feet
per mile

MEDIUM-FEIGH
REFLECTIVE
CRACKING

@
426
See
658
74@
a1le
877
937
993

1046
1296
1145
1192
1238
1283
1327
1370
1413
1455
1496

Feet
per mile

RUTTING

'.T.‘_.'."-I r

g 0.00
. 5;,0.0@

Q. 82
2. 22
@. 02
2. v2
2.2
. 2
2. 05
2. 29
2.1z
@. 15
2.19
2. 23
2.27
2. 31
8. 35
@. 39
2. 44
Q. 49

Inches

176

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

- predictive models.

Summary:

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

“precdictec to reach an unacceptable level within the next twenty years.

Mecium— to high—-severity reflective cracking of the AC overlay in
lavve 1 1s rot predicted to reach an unacceptable level within the

rext twerty years.

Ruttirnog on tne AC coverlay

in lane 1

is rot predicted to reach
arn uracceptable level within the riext twenty years.

but
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SREDICTED PERFORMANCE FOR LANE 1 FOLLOWING AC OVERLAY

TOTAL MEDILM-HIGH
YEAR AGE cum REFLECTIVE REFLECTIVE  RUTTING
ESALs CRACKING CRACKING
1988 @ 2. 0@ 2 2 ... e.ew
1983 /1 2. 60 1429 491 T e.ee
1932 = i.24 1483 se7 2. 22
13991 3 1.33 1515 EcQ 2. a2
1932 4 Z. 66 1533 637 Q. o2
1933 S 3.43 1558 764 Q. 22
1994 6 4. 26 1574 8es 2. a2
1995 7 S. 14 1588 881 Q. &
1996 8 6.29 16Q2 934 2. 01
1997 9 7.09 1611 984 Q. 04
1998 i0 8. 16 1621 103e 2. 028
1999 11 9. 30 1630 1077 2. 11
63 ‘2000 i2 12. 51 1639 1122 2. 1S
‘f zeel 13 11.81 1647 1165 Q.18
T coee 14 13.19 1€54 1ze7 Q. 22
s 2R3 15 14,66 1661 1249 Q2. 26
i zoa4s 16 1€.23 1668 1289 2. 321
¥ zoes 17 17.90@ 1675 1329 2. 35
ks 2006 18 19.69 T 1681 1369 2. 4@
ceoa?7 19 21.59 1687 1408 Q. 45
18-kip Feet Feet Inches
millions per mile per mile
NOTE: These projections are estimates of expected performarice based on
_ predictive models. They should not be takern as exact values, but
; instead as relative indicators of performance.

LSummary:

_fTotal reflective cracking of the AC overlay in lane 1 is rnot
*Gredicted 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
rext twenty years.

Rutting on the AC cverlay in lane 1 is not predicted to reach
ar unacceptable level within the rext twenty years.



SOLLIWING AC OVERLAY

MEDTUM=TGE

VE REFL_ECTIVE ROTTING
ING CRACKING
& ol @ s 8. &
1 . BN 1 ZE8 343 8. e
z ILEL 142% 458 2.Q2
z 1. 23 1442 S3e Q. @2
o .65 T4EZ =35 _ - d. Q@
= Z.43 1481 €53 Q. 2
& L. ZE 1458 7@S Z. Qe
7 S.i4 1S@3 753 2. a2
a &.¢3 1821 728 J.0&
3 7.23 123z 641 Q. 2
1@ 8.16 15461 aas 2. ez
il S. 3@ 1552 Qz1 @. @5
e 12.S1 1S58 2353 .23
i3 11.81 1566 996 2. 12
14 13.1 1573 1332 2. 16
15 i14.66 1580 1867 2. c2
iE iE.E3 1S6¢ 11@c 2. 28
17 17.92 159 1136 Q. &3
18 13. €3 1558 1170 Q. 34
13 Z..E2 1EQ4 12@3 2. 32
18—-kin reet Feet Inches
millions per m:le per mile

-ectLovie are 2stivet2e -f expect=2s performarce based
41:C met be taxer as exact values., o
ators o¥f oerformarce.

Summary:
Tota. ref.ect:ve cracking of tne AC overlay irn larne 1 is not

ovecictec to reach an unaccestable level within the rext twerity years.

Mecium— to hign-severity reflective cracking of the AT overlay in
iarie : 1S rot oreciciec to reach an uracceptable level within the

BN twenly YEears.

v the P averlav v lam2 1 is not orecictec to reach
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C4. AC Overlay with Crack and Seat

2.5°X 2.5’ pieces, 15 ton roller

C4.1 Lo8" AC oo iiiiiieeeieeecscseeeessssssssssssssssssessssssssssssssssssssssnnsasssanssssssasssnnes 179
C4.2 15" ACaiioeeeeeeeesesssesssssssesssssssssssssssssssanesssssassssssssussssssnssssassananssssass 180
C4.3 B.2" AC i eeeeeessceeereeeessseesesteesesesssssssssaaatsasteatetsstesesananasseasnassessasas 181



PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING CRACK & SERAT

YEAR

1986
1983
i193@
1991
1399
1993
1994
1995
199€
. 1997

- 1998
= 1999

%ﬁl Zeoe
S

20e1
ceaz

e 2003

"?"{'é;‘ :v‘."'i',‘ -“, e

. .

é 2004

20eS
2006
2007

Summary:

RGE

VUONON>PWND-S

predictive models.

cum
ESALs

0. 20
2.60
1.24
1.93
z.66
3.43
4. 26
5. 14
6.09
7.09
8.16

.. 9.30

T 10.51

11.81
13.19
14.66
16,23
17.90
19.69
21.59

i8-kipo
millions

TOTAL
REFLECTIVE
CRACKING

@
789
799
807
816
824
a31
838
844
as5e
853
839
863
866
868
869
869
869
867
864

R L

Feet
per mile

MEDIUM-HIGH _
REFLECTIVE: 1§UTIING

CRACKING ﬂﬂﬁ*

"]
789
799
807
816
824
831
a38
844
850
855
859
863
866
868
869
869
869
867
864

Feet

per mile

&= “0- "]}
”“%o.oe
2. 00
Q. 20
Q. 2@
2. 22
.01
2. 84
Q. 07
2. 10
2.13

0. 17

2. c0
2. 24
8.28
Q. 32
Q. 36

179

e e e

2. 41 _:?ii

0. 45
2. 5@

Inches

i

Total reflective cracking of the AC overlay in lane 1 is not
pred1cted to reach an unacceptable level within the next tw.nty years.

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

next twenty years.

Rutting on the AC overlay in lane 1 is predicted to equal or exceed
arn urnaccentable level of 0.50 inches in 2007.

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

but

o
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING CRACK & SERAT

19886
1989
195
1991
199
1333
1994
1995
1996
1997
1998
1999
zeoe
ceel
"=
e g
cou4s
2005
20RE
z@e7

AGE

VoMW S

10

cum
ESALs

@. ag
2.€e@
1.284
1.33
g. 66
3. 43
4.26
S. 14
€.023
7.09
8. 1€
- 9. 30
1@. 951
11.81
13.19
14. €66
16.&3
17.9@
13.€%9
21.59

18-kip
millions

TOTAL
REFLECTIVE
CRACKING

2
789
793
aa7
816
ac4
831
838
844
a5e
ass
859
863
8e6
868
8e9
869
869
867
864

Feet
per mile

MEDIUM-HIGH -
REFLECTIVE - ~RUTTING

CRACHKING

@
789
793
=Y. 4
8.6
Ec4
831
838
é44
850
855
859
8€3
86¢6
8es8
ee9
869
869
867
864

Feet
per mile

P

-

-

2. o2
Q. o2
Q. e
2. e
2. 22
Q. o2
@. o2
Q. 2z
8.3
2. 23
Q. 12
2. 15
2.19
Q.23
8.27
2. 31
2. 35
@a. 339
2. 44
@. 49

inches

180

NOTE: These orojections are estimates of expectec performarnce based on

precictive models. They should not be takern as exact values, but
instead as relative indicators of performance.

~8ummary:

Med 1um—

*Total reflective cracking of the AC overlay in lane 1 is not -
. predictec tc reach an unacceptable level within the next twenty years.

<o nigh-severity reflective cracking of the AC overlay in

ljare 1 is not precicted to reach an unacceptable level within the

rext tweviy years.

o

an

- =

r

5
v v .

uraccestanle level within the rext twenty years.

»y on the AC overlay irn lane 1 is not predicted to reach

-
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o FSRFORMANCE FOR LANE 1 FOLLOWING CRRACK & SERT

‘.i“l,‘! ‘is Wt

Posighe Ty

TOTAL MEDIUM-HIGH

vy ZAR aGE Cum REFLECTIVE REFLZCTIVE LRUTTING

ESALs CRACKING CRACKING ™=
1988 @ 2. QY @ @ T gL
1383 1 Q.62 7893 785 T Q.02
129 = 1.24 739 793 R
12328 3 1.33 ae7 8@7 @. o2
193z &4 Z. 66 816 81€6 2. a2
1993 S 3.43 824 8z4 2. 22
19934 € 4. 26 831 821 0. Q@
1335 7 S. 14 838 8z8 Q2. 22
1996 8 €. 029 844 844 2. Q@
1957 9 7.@9 ase 850 2. 22
1938 10 8.16 855 855 2. 02
1999 11 S. 30 859 859 2. @85

- 2eee 12 12. 51 863 863 2. 229 T

coel 13 11.81 866 866 2. 12
coas 14 13.13 8e8 8€8 .16
coad 15 14. 66 869 869 2. 20
a4 16 16.&3 8€93 869 2. 25
cors 17 17.90@ 869 863 2. 29
026 i8 13. €9 867 867 2. 34
27 139 21.59 864 864 . 39

18-~«10 Feet Feet inches

millions per mile per mile

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

Summary:

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

vecium— to nigh-severity reflective cracking of the AC overlay in
lare 1 1s not oredicted to reach an uracceptable level within the
rext twerity years.

Ruiting o the AC overlay in larne 1 is rnot oredicted to reach
an urnaccentaple level within the riext twenty years.

S

Y ey
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C5. PCC Bonded Overlay

C5.1 12" PCC .uuuneeeeceeerersreencesssesssnasssrasssssssssssssssosossansssssssassssssssssssassnsass 182
C5.2 18" PCC ...uoiuieecrerreeneserueissseesanessssssassssssssssssessnnsmmassnsesstsonssssnssnnasses 183



2REDICTED PERFORMANCE FOR LANE 1 FOLLOWING EONDED PCC OVERLAY

YE&R AGE CUMULATIVE JOINT
ESALS FAULTING
1988 b @. 22 2.0
1983 1 Q.6@ Q. 05
1330 z 1.4 2. 06
19391 z 1.93 2. 07
1992 4 Z.66 2.08
1933 5 3.43 2.08
1994 I3 4. 26 0. 09
1935 7 S. 14 2.03
1996 8 €.09 0.09
. 1997 9 7.0@3 .10
;' ______ 1338 10 8. 16 2. 12
= 1999 11 9. 3@ 2.10
- oo 12 10. 51 @.11
zoQ1 13 11.81 Q.11
cow2 14 13.19 2. 11
. zeQ3 15 14.66 Q.12
i 2004 16 16. 23 Q.12
= 2005 17 17.90 2. 12
2026 18 19.63 .12
- zoa7 13 21.55 0.13
~ 18-kip Inches

" Joint faulting on the PCC overlay in larne 1

millions

JOINT TRANSVERSE

DETERIORRTION CRACK ING
2.0 ...-®
2.1 24
2.4 376
1.0 Se3
2.0 633
3.3 743
S. @ 860
7.2 967
9.9 1071
12. @2 1172
16.6 1271
2e.8 1368
25.5 1463
30.8 1557
36.7 1650
43. 2 1742
50. 4 1833
S58.2 1923
66.7 21z
75.9 2101
Joints Feet

per mile per mile

182

NOTE: These projections are estimates of expected performance based on

predictive mo

dels.

They should not be taken as exact values,

instead as relative indicators of performance.

SUMMARY :

is not predicted

to reach an unacceptable level within the next twenty years.

Joint deterioration on the PCC overlay in lane 1
or exceed arn urnacceptable level of 55.00 joints per mile in £0@S.

is predicted to equal

but

Transverse cracking of the PCC cverlay is predicted to equal or exceed an
808 feet per mile in 1994.

uriaccentable level of

o
'3

s,
TR R
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PREDTCTED DPERFCRMANCE FOR LANE 1 FOL_OWING BONDED PCC OVERLRY

YERR AGE CUMULARTIVE JOINT JOINT TRANSVERSE
ESALSs FAULTING DETERIORATION CRACKING

1988 @ 2. o 2. 22 2.0 ~e
1989 1 2. 6@ 2. 25 Q.1 o4
1932 = 1. 24 3. 6 Q. 4 376
19914 3 1.93 Q.07 1.@ Se3
19392 4 2. 66 2. 08 2.0 €33
1993 ] 3. 43 Q.08 3.3 749
1994 & 4. 26 .09 S.0 =1
1995 7 S. 14 2. 23 7.2 267

. 1996 8 €. 029 2.029 9.9 1071

e 1997 9 7. @9 0.10 13.@ 1172

fw 1998 10 8.16 .10 16.6 1271

=, 1999 11 i 9. 30 0. 10 20.8 1368 -

g& 2002 12 18. 51 .11 25.5 1463

Z sl 13 11.81 @.11 30.8 1557

é? 2eec 14 13.19 2.11 36.7 1650

%ﬁ seas 15 14,66 2.12 43. 2 1742

Ead co04 16 16.23 2.12 50. 4 1833

) 2025 17 17.90 2.12 58. 2 s 1923

- 20rE 18 19.€9 2.1& 66.7 ce12

. cea7 12 21.59 .13 75.9 e101

: 18-kip Inches Joints Feet

%o millions per mile per mile

j NOTE: These projections are estimates of expected performance based on

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

iz' instead as relative indicators of performance.

P

TBUMMARY :

?Joint faulting on the PCC overlay in lane 1 is not predicted
. 4o reach an unacceptable level within the next twenty years.

Joint deterioration on the PCC overlay in lane 1 is predicted to eaual
o exceec an unacceptable level of S5.@@ Jjoints per mile in cors.

Trarnsverse cracking of the PCC overlay is predicted to equal or exceed an
uriacceptable level of a2 feet per mile in 1994.



C6. PCC Unbonded Overlay

No Dowels

C6.1 8" PCC eeeeeeeeeeeeeeeeeeereeeeeesssseeeessnssesssssesnssssasasnansssssssssesnassssseensnnns 184
C6.2 JO.5" PCC oeeeeeeeeeeeeteeeeeeesseeeessssesssssessssnessnsessssssssssssssssnssessasssssnsenens 185
C6.3 JO.6" PCC ...eeeeeeeeeeeeeeeeeteicersseseessssessssssssssssssasssssnssssesnsessenssresnsosses 186

7/8" Dowels
CO.8  10.5" PCC ..eeeeeeeeeeeeeeteieeseeseesssnnneesessssssnnsesssessssssssssassssssssssnnsssssssnes 187
CO.5  10.6" PCC ..eeeeeeeeeeeeeeieeeeeereeeseeseeesessrssssssssassssssssssssssssssssasenssssssserssses 188
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DREDICTEZD SERTOURMANCE FCR LANE 1 FOLLOWING UNBONDED PCC OVERLAY

YZRR AGE CUMULRTIVE SCINT JOINT TRANSVERSE
ESA_s “AU_TING DETERIORATION CRRACKING

1268 2 2. e 0. @2 0. @ B
13983 b 2. e@ Q.2 .@ 171
1932 = 1.24 2. 23 0.0 258
1991 3 1.93 ¢. 04 Q2. @ 349
133& 4 2. 66 0. 04 0.1 457
13%3 S 3. 43 ?. @S 2. 598
1934 & 4. 26 @. @S 2.3 773
19395 7 S.14 .25 2.5 10@S
19396 8 €. @9 2. 26 2.7 1305
1997 9 7.09 2. 86 1.1 169@
.. 1998 10 8. 16 2. 26 1.5 2182
£ 1999 11 9. 30 @. a7 2.0 2815
T 2eee 12 102. 51 2. 07 2.6 3588
T 20a1 13 11.81 2. 8 3.3 4563
" ez 14 13.19 0. 28 4,1 S778
2023 15 14.66 2. 28 5.0 7273
. cvd4 16 16.&3 0. 39 €.1 9113
2 2025 17 17.90 2.09 7.4 11360
: 2006 18 19.69 2. 29 8.8 14097
zoa7 19 21.59 .10 10. 3 17419
18-kio Inches Joints Feet

millions ‘ per mile per mile

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.

5 SUMMARY :

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

‘+o reach an unacceptable level within the next twenty years.

Joint deterioration orn the PCC overlay in lare 1 is not predicted
to reach arn unacceptable level within the next twenty years.

Trarnsverse cracking of the PCC overlay is predicted to equal or exceed an
unacceptable level of B80@ feet per mile in 13995.

-
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22TNICTID DIRTIORMANCE FOR LANE 1 FOLLOWING UNBONDED RCT OVERLARY

YEAR AGE CUMULATIVE JOINT JOINT TRANSVERSE
ESALSs FAULTING DETERIORATION CRACKING
£
1388 @ 2. 22 2. 02 2.2 7"
1385 1 Q. 62 Q. 02 o. @ 46
=T ] 1. 84 0.@3 2.0 €6
322 3 1.93 Q2. 04 Q. @ 8z
193 4 2.66 2. 24 0.1 100
1933 5 3. 43 .25 Q.2 116
1994 6 4,26 .85 2.3 133
1935 7 S.14 .05 2.5 152
, 1996 8 6.029 2. 26 Q.7 173
o 1997 9 7.09 Q.26 1.1 197
= 1998 12 8. 1€ @. €6 1.5 z24
- 1999 11 9. 30 2. 07 c.o 257
- 2002 12 13. 51 .07 2.€ 295
- 2021 13 11.81 2.08 2.3 340
’ ZaE 14 12.19 2.08 4.1 293
- Zea3 15 14. 66 2. 28 5. 457
- 2004 1€ 16.23 @. 29 6.1 534
zees 17 17.90 2. 029 7.4 625
ZBRE 18 19. €9 2.@9 8.8 734
zea7 i 21.59 2.102 12. 2 864
18-kio Inches Joints Feet
millions per mile per mile

NOTE: These projections are estimates of expected performance basea cn
predictive models. They should riot be taker as exact values, but
iristeac as relative indicators of performance.

-
R
-

" SUMMARY :

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

Joint detericration on the PCC overlay in larne 1 is ncot predictec
to reach ar uriacceptable level within the next twenty years.

Transverse crac<ing of the PCC cverlay is precicted to ecual or exceed an
Luracceptable level of 822 feet per mile in E@27.




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

Joirt detevioration on the PCC overlay in
to reach an unacceptable level within the

SRIMANCE FOR LANE ¢ FOLLOWING UNE

186

ONDED PCC SVERLARY

T TRANSVERSE

YEAR AGE CUMU_ATIVE JOINT JCIN
Z8Ris TAU_TING STEZRICRATION CRACKING

1288 @ 2. 20@ Q. 22 2.2 e
1383 1 2. 62 2. oz 2.2 44
1232 e i.24 2.3 2. £3
1951 3 1,93 Q2. 04 Q.2 73
139 4 . 66 Q. 24 2.1 35
1923 S 3. 43 2. 0SS 2. e 1108
1934 € 4,26 2. QS .3 126
1935 7 S. 14 .05 2.9 144
19396 8 6. @2 Q. BE @.7 163

- 1997 9 7. 09 2. 6 1.1 185

= 1998 i@ 8. 16 2. V6 1.5 210

ol 1999 11 9. 32 2. 07 2.0 240

E cova ie 10. 51 2. 07 2.6 274

Lo 2021 12 11.81 0.e8 3.3 315

3 zoos 14 13.19 2. 28 4.1 363

: 2023 iS5 i4. 66 2. 28 5.0 421

% 2004 16 16.&3 .09 6.1 489

X 202S 17 17. 390 2. 09 7.4 571

’ 2006 18 19.€9 2.09 8.8 €E€EB
zoe7 19 21.359 2. 102 12. 3 785

18-kip Inches Joints Feet
i millions ’ per mile per mile
NOTE: These projections are estimates of expected performance based on

& predictive mcdels. They should not be taken as exact values, but

r instead as relative indicators of performance.

“SUMMARY :

1 is not oredicted
next twenty years.

lare 1

is not predicted

next twerty years.

Transverse crackirg of the PCC overlay is not predicted to reacn
ari unacceotable leve: within the next twenty years.
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ODREDICTED PERFORMANCE FOR LANE @1 FOLLOWING UNECNDED PCC OVERLRAY

YERR AGE CUMULRTIVE CINT JCOINT TRANSVERSE
ESALs FAULTING DETERIORRARTION CRRACKING
1388 Q 2. 22 e. o2 .2 @
1989 i 2.6 2. Q& 2.2 R 13
1220 z 1.&4 Q. vz 2.2 66
1921 3 1.93 Q. @z 2.0 ez
1232 4 2. 66 0.3 0.1 10¢
1923 S 3.43 0. 03 .2 116
1394 6 4. 26 ¢. 24 2.2 133
13995 7 S.14 2. 24 2.9 152
1236 8 €. 273 2. 24 2.7 173
1397 9 7.089 2. 24 1.1 137
. 1998 12 8. 16 2. 05 1.5 c24
£ 1999 11 9. 30 2. 05 2.0 257
- 2eer 12 10. 51 2.03 2.6 295 -
= zea1 13 11.81 2. 85 3.3 340
saez 14 13.19 2. 06 4,1 293
o 2023 15 14.66 2. 06 S.0 457
ZoR4 16 16. 23 2. V6 €.1 S34
2025 17 17.9@ 2. 06 7.4 625
> bgvafval ) 18 19.€9 2. 087 8.8 734
zoa7 19 21.59 Q.07 1.3 864
16—-kip Inches Joints Feet
millions per mile per mile

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

T
¢;SUMMQRY:
"Joint faulting on the PCC overlay in lane 1 is not predicted

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

Joint deterioration on the PCC overlay in lare 1 is rot oredicted
toc reach an unacceptable level within the next twenty years.

Transverse crackirg of the PCC overlay is predicted to equal or exceed an
unacceptable level of 822 feet per mile in Z0@7.
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DREDICTED PERFORMANCE FOR LANE 1 FOLLOWING UNBCGNDED PCC CVERLAY

YERR AGE CUMULARTIVE  JOINT JOINT TRANSVERSE
ESALSs FAULTING DETERIORATION  CRACKING
1586 ? 2. 20 2. 02 2.2 e o
1989 i Q.60 Q. Qs Q. @ 3 lldy
1992 g 1.24 Q.02 2.0 63
132: 3 1.93 2.022 2.2 79
1992 4 2.66 .03 Q.1 95
19393 5 3.43 0.03 Q.2 11@
1994 3 4,26 Q. 04 2.3 186
1995 7 S.14 .04 0.5 144
1996 8 €.09 0. 04 0.7 163
1997 9 7.29 0. 04 1.1 185
= 1398 10 8. 16 @.eS 1.5 210
as. 1999 11 9. 20 2. 05 z.0 240
= 2000 12 12.51 2.@5 2.6 274
T zeat 13 11.81 2.@5 3.3 315
. 2o 14 13.19 2. 26 4.1 363
- zZo23 15 14,66 @. 26 5.@ 421
= 2004 16 16.23 2. 06 6.1 4893
G . =0es 17 17.90@ 2. 26 7.4 571
by zee6 18 19.69 Q.07 8.8 €68
. 2027 19 21.59 .07 1@. 3 785
) 18-kip Inches Joints Feet
- millions per mile per mile

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.

ZgummaRyY:
;Joint faulting on the PCC overlay in lane i is riot predicted o

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

Joint detericraticrn on the PCC overlay in larne 1 is not predicted
to reach an unacceptable level withirn the next twenty years.

rrarnsverse cracking of the PCC overlay is not predicted to reach
an unacceptable level within the rnext twenty years.

ro.
v:-"'

mf
-



C7. Reconstruct Both Lanes

No Dowels, Stabilized Base

C7.1 L2 PCC .. eeeeeeeeeeeeeeeeeeeeeeeeseeeeeeesessesssesssessssasssssssesssssasssnnsssnnsssnsannes 189
CT.2 LB " PCC .. eeeeeeeeeeeieeeeeeieeieteeeseseseeessssssesasssssessssessessessnnsnssnnssssassenans 190
No Dowels, Granular Base

CT.3 12" PCC eeeeeeeeeeeeeeeteeeeeeeesssssssssssesasassssasssssssssessssssssensssssssssnsansasans 191
T/RA DoMYISPCADILIZEA. BASE......cccvvreeeeeeeeeniiteinicceicsnntereneereeeeesecceseeeeeeees 192
CT.5 127 PCC eeeeeeeeeeeeeeeeeeeevevsssssssssssssssresasssesseessssssssssssssssasssssssrssssnnnnnns 193
CT.6 18" PCC ..o eeeeeeeeeeeeeeeeeeteeeeeeeeeesesaessassasessssesssessesssnsssnnssssesasssnennns 194

7/8" Dowels, Granular Base
CT.T 12" PCC ..eeteeeeeeeeeeteeeeeeesssssstssesesssessssnssssessessssussesssssassssssrnesasanes 195
CT8 18" PCC e eeeeeeeeeeeeeeeeeeeeeeeievteeeseeseeseseseeesasasessseetessssssssassesasssssnnnnnnns 196
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RECONSTRUCTION

YEAR ABE CUMULARTIVE  JOINT  TRANSVERSE JOINT . PUMPING  BSR
ESALSs FAULTING CRACKING DETERIORATION™ ~
1988 @ °. v Q.20 ] 2.0 , . 0.0 4.5
19893 1 Q.62 2.7 ez 2.0 2T e.9 3.9
1990 = 1.24 @. 8 34 2.0 1.2 3.7
1991 3 1.93 @.029 42 2.0 1.4 .4
199 4 2. 66 2. @3 S50 2.1 1.7 3.1
1993 S 3.43 2.10 57 0.2 1.9 z.8
1994 6 4. 26 2.10 64 2.3 z.0 2.4
19395 7 S.14 2.10 71 .5 g.e Z.0
1996 8 €. 09 ©.10 79 @.7 2.4 1.6
L. 1997 9 7.09 2.11 a7 1.1 2.6 1.1
,§? 1998 10 8.16 °.11 96 1.5 2.7 2.6
#1999 11 9. 30 @.11 106 2.0 2.9 0.1
o eeee 12 18.51 T e.11’ 116 2.6 3.0 -0. 4
- 2001 13 11.81 @.12 128 3.3 3.@ -1.90
2 eees 14 13.19 Q.12 142 4.1 2.0 -1.6
. 203 15 14.66 0.12 157 5.0 3.0 -2.8
... 2004 16 16.&3 2.12 175 6.1 3.0 -2.9
&£ pees 17 17.90@ Q.12 195 7.4 3.0 -3.6
T 2ee6 18 19.69 2.12 219 - 8.8 3.0 -4, 4
2007 19 21.59 .13 246 10.3 3.0 -5.2
» 18-kip Inches feet Joints 2 = none Q-5
millions per mile per mile 1 = low
f oo ) 2 = medium
+ 3 = high

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.

. BUMMARY :

-

"Joint faulting on the reconstructed pavement in lane 1 is predicted to
equal or exceed an unacceptable level of @.132 inches per mile in zee7.

Transverse cracking of the reconstructed pavement in lare 1 is rnot
predicted to reach an unacceptable level within the next twenty years.

Jaint detericration on the reconstructed pavement in lane 1 is not
predicted to reach an unacceptable level within the next twenty years.

T

ol

Pumpoirng or: the reconstructed pavement in lane 1 is predicted to equal
or exceed arn unacceptable level of 1.8 in 1990.

PSR cn the reconstructed pavement in lane 1 is predicted to egual or
exceed an unacceptable level of 3.00 in 1993.
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ODREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RECONSTRUCTION

YERR  AGE CUMULATIVE  JOINT  TRANSVERSE JOINT 3. PUMPING PSR
ESALs SQULTING CRACKING DETERIORATION .-

.388 g Q. & 2. 00 @ 2.0 n 2.0 4.5
1989 1 Q. Ed 2. € 3 2.0 wn 8.6 4.3
1922 z 1.24 0. 07 4 2.0 2.8 4.2
1221 3 1.93 2. a7 ] @.@ 1. @ 4.8
129& 4 2. 66 2.8 € 2.1 1.1 3.7
1933 5 3. 43 0.8 6 0.2 1.2 3.5
1994 € 4. 26 2. 08 7 2.3 1.4 3.1
1935 7 S.14 2. 28 8 2.5 1.5 2.8
1336 8 6. @9 2. 33 9 .7 1.6 2.4
1997 9 7.09 2. 29 9 1.1 1.7 .0

= 1998 10 8.16 2. 029 10 1.5 1.8 1.S

T 1999 11 9. 32 . @.05 11 2.0 1.9 1.@

B ={".1"]" 12 12. 51 2. 029 11 2.6 2.1 2.5

oo2e0t 13 11.81 2.029 12 2.3 2.2 -2.0

. ceez 14 13.19 2.10 13 4.1 2.3 -2.6

I 2023 1€ 14. 66 .12 14 5.0 2. 4 -1.2

-~  cov4 16 16.23 .10 14 6.1 2.5 -1.9

© 2ees 17 17.9@ 2.10@ 15 7.4 2.6 -2.6
2006 18 19. 69 2.10 1€ 8.8 2.7 -3.3
27 139 21.59 .12 17 10.3 2.8 -4.1

- 18-kip Inches feet Joints @2 = nore -5

millions per mile per mile 1 = low
2 = medium
- 3 = high
4 _NOTE: These projections are estimates of expected performance based on
predictive models. They should not be taken as exact values, but
- irstead as relative indicators of performance.
. SUMMARY:

- Joint faulting on the recornstructed pavement in lane 1 is not

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

Trarnsverse crackingc of the reconstructed pavement in lane 1 is not
orecicted to reach an unacceptable level within the next twenrity years.

Jairt detericration on the recornstructed pavement in lane 1 is not
brecicted tc reach an unacceptable level within the next twenty years.

L
RS

Sumaing on the recornstructed pavement in lane 1 is predicted to equal
ar exceec arn unacceptable level of 1.@ in 1991. e

SSR on tae reconmstructed pavement in lare 1 1s predicted to eqgual or
exceec ar unacceptable level of 3.0@08 in 199S.
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YEAR

1988
1983
199@
1931
199
1933
1994
19935
1996
1997
1938
1999
ceee
21
s
2003
2004
20@aS
2006
a7

NOTE: These projections are estimates of expected performarice

PREDICTED PERFORMANCE FOR LANE

AGE CUMULATI
ESALSs

] 2.2
1 Q. 60
2 1.24
2 1.93
4 2. 66
S Z.43
€ 4. 26
7 S.14
8 6. @29
9 7.@9
12 8.16
11 9. 30
iz 192. 51
13 11.81
14 13.19
15 14.66
16 16.23
17 17.2@2
i8 13.69
19 21.59
18-kip
million

VE JOINT TRANSVERSE JOINT . PUMPING
FARULTING CRACKING DETERIORATION- - -
2. 2o e 2.0 . e.@a
.10 23 0.@ 2.9
.11 34 2. 1.¢&
.12 4 Q.2 1.4
.13 S0 2.1 1.7
@.12 s7 2.2 1.9
a.132 64 0.2 2.0
Q.14 71 2.5 2.2
Q.14 79 0.7 2. 4
2.14 87 1.1 2.6
.15 96 1.5 2.7
.15 i1e6 .0 2.9
2.1S5 116 2.6 3.0
@.16 128 3.3 3.0
2. 16 142 4.1 3.2
@. 16 157 5.0 3.0
2. 16 175 6.1 3.0
.17 195 7.4 3.0
.17 219 8.8 3.0
.17 246 12. 3 3.0
Inches feet Joints Q = rnore
s per mile per mile 1 = low
2 = mediumn
3 = high

1 FOLLOWING RECCNSTRUCTION

191

PSR
4.5
3.9
3.7
3. 4
3.1
2.8
2. 4
2.0
1.6
1.1
2.6
2.1
-0. 4
-1.0@
-1.6
-2. 2
-2.9
-3.6
-4.4
-S.¢2

()
|
a

based on

oredictive models. They shcould not be taken as exact values, but
instead as relative indicators of performance.

. SUMMARY:

Joint faulting on the reconstructed bpavement
ecua. -+ exceec an unacceptable level of @.13 inches per mile 1n 1393:&.

Transverse cracking of the reconstructed pavemernt ir lare 1 is ricot
orecictec to reach an

unacceptable level

Joirt cdeterioration on the recconstructed oavement in larne 1 is not

oredictes to reach an uriacceptable level

Dumoing o tne reconstructed pavemernt inn lare 1 is predicted to equal

ot

&

exceec

ar. unaccentable level

of 1.@

X o7 tne recorstructed pavement in la

eec an

unacceorable

level

(] F

.20 1in

inm 199¢.

ne 1 1s precicted to eaual
1923,

in lane 1 is opredicted to

within the rniext twenty years.

within the next twenty years.

r
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192

PSR

uamnoe UM PD-UNSUWWU

Se=rrNRMWWWLHNMPH

U
whorre
W o

4.1

-5

on

YEAR AGE CUMU_RTIVE JOINT TRANSVERSE JOINT _PUMPING
ESALs FAULTING CRACHKING DETERIORATION

.388 @ Q. Q2 2. 2@ @ .V T R.@
1383 b Q. e 2. 03 3 2.2 2.6
1395¢ P=3 .24 .12 4 V.0 2.8
1332 3 1.93 @. 1@ S .2 1.2
1332 4 2. 66 2.11 € 2.1 1.1
1933 = 3. 43 2. 11 = e.z 1.2
1994 € 4. 26 Q.12 7 .3 1.4
1398 7 S. 14 .1 8 8.5 1.3
19%¢6 8 €. @S Q.12 S 2.7 1.6
1997 9 7.09 0.13 9 1.1 1.7

- 1998 10 8.16 2.13 10 1.5 1.8

... 1999 i1 9. 30 .13 11 2.0 1.9

- 2eweo 12 12. 51 .13 11 2.6 2.1

- 2ee1 12 11.81 .13 12 3.3 2.2
zoez 14 13.19 Q.14 13 4.1 2.3

~ 2003 15 14.66 Q.14 14 S.0 2.4

- 2ore4 16 16.&23 0.14 14 6.1 2.5

¥ e2ews 17 17.90 Q. 14 15 7.4 2.6

=< 20e6 18 19.69 .15 16 8.8 2.7
zoa7 19 21.59 .15 17 10. 3 2.8

18-kip Inches feet Joints B = none
millions per mile per mile 1 = low
2 = medium
3 = high

§“ NOTE: These projections are estimates of expected performance based

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

. instead as relative indicators of performance.

~ SUMMARY :

Joint faultirng on the reconstructed pavement in lane 1 is predicted to

egual or exceec an unacceptable level of @.12 inches per mile in 1997.

Transverse cracking of the reconstructed pavement in lane 1 is not
precictes to reach an unacceptable level within the next twenty years.

Joint detericraticorn or the recconstructed pavement in lane 1 is not
precictec to reach arn unacceptable level within the next twenty years.

Fumoing on the reconstructec pavement in lane 1 is oredicted to equal
or exceecd ar unacceptable level of 1.2 in 1991.

384 on tne reconstructed pavement in larne 1 is predicted to eagual or
exceec ar unacceptable level of 3.00 in 13993,
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RECONSTRUCTION

YEAR AGE CUMULATIVE JOINT TRANSVERSE JOINT . PUMPING PSR
ESALs FAULTING CRACHKING DETERIORATION

- ae -
————e

1988 7, @. o2 2.0 7. 2.@ . @.@ 4.5
1989 1 Q.62 2. 05 23 0.2 L @.9 3.9
1990 2 1.24 2. 06 34 2.0 1.2 3.7
1991 3 1.93 Q. 26 42 2.0 1.4 3.4
199¢& 4 2. 66 2. 06 S50 2.1 1.7 3.1
1933 S 3. 43 2.07 S7 2. 1.9 .8
1994 € 4, 26 2. @7 64 2.3 2.0 2.4
1995 7 S5.14 2.07 71 2.5 2.2 2.0
1996 8 6. @9 0.07 79 .7 2. 4 1.6
1997 S 7.09 2. @7 a7 1.1 2.6 1.1
- 1998 10 8.16 0.07 96 1.5 2.7 2.6
‘§§A 1999 11 9. 30 2.08 106 2.0 2.9 2.1
= 2eee 1z 18.51 .08 ] 116 2.6 3.0 —-0. 4
g 2021 13 11.81 2.08 128 3.3 3.2 -1.0
Ranli<d" " Jcd 14 13.19 2.08 142 4.1 3.0 -1.6
1. 2003 15 14,66 2. 08 157 S.2 3.@ -2.2
™ 2004 16 16.23 2.08 175 6.1 3.2 -2.9
% 2005 17 17.90 2.08 195 7.4 3.0 -3.6
. e2eee 18 19.69 °.028 219 8.8 3.0 -4. 4
= 2007 19 21.59 2. 09 . 246 186. 3 3.0 -5.2
18-kip Inches feet Joints @ = none @-5
millions per mile per mile 1 = low
2 = medium
" 3 = high
g 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.
T SUMMARY :

" Joint faulting on the reconstructed pavement in lane 1 is not
predicted to reach an unacceotable level within the next twenty years.

Transverse cracking of the reconstructed pavement in lane 1 is not
precicted to reach an unacceptable level within the next twenty years.

Joint detericration on the reconstructed pavement in lane 1 is rict
oredicted to reach arn unacceptable level within the next twenty years.

. EEL
Pumping on the reconstructed pavement in lane 1 is predicted o equal
or exceed an unaccentable level of 1.0 in 1990Q. Qg}"

we

PSR =n the reconstructed pavement in larne 1| is predicted to equal or
exceed ar unacceptable level of 3.00 in 199:3.



SRTDICTED PZRTCORMANCE FOR LANE 1 FOLLOWING RECONSTRUCTION

YZRR AGE CUMULATIVE JOINT TRANSVERSE JOINT PUMP ING
ESALs SAULTING CRACKING DETERIORATION o
L3288 s 2. 022 0. 22 Q2 2.0 .2
1329 1 Q.60 2. 04 3 0.2 - @. 6
1322 z 1.24 2. 24 4 2. @ 2.8
1332 3 1.93 Q. 24 5 Q. @ 1.@
1332 4 2. 66 2. 05 € 2.1 1.4
1233 s 3. 43 2. 05 & Q.c 1.2
1334 6 4.26 2. @5 7 2.3 1.4
1995 7 S.14 Q.25 8 2.5 1.5
1996 8 6. 0S 2. @5 9 .7 1.6
1997 S 7.09 @. 05 9 1.1 1.7
_ 1998 10 8. 1¢ 2. 2% 10 1.5 1.8
A 1999 11 9. 3@ 2. 06 11 2.2 1.9
- 200a iz 10. 51 2. 26 11 2.6 2.1
I zoa: 13 11.81 2. 06 12 3.3 c.z
zeez 14 13.19 2. 26 12 4,1 2.3
=023 i5 14.66 @. 06 14 5.0 2.4
Q4 : 1€.23 2. 26 14 6.1 2.5
5 2005 17 17.90 Q. 26 1S 7.4 2.6
- =LVl 18 19. 69 2. 86 16 8.8 2.7
ze7 13 £21.959 0. 26 17 10. 3 2.8
18-kip Iriches feet Joints 2 = none
millions per mile per mile 1 = low
2 = mecium
3 = high
NOTE: These projections are estimates of expected performance based

- oredictive models. They snould not be taken as exact values, b
irsteac as relative indicators of performarce.

—

! SUMMARY :

“Joint faulting on the reconstructed pavement in lare 1 is not
prec:cted to reach an unacceptable level within the rext twenty years.

Trarsverse cracking of the reccorstructed pavement in larne 1 is rict
arecictes to reach an urnacceptable level within the next twenty years.

Joirt detericration o the reconstructed pavemerit irn lane 1 is not
orecictes to reach ar uraccentable level within the rnext twenty years.

Samolro o the reconstructed pavement in larne 1 is predicted-to eaual
-+ exceec arm unacceotable level of 1.2 in 1931. o

t-e recomstructed oavement in lare i is orecdicted to eaual or
ceesz ar wreccentatle level of 2.0@ ir 139S.
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PREDICTED PZRFORMANCE FOR LANE 1 FOLLOWING RECONSTRUCTION

YERR AGE CUMULATIVE JOINT TRANSVERSE JOINT - PUMPING
ESALs FAULTING CRACKING DETERIORATION - -
1988 @ Q. e Q.02 @ 2.0 - 0.0
1989 1 Q.60 @. 28 23 2.0 Tel 9.9
1992 z 1.24 Q.02 34 .0 1.2
1991 3 1.93 2. @9 42 2.0 1.4
193 4 2. 66 2.1@ So 2.1 1.7
1933 S 3. 43 2.12 S7 2.2 1.9
19394 ) 4.6 .10 64 2.3 2.0
.199S 7 S.14 .11 71 2.5 e. e
1936 8 6. 029 .11 79 0.7 c. 4
. 1997 9 7.09 2.11 a7 1.1 2.6
... 1998 10 8. 16 .11 96 1.5 2.7
%; 1999 11 9. 30 .11 106 2.0 2.9
- zo0@ 12 1. 51 e.12 116 2.6 3.0
- 2001 13 11.81 2. 1c iz8 3.3 3.0
- 2ees2 14 132.19 Q.12 142 4.1 3.@
L eewes =} 14.66 2.1z 157 5.0 3.0
Qg4 1€ 16. 23 Q.12 175 €.1 3.0
L. 20s 17 17.90 .13 195 7.4 3.0
2006 18 19.69 2.13 219 8.8 3.2
T zoe7 19 21.5% 2.12 246 10.3 3.@
= 18-kip Iriches feet Joints @ = riore
_ millions per mile per mile 1 = low
- 2 = medium
o 3 = high
% NOTE: These projections are estimates of expected performance based
f predictive models. They should not be taken as exact values, b
é. instead as relative indicators of performance.

W s

1

Chile

LBUMMARY :

Joint faulting on the reconstructed pavement in lane 1 is predicted to
equal or exceed an uracceptable level of 0.13 inches per mile in 20Q@S.

Transverse cracking of the reconstructed pavement in lare 1 is not
oredicted to reach an unacceptable level within the next twenty years.

Joint deterioration on the recoristructed pavement in lane 1 is rot
predicted to reach an unacceptable level within the next twenty years.

o oa-

Lo,

LT

Pumoing on the reconstructed pavement in lane 1 is predictcdiﬁo equal
orr exceed an unacceptable level of 1.@ in 1930.

PSR on the reconstructed pavement in lane 1 is predicted to equal or
exceed an urnacceptable levei of .02 in 1933.
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RECONSTRUCTION

L]
FWOOUNOOUEUEIPD~UNINS WU

YEAR RGE CUMULARTIVE JOINT TRANSVERSE JOINT i PSR
ESALs FAULTING CRACKING DETERIORATIDR:*“‘?'w
.388 Q2 2. 2@ 2. 202 ] 2.0 Do @ 4.
1959 1 2. 6@ 2. @6 3 2.0 ERT .6 4.
1352 2 1.24 .07 4 2.0 2.8 4.
1331 3 1.93 2. 08 S 0.2 1. @ 4.
1932 4 2. 66 2. 028 6 2.1 1.1 3.
1933 5 3. 43 8. 028 6 2.2 1.e 3.
1994 6 4. 26 2. 08 7 2.3 1.4 3.
1935 7 S.14 2. 29 8 @.5 1.5 2.
1996 8 6. 09 2. 09 9 2.7 1.6 z.
19397 9 7.@9 2. 09 , 9 1.1 1.7 c.
a: 1998 10 8.16 .09 ' 10 1.5 1.8 1
1999 11 9. 30 2. 29 11 2.0 1.9 —da
% 2eee 12 10.51 2.10 11 2.6 2.1 e.
¥ 2a01 12 11.81 2.12 = 3.3 2.2 -0.
*  zeoez 14 13.19 2.10 13 4.1 2.3 -2.
£ 2oa23 15 14.66 Q.10 14 5.0 2.4 7=t
3. ce04 16 16.23 .10 14 6.1 2.5 -1.
¥ eees 17 17.90@ 2. 10 15 7.4 2.6 -2.
T 2006 18 19.69 .11 16 a.8 2.7  -3.
) cea?7 19 21.59 2.11 17 10.3 2.8 -4,
z 18-kip Inches feet Joints @ = none -5
N millions per mile per mile 1 = low
g .
T 2 = medium
el 3 = high
A%? NOTE: These projections are estimates of expected performance based on
:5» predictive models. They should not be taken as exact values, but
= instead as relative indicators of performance.
“SUMMARY : R - L
RN .

Vel

joxnt faulting or the reccristructec pavement irn lane 1 is not
precdicted to reach an unacceptable level within the next twenty

years.

Transverse cracking of the reccorstructed pavement in lane 1 is not

precicted to reach an uracceptable level within the next twenty

years.

Joint ceteriocraticn on the reconstructed pavement in lane i.is not

precicted to reach an unacceptable level within the next twnnty
At?; (
kvl

Y ool

years.

Pumoirng ov the recornstructed pavement in lane 1 is predict!d:%o equal
AT TR P

~r exceec ar unaecceptable level of 1.@ in 1991.

DGR o the reconstructed pavement in lare ! is predicted to equal or

exceec ar unacceptable level of 3.00 in 199S.
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1-90 WEST (MP 61) SNOQUALMIE PASS
EXPEAR OUTPUT






APPENDIX D
1-90 WEST (MP 61) SNOQUALAMIE PASS
EXPEAR OUTPUT

DI!. Input Data and Performance Prediction

without Rehabilitation.......covvuerrrensuriineninnnniieeneeseestcnneniiiectensnnanes
D2. Restoration

D2.1 Restore Both Lanes.....ccccceeeermemnieiimeeeeccsirirensieensnnnnniissnessseseness

AC nonstructural overlay

15 7.2 2 L-X OO TULUUURRPPPPPPPPIN

D2.3 2% A i eeeeeeicieessseesersseessssssseesssnnnnssesasnsssssesssessessssessarannnsns

D3. A ructural Qverl

D3.1 2" AC cuiiireeteerereeresssent ettt a s e st e snasaa st st b sn e
D3.2 42" AC ittt
D3.3 10" AC..iiiieceicintnttcnuesireareae s essse st et s s ns

D4. A verlay with Cr: n

2.5'X 2.5’ pieces, 15 ton roller

D4.1 B.8" AC oeoeeeeeeeeeveeeeeeseseesseesseesssessessessnsessssssessssssesssesansssenas
D4.2 L.5% AC o eeeciieeccereneseeeesssssssesssesssssssssesssesssssssssssensssssssnnasans
DA.3  8.2" AC i aeeeeeeeeereeseesesessssessesessssssessasesassesesesessasasssessanes
6'X 5’ pieces, 15 ton roller

D4.4 Li8" AC oeeieeeeceeeeeeessssenessesssesssesessessssssasssessessassssesssssssssassnens
D4.5 L.5" AC o ieeieetcesiieiceseneeenesasssssasessessensssssssssssssssssssassssnsnnansns
D4.6 B.2" AC aaiieeeeeeeeieeiueieeseesstestenisiessersrasasessrnsssssesseerstinrsaserans

D5. PCC Bonded Qverlay

DS.1 37 PCC eeeciiieeerrereeeeeeererenieseeeessessesesassasssesssssssasssssasssnsassansss
D5.2 5" PCC ..oieeeeerenreneeeeseenseceeerssannnsssosssssssssssssssssssnsssssnssassnsnssssss
D5.3 T PCC .ueeiiiereerrreeeeereeenssescesasssssssssssssssssssssssssssssssssasanaassssssss
DS.4 12" PCC..uureeeiiiirererensceresscessssessesssessesssserssssssssssnansssssssssssanes
D5.5 24" PCCaueeeeeeeeeeeecrneecssneessseessasssssessnssessssssssssssesssnssssassasass
D6. PCC Unbonded Overlay

No Dowels, 15° joint spacing

DO6.1  10.5" PCC..eeieurecerieereeerceeeeesteesnesseesssasssssessssssssnssssasssasssnes
D6.2  10.6" PCC...uuueeeeerrererereeereeenreesseaescscsessssssessssssssssessaessasssessens

No Dowels, 13’ joint spacing

D63 10.57 PCCnuorvrrcsscrnessssmssssessssmssssssssssssssssssssssssssssssseseses
D64 10.6" PCrrrrrerssersmssssssssssssssss s s ssssssssnss o

198
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APPENDIX D
1-90 WEST (MP 61) SNOQUALAMIE PASS
EXPEAR OUTPUT (continued)

Page
No Dowels, 10’ joint spacing
DB.5  10.5" PCC.....ueeeeeeereecteccneeceeeeteeseesssassssassssensessssesonsessnessssessssnsens 243
D6.6  10.6" PCC.....uueeeeeeeereeeeeeeeneeenteessnesssessessssessnssssssensessssessssessssessnsesas 244

D7. Reconstruction

No Dowels, 15’ joint spacing, stabilized base, 650 psi PCC modulus of rupture

D7.1 12" PCC...eeeeceeeeceeeeceeeesteeessesesasessssasssasssssssssssssessosssasssssnesssnnes 245
D7.2 18" PCC...ieecceeeeeteeertrtecseeessssesssnessssesssssesssssssssnsaessssssessssessssnnes 246

No Dowels, 15’ joint spacing, stabilized base, 750 psi PCC modulus of rupture
D7.3 12" PCC.ieeeeceeeeeeeeeteeeestesessssssssseeeseessssesssssessssnssssssnsasssssessssnnns 247
D7.4 18" PCC...eeeeeeeeeeeeeeeeec e eesseeessasseseessssssssnsasossassssssssssssnsesessanes 248
7/8" Dowels, 15’ joint spacing, stabilized base, 650 psi PCC modulus of rupture
D7.5 12" PCC.eieeeieeeteeeteecereeessesecssassssssssssssssssasssssessssnasssossasessns 249
DT7.6 18" PCC...eeeeeecteeectercstresstreeessseessseessssasssssesessssessssasssssssssesonnnnes 250
7/8" Dowels, 15’ joint spacing, stabilized base, 750 psi PCC modulus of rupture
D7.T 127 PCC.. e tteeeccreeeeessteeesesssseesessssssessssssnnesssssssssasssssssssssasaane 251
D7.8 18" PCC....eeeieceteecnreeeiseesssneesssasssssssssssesssssssssssssssossansesssasassssssans 252

No Dowels, 15’ joint spacing, granular base, 750 psi PCC modulus of rupture
DT7.9 12" PCC...iieccreiecrteeecseeesssneessseessssessssssssssassessasssssssesssssssessssnnseses 253
D7.10 18" PCC ....eecrereveernrecneeesresssnessasessnssssessnsssssssssssssssesssssssssossanssssns 254
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EXPEAR 1.1

PROJECT EVALUATION AND REHABILITATION RECOMENDAT IONS

1.
c.
3.
4.

FOR: snasub

Project Summary

Current Evaluation

Physical Testing Recommendations
Future Distress Predictions

200
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Project Survey Summary Fbr JRC;—ij>

——

Desicgr engineer: Holly Simmons Date of survey: @8/&&£/88

PROJECT IDENTIFICATION
Highway desigrnation: I-9@
State: Washirnpgton
Directionn of survey: West
Starting milepost: 61.00
Erding milepost: €1.01

Number of sample units: 1

CLIMATE
Climatic zone: wet freeze-thaw
Est imated annual temperature range (F): 49.5
Mear: annual precipitation (inches): 127.6
Corps of Engineers freezing index (Fahrerheit degree-days): 937.0
41.80

Average Annual Temperature (degrees Fahrenheit):

SLAE CONSTRUCTION
Year constructed: 1959
Slab thickness (inches): 9.0
Width of traffic lanes (feet): 12. 00
Concrete 28-day modulus of rupture (psi): 650.00

TRANSVERSE AND LONGITUDINAL JOINTS
pattern of joint spacing: uniform
Trarnsverse Joint spacing if uniform (feet): 15.0
Transverse Joint sequence if random (feet) :
Type of sealant: liquid
Average transverse joint reservoir dimensions!?
width (inches): @.19
depth (inches): 1.50

Method used to form transverse joints: sawing
Transverse Jjoint sawed depth (inches): 1.5

Type of load transfer system: aggregate interlock

Dowel bar diameter (inches): @.00

Method used to form longitudinal joints between lares: sawing
Lonpitudinal goint sawed or formed depth (inches): 2.3

BASE
Base type: open—graded drainage layer

Moduius of subgrade reaction (psi/inch): cow. 00

SUBGRADE o,
Predominant subgrade soil RAASHTO classification: Al )

Are swelling soils a problem in area: no
Were steps taken to prevent the swelling soils problem: n/a
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SHOULDER
Tvoe of shoulder: AC
width of shoulders (feet): inmer: 4.Q ocuter: 10.02
Irmer 1ane slope direction: toward inner shoulder -
TRAFFIC

Estimated current through two—way ADT: 17300

Percernt commercial trucks: 19. @

Taotal number of lanes irn direction of survey: &

Future 18-k1p ESAL growth rate (percent per year): €.6

Truck traffic volume growth rate: approximately same as in past

Larne two Larne one
Total accumulated 18—-kip ESAL (millions): 2. 8z 8.13

RIDE QUALITY
PSR 2.5

no
4]



SAMPLE UNIT IDENTIFICATION
Sample uriit riumber: 1/

Length of sample unit (feet): €EQ. 0

Starting milepost:

61.

Lane two
Number of deteriorated transverse cracks, L-Mm-H: "
Mearn faulting at transverse cracks (inches) : 2. 00
numper of detericrated transverse Joints: "/
Mearn faulting at transverse jcints (inches): 2. 002
Number of transverse joints: 4
Number of FDRS & slab repnlacements: @
Mean fauliting at FDR & slab repl. Jgnts (inches): @. o2
Number of FDR & slab replacement joints: ]
Number of corrner breaks: Q
Lerigth of long. cracking, M-H only (feet): 2.0
Lencth 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): ]
Number of heaves (M-H severity): U4

DRAINARGE

Rre long
What is the typical height of the

Do ditches have standing water or cattails inn them:

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

SURFACE CONDITION
Method used to
i1s the surface
Is significant

polished in the wheelpaths:
tire rutting in the wheelpaths:

JOINT SEALANT CONDITION
Cordition of the transverse joint sealant:
Condition of the lovgitudinal joint sealant:
Are substantial amnts of incompressibles in Jnts:

CONCRETE DURABILITY
Extent of "D" cracking at jcints or cracks:
Extent of reactive aggorepate distress:
Extent of scaling:?

PREVIOUS REPAIR
Are full-deoth repairs placed with dowels:

Are partial cdepth repairs present at most Joints:
Has diamcond grinding been done:
Has prooving been done:

itudinal subdrains present and functional:
pavement above the ditchline:

texture the pavement at construction:

no

no

none

other
yes
no

high

yes

niorie
nore
none

no
no
yes
no

203

@

Larne one

®

SN P~UEE6
[~] [0

&

e
W

5 ®

none

yes
no

high
high
ves

niorne
nicrne
norne

jg[=]
no
yes
no
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AC SHOULDERS Irmer Outer
Rllicator cracking: none rnone
Lirnear Crackaing: noné o rionie
Weathering/ravellinao: none ii. rone
Lane/shoulder joint dropoff: noné riane
Settiements or heaves alongp cuter edgpe: nore same
Blowhcles at transverse joints: none rone
Lare/Shoulder jJoint condition: good good

gt

a
-
-

ﬁc

Y

;i;l:;; :



Extrapclated (Per Mile) Values For snosub o

Lare two "’ Lare orne
Number of ceteri1orated transverse cracks: 2 @
Mear faulting at deter. trans. cracks (inches): .00 . 8w
Number =f ceteriorated transverse joints: %] 176
Mear faulting at transverse joints (inches): 0.0 @.13
Number of transverse Joints: 352 35¢e
Number of full—-deoth repairs: %] e
Mearnn faultirg at FDR Joints (inches): 3. e Q. 22
Number of full-depth repair joints: "] @
“ Number of corner breaks: ", e
_-Length of long. cracking, M-H only (feet): 2.0 2.@
+ Length of spalling of longit. Joint, M-H only: 2.2
Total Jcints with trans. cracks within 2 feet: @ 2
« Number of settlements (M-H severity): 2 "]
")

T Number of heaves (M-H severity): e
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CURRENT PAVEMENT EVALUATION

3 I I 3 36 3 F I I I I I I I I I I I I I I I I I W I I I I I I I I I I W I I I I I I I I I I I I I A W I I K e FF R B R R

LANE 1
3 96 3 3 3 3 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 I I I I I W I I I I I I A I I I I I I W I I H IR

JOINT CONSTRUCTION DEFICIENCY:

The pavement in lane 1 shows no indications of a longitudinal joint
constructior deficiency.

a. do nothing
;The pavement in lane 1 shows no indications of a transverse jcint
construction deficiency.

“a. do nothing

- JOINT SEALANT DEFICIENCY:

A transverse joint sealant deficiency is indicated in lave 1 by medium-
to hich-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 55 or more deteriorated joints
- per mile and an unacceptably low PSR for the pavement's ADT level.

. a. full-depth repair of Jjoints

" DURABILITY DEFICIENCY:

The pavemernt in lare 1 shows no indicatiorns of significant surface or
concrete cdurability problems.

a. do nothing

JOINT DETERIORARTION:

Joint detericration or other pavement detericration in lane 1 may be
accelerated by water infiltration permitted by pocor longitudinal
Joint sealant condition. -

a. reseal longitudinal centerline joint

Externsive Jcint deterioration exists ( 5SS joints per mile) in lane 1,
likely cue poor joint sealant cordition permitting infiltration of water
and incompressibles.

a. full-depth reoair of 2cints, reseal transverse Jcints

STRUCTURAL DEFICIENCY:
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SKXID RESISTANCE DEFICIENCY:

Lose of swxid resistance in lane 1 is indicated by p>lished wheel
paths.

a. crinding
b. crooving
c. AC ronstructural overlay

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

LOAD TRANSFER DEFICIENCY:

No locad transfer deficiercy is indicated at transverse Joints in lare 1.

“a. do nothing

A potert:al lcad transfer deficiercy exists at undowelled full-deoth
- repairs in lane 1, but mean full-depth repair faulting is not
significarnt.

‘a. do nothing

_.—___-_.——___.__-—————-———.——.——.—_._.___._____—__.—__—_—_—————————-————————.——_——_

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

a. do nothing

- LOSS OF SUPPORT:
£
iThe pavenmerit in the lare 1 shows no indications of loss of slab suboort.

-
—— -

- a. go nothing

DRAINAGE DEFICIENCY:
The pavement in lare 1| shows no indications of a drainage deficiency.

a. do riothinc



208

96 R I I I I I I I H I F I PRI I I I I I I I I I I I I I F I I I W I I I W I I I FIIeIe I I W R X
_ANE = R
- =

e a2 2 2SI S III LSS S22 LS 2R L LR 22222 2 2 2L LR R Y

The pavement in lane & shows no indications of a transverse joint
constructior ceficiency.

a. do nothing

JOINT SERLANT DEFICIENCY:
~R trarnsverse Jjoint sealant deficiency is indicated in lare 2 by medium-
- to high—-severity joint sealant camage and ar inadequate joint sealant

reservolr snape factor for the existing sealant type.

a. reseal transverse jJjoints

_ ROUGHNESS:

Poaor riceability in larne 2 is indicated by an unacceptably low PSR for
the pavemenrt’s ADT level.

a. grindinc
b. AC ricnstructural overlay

- DURAREILITY DEFICIENCY:

-

‘The opavemert in lane 2 shows no indications cof significant surface or
~ concrete cdurability problems.

a. do rniothing -

JOINT DETERIORATIOCN:
No Joint deter:oration exists in lare 2.

a. co rnothinc

STRUCTURAL DEFICIENCY:
SKID RESISTANCE DEFICIENCY:

Loss of skic resistance in lare 2 is indicated by polished
naths.

@&, grirvncing
. Croaving
c. AC ronstructural overlay

No loac transfer deficierncy is indicated at transverse joints in lane &.



a. do nothinc

n portertial load transfer deficiercy exists at undowelled full-deoth
repairs in lane &, but mean full-depth repair faulting is not
sizcrnificant.

a. do nothing

SOUNDATION MOVEMENT:

A potential for frost heave is indicated by a mean Freezing Index
greater than @.

S a. do riothing

.1L0SS OF SUPPORT:

" The pavement in the lane 2 shows no indications of loss of slab subport.

a. do nothine

- — -— —— —— —— ————— — —— — —— —— —— — — - - -

. DRAINAGE DEFICIENCY:

-~

The pavemert in larne & shows no indications of a drainage deficiency.

a. do nothing



210

269 3 36 I 966 I 696 I3 I I I I I T I I T I F U I I I I I T I I I T T U I I TSI I I
INNER SHOULDER )
B R s a2 s T TR IR R LSS LSS 22T S S S S22 S22 S 2l S22 S22ty dy

The 1nner AC shoulder shows no indications of sigrnificant deterioration.

a. do rothing

:;f-
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e cuter PC shoulder shows no indications of sigrnificart deterioration.

a. CGo rothing

-’
e



The pavemernt coes not have any deficiencies warranting rondestructive
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PHYSICAL TESTING RECOMMENDARTIONS

NONDESTRUCTIVE DEFLECTION TESTING
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—————————————————————————— MATERIALS EVALUARTION - ——

Nio lascratory testing or cother irsoection of material samples is
warrantec. o
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————————————————————————————— SKID TESTING -—-

Physical. testinc 1S recommendec to further investipate and quantify the
causes of ocor skic resistance observed in the preliminary evaluation. The
fcllowing types of testino are recommended : -

Measure tne skid resistance of the pavement with either a ribbed tire
(RST™ E S2:) or a balcd tire (RSTM E 3524) mounted on a locked-wheel skic
Testing with both types of tires is preferred in order to obtain
ccod estimates of both the macrotexture and microtexture of the pavement
surface. If only corne type of tire can be used, the bald tire is recommerced.
Measure skid resistance with the skid trailer over a section of pavement
at least 1502 feet long (aporoximately @.3 mile) withirnn each mile of
the project to obtain an estimate of the overall skid resistance of

the pavement surface.

trailer.

pr———

fi
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_____________ ROUGHNESS TESTING

Rouzhness testing 1s reco ommended in each traffic lane to verxfy that the
navemert 1S excess1ve y rough and to determine the cause of the roughress.
Rouchress testing should be performed cover the erntire length of the
pavement arnc the roughriess measured at each @.1 mile segment.

—“est the pavement with roughrness equipment capable of producing either a
resoornse-type measurement of the pavement's roughness (e.g., Mays Meter)
or a prof' e measurement cdevice. Compare the measured roughness to your
agency's standard for an acceotable level of roughness. Prepare a profile
of the roughness index along the project for each traffic lane to identify
points of sigrnificant roughrness that need special attentior.

MR W M ﬂ‘ﬂ'ﬂ‘h_&'
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FLTURE DISTRESS PREDICTIONS

DISTRESS AND PSR PROJECTIONS FOR LANE 1

ive FRrnnual
ESAL

2. 5&
2. 6@
Q2. 64
@.€8
@.73
0.78
2. 83
2. 88
8. 94
1. 0@
1.@7
1.14
1.&e
1. 30
1.328
1.47
1.57
1.67
1.78
i.90@

P 18-kip

millions millions

NOTE: These projections are estimates of expected performance based on

Year

1988
1989
1990
1991
199z
1993
1994
1995
1996
1997
1998
1999
ceer
=" 3!
cees
zoe3
2004
2005
2006
cee7

Pumping Faulting Deter.
Joints
0.0 .12 176
1.0 2.12 i8@
1.1 .13 184
1.2 .13 189
1.4 .13 194
1.5 @. 14 199
1.6 .14 @5
1.8 2. 14 211
1.3 .14 217
2.1 2. 14 2e3
2.2 @.15 230
2. 4 .15 238
2.6 @.15 246
2.7 2. 15 254
2.9 @.1S zéee
3.@a Q.15 271
3.0 2. 1€ c80
3. @ 2. 16 290
3.0 0. 16 30@
3. 2. 16 311
@ = none Inches Joints
1 = low per
2 = medium mile
3 = high
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Trarisverse
Cracking

")
85
182
29¢
427
579
756
962
1201
1480
1804
2182
z624
3139
3739
4440
5259
6214
7330
8632

Feet
per
mile

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

incicators of performance.
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DISTRESS AND

Cumulative Arnnual
ESAL ESAL

.13
.13
2. 14
@.15
2. 16
0.17

.18
2. 2¢
Q.1
@.a2
Q.24
2.&%S
Q.27
@.29
2.31
@2.33
@.35S
¢.37
Q. 4@
Q. 4c

ML~ DPMUOUNDPUODODIPMN-S O

MU PWUWWMTIRTOR R - e =

18-kip 18-kip
millicns millions

NOTE: These projections are estimates of expected performance based on

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

FUTURS DISTRESS PREDICTIONS

Year

19588
1983
13392
1991
199z
1993
1394
1995
19%9¢
1997
1998
1999
o0
2ol
o2z
20e3
204
2ves
="'
1" rg

wWwhee

Pu

PSR PROJECTIONS FOR LANE 2 -~

mping Faulting

2.0 2. 00
2.1 2. 00
2.2 .01
2.3 2.01
a. 4 .01
2.5 2.01
2.6 @. 01
0.7 2. 02
2.8 2. vz
.8 2. B2
2.9 2. 02
i.0 2. 2z
1.1 2. 03
1.2 2.03
1.3 2. 03
1.4 2.03
1.5 Q.23
1.7 .02
1.8 2. 04
1.9 2. 284
none Inches

low

medium

high

Deter.
Joints

2

4
8
13
18
23
29
35
41
47
54
€e
70
78
86
95
104
114
124
135

Joints
per
mile

instead as relative indicators of performance.
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Trarnsverse
Cracking

2
9
19
29
39
Se
61
72
85
98
113
128
145
164
185
209
238
264
298
335

Feet
per
mile

but

PS
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FUTURE PAVEMENT EVALUATION

************************************************%***&***i***}******l‘*******%***
LANE 1
***********************l'**************************************‘I’*****************

———————— ——— (o ———————— — - — —— —— - -

Poor rideability in lane 1 occurs in 1988 as indicated by an unacceptably
. low predicted PSR for the pavement's ADT level.

- grinding
. b. AC rionstructural overlay

e

T JOINT DETERIORATION:

\?Significant Joint deterioration in lane 1 occurs in 1988 as indicated by

S5 or more deteriorated jJoints per mile.

a. full-depth repair at jJoints

STRUCTURAL DEFICIENCY:
Structural deficiercy of the pavement in lane 1 occurs in 1995 as
indicated by 802 feet or more of deteriorated transverse cracks per mile.

a. full-depth repair of cracks, RC structural overlay
.b. full-depth repair of cracks, crack and seat and AC structural overlay
iic. full-deoth repair of cracks, PCC bonded overlay

d. full-depth repair of cracks, PCC unbonded overlay
. e. reconstruct

e

- LOAD TRANSFER DEFICIENCY:

Ir.adequate lcad transfer at transverse joints in lane 1 occurs in 1988 as
indicated by predicted faulting of ©.13 inches or more.

a. loac trarsfer restoration at joints
b. do nothing

— —— - - —-— ——— ——

LOSS OF SUPPORT:

Loss of siab supoort in lare 1 cccurs in 1988 as irndicated by predictec
faultirc creater than 8.13 inches at transverse Joints.

DRAINAGE DEFICIENCY:

crairage ceficierncy in lane 1 occurs in 13983 as indicated by oredictecd
pumpingz reaching the low severity level.

a. install or reoair lonpgitudinal subdrains
b. irmetalil or repair longitudinal subdrains, seal all joints anc cracks
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CUGHNESS:

cor ricdeability in lame 2 cccurs in 1988 as indicated by an unacceptably
iow precicted PSR for the pavemert's ADT level.

a. crinding
b. AC rionstructural cverlay

JOINT DETERIORATION:

~8ignificant joint deterioration in lane 2 occure in 1999 as indicated by

S or more ceteriorated Joints per mile.

a. full-denth repair at Joints

——————————— ————— —— - - - ———— - -—

~ 8TRUCTURAL DEFICIENCY:

-~

‘No structural deficiency in lane 2 occurs based orn predicted trarisverse
crackirg over the next 20 years.

LCAD TRANSFER DEFICIENCY:

~ No lcad transfer deficiency at transverse joints in lane 2 occurs based
on predicted joint faulting over the next 20 years.

<

LOSS OF SUPPORT:

No loss of slab support in lane & occurs based on predicted joint

faulting over the next 20 years.

" DRAINAGE DEFICIENCY:

A cdrainace deficierncy in lane 2 occurs in 1999 as indicated by predicted
pumping reaching the low severity level.

a. install or reoair longitudinal subdrains .
b. install or repair lorpitudinal subdrains, seal all joints and cracks




D2. Restoration
D2.1 Restore Both LLAMES «.voeeveneseenessesessessssessesessesanssssssescsesssnsssessensssanens 222

AC nonstructural overlay
D2.2 1" AC oeeeieeeeeesseeeseeessesssssssasessssanssnessssssssnesssanassnsssasesssssesessanassnssas 223
D2.3 2" AC eoiieeeeeeereeeseessseesssesaessrasesaaaaa st es et e s b e s e s R e s e sne s e n st s e Rt e s e s s 224
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PRECICTED PERFORMANCE FOR _ANE 1 FOLLCWING RESTORATION

ASZ  uMuUoATIVE  JOINT FDR TRANSVERSE JOINT PUMPING PSR
ESALSs FRULTING FAULTING CRACHKING DETERIOR.
=9 E.19 2. 2@ 2. 22 2 2.0 .+ Q.2 4.5
z=3: 8.75 2. 23 2. 26 as 252.0 77 .9 2.3
=97 3. 43 . 24 2. 2o 182 35z.8°° T 1.4 .2
CEZS e, 2. 2S5 Q.12 =96 352.0 1.9 z. 1
c2E3T 12, 85 Q. 26 Q.11 L4z7 3Se. @ 2.4 2.
ZECd 1l1. 68 Q2. RE 2.13 S79 35z. @ 2.8 1.3
Zeel 12. 48 Q. a7 .15 756 352. 0 . 1.8
ZEXE 13. 33 2. @8 2. 16 362 352. 0 3.0 1.7
zees 14. 28 Q.28 Q.18 12@1 352. 0 3.2 i.6
CEQ4L iS.28 2. 29 2. 20 148¢ 352.0 3. @ 1.5
Z2@S 1€. 35 @.1@ Q. 2& 1804 352. @ 3.2 .4
c2Eew6 17.49 2.12 @.23 2183 352. 0 3.0 1.3
==Y"ird i8.7@ .11 2. 25 cee4 35z. ¢ 3. & 1.1
zees 2. 22 .11 2.27 2139 252. 0 2.Q@ 1.2
ZEY3 c1.38 Q.12 2. 29 3733 2S2. 0 3.0 2.8
ZEl2 zc. 85 @.13 2.31 4440 352.0 3.0 2.7
cExl Z4. 42 .13 .22 SS9 352. 2.0 2.5
e 6. @3 .14 2. 36 €14 35e. 0 3.0 2.3
ZE13 z27.88 2. 14 2. 38 7330 35z. 3.2 Q.2
2El14 29.78 .15 2. 40 8632 352.0 3.0 2.2
18-kip Inches Inches Feet Joints @ = ricre Q-5
Mil.isons per per 1 = low
mile mile 2 = mecium
3 = high

These progections are estimates of expected performance based on
orecictive models. They should rnot be taker as exact values, but
insteac as relative indicators of performance.

aulting or: the restcocred pavement in lane 1 is predicted to equal -
ec an unacceptabilie levei of 8.13 inches in 2003.

Tt~ redair faultirng on the restcocred oavement in lane 1 is predicted
. or excead an urnaccentable level of V.13 inches in 1393.

s o the restored oavement in lane 1 is predictec to eqgqual or
ari uriacceptatie level of 802 feet per mile ir 199S.

eter1oraticon on the restcred pavemert in lare 1 1s predicted to
r exceec avi unaccentable level of S8 joints per mile in 1989.

v, L e restoredc savemert i1n lare 1 is crecicted to ecual or
ar. uraccestable level of 1.2 in 1990,

the rectored navemert i1vi lare 1 is orecicted to ecual or fall
r. ura-centable level of 3.@ in 1398S.



PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING AC NONSTRUCTURAL OVERLRY

TOTAL MEDIUM-HIGH
YEAR AGE cum REFLECTIVE REFLECTIVE _ RUTTING
ESALs CRACKING CRACKING . -
1988 @ 2. 020 @ 2 L. 0.0
1989 1 2. 62 2637 1711 Y e.00
1952 = i.24 2733 2249 Q. 2@
1951 3 1.93 2791 ZE45 @. 22
1952 4 z.66 2834 2834 2. =
1933 5 3.43 2868 2868 Q.25
1994 6 4.26 2896 2896 2. 28
1995 7 S.14 291 2921 .11
1996 8 €&.23 2943 2943 Q. 14
1 1997 9 7.9 296¢& z96¢& Q.17
g 1998 10 8. 16 2980 2980 Q.20
= 1999 11 9. 30 2996 293¢ 2. 24
-4 zooo 12 10.51 3012 3012 2. 27
= 2001 13 11.81 026 20z6 2. 31
gﬁ zooe 14 13.13 32039 3039 2.35
- zoe3 15 14.66 3052 205z 2. 39
iy 2004 1€ 16. &3 3064 3064 2. 43
s 2005 17 17.92 3076 3076 2. 48
3 2026 18 19.€9 3087 3087 2.53
3 zen7 19 21.59 3098 30398 ?.58
= 18-kip Feet Feet Inches
e millions per mile per mile

223

. NOTE: These projectiors are estimates of expected performarnce based on

predictive models. They should not be taken as exact values,
- instead as relative indicators of performance.
e
iSummary=
*
*Total relfective cracking of the AC overlay in lane 1 is
«predxcted tc eaual or exceed an unacceptable level of 3000 feet

per mile in 2000.

Mecium— to hiph-severity reflective cracking of the AC cverlay in
ilare i is predicted to equal or exceed an uriacceptable level of 1508
feet ner mile in 19893.

Ruttinc on the AC overlay in lare 1 is predicted to egual or exceed
arn unacceptable level of 8.5@ inches in 2QQ@&.

a
174

but
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1968
1983
1390
1991
1332
1933
1994
1995
1996
1997
19398
1999
200
zoe:
zea:s
zowz
. =dia
£ zees

ZQQE

z007

g H e s
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PZRTORMANCE FOR _ANE 1

AGE Cum
ESALs

Q2 2.2
1 2. 602
z 1. 24
3 1.93
4 c. 66
S 3. 43
6 4,26
7 S.14
8 6. @29
9 7.09
10 8. 16
11 9. 30
12 12. 31
13 11.81
i 13.19
15 14, 66
1€ 16. &3
17 17.9@
18 19. €9
19 21.59%9
i8-k1ip

millions

FOLLOWING AC NONSTRUCTURAL

REFLECTIVE
CRACKING

per mile

TOTAL

@
2518
261
2666
27e&
2739
2766
e279e
2810
=89
2846
28€e2
2876
2890
2903
£915
23a7
2938
2948
2939

Feet

OVERLAY

MEDIUM-HIGH

REFLECTIVE
CRACKING

@
1478
1942
2285
25693
2739
2766
2790
z8ia
289
2846
céee
2876
2890
z=9e3
2915
2927
2938
2948
2959

Feet
per mile

RUTTING

e

- @.0u

Q. o2
@. o2
@. a2
@. a2
?. w2
a. a@
2. o2
2. 21
Q2. 84
2. 28
Q.11
2.15
2. 18
@. 22
3. 26
2. 31
Q.35
8. 40
2. 45

Incnes

224

‘NOTE: These projections are estimates of expected perfocrmarce based on

o predictive models.

instead as relative indicators of performance.

: Summary :

=
~Tctal reflective cracking of the AC overlay in lane 1 is not

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

They should not be taken as exact values,

Mecium— to high-severity reflective cracking of the AC overlay in

iare 1 is precictec tc equal or exceed an uracceptable level of 1502
1292.

Feet zer rrile

Ruttir.z orn the AC overlay in
ar unaccentable level

lane 1

is not oredicted to reach
within the next twenty years.

but
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D3. AC Structural Overlay
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Total reflective cracking of the AC overlay in lane 1 is not

-
=
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PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING AC DVERLAY
TOTAL MEDIUM-HIGH _
vy AR Q3E cCum REFLECTIVE REF_ECTIVE: . RUTTING
ESALS CRACK I NG CRACKING - o=
1986 2 2. 0 2 e ... e.en
1585 1 3. 62 25168 1478 LR R
1932 = 1.24 ZELQ 1942 2. 02
1992 z 1.93 CEEE 2eB8s 2. 2@
193¢& 4 Z. 66 2726 25693 Q. QB
1933 5 3.43 2739 2733 2. o
1994 3 4, 26 2766 2766 2. 22
1995 7 S. 14 2790 279a Q2. e2
1396 8 6.3 2810 z8:2 8. 01
1957 S 7.03 2829 28z9 Q2. 84
1998 1@ 8. 16 2846 2846 2. 28
1933 11 9.3 2862 2862 2.11
2o 12 12. 51 2876 2876 2. 15
2ea1 13 11.81 2890 289 2. 18 o
Zees 14 13.19 2902 2923 2. 22
20@3 15 14. €66 2915 2915 2. 26
o4 1€ 1€. 23 2927 2927 @.31
zoes 17 17.9@ £938 2938 2.35
Q6 18 19. 69 2948 2948 Q2. 42
zea7 19 £1.59 2959 2959 2. 45
18-kip Feet Feet Irvriches
millions per mile per mile

NOTE: These prolections are estimates of expected performance based on
precdictive mocels. They should not be taker as exact values, but
insteacd as relative indicators of performarce.

Summary:

preaictec to reach an urnacceptable level within the next twenty years.

Medium— to hign-severity reflective cracking of the RAC overlay in
lare : is predicted to ecual or exceed an unacceptable level of 13S@@

feet per mile in 199G.

Ruttirig on the AC overlay in lane 1 is rot predicted to reach
an uracceptablie leveli within the rext twenty years. :
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REDICTED PERFORMANCE FOR LANE 1 FOLLOWING AC OVERLAY

o
TOTAL MEDIUM-HIGH -
YEAR AGE Cum REFLECTIVE REFLECTIVE RUTTING
ESALs CRACKING CRACKING =~
1988 @ 2.2 v o : 2. o
1983 1 2. 62 2396 1263 Q.00
19382 I 1.24 2484 16602 2. 22
13991 3 1.93 2537 1353 ¢. 02
199& 4 2. €6 2576 2195 2. 22
L2523 S Z.43 2607 2428 2. o2
1994 € 4, 26 e633 2600 2. 02
1995 7 S.14 2655 £6SS 2. 62
1996 8 €.09 2675 e2e7s 2. &
1997 9 7.03 2693 2693 0. 02
: 1998 10 8.16 27e9 2709 2. 62
- 139393 11 9. 30 2724 - e724 2. @85
o 2000 ie 10. 51 2738 2738 @. 29
b zoel 13 11.81 2751 2751 .12
: Zere 14 13.19 2763 2763 Q. 16
ceaz 15 14,66 2773 2775 Q.22
Z0R4 16 16.23 2786 2786 Q.25
=y, Yvibt 17 17.9@ 2797 27937 2.29
o6 18 19.69 2807 2807 2. 34
={.lvrd 19 21.59 2817 2817 2. 39
18-kip Feet Feet Irnches
millions per mile per mile
NOTE: These prcjections are estimates of expected performance based on
predictive models. They should not be taken as exact values, but
B irnstead as relative indicators of performance.

Bummary:

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

Mec:um— to hiph-severity reflective cracking of the AC overlay in
lare 1 is orecicted to ecual or exceed an unacceptable level of 1S00
feez oer mile in 199@.

Rutting orn the AC cverlay in lare 1 is riot predicted to reach
ar unacceptable leve. within the rext twenty years. ’
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FREDICTED PERFORMANCE FOR LANE 1 FOLLOWING AC QVERLAY

TOTAL MEDIUM-HIGH
YEAR AGE Cum REFLECTIVE REFLECTIVE., RUTTING
ESALs CRACKING CRACKING ™ =»t.

.- D il

- v- '0- 0;2:

1968 @ 2.0 @ ] ™
1383 1 2. €@ 2261 1051 T Q.00
193 z 1.24 2344 1381 T R. 0@
193: 3 1.93 2394 1625 Q. 02
193& 4 2. 66 2431 1827 Q. Q2
1933 5 3.43 2460 2004 2. 00
1934 6 4,26 248S 2164 Q. 00
13995 7 S.14 250€ 2311 2. o0
1996 8 6. 029 2525 2450 @. 0@
1957 9 7.09 zs42 2542 Q. 20
L 1998 10 8. 16 2557 2557 2. 00
' 19939 11 9. 30 2571 2571 2.e3
- Zeee 12 10.51 2584 2584 T 0.@7
N Ze01 13 11.81 2597 2597 Q.11
A seas 14 12.19 2628 2608 2. 15
£, 2003 15 14.66 2619 2619 2. 19
o 2004 1€ 16. 23 ee30 2630 2.23
= zees 17 17.90 2640 2640 Q. 27
Z@0E 18 19.69 2650 2650 2. 32
2007 19 21.59 2659 2659 Q. 37
18-kip Feet Feet Inches
millions per mile per mile

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

Mecdium— to high-severity reflective cracking of the AC overlay in
larne 1 1s predicted to equal or exceed arn unacceptable level of 15@2
feet per mile 1n 1931,

Rutting on the AC overlay in lane 1 is rot predicted to reach
ar unaccertable level within the riext twenty years.




D4. AC OQverlay with Crack and Seat

2.5'X 2.5 pieces, 15 ton roller

D4.1 Fi8" AC aeeeeeeeeeeteeeeeeeesssecessssesesssssseessessesstessssesssssnessssessssssasnasnns 228
D4.2 125" AC aiieeeeeeeeeteeeeseeteeessssssrsreeseeessasaaaasassnetesssssbanaassssnnasesnnanan 229
D4.3 B.2" AC aaeeeeeeeeeeeeereeseeeesssseessssssssssseseessssnsesesessssstttessssrnssssssnresaasaaes 230
6'X 5’ pieces, 15 ton roller

D4.4 Fid" AC aeeeeeeeeeieeeesretssseeeeasssseesesssseassssasssssssessnssssssssssssssssnsansaens 231
D4.5 1.5 AC aiieeeeeeeceseeeesssseessssenessssasesesssasesssnesssssssssssnesssansssansassssasanes 232

D4.6 4.2" AC ettt st s 233
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PREDICTZD PERFCRMANCE FOR LAONE @ FOLLOWING CRACK & SERT

TCTAL MEDIUNM—+ IGH
FZAA AGE cum REF_ECTIVE REFLECTIVE  RUTTING
ESALS CRACHING CRACKING .. - 2.
1358 @ ?. Q& @ @ e D
19R5 i 2. 6@ 783 783 T R.00
1990 2 1.324 799 799 Q. Q2
1591 3 1.93 607 8e7 Q2. 22
193 4 2. 66 816 816 2. 22
1933 5 .43 8c4 824 2. Q2
1994 [ 4. 26 831 83: Q.01
1935 7 S.14 838 836 2. 04
1936 8 6.29 844 844 .07
1997 9 7.@3 850 850 2. 10
- 1998 10 e8.16 ass 855 2.13
;w_ 1993 11 9. 3@ 8s3 859 .17
- Zoa 12 10. 51 863 863 9. 22
= 2001 13 11.81 866 866 0. 24
zoes 14 12.19 8€es8 aee 2. 28
4 ZeR3 1S 14.66 ee9 8€9 2. 32
% Zo04 16 16.23 869 869 2. 36
X RS 17 17.90@ 869 869 2. 41
- ZORE 18 19.69 [-1%4 867 Q. 45
: zea7 19 21.59 864 864 2. 50
18-kip Feet Feet Inches
millions per mile per mile

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

S’Bummary :
_Total reflective cracking of the AC overlay in lane 1 is not
" predictec to reach an unacceptable level within the rext twenty years.

ot "L

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

Rutting on the AC cverlay in larne 1 is predicted to equal or exceed
ar unaccectable level of 0.5@2 inches in 2@@7. :




B ‘5 {‘ teid

Y PR

. 8u

fTota. reflective cracking of the AC overlay in lane 1 is not

DREDICTED PERFCRMANCE FOR

YEAR ARGE
1388 &
583 !
1392 c
1991 3
133 4
13932 s
19954 €
192 7
199% 8
1997 9
1998 i@
1993 i1
2020 12
zoo1 12
2002 14
ceas 1S
Zauns 1&
QRS 17
20Re 18
coe7 19

2. g
Q. 60
l.24
1.33
2. E6
3.43
4. 26
S.14
€.09
7.0%
8. 1€
9. 3@
12.5:
11 8&
13.13
14.€6
16. &3
17.9@
19.6%
€1.59

18-kin

millions

TOTAL
RESLECTIVE
CRACHKING

@
7873
7399
ee7
816
824
a3l
ase
844
850
855
885
863
eee6
8es8
8e9
ae%
863
867
864

Feet
per mile

LANE 1 FOLLOWING CRACH

MEDIUM-HIGH
gr—‘—— :HT'VE

——

CRACHING

@
783
73°%
87
81¢€
8z4
831
838
844
ase
855
859
863
86€
868
8e9
869
869
867
864

Feet
per mile

&

SERT

_RUTTING

-3

_B.02
2. 02
2. 22
2. 22
&. 02
Q. 2@
2. 2
2. o
2. 85
2. 03
2.1
2. 15
2.19
2.23
@. 27
0. 31
2. 35
2. 39
2. 44
Q2. 49

Inches

229

NOTE: These projectiorns are estimates of expected performance based on
They should not be taker., as exact valiues,
instead as relative indicators of performance.

predictive models.

mmary :

but

“‘precictec to reach an unacceptable level within the riext twerty years.

Medium— to high-severity reflective cracking of the AC coverlay 1in

larie 1

e

xt twenty years.

Rutting on the AC overlay in lane 1
wnaccentable level within the rnext twenty years.

an

is rnot predictec to reach

ie not predicted to reach an unacceptable level within the



~X=ZDIC

y Ik AGE Cum
ESALSs
L9588 4 2. 2a
1385 1 Q. e
1933 b= 1.24
== 3 1.33
1232 4 c. 66
1223 S 3.43
1334 =Y 4. 26
1338 7 S. 14
193¢ 8 6.@3
1997 3 7.03
1998 1@ 8. 16
1935 11 5. 3@
ZQ2o 1z i@a.51
=" i3 11.81
zees 14 13.19
ce23 15 14,66
R VAL 1€ 16. 23
ZezsS 17 i17.90
ZACE i 19. 63
zee7 i9 £1.99
1&-wi0

millions

TOTAL
REFLECTIVE
CRACKING

@
783
729
a7
81e
8c4
831
8z8
844
ase
855
853
863
866
868
863
869
8€9
867
864

Feet
per milie

TZD PERFOXIMANCE FOR LANE 1 FOLLOWING CRACK

MEDIUM-+IGH
REFLECTIVE
CRACKING

@
783
739
ae7
éie
824
831
ezs8
844
ase
855
853
8€3
866
8€ee
869
869
869
8e7
864

Feet
per mile

& SERT

RUTTING

2. au
g, @2
@. e
Q. &
a. &
2. o2
@. @
2. av
@.ea
Q. o2
2. 82
2. @S
2. 29
2. 12
2. 16
Q2. e
2. 25
2. &3
2. 34
2. 39

inches

230

NOTE: These orojections are estimates of expected performance basecd on
precictive mocdeis. They should not be taker as exact values,
insteac as relative indicators of performance.

_Summary:

Tota. reflective cracking of the AC overlay in lane 1
nrecictes ¢t reach ar. unaccentable level within the next twenty years.

is not

veciumn— to niz--severity reflective crack:ng of the AC overlay 1in

tare . 1s not precictec to reach an unacceptable level

rext ftwerty vears.

L s
AV v e

A

o on the A0 overlay iv lane 1

withirn the

is riot predicted to reach
ar; LUrnaccecTabil ieve. within the next twernty years.



SREDICTED PZRFORMANCE

TAR AGE
1Eae z
1385 1
199 z
199 3
1332 4
1993 S
1334 &
133C 7
936 8
1957 3
1938 10
1339 il
zoee 12
zevl 13
zeac 14
=17 30 1S
= vl 16
2085 17
206 18
coa7 19

.24
i.33
. 66
3. 43
4.c6E
S. 14
€.@%
7.03
8.16
9. 3¢
12.351
11.81
13.173
14.66
16. a3
17.390
19.69
c1.389

18-ki1p

millions

TOTAL MED
REFLECTIVE ~ REF

CRACKING CR

2
asa
=14
87¢&
884
89z
833
90

i3
gi8e
9e3
9e8
931
934
936
937
338
937
93%
93c

Feet
per mile pe

IUM-RIGH
-SCTIVE
ACKING

@
ecs
8&7
87¢&
8&4
8ge
833
=17 )
913
918
923
928
931
934
936
937
338
937
935
93&

Feet
r mile

TCR LANE 1 FOLLCWING CRACHK & SEART

TTRUTTING

incnes

231

NOTE: These projections are estimates of expected performarice based on
They should not be taken as exact values,
instead as relative incicators of performance.

precdictive models.

_’Summary:

“Total reflective cracking of the AC overlay in lane 1 is not
'pred1cted to reach an unacceptable level within the next twenty years.

Medium— to high-severity reflective cracking of the AC cverlay in
larre . is not orecicted to reach an unacceptable level within thne
rext twenty years.

Ruttaimgc on the AC averlay
uraccestable level of ©.5@ irnches in E0&7.

ari

in lare 1

is precictec tco

eaual or

exceeo

but



millions

SRTTICTID CIRSCRVANCE
YZ4aR STEr Cum

ESRis

1338 Z Q. Qa

LB5ET bl Q. 62

=R 1A z 1.24

L5330 ) 1.383

133z & Z. 6E

1993 S 3.43

1994 [ 4. 26

1958 7 S.14

1996 &8 6. 09

1997 9 7.03

- 1998 i@ 8. 16
= 1999 11 9. 30
b beabradvalvad iz 1@. 51
cZoel 13 11.81

- Zaee 14 13.13
2R3 1S 14. 66

2224 16 16.23

zRes 17 17.S@

Ze2e 1 19. 63

. cee7 13 £1.59

18-kin

=09

R

(B}

LANT 1 STLLUOWINEG

-rr--vg
L -
—_ —_‘—,V:
-

(S R AN 4

CRACHING

¢
8ceé
8e7
87¢
884
83z
833
06
913
918
9z3
9z8
3931
9324
936
937
938
937
935
93z

Feet
per mile

MEDIUM—HIGH -
REFLECTIVE
CRACMING

&
ase
ee7
87&
884
89z
893
9ve
913
918
29z3
9z8e
931
334
936
937
938
937
935
93z

Feet
per mile

CR0CY & SEAT

RUTTING

2. 2
2. o2
[V Jviva
2. QG
2. 02
Q. 22
Q. 22
2. oz
2. 05
2. 23
.12
.15
2.19
Q.3
.27
2. 21
@. 35
2. 33
Q. 44
2. 43

Inches

232

NOTE: These preoiections are estimates of expected performance based on
They should not be taken as exact values,
< instead as relative indicators of performarce.

aredictive mocels.

~Summary:

Total reflective cracwirng of the AC overlay
orecicted to reach ar unaccentable level within the next twenty years.

in lane 1

is not

Yeciur— to hizh-severity reflective cracking of the AC overlay in
iere . ic rot orecictec to reach an unacceptable level within the

rext twerty vears.

Ruttivz on the AT overlay

.....

in larne
zr uracceostab.e level within the next twenty years.

1

-

is rncot orecicted to reach

but
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DICTAD PERFORMANCE FOR LANE 1 FOLLOWING CRAZHK & SERT

ToTAL MEDIUM—HIGH
vIAR 53 U REFLEZTIVE RESLECTIVE __ RUTTINC
ESALs CRACHKING CRACKING .. 7.

L 3EE & .22 2 @ . . g

LBEE . ¢.5Q 8sza 8se Rl

L TE2 : L.k 857 8E7 2.z

155 z .53 87€& 876 Z. 0

LTI I . EE 834 884 Q.22

ik = .43 83z 89z Q. o2

2934 3 4. 26 839 899 Q.02

15335 7 S. 14 S2E 92¢€ 2. @2

1396 & 6.3 13 913 0. 22

. 1997 9 7.23 918 918 Q. &2
- 1998 1@ 8.16 923 923 .02
: 1999 e 3. 3@ 928 928 2. es
Pl Za2d iE 12.51 - 931 931 0. 23
Bl 2eet 13 11.81 934 934 Q.12
Zers L4 13.12 93§ 936 2. 16

s 2R3 15 14. €6 937 937 Q. 20
o r 1 1E 16,23 938 938 2. 25

Zaes 1 17.90 937 937 .29

ZORE 18 13.69 935 93s 2. 34

ZRe7 13 21.59 93z 932 Q. 39

i16-~10 Feet Ceet Ircres

millions per mile per mile

NOCTE: These prolections are estimates of exoectec operformance based on
orecictive models. They should rcot be taken as exact values, but
insteacd as relative indicators of performance.

Summary:

Total reflective cracking of the AT coverlay in lane 1 is not
srec.ctec to reach arn unacceotable level within the riext twenty years.

Meciuv— to high—-severity reflective cracking of the RC cverlay in
iare ! is rot precicted to reach an unacceptable level within the
S2XL Twerity years.

“

Tustireg or the AC overlay 1rv lane 1 is not opredicted to reach
ar wraccectacle level within the rnext twenty years.

‘gﬁ‘



D5. PCC Bonded Overlay

Ds5.1
D5.2
D5.3
D5.4
Ds5.5

K <[ G OO UOI ORI PPR 234
5" PCC ..niiiieiteeeeeetee e cnteise sttt sbr st s s s e ba e sa e ba e s b e s s aenans 235
/A < O OO PP 236
12" PCC..ciietiectentinireite ittt s aesasesas st a e s e s sreasns s 237

24" PCC...oiiieeeeeecreeenteeat sttt s s as e s s s as e s s s e e e s aesnanaane 238



234

ZXZTICTSD DERFCRMANCE SOR LANE 1 FOLLGWING BONDED PCC OVERLAY

YeEaR RE CUMULATIVE JOINT JOINT TRANSVERSE
' ESALs FAULTING DETERIORATION CRAEKING
1SEE 2 2. 2@ 2. e 2.0 -9
L5863 b Q.60 Q.35 a.1 224
199¢ & 1.24 2. 26 2. 4 376
1321 3 1.93 Q. a7 1.@ sSe2
1252 4 .66 2. 28 . @ €33
1293 5] 2. 43 Q.08 3.3 747
1334 = 4, 26 0. 03 S.0 (=Y
19933 7 S. 14 2. 09 7.2 3e7
1996 8 6.03 2. 0239 9.9 1271
1937 9 7.29 .12 12. @2 117
- 1998 10 8.16 .10 16.6 1271
= 19393 11 9. 3@ 2. 1@ z20.8 1368
v—r— =01 1] 12 13.51 @.11 5.5 1463
2 2001 13 11.81 2.11 0.8 1557
coez 14 13.19 .11 36.7 1652
=023 1S 14,66 2. 12 43.¢2 1742
g 2Qa4 16 1€.22 .12 50. 4 1833
= 225 17 17.9@ @.12 58. & 1923
- c@2e 18 19.69 .12 66.7 012
= ze27 19 21.59 .13 75.9 2101
- 18-kipD Inches Jaints Feet
millions per mile per mile

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

* gUMMARY :

o

" Joint fau.ting on the PCC overlay in lane 1 is not predicted
. to reachk an uracceptable level within the next twenty years. i -

Joint ceterioration on the PCC overlay in larne 1 is oredicted to equal
or exceec an unacceptable level of S5S5.0@ joints per mile in 20@35.

““ravnsverse cracxing of the PCC overlay is oredicted to equal or exceea an
uraccectasie level of 800 feet per mile in 1994.



ZREDIZTED PERFORMANCE FOR LANE 1 FOLLOWING BONDED PCC OVERLAY

YERR RGE CUMULRTIVE JOINT JOINT TRANSVERSE
ESALSs FALLTING DETERIORATION CRACKING
13658 @ . e &. & 2.@a .o
1982 1 2. 60 Z. s 2.1 224
1 39¢ 2 i.24 2. @& ¢. 4 376
139: 3 1.3Z a. a7 1. @ =]
138z 4 2. EE 2. 28 .0 £33
1332 S 3. 43 2. 28 3.3 749
1934 6 4. c6 0. @9 5.0 aew
1535 7 S5.14 Q.03 7.¢ Se7
1956 8 6. 022 @. @9 9.9 1@71
19397 =] 7.9 .12 13.0 117&
‘ 1998 10 8.16 2.1 16. 6 1271
iﬂ 1993 11 9. 32 .12 0.8 13€e8
- 20002 1 12. 31 2.11 25.5 1463
o 201 ] 11.81 Q.11 ze.8 1557
: ceac 14 13.13 .11 36.7 1650
Friny 2023 S 14,65 2.1 42.¢2 1742
== 2024 1e 16. 23 Q.12 S0. 4 1833
= 2er2s 17 17. 9@ B.1& 58.2 1923
2006 18 13. &9 Q.12 €6.7 2012
2027 19 21.359 .13 75.5 2101
18-kip Inches Joints Feet
millions per mile per mile

235

f NOTE: These projections are estimates of expected performance based on
orecictive models. They should rnot be taken as exact values, but

insteacd as relative indicators of performance.

. SUMMARY :
Joint faulting on the PCC overlay in lane 1 is not predicted

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

Joint ceterioration orn the PCC cverlay in lane 1 is predicteog to eqgual
or exceec ar unacceptable level of S5.Q00 joints per mile in Z00S.

Transverse cracking of the PCC overlay i1s predicted to eaqual or exceed
urnacceptable leve. of 82 feet per mile in 1934.

ar



9RIDICTID PSRTORMANCE FOR LANE 1 FOLLOWING BONDED OZC OVERLAY

YERR ARG CUMILATIVE JOINT JOINT TRANSVERSE

ESALs FRULTING DETERIORSTION CRBCKING
1288 7] Q. oz 2. ee 2. ¢ "}
1943 1 Q. 60 2.5 @. 1 f--2%
12358 z i.24 Z. 6 Q.4 376
1521 z i.23 Q. a7 1.2 se3
133 & 2. 66 @. 08 c. @ €33
1933 S . 43 2. 08 3.3 749
1324 [ 4,26 Q. 29 S.0 860
13238 7 S. 14 .23 7.2 967
193€ =) 6. 09 2. @9 9.9 1071
1937 9 7.23 2.1@ 13.02 117
1358 10 8.16 Q.10 16.6 1271
1339 11 9. 30 Q.12 2.8 1368
- zoeer 12 10. 51 .11 25.5 1463
Zevl 13 11.81 g.11 30.8 1557
z@ez 14 13.19 .11 36.7 1650
cQR3 15 14. 66 0.1 43.2 1742
cQR4 16 16. &3 2.12 50. 4 18232
r={"dubst 17 17. 9@ Q. 1 8.2 19¢3
0L 18 13.69 Q.12 66.7 2012
=27 19 £1.59 2.13 7%.9 2ie1
18-kio Iriches Joints Feet

miliions per mile per mile
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NOTE: These prociecticns are estimates of expected performance basec on
orecdictive models. They should not be takers as exact values, but

irsteac as relative indicators of performance.

. SUMMARY :
- Joint fauitirz on the PCC overlay in lane 1 is not predicted

“ta reach an uracceptable level within the next twenty years.

Jaint detericraticn on the PCC overlay in larne 1 is predictec to eaual
o exceec an unacceptable level of 55.00 joints per mile in 2es.

Trarsverse crackins of the PCC overlay is predicted to eaual or exceed
unaccentanie ieve. of 802 feet per mile 1in 1994.

an



IITDLCTEID CERSLRAMAONCE FOR OLANE 1 FOLLOWINGS EONDED PTC OVERLAY
VERR REE TUMLO_RTIVE JOINT JOINT TRANSVERSE
Sa4_s FRU_TING DETZRIORATION CRACKING
.385 < 2. 22 ¢. @ 2.2 Te
_3&3 z 4. 6T 2. @5 2.1 o4
123 & L.Z4 2. 26 . 4 376
W= T 3 1.52 e.e7 1.@ Sa3
1932 4 2. 66 2. 28 2.0 €33
1333 =] 3. 43 2. 28 3.3 743
1994 & 4.6 2. 23 S. @ 8E2
L2zC 7 .14 2. 25 7.2 3&7
1956 8 €. 09 2. @9 3.9 1071
1997 9 7.9 Q.10 13.0 1172
1955 1@ 8. 16 2.1@ 1€.6 1271
1953 i1 3. 2@ 2. 12 2.8 1368
= vdvg 1e 12. 51 2.11 25.5 1463
Qa1 i3 11.81 2.11 3. 8 1557
caez 14 13.193 @2.11 36.7 16502
20232 15 14. 66 2.1& 43. & 1742
coe4 16 16. 23 Q.12 S0. 4 1833
ceas 17 17. 9@ .12 o8. & 1923
cRRE 18 19. 69 .12 6€.7 2012
2027 13 £1.959 .13 75.9 2101
18-kip Inches Joints Feet
millions per mile per mile
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NOTE: These projections are estimates of expected performance based on
precictive models. They should rcot be taken as exact values, but

irsteac as relative indicators of performance.

SUMMARY:
‘LJoint faulting on the PCC overlay in larne 1 is not predicted

to reach an unacceptable level within the next twenty years.

Joint detericraticon on tne PCC coverlay in lane 1 is predicted to eaual
- exceec an unacceptable level of SS.@2 joints per mile in Z0@S.

Transverse cracking of the PCC overlay is precdicted tc eaual or exceed
urnaccentabie level of 82@ feet per mile 1n 1994,

~

an
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r.- CTED OERFORMANCE FOR LANE 1 FOLLOWING BONDED PCC OVERLAY

YZAER RGE CUMULATIVE JCINT JOINT TRANSVERSE
=ZSA.s FRULTING DETERIORATION CRACHKING
1386 v Q. e Q. ew G. 2
1383 i 2. 62 Q.S . ! ze
L3253 = l1.24 0. 26 2. 4 376
221 3 1.23 Q. e7 1.@ S5
199z 4 2. 66 2. 28 2.0 £33
1933 S 3. 43 2. 18 3.3 749
1934 () 4. c€ 2. 025 5.0 aewr
1395 7 S5.14 .29 7. 3e7
193¢ 8 6.@9 2. 238 9.9 1071
1997 9 7. @9 .10 13.@ 117&
1998 10 8.16 2.10 16.6 1271
1999 11 9. 3@ 2.1@ ce.8 13€8
b= 1"0"] =3 1@. 51 .11 5.9 1463
Z@a1 13 11.81 ¢. 11 2e. 8 18557
ceaz 14 13.19 2.11 36.7 1650
coa3 S 14. 66 .12 43. ¢ 1742
coe4 16 16.83 8.1 50. 4 1833
Z0vS 17 17.9@ Q.12 8. & i9e3
r=4"Jvd ) 18 19.69 Q.12 66.7 =B =
za7 b 21.59 2.13 75.93 211
18-kio Inches Joints Feet
millions per mile per mile

238

NOTE: These projections are estimates of expected performarice based on

insteacd as relative indicators of performance.

" SUMMARY :

Joint faulting on the PCC overlay in lane 1 is rcot predicted
tc reach an unacceptable level within the next twenty years.

Joint ceterioraticn on the PCC overlay in lane 1 is predicted to eaual
cr exceec an unaccentable level of 5S5.Q@0 joints per mile in Z@@as.

~rarsverse crackirnc of the PCC overlay is oredicted to eouali or exceed
uracceptabie levei of 8@Z feet per mile in 1994,

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

ar
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D6. PCC Unbonded Overlay

No Dowels, 15’ joint spacing

DO.1  10.5" PCC..eeeeeeeeteeeeeeeteeeeeseeesstsesssssesssnsesssstessssssssasessnsessnsessns 239
D6.2  10.6" PCC...oeeeeeeeeeeeeeeeeectteeeetseeecsaesssssaessssssssssesssnsesssssessssesssssesses 240
No Dowels, 13’ joint spacing

D6.3  10.5" PCC...eeeereeeeeeeeeeeeereeeseesteesssesseessaesssassssessncessesesssssssessassnes 241
D6.4  10.6" PC.....ooeeecereeeeeerecieeertreseeessesseeesseesssessnsesssasssessessneaessassrsesssses 242

No Dowels, 10’ joint spacing
DB.5  10.5" PCC....eeeeeeeeeeeeeeecree e te e e sneesssaseesssneseseesesneesensaesnnnessanas 243
DO6.6  10.6" PCC....oooiieiecteeeeeeteeeeeeecnteeeeseeaaeseesessssaeeessenneeesesenseeesssbennes 244



IRIr TCTII O ZERECRMIGNTI FIR LANT I ST_LCwW
VELR FEEZ CuMl_eTIVE JOINT
Z8A. e FRU_TING i)
7y &. e &. T
. P S 2.2
- z .24 g.R3
> z .33 . Q4
LTTi L Z. 66 G, 24
“3TZ = 3.2 Z. 0z
L2346 & 4, ZE 2.es
L9395 7 . l4 .03
LEZ8 8 6. &3 A
257 3 7.23 Q. Q&
19%6 1@ 8. 18 2. 26
. L9372 1 3.3 Z. a7
N zeee 12 iR, 21 2.7
i 221 L3 L1082 2.08
ZQ= i ] . 28
¥ Z&LE b 56 2. 28
e 4L 18 22 Z.2%
ZQ2S 7 2a 2. 29
S Q& 186 (= 2. 23
Z&ET b= =9 Z. 18
1 E—-=1 3 inco_as
rayrl lilors
NOTE: These proiections
mwErictive mIcels. TNey shcuic not
irsteac &s relative :vncicators of
- SUMMARY :
Joirnt faulting on the PCC cveriay in lane
to reac~ arn uraccentapie ievel within the
Sonyn ceser.cretiIc on the =22 ocverlay 1in
+-o vreac- ar unaccedteblie level withir the
wareve - ga orac-ing =T e BECC overlay 1s
vaccestan.e .eve. =f B2 feet per milie i

ING UNBORDED PCC CVERLZY

JOINT TRANSVERSE

ZTTEIRIORETION CRACKING
2. 2
s 4€
.2 33
. & a8z
.. L2
2. 2 11E
2.3 133
2. tEs
.7 173
i.1 137
1.5 2e4
c. 2 eS7
c. 6 =9=
3.2 340
4.1 233
S.0 437
€.1 S34
7.4 ez
8.8 734
1@. 3 864
Joirts Feet

per mle ner mile

be takern as exact values,
per formance.

i1 1S
next

not orecicted
twenty years.

iare 1 is rot orecicted
riext twenty years.

orecictec to egual exceec

r. &Q@7.

[}
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are esti:mates cof expectec performance basec on
but

anr
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ILTID ZREIRYANIE FIR OLANE 1 FOLLOWING UNBIONDED DIC CVERLAY

Gz UM RTIVE JOoInNT JOINT TRANSVERSE

ZSALs FAJLTING DZTERIORATION “RRCKINu
2 2. ez Q. Qe 2. & : ‘0
: é. 62 C. 2z 2.2 7_44
= .24 2.22 Z. e 63
3 1.53 G. Q4 . & 72
& &. B 2. L4 2.1 25
= bl 2. 29 2.2 i
& 4. 26 2. @S 2.2 126
7 S.i4 @.@2S @.S 144
e €. 273 2. 6 e¢.7 163
5 7.23 2. 2 1.1 185
i@ 8.1¢& z. 6 1.5 212
il 9. 32 .07 2.0 240
e 18.5: Q.07 2.6 274
13 11.81 2.e8 3.3 319
14 13.19 @. 28 4,1 363
1E 14, €6 2. 286 S. 2 41
16 1€.&3 Q. @3 6.1 483
i7 17. 392 2. 29 7.4 S71
18 19. 69 .23 8.8 668
19 21.5%3 Q.12 12. 3 785
18-kipD Inches Joints Feet

millicns oer mile per mile

These projections are estimates of expected performance based on
predictive mocels. They should rnot be taken as exact values, but
insteac as reiative indicators of performarce.

ulting or the PCC overlay in larne 1 is not predictec
ar: unacceptable level within the next twenty years.

tericration or the PCC overlay in larne 1 is not precicted
ar: Lunaccentable level within the rnext twenty years.

cee cracx:vz of the PCC overlay is rnot orecicted to reach
estadle level within the riext twernty years.
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IRSDIITID SIREIEMGNIT SR OLONE L FIL_TWIND wwEIADEI O SID Teitos
VESS £5E Z_MURTIVE JoinT JlInT TRANSVERSS
Z5A_s Sas.TING DTTIRICRETICON CRACKINE
Z Z. 22 2. 22 2. ¢ X
i 2. 6@ 2.z & )
=t .24 .23 2. 6
3 1.92 Z. 4 .2 20
4 &. 68 2. 24 Z. - )
. S 3. 43 2.5 2. & ilE
& 4. 26 g. 03 2.2 L33
7 S. 14 Q. S Z.S 182
8 €. @3 Q. 26 2.7 73
S 7.29 2. & 1.1 197
1@ 8.16 2. 26 1.5 ce4
13 3. 32 Q. &7 .2 257
j:~ iz 18.51 3. 87 2.6 295
- 13 11.81 2. 28 3.3 34Q
E 14 13.19 @.e8 4,1 333
i b 14. 66 2. 28 S.@ 4357
e L€ 1€.23 Q.29 6.1 s34
2. 17 17.90@ 2. 29 7.4 625
< 18 13.65 2. 0S8 8.8 734
19 21.59 .10 12.2 84
18-kip Inches Jointes Feet
millions per mile ner milie

.

_ NOTE: These orojections are estimates of expected performance based on
- oredictive models. They should not be takern as exact valiues, but
instead as relative indicators of performance.

SUMMARY :
?Joint faulting on the PCC overlay in lane 1 is riot oredicted
%to reach an unacceptable level withirni the next twernty years. -~

Joint ceterioratior on the PCC overlay in larne ! is not predicted
to reach arn unaccepntable level withir the riext twenty years.

Transverse crackirnp of the PCC overlay is predictec to eaqual or exceed ar.
uraccepntanle level aof 802 feet per mile in ZQ@7.



SRIDICTID SIXTORTANCI FOR LANE 1 FOLLOWING UNBONDED PCC OVER-AY

YZIRR tery Cumlt ATIVE JOINT JOINT TRANSVERSE

ESA_s FRJLTING DETERICRATION CRACKING
1383 Q@ ¢.oe 2. 22 2. @ @2
LIET 3 Jd. €D ¢. o 2. e 44
125 c L.24 2.022 2.@ €3
1351 = 1,93 @. 4 e. e 73
1322 4 c. EE 2. 04 2.1 95
1333 c 3. 43 .25 ¢. & 124
1534 & 4. 28 &. s ¢. 2 126
1938 7 S.14 @. 5 .S 144
1396 & €. @9 2. 26 .7 163
1337 9 7.9 Q. & 1.1 185
19398 1@ 8. 16 2. BE 1.5 210
1999 11 9. 3@ 2.7 2.8 =4
- co0Q 1s 10. 51 Q. @7 2. 6 274
- ol 313 11.81 ¢. 28 3.3 315
sQaz 14 13.19 2. e 4.1 363
ZEQ3 1S 14. 66 2. 28 S.0 41
04 1€ 16.23 Q.23 €£.1 4893
2025 17 17.9@& 2. 29 7.4 S71
cae 1 13.63 Q.23 8.8 668
zae7 19 21.59 .12 12. 3 785
2\
i8-k:iD Irches Joints Feet

millicns per mile per miilie

242

NOTE: These projections are estimates of expected performarnce based on

oredictive models.
insteac as relative

~ BUMMARY :

on the PCC o
ile

faultiro
arn uriacceotable

) JOiY‘;’C
to reacn

JoLvt ceterai1oration on the
o reach ar uriacceotable le

Trarsverse cracr:mz of tne

ar. uraccentasle level withi

They shculd not be takern as exact values,
indicators of performance.

rot predicted
twenty years.

verlay in lane ! 1s
vel within the next

larne 1 is not oredictec
rext twenty years.

PCC coverlay in
vei withir. the

PCC overlay 1s not predictec to reach
ri the rext twerty years.

but
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Szroco—Io ZISToSYANIZ SIR OLANE 1 TOL_CwINE JVEINWDED 0O GVERLRY
ol SScicl SJTINT SIINT ~RANSVERSE
TL__TIN3 SITIRLIRATION  CRACKING
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. Z.Eel . 46
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1257 S 2 bt

1928 L@ 8.1 .S

1395T -2 9.3 . 2
g iz 1e¢. < .6
Zee: 1z 11.8 .3 4@
Z2ex 14 i3.1 . 1 393
2222 & 14.€ . & 4c7
Z2e4 6 LS. 2 o1 S34
ZeicE 27 17.5 . b (=¥
v 18 19,62 g.8 34
zd27 . z1.E9 1.3 84

E—wi13 Irnores Joints Feet
10oms ner mile per mile

NOTE: “hese prolections are estimates of expectec oerformarce basec on
arec:ctive mocels. Toey snoulc riot be taxen as exact values, >2ut
msteac as relative irncicators of performance.

Jozrz faulting on the SCC cveriay ir .Lane ! is rnot precdicted
+c reacn ar uraccesiable level within the next twenty years.

s v cetericrat.on or. the RIZC overlay in lare 1 1S not orecictec
arn urnaccentable level wi.t-in the next twerty years.

ot
0
-
M
Y
N
R

= c ¢ the °°C over.ay 1s preictec to eagual or exceed ar
iracoestasle leve. of 822 feet per mile in zee7.
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SREDIITID PERFORMANCE FIOR LANE 1 FOLLOWING UNEONDED PCC OVERLAY
YERR ~EE CUMULARTIVE CINT JOINT TRANSVERSE
ESARLs FRULTING DET=ZRIORATION CRACKING
1eEs @ 2. 2. 22 Q. @ S
1253 : Q2. 6@ @. o 2.2 ‘b4
1552 & 1.&84 2.2 0.0 €3
13%L 3 1. 93 2. 04 2.2 73
133 4 2. 66 2. 24 2.1 93
1933 S 3. 43 0. 05 Q.2 110
1934 6 4. 26 2.23 2.3 126
19285 7 S. 14 2. 2S5 2.5 144
129¢ 8 €. 23 2. 26 @e.7 163
1957 35 7.29 2. 26 1.1 183
19398 12 8. 16 2. 06 1.5 210
< 1999 11 9. 3@ Q. 07 .0 c40@
T ceoa 12 102. 51 Q. 07 2.6 274
o ol 13 11.81 2. 08 3.3 318
E zees 14 13.19 2.28 4.1 3E3
g Zoes 15 14,66 2. 28 S.0 421
RS p={" 1"/ 16 i6.23 2. 33 6.1 483
& 200S 17 17.9@ 2. 29 7.4 571
T ceee 18 19.6%9 2. 038 8.8 €68
2027 19 21.59 @.102 12. 3 785
18-k1ip Inches Joints Feet
millions per mile per mile
f NOTE: These projections are estimates of expected performance based on
N predictive models. They should not be taken as exact values, but
N insteac as relative indicators of performance.

_ SUMMARY:

Joint faultirg on the PCC overlay in lare 1 is not predicted
next twenty years.

tc reach an unacceptable level within the

Joint cdetericration an the PCC overlay in
to reach an urniacceptable level within the

lane 1

is not oredicted

next twernty years.

Transverse crac~ing of the PCC overlay 1s rnot predicted to reach

ar uriaccentazle level within the riext twe

rty years.



D7. Reconstruction

No Dowels, 15’ joint spacing, stabilized base, 650 psi PCC modulus of rupture

D7.1 12" PCCaaaaeoeiiieeeeeeeeseueeeeeeessnsasessssnnssessssssssnsasassssassassssessesssnnasssssnns 245
D7.2 18" PCCeeiiiieeieeeeeseeeeesiseesessessessessssssessssnnesssssassssesssssssssstesssssnssssns 246

No Dowels, 15° joint spacing, stabilized base, 750 psi PCC modulus of rupture
D7.3 12" PCCeeeeeeceeeeseeeseneecssssressssesssnstssssessessssssssnsssssasssssassssasssosannesans 247
D7.4 18" PCCuueeieceeirreieseeessssneessnsessstsssssseissssssesssssssnsssssesssssssssssnnessns 248
7/8" Dowels, 15’ joint spacing, stabilized base, 650 psi PCC modulus of rupture
D7.5 12" PCCeeeieeeeeeiieecsnenesssssesssssssssessesssnsssssnassssnsssssesessatssossnnsssss 249
D7.6 18" PCCueeieeeeeeeeeeieeeetereesssaesesassssssesssssstessssnssssesssssssesssssssssnsinns 250
7/8" Dowels, 15' joint spacing, stabilized base, 750 psi PCC modulus of rupture
D7.7 12" PCCeeeeeeeeeeeeeeeeeeesveessssesasssssssssesessssneesssnssssssessnstesessnesssanssn 251
D7.8 18" PCC..eeieieeeeeeeeeieeeessveeeesssessessessssessssssnnasssssasassassssseessassesssssons 252

No Dowels, 15' joint spacing, granular base, 750 psi PCC modulus of rupture
D7.9 12" PCCneeeeeeeeeeneeceueeeeesiassssnssessesssssnsassssasssssssesssasesssssssssssesosans 253
D7.10 18" PCC ..ueeeeiereeiereeeeeeneresssssesssesssssessossanesessstsensssassssassssssssssassosans 254
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PREIDITTED DPERFORMANCE SCR LANE @ FOLLOWING RECONSTRUCTION

a

NrOURO PSS D>O- > Jull

vEIR ASE CTUMULRTIVE JOINT TRANSVEREE JOINT PUMPING S
ESALs FAU_TING CRACAINE DETERICRATION
L1228 < 2. 2o Z. @ 2 .8 ... 0.0 4.,
13E3 1 2. 62 Q. a7 =3 . 2 @.9 3.
123 = .24 .28 34 .2 1.8 z.
1991 ) 1.93 .29 4 2.2 1.4 S.
155E 4 c. E6 2. 23 S 2.1 1.7 3.
1333 S 2. 43 2. 1@ S7 @2.¢e 1.9 2.
1294 [ 4. 26 J. 12 €4 2.3 c.0 .
13935 7 .14 Q.12 71 2.5 2.2 =
1556 8 €. @9 .10 79 a.7 Ce 4 l.
1937 S 7.@9 2.11 a7 1.1 2.6 1.
19398 12 8. 16 .11 96 1.5 ce 7 Q.
1939 11 9. 32 2. 11 106 2.0 2.9 Q.
coow 2 12.51 2.11 116 2.6 3.0 -0.
o1 13 11.81 0. 12 128 3.3 3.0 -1.
covs 14 13.19 2.12 142 4,1 3.2 -1.
o3 b=] 14,66 .12 187 S.@ 2.0 -2.
R4 1 i6.23 .12 175 6.1 3.0 —2.
zees 17 17.92 2.1z 195 7.4 3. @ -3
2RE 1 19.69 V.1 219 8.8 3.0 -4,
cea7 1 £1.59 .13 246 12. 3 3.0 -S.
18-kipD Inches feet Joints ¢ = none Q-5
millions per mile per mile i = low
S = meaciumn
3 = high

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

" SUMMARY:

Joint fauiting on the recornstructed pavement in lane 1 is predicted to
equal or exceec arn unacceptable level of 0.13 inches per mile in cra7.

“ransverse cracking of the reconstructed oavement in lane 1 is riot
nrecictes to reach an unacceptable level within the next twenty years.

SJoint cdetericraticn on the reconstructed pavement in lare 1 is rnot
orec.cted to reach arn uracceotable level within the rext twenty years.

» B
Pumoing or the reconstructed pavement in larne 1 is oredicted to equal
- exceec an unaccestable level of 1.8 in 1330. .

2

Bl

A
3

+he recorsiructec pavement in lare ! i1s predicted to egual or
arn uraccentable level of 3.@@ 1w 1393.

X N
Ix]

1]
]
m
n

{
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CREDICTED PERFORMANCE FOR LANE 1 FOLLOWING REZCONSTRUSTION

YEAR AGE  CUMULATIVE JOINT TRANSVERSE JOINT PUMPING
ESALs TAULTING CRACHKING DEZITERISKRRATION
186 & .22 2. aa ] . @ - 0.0
1589 i 2. 60 2. & 3 2.2 Ta. €
1358 = L.4 .07 &4 2. @ 2.8
1231 2 1.33 a. a7 S 2.2 1.@
L335& 4 c. 66 .8 € 2.1 .1
1932 S 2. 43 2. 28 € a. & 1.2
1994 & 4. 26 2.8 7 2.3 1.4
1995 7 .14 2. 08 8 2.5 1.5
1926 8 €.23 2. 03 9 Q.7 1.6
1957 3 7.23 .23 9 1.1 i.7
1998 12 8. 16 .03 12 1.5 1.8
=~ 1999 11 9. 3@ 3. 839 11 2.0 1.9
¥ zowo 12 12.51 Q.09 11 2.6 2.1
T 2021 13 11.81 2. 09 iz 3.3 2.2
- a2 14 13.19 @.1@ i3 4.1 Ee3
T X 15 14. 66 Q. 1@ 14 S.0 2.4
-~. 2004 i6e 16. 23 .12 14 6.1 e S
zees 1 17.9@ .12 15 7.4 2.6
P=47: 17 18 139.69 .10 16 8.8 2.7
=7 bY £1.59 g.1@ 17 1@. 3 2.8
_ 18-kip Inches feet Joints 2 = none
- miilions per miile per miie 1 = low
e = medium
3 = hagh

NOTE: These projections are estimates of expected performance based
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precictive models. They shoulcd not be taken as exact values, but

insteac as relative indicators of performance.

“ SUMMARY :

Joint faultirng crn the reconstructed pavement in lane 1 is rot
precicted to reach an unacceptable level within the next twenty years.

Trarsverse cracking of the reconstructed pavement in larne 1 is not
precictec to reach an unacceptable level within the next twerty years.

Joirt detericraticon or the reconstructed pavement in lare 1 is rnot
precictec to reach an unaccentable level within the rnext twenty years.

Suroirz on the reconstructed pavement in larne 1 is oredicted'fo equal
or exceec an uracceptable level of 1.8 in 1931,

-

5% o the reconstructed navement in lane i is orecicted to eagual or
exceer- ar urecceptable level of 3.@@2 in 133G,
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vz STCISY SOINT TRANSVEREZZ JQINT PUMZING sER
=S LT ING CRAC- NS D= ;Q;DRQ*IDM_*

- N Z.2e 2.2 "2 ¢. ¢ - Q. ¢ 4. =
. - .28 .7 1S 2. ¢ VR " - “. i
" z L& Z. Qe = e.2 R B .7
. 3 L. o2 PR =8 ¢. @ 1.4 Z.59
z - Z. 58 . es 33 2.: 1.7 3.8
ST-E = . &5 2.1 37 2.z 1.9 I
TS24 & 4, 2 2.1 4z 2.3 z. @ .=
n3zZ / S. 14 . 12 46 2.5 .2 FE
L2238 & 6.3 2. .2 S1 2.7 Z. 4 1.7
.37 3 7.23 &, 12 SE 1.1 Z. 6 1.3
1338 e 8. 16 Q.11 6V 1.5 2.7 2.8
1999 11 9. 392 2. 11 66 2.0 2.9 2.3
2220 12 12. 5t 2.11 71 2.6 3.0 -2.3
caal i3 1i.81 .12 77 3.3 3.0 -2.8
sz 14 13.19 .12 84 4.1 3. @ —-1.4
ZQ L= 14. €6 ¢.12 91 S.a .0 -2. 1
cee4 16 6. 23 2. 1¢c 39 6.1 3.0 -2.8
zeez 17 17.%@ . 12 108 7.4 3. @ -Z.9
cQRE 18 19.69 .12 118 8.8 3.2 -4, 2
P AvA 12 21,8 .13 132e 18.3 3.0 -Z. @

18-k1p Irnches feet Joints Q = nore -5

fllliiome per mile ner mile i = low
e = medium
3 = hignh

NCTE: These prolecticons are estimates of expected performance based on
predictive maocels. They should not be taken as exact values, but
insteac as relative irndicators of performance.

"SUMMARY :

Joint faultirng on the recorstructed pavement in lare 1 is precicted to
ecual or exceec an unacceptable level of 0.132 inches per mile in 2007.

“ravrsverse crackiro of tne reconstructed pavement ir lane 1 is not
orec.cTec to reacn ar, unacceotable level within the next twenty years.

-rat 1o or the recorstructed pavement in larne 1 1s not

Coiivs ceser:

“re-.ctec To reach ar unaccentasble level within the rnext twenty years.
-

Tu zivgz or the recormsiructed oavement in lane ! is oredicted to egual

4

v exceec arn uraccestable level of L. in 139350Q.

23 - tre reconstructed pavemernt in lane ! is predicted to ecual or
woees ar unacceptable Level of .22 ir 199G,
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vz = 3CT=3 JCINT TRANEVEREE JTINT L PUMBPING EESES
SEU_TING  CRATDLING DETERICRATION -
LoEs 3 ¢.2¢ . Q2 ¢ ¢.e 2. 4.2
1523 : di. B¢ &. 0 = z.2 2. € L4
1332 Z .34 2.27 " 3 e.e 2.8 4.3
1391 z 1.98 Z. 87 3 2.2 .2 4,2
=== “ c. 65 ¢. 28 4 i L i.1 Z. =
LT = .43 2.8 4 &. 2 iI.2 s. £
1334 & 4. 26 .28 S 2.3 1. 4 2.3
192E 7 S. 14 a. 28 S .5 1.5 3. e
135E a8 €.23 .03 6 e 7 1.6 2. &
1337 9 7.029 2. @09 () 1.1 1.7 cg.c
T 1938 10 8.16 2. 093 7 1.8 1.8 1.7
. 2993 i1 3. 3@ 2. 29 7 2.2 1.9 1.3
ceee ie 12. 51 2. 29 8 2.6 2.1 0.8
T geel i3 ii1.81 Q.29 8 3.3 2.2 2.c
=072l 14 13.1 0. 1@ 8 4.1 c.3 -2. 4
I 2083 1S 14.66 a. 1@ S S.0 2. 4 -1.@2
3 20084 by 1€.&3 0. 12 9 €. 2.5 -1.6
; =@asS i 17.90 Q.12 1@ 7.4 2. € -2.3
Qe 18 13.69 2.10 1@ 8.8 2.7 -3.0
e{" "ard 13 21.59 2. 1@ 11 18. 3 .8 -3.68
L1E-winD Inches feet Joints ¢ = none ¢-S
milliors oer mile  oer mile 1= low
' 2 = medium
o 2 = high
NOTE: These projecticns are estimates of expected performance basec on
predactive models. They should rnot be taker as exact values. but
R insteac as relative incicators of performance.
SUMMARY :

Jeivt fFaulting on the reconstructed pnavemert in lane 1 i1s not
orecictec to reach ar urnacceptadble level within the rext twenty years.

-

“wmamsverse crac-ing of the reconstructed pavemevt 1n lave 1 15 not
crec.ctez to react an unacceatable level within the riext twerity years.

peeviarmaticr. on the recornstructed pavenernt in lane 1 is not
~e- to reacs an unacceptasie leve: w:itnir tre next twenty years.

.
X
b
n

n
«
J

mw

Q

'

n

oz or. the recornstructec saverent in lare ! is orecaicted to ecual
v exceec ar wraccesltable ‘evel of 1.0 1rn 15%1.

18R A tme resonstructed savemert 1n lare 1 1s ored:coted to ecual or
excesr 2- uraccestable leve. of 3.2@ in 1225
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TRIDIZTEZD 1 FDL_OWING RECONSTRIUCTION

ViIOR S35 CUMULARTIVE SOINT TRANGVERSE JOINT © PUMPING
TEo_e FO0.TING  CRACAINE  DITEZRIZRATION

1358 2.2 &. o @ @. Q.
1935 C. &2 2. ¢S 2z 2. .
155¢ L& 2. ¢6 o 2. i.
1T = <. QL 4z Q. I,
L9EE .6 . Q€ S. z. .
Z9EE A Q.27 5 a. .
1294 .2 @.27 €4 a. .
193s . Q.07 71 a. .
1396 . @. 27 73 2. .
1937 . Q.7 87 1. .
1928 . @. @7 9€ 1.
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1B-KLD incnes feet Joints = rnone

Mmi.llons per mile per miie = low
2 = medium

S = high
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NOTE: These crosecticns are estimates of expectec perfcrmance based on
srecictive moce.s. | oey shoulc rmot Se taxen as exact values, but

.reteac as relative i1ncicatcre of performance.

SUMMARY @

SJoLvt falltl T I The vyecornsirattec saverent 1rv, lane 1 o1s not
orec:ciec to rescnh arn unaccectable level within the next twenty years.
Trareverze Cozixlve oF Toe reconsiroactec savement 1nm larme I o1s not
orecicoted tz reach ar unaccentable level withirn the riext twenty years.
Toirt dertasLoratior. on the recorsIructed oavement in larne 1 1s not
cvez.ctez T reacs arn unaccestable leve: within the rext twenty years.
.}j
- A SR t-~e recorstructed navemert 1r: iarne : 1 oredicted to equal
o Exceszs ar unaccentanle level of 1.¢ in 1932,

285X - The recovmstructec cavement iv lare 1 is precictec to ecual or
: leve. of 2.08 1n 1ZT33.
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TRELDICTED PIZIRTORMANCE FOR LANZ 1 TOUL_CWING RECONSTRZUZTION
vEOE SGp DOMU_STIVE JCINT TRANDVEREZ JOINT PUMPING =8R
=Sh.s TALLTING IRACHKING DZTERICRATION
L= < .2 Z. 22 4 @, ¢ L 0.@ “, 2
IR : Z. 62 Q. 24 Z 2. @ 2. € 4,3
LT = Le 4 .24 4 . & 0. & L, =
LEEL ) ~. 33 2. 24 5 . & . L, @2
IEZZ “ =. 6€& i v ) € DY 1e i .7
L2323 = Z. 432 2. = € . i.2 .9
LET4 € L. 26 V.S 7 2.3 1.4 .l
193 7 S.14 2, 25 8 2.5 1.5 2.8
LTt ) (St &. 05 5 2.7 1. € Ce b
1957 5 7.23 a. 8o S 1.1 1.7 2.
, 1238 12 8. 1& 2.9 12 1.8 1.8 1.5
o 12393 i1 S. 32 2. RE 11 z.Q 1.9 1.2
= coee 12 2.EL 2. Qe 12 2. & c. 1 2.5
= 2001 13 1i.81 2.28 12 3.3 2.8 -2.2
Z@IZE l4a RCTE] ¥.ZE 23 4.1 £. 3 -2.6&
=  20&3 :S 14,68 @. ¢ i4 S. 0 2. 4 -1.2
- 2 4 iE 16. 2% . 2o 14 €. i .S -1.5
. zoes 17 17.2¢2 Q. e 1€ 7.4 2.6 -2. €
= c 18 13,65 &. RE 16 6.8 .7 -3.3
zaa7 i3 &1.583 2. & 17 2.3 .8 -4,
LB-w13D Incnes feet Joirts & = rone &-=
reellioms oser mile cer wTile 1 = low
& = medium
S = rmigh
i NOTE: These orojections are estimates of expectec nertormernce tasec on
b orecictive models. “bey should not be tawken as exact values. but
insteaoc as relative i1rndicators of performance.
SUMMRRY:

"Joint faultinpg on the reconstructed pavement in lane !

15 not

orecictec to reach an unacceptable level witrh:irm the next twenty years.

Trarsverse cracking of the recconstructed pavement 1n iarme 1 1s not
—rec:i:ctec to reacn ar. unaccepotable levei within the next twenty years.
Joirt ceterioration on the reconstructed pavement in lane 1 is not

orecictes to reacit an unacceptable level withirn tne riext twenty years.

Syrrzivz or the reconstructed pavement in lane 1 1s orecicted to eaual
cr excesc an unaccentable level of (.2 1n 1991,

3% cv the reconstructed oavement 1rn lane 1 is opredicted to egual or
erceec 2w unaccestable level of 3.8 1n 193395,
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I3 CTI00 CERFORYANCE ToOr AN i FDOLOWIND RECONSTRUCTION
I 2Tz ool ReTINVG SZINT TRANSVERSE JOINT A _PUMPING 3SR
I35 = TA__TIW3 CRACKING DITERICRATION T
Ty : .23 Z.00 Z &. & 2. 4,5
LTzs . J. &2 2. RS b J. @ 2.9 4,8
LTI - 1.24 a. & = 2.2 1. & 3.7
P " 1.23 v v =8 Q. & 1.4 2.5
LTz o Z. EE Z. o 3 Z. 1 i.7 I. 2
T2EE = 3.43 Q.27 3 2.2 1.7 2.3
L2o4 & 4, 26 .07 4 2.2 2. & c.5
.235 7 S. 14 2. 27 46 &.S 2. Ca 1
LTse & €. 273 Q.87 S1 2.7 . b .7
1937 S 7.a3 Q.27 =1 1.1 Z. 6 1.3
1998 2 8.16 2.7 (=Y"4] 1.5 2.7 3.8
13925 bR 3. 3¢ 2. @28 (13 z.0 .3 2.3
cQee 1& 1&¢.5S: 2. 28 71 2. 6 2.0 -2.3
ZeRl 12 11.81 2. 8 77 2.3 3. -2.8
zeez L4 13.19 2.8 84 4.1 3.2 -i.4
223 1S 14. 65 2. a8 91 5. @ 3. -2.1
Ze2 A ic 1€.23 2. eze 29 €.1 3. e -z.6
Z22% L7 17.3a 2. 28 128 7.4 3.2 -3.5
=6 18 19. €5 2.8 118 8.8 S. 2 -4, 2
zQ27 b= £1.99 &. 3 132 12. 3 2.2 -S. @
iE-~12 Incnes feet Jointe ¢ = none -5
mi1ilions per mile per mile 1 = low
S = medaiumn
2 = high

NOTE: These orojecticns are estimates of expectec performance based on
pre-ci1ctive macde.s. They should rnot be taken as exact values, but
.reteac as relative indicators of performance.

SuUMMARY:
Joint faultino on the reconstructed pavement in lane 1 1is not

ores  ctes to reach an unacceptable level within the rnext twerty years.

grse cracxinz of tne reconstructec pavement in larne 1 is not
-ec teo reach ar uriaccestacle level within the rext twerty years.

]

c er:ovaticon or the recornstructec oavement in larre 1 is not
cwec-.ctec to reacn arn unaccentable level within the rext twenty years.

i
oF

T

-

- savement inm .are ! is orecicted to equa:l
ab.e ievei of 1.@ 1i1r 1950@. :

t-z recomstructec osavement in lane 1 1s orecictec to ecual or
ees- an unaccestable ievel of Z.Q@0 in 1993.
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IXETDICTED ZZRFSARAMANCE FOR _ANT
YZE® Sz CUMULRTIVE JTINT TRANSVE
SR P TAULTING CRAlHI
LEBE & . 2. ee ¢
LIET 1 &L E2 2.4 &
PRI = L.C4 .84 2
e It = 1.33 Q.24 z
122 & .t . Qs “
1993 S Z. 45 . 05 4
1334 e 4. cE 3. 6S s
LT3E 7 S. - 2.5 =
13256 & £.25 z. 295 €
1337 el 7. " d. 85 &
1538 1@ 8.1 8. 85 7
1993 11 9.3 @&. 26 7
zeee 2 12. 51 2. Q& 8
P21 13 11.81 2. 86 8
cgez i4 13,19 Q. e 1=
Zaz23 15 14,66 2. 06 3
vV =3 iB. 23 ¢. ¢ .5
SQE 17 17.3e 2. 26 ia
clZE i 86 L5.€% Z. 6 10
=7 = c1.53 . 26 11
Le-H1C inches feet

mi-..icnms oer mi

NOTE: These 2rolections are estimates of
Ssredictive mcadels. They shouid rot

ireteac as re.ative 1rncicators of
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TRIDIZTZD PERFORMANCE FOR ANz FOL_OWING RECONSTRUCTION
YoFR S5Z CUMULARTIVE SOINT TRANSVERSE JOINT PUMPING PSR
54 s SadoTInG URACKING DETERICRATION, .-

Lmes & 2. ¢ Z. @2 v, 2.@ S Q. Q 4,5
JTEE ! Z2.E2 2.1 _E 2.0 g%}“o.s a2
1332 < 1.i4 2.t 2z 2.@ P R YL 3.7
=R z .53 ¢. 12 ) 2. i.4 .5
_33: 4 Z.E6 a. 12 o d.1 .7 .3
) = 3.43 Z.13 37 z. & 1.9 2.5
L2348 £ 4, & Q.13 e 2.3 2.9 g.=
1995 7 S.14 @. 14 4€ 2.5 2.2 z.1
L2358 8 €. 23 C. 14 =1 3.7 E. 4 1.7
1TE7 e 7.2° Q.14 56 1.1 2.6 1.3
1998 10 8. 16 .15 €@ i.5 2.7 2.8

4 1999 11 9. 30 .15 66 2.0 - 2.9 0.3
=1 . 17,7 1& 1@0.5: 2.15 71 2.6 3.0 -2.3
To2ea 13 11.81 2. 16 77 z.3 2.2 -2.8
™ zoes 14 13.19 Q.16 84 4.1 3.0 -1.4
=3 1E i4. 66 2. 16 91 5.0 3.@ -2.1
=L 1€ 16. &3 9. 16 99 6.1 3.0 -2.8
Z2Z25 -7 17. 9 ¢.17 128 7.4 3.0 -3.5
ZQVE 18 13. 69 @.17 118 8.8 3.0 -4, 2
zewv7 19 21.59 @.17 130 10.3 2.0 -5.@
18-k1p Inches feet Joints 2 = rnone -5

mi1lilicns ner miie per mile 1= low
2 = medium
3 = high

NOTE: These projectiorns are estimates of expected performance based on
pregictive models. They should rnot be taker as exact values, but
irstead as relative indicators of performance. -

" BUMMARY :

re

Joirt faulting on the recornstructed pavement in lane 1 is predicted to;;'

equal or exceed an unacceptable level of 0.12 inches per mile in 1992.

Trarnsverse cracking of the reconstructed pavement in lare 1 is not

4

crec.ctec to reach an unacceptable level within the rext twenty years.

Joivt ceteri1oration or the reconstructec pavement in larme 1 is not
prec.ctec to reach an uriacceptable level within the rext twenty years.

{ -

- ~" f’.
Qumzivg o the recornstructed pavement in lane 1 is predicted to equal

- exceec arn unacceptable level of 1.0 in 1990. o

3% -r t-e reconstructed pavement 1n lame 1 is predicted to equal or
exceec ar. anaccentanlie level of 3.0@ in 1233Z.



SREIDIZTID DZRTFCRMANCE IR OLANE 1 SOLLOWING RECONSTRUCTION
YZER SEE CUMULARTIVE JCINT TRANSVERSE JCINT o - PUMPING
ESA_s FAULTING CRACKING DETERIORATION
L3ES 2 2. Qe €. a2 2 0.2 vt B. 0
L 3ET L 2. &2 Q.03 c 2.2 e D6
1332 E .24 Q. 1@ 3 2.0 - 0.8
P B 3 1.23 2.1Q2 ) 2.0 i.@
123z L c. 66 2.11 4 2.1 1.1
LTIl Z 3. 43 .11 4 2.2 i. e
1324 = 4.26 .12 S 2.3 1.4
1238 7 S.14 2.1& S 2.5 1.5
1996 8 €. 29 .12 6 2.7 1.6
1937 5 7.03 2.13 6 1.1 1.7
19398 19 8. 1¢ .13 7 1.5 1.8
19399 11 9. 30 2.13 7 2.0 1.9
. 2002 iz 12. 51 .13 8 2.6 2.1
ze1 13 11.81 .13 8 3.3 2.2
ez i4 13.15 2.14 8 4.1 2.3
ZQRz bg=] 14.66 2. 14 9 S.0 2. 4
cors4 i6& 16.&3 2. 14 9 6.1 2.5
2025 17 17. 3@ 2. 14 10 7.4 2. 6
2OZE 18 13. €9 .15 12 8.8 2.7
zoe7 13 £1.53 2.15 11 12. 3 2.8
18-kipo Inches feet Joints @ = nore
millilicoms per mile per mile 1 = low
2 = medium
3 = high
NOTE: These projections are estimates of expected performance based
2 oredictive models. They should not be taken as exact values, b
instead as relative indicators of performance.
SUMMARY :
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Jeint faultirc on the recconstructed pavement i1n lane 1 1is predicted to o

equal or exceed an unacceptable level of 0.13 inches per mile in 1997.

Transverse crackirng of the reconstructed pavement in larne 1 is not
precictec to reach an unacceptable level within the rext twenty years.

Joirt gerericraiion on the reconstructed pavement 1 lane 1 1s not
precictec to reacn an unacceptable level withirn the rext twenty yeares.

-
Pumoing on the reconstructed pavement in larne 1 1s predicted to eagual
N S

or exceec an unacceptable level of 1.0 1n 1991.

-

D8R or trme reconstructed pavement iv lare 1 is predicted to egual or
exceec ar unaccepotable level of 2.0Q@ in 199S.
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TRAFFIC DATA






Equivalent Axle Load Estimate
1-5, NE 175th (WP 176.35)

Percent Trucks

Daily Daily
ADT Single Cosb. Single Comb. ESAL's

YEAR (two way) Units Trucks Units E.F. Trucks E.F. per vyr.
1965 2,000 3 2 780 6.13 520 0.91 209,824
1966 57,700 2 2 866 0.17 577 0.91 245,144
1967 39,400 3 2 891 6.17 594 0.91 252,367
1968 66,600 3 2 999  0.17 bbb 0.91 282,957
1969 72,100 M 2 1,082 0.17 721 0.84 288,166
1970 71,400 M 2 1,074 0.17 714 0.84 285,368
19711 68,700 2 3 687 0.17 1,031 ¢.B4 358,380
1972 76,400 2 3 764 0.18 1,146 0.88 418,011
1973 76,900 2 3 769  0.18 1,154 (.88 420,747
1974 72,200 2 3 722 0.20 1,083  0.90 408,208
1975 78,000 2 3 780  0.20 1,170 0.90 441,000
1376 81,000 2 3 810  0.23 1,215 1.02 320,492
1977 85,900 2 3 89 0.23 1,289 1.02 551,978
1978 90,500 2 3 905  0.43 1,358 1.04 557,589
1979 101,800 2 3 1,018 0.23 1,527 1.16 730,692
1980 129,200 2 3 1,292 0.24 1,938 1.11 894,351
1981 133,100 2 3 1,331 0.24 1,997 1.1 923,291
1982 135,800 2 3 1,358 0.24 2,037 1.1 942,021
1983 113,200 2 3 1,132 0.4 1,698  0.99 713,335
1984 142,800 2 3 1,428 0.24 2,142 0.99 899,886
1985 147,000 2 3 1,470 0.24 2,205 0.99 926,354
1986 137,500 2 3 1,37 0.24 2,063 0.99 866,487
1987 144,400 2 3 1,444 .24 2,166 0.99 909,949
1988 145,900 2 2 1,459  0.24 1,459  0.99 633,951

TOTAL ESAL'S = 13,702,388

F1--Traffic Data, I-5 (MP 176) Seattle
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Equivalent Axle Load Estimate

1-90, (MP 279-2#)
218 .00
Percent Trucks
Daily Daily
ADT Single Cosb. Single Comb. ESAL's

YEAR (two way) Units  Trucks  Units  E.F. Trucks E.F. per yr.
1965 11,200 2 7 112 0.13 392 0.9 135,415
1966 16,500 2 7 165 0.17 578 0.9 201,844
1967 17,800 2 7 178 0.17 623 0.9 217,747
1968 18,300 2 5 183  0.17 458 0.9 163,147
1969 19,400 2 5 194 0.17 485 0.84 160,739
1970 23,000 2 3 230 0.17 575 0.B4 190,567
1971 24,300 4 4 486 0.17 486  0.84 179,164
1972 26,000 4 4 520  0.18 520  0.88 201,188
1973 28,200 4 4 564  0.18 564  0.88 218,212
1974 29,600 4 4 592 0.20 592 0.90 237,488
1975 28,600 4 4 572 0.20 572 0.90 229,658
1576 30,600 4 4 612 0.23 612 1,02 279,002
1977 32,200 4 4 44 0,23 644 1,02 293,590
1978 35,700 4 4 714 0.13 114 1.04 304,132
1979 36,000 3 3 540 0.23 540  1.16 273,712
1980 34,500 3 3 518 0.24 518 .11 253,676
1981 35,300 3 3 530 0.24 330 1.11 260,331
1982 33,900 3 3 509  0.24 509  1.11 250,007
1983 34,000 4 4 680  0.24 680  0.99 305,534
1984 34,000 4 4 680  0.24 680  0.99 305,534
1985 34,000 4 4 680  0.24 680  0.99 305,534
1986 38,300 4 4 766 0.24 766 0.99 344,175
1987 33,300 4 4 666 0.24 b6 0.99 299,244
1988 38,300 4 9 766 0.24 1,724  0.99 690,517

TOTAL ESAL'S = 6,300,416

F2--Traffic Data, I-90 (MP 278) Spokane
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Equivalent Axle Load Estisate
1-90, Snogqualmie Pass (NP 61.35)

Percent Trucks Daily Daily

ADT Single Coab. Single Coab. ESAL s

YEAR (two way) Units Trucks Units E.F. Trucks  E.F. per yr.
1960 5,300 8 3 212 0.06 133 0.62 4,333
1961 6,000 8 3 280  0.28 150  ©.68 24,703
1962 6,800 8 a 2712 0.28 170 0.88 27,997
1963 6,600 8 5 264 0,28 165 0.8B8 64,754
1964 6,600 8 3 264 0.28 165  0.93 80,220
1963 7,700 3 9 193 0.13 347 0.9 121,006
1966 6,400 ] 9 210 0.17 378 0.9 134,996
1967 6,700 3 9 218 .17 392 0.91 143,390
1968 9,200 i) 9 230 0.47 414 0,91 154,630
1969 10,000 4 7 200  0.17 350  0.84 115,720
1970 11,700 4 7 234 0.17 410  0.84 140,072
1971 13,200 4 7 264 0,17 462 0.84 158,030
+1972 13,100 4 17 262 0.18 1,114 (.88 374,248
+1973 13,100 4 17 262 0.18 1,114 (.B8 374,248
1974 13,100 4 17 262 0.20 1,114 0.90 384,289
1975 13,400 4 17 28 0.20 1,139 0.90 393,090
1976 14,800 4 17 29%  0.23 1,258  1.02 494,148
1977 15,300 4 17 306 0.23 1,300 1.02 510,842
1978 1£,300 4 17 326 0.13 . 1,386 L.04 541,821
1979 15,100 4 17 302 0.3 1,284 1.16 966,885
1980 13,380 3 3 201 0.24 333 LU 152,445
1981 14,098 3 3 201 0.24 352 L 160,934
1982 14,970 3 3 228 0.24 74 L 170,888
+1983 17,000 b) 13 425 0.24 4,105 0.99 436,925
+1984 17,000 3 13 425 0.24 L1058 0.99 43,925
+1985 17,000 3 13 425 0.4 1,105 0.99 434,925
1986 19,500 4 15 390  0.24 1,463 0.99 543,172
+1987 18,000 4 15 60 0.24 1,35  0.99 519,851
1988 17,300 4 15 346 0.24 1,298 0.99 499,635
TOTAL ESAL'S = 8,188,124

+ Estimate (aissing data)

1963
1968
1979
1983

)

1968
1979
1983
1586

MP 61.33 used
MP 62.71 used
MP 35.30 used
MP 63.17 used

F3--Traffic Data, I-90 (MP 61) Snoqualmie Pass
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