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FOREWORD

This report is one volume of a four-volume set presenting the results of a
research study to develop improved evaluation procedures and rehabilitation
techniques for concrete pavements. Each report includes the Table of Contents
for all four volumes, Eight rehabilitation techniques were selected for
detailed investigation by field inspection and analytical study. These eight
techniques are diamond grinding, load transfer restoration, edge support,
full=depth repair, partial-depth repair, bonded concrete overlays, unbonded
concrete overlays, and crack-and-seat with AC overlay. Based on analysis of
the field data, a series of distress models were developed to predict the
performance of the various rehabilitation techniques under a variety of
conditions, These models and other information were then used to develop a
comprehensive prototype system for jointed plain, jointed reinforced, and
continuously reinforced pavement evaluation and rehabilitation.

This report will be of interest to engineers involved in planning, designing,
or performing rehabilitation of concrete pavements.

Sufficient copies of this report are being distributed by FHWA memorandum to
provide one copy to each FHWA Region and Division and two copies to each State
highway agency. Direct distribution is being made to the division offices.
Additional copies for the public are available from the National Technical
Information Service (NTIS), U.S. Department of Commerce, 5285 Port Royal Road,
Springfield, Yirginia 22161.

‘ mgaazauq

Thomas J./f"a

Director,” Office of Engineering
and Highway Operations
Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of
Transportation in the interest of information exchange. The United States
Government assumes no liability for its contents or use thereof.. The contents
of this report reflect the views of the contractor, who is responsible for the
accuracy of the data presented herein. The contents do not necessarily reflect
the official policy of the Department of Transportation. This report does not
constitute a standard, specification, or regulation,

The United States Government does not endorse products or manufacturers. Trade
or manufacturers' names appear herein only because they are considered essential
to the object of this document.
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CHAPTER1
INTRODUCTION
1.1 PROBLEM STATEMENT AND RESEARCH OBJECTIVE

The objective of this research effort was to develop a practical and
comprehensive system to assist practicing engineers in:

° Evaluating concrete highway pavements.
e  Identifying types of deterioration present and determining their causes.

e  Selecting rehabilitation techniques which will effectively correct
existing deterioration and prevent its recurrence.

e  Combining individual rehabilitation techniques for each lane and shoulder
into feasible rehabilitation strategies.

e  Predicting the performance of rehabilitation strategy alternatives.
The pavement types’ that are addressed by the system include the following:

e  Jointed reinforced concrete pavement (fRCP).

e  Jointed plain concrete pavement (JPCP).

e  Continuously reinforced concrete pavement (CRCP).

The system is intended for use by State highway engineers in project-level
rehabilitation planning and design for high-type %i.c., Interstate) concrete
pavements. The system is not a pavement design procedure in terms of thickness
design or joint design. The engineer must utilize existing design procedures to
determine these details for overlays and reconstruction.

1.2 RESEARCHAPPROACH

The evaluation and rehabilitation system has been developed in the form of a
knowledge-based system, which simulates a consultation between the engineer and an
expert in concrete pavements. The system uses information about the pavement
provided by the engineer to guide him or her through evaluation of the pavement’s
present condition and development of one or more feasible rehabilitation
stratepies. The procedure was developed through extensive interviewing of and
interaction with authorities on concrete pavement performance. In addition,
predictive models are included to show future pavement performance both and without
rehabilitation.

This volume describes the system and provides guidance on its usage. A
computer program has been developed for each of the three pavement types addressed.
The programs operate on any IBM-compatible personal computer with 256 K memory. Use
of the computer programs is highly recommended due to the complexity of the manual
procedure.



1.3 BRIEF DESCRIPTION OF EVALUATION AND REHABILITATION SYSTEM

Evaluation of a pavement and development of feasible rehabilitation
alternatives is performed according to the following steps:

L

Project data collection. The engineer collects key inventory (office)
and monitoring (field) data for the project. Inventory data includes
design, traffic, materials, soils and climate. Monitoring data includes
distress, drainage characteristics, rideability, and other items collected
during a field visit to the project. The data are entered into a personal
computer using a full-screen editor.

Extrapolation of project condition over the entire project length. -
The overall condition of the project is extrapolated from the sample unit
monitoring data and extrapolated distress quantities are summarized.

Evaluation of present condition. The engineer utilizes the pavement
evaluation procedure to analyze all of the data and develop a specific
detailed evaluation in several major problem areas, including roughness,
structural adequacy, joint deterioration, foundation movement, skid
resistance, construction deficiencies, drainage, loss of support, joint
sealant condition, concrete durability, and shoulder condition.

Prediction of future condition without rehabilitation. The future

condition of the pavement without rehabilitation is predicted. Faulting,
cracking, joint deterioration, pumping, and present serviceability rating

are projected for jointed pavements émd punchouts for CRCP) and the years
in which they will become serious problems are identified.

Physical testing as needed. The initial data collection does not

require physical testing. Based upon the available information, the
engineer identifies types of physical testing needed to verify the

evaluation recommendations and to provide data needed for rehabilitation
design. Recommended testing may included nondestructive deflection
testing, coring/material sampling and laboratory testing, and roughness
and friction measurement.

Selection of main rehabilitation approach. Based upon the evaluation
results, the engineer then interacts with the system to select the most
appropriate main rehabilitation approach for each traffic lane and
shoulder. These include all 4R options: reconstruction (including
recycling), resurfacing (with concrete or asphalt), or restoration.

Development of detailed rehabilitation strategy. Once a main
rehabilitation approach is selected for each traffic lane and shoulder,
the engineer proceeds to develop the detailed rehabilitation alternative,
by selecting a feasible set of individual rehabilitation technigues to
correct the deficiencies present. This may include such items as
subdrainage, shoulder repair, full-depth repairs, joint resealing, etc.
This is performed for each traffic lane and shoulder by interaction with
the system.



8. Prediction of rehabilitation strategy performance. The future
performance of the developed rehabilitation strategy is then predicted in
terms of key distress types for 20 years into the future, based upon
assumed traffic growth. For concrete restoration, overlays and
reconstruction alternatives, faulting, cracking, joint deterioration and
present serviceability rating (and punchouts for CRCP) are projected. For
asphalt overlay alternatives, rutting and reflection cracking are
projected. The engineer then evaluates the results and determines whether
or not the proposed alternative provides an acceptable life. If so, a
cost estimate can be prepared based on computed repair quantities. If
not, the engineer can revise the rehabilitation alternative.

9. Cost analysis of alternatives, Approximate quantities for each
rehabilitation technique included in the alternative strategy are computed
from the extrapolateg distress quantities for each lane and shoulder. The
engineer then computes the total cost for each item and totals all costs
for the strategy. The engineer determines the life of the rehabilitation
from the projected deterioration information and computes an annual cost
for the alternative.

10..  Selection of preferred rehabilitation strategy alternative. There are
typically two to four feasible rehabilitation alternatives for a given
project. To select the preferred alternative, the engineer must consider
not only life-cycle cost but also constraints that exist for the project,
such as traffic control, construction time, available funding, etc. Based
upon estimated initial and annual costs, expected life and performance and
various constraints, the engineer selects the preferred rehabilitation
strategy from among the feasible alternatives available.

1.4 ONGOING DEVELOPMENT OF COMPUTER PROGRAMS

The three computer programs described in this volume are collectively named
EXPEAR. The version of the programs orifinally developed for the Federal Highway
Administration in this study was EXPEAR 1.1.

Since the completion of this study, development of the programs has continued
with the support of the Illinois Department of Transportation. The version of the
programs current at the time of publication of this report is EXPEAR 1.3. The
capabilities to delay rehabilitation and to do life-cycle cost analysis are
incorporated into EXPEAR 1.3, as well as improvements to some of the performance
prediction models. These added features are described in this volume.



CHAPTER 2

KNOWLEDGE-BASED SYSTEM APPROACH TO CONCRETE PAVEMENT
EVALUATION AND REHABILITATION

2.1 PROBLEM STATEMENT

Over the past 20 to 30 years, many of the United States’ high-type pavements,
including those making up the vital Interstate system, have carried volumes of heavy
truck traffic far in excess of those for which they were designed, and are
deteriorating rapidly. Prolonging the lives of these pavements through
rehabilitation has become a major concern {and expense) of State highway agencies,
and promises to continue to be so for many years to come.

Project-level rehabilitation design involves two distinct activities:

1. Evaluation of a pavement’s present condition, which includes
recognition of various types of distress and identification of the
mechanisms responsible for them.

2. Development of rehabilitation alternatives which will cost-effectively
repair the distress and prevent its recurrence.(1)

Distresses are, to use a medical analogy, only symptoms of a problem, and
treating the symptoms does not necessarily treat the problem. "Quick fix" repairs,
which correct the existing distress without arresting the mechanisms which caused
it, have a high probability of premature failure and thus are ultimately not
cost-effective.

Obviously, pavement rehabilitation design requires a good understanding of how
pavements perform. However, concrete pavement performance is a complex phenomenon,
which is influenced by a large number of factors relating to design, construction,
materials, environment, and traffic. These factors interact to influence
performance in ways which are not clearly understood. Thus, while some aspects of
concrete pavement performance can be explained by mechanistic models and well
established principles (e.g., calculation of stresses and fatigue damage), many
other aspects cannot.

2.2 NATURE OF ENGINEERING PROBLEM-SOLVING

As with many areas of engineering, problem solutions in pavement rehabilitation
must be arrived at by relying on two different types of knowledge:
deterministic knowledge and heuristic knowledge.(2) Deterministic
knowledge, sometimes called "public” or "textbook" knowledge, is that body of
factual information which is widely accepted by and available to engineers in the
pavement field. Heuristic knowledge is the subjective or "private” knowledge
possessed by each cn%ineer individually, which is largely characterized by beliefs,
opinions, and rules of thumb.

Engineering problems typically cannot be solved by applying deterministic
knowledge alone, for two major reasons. First, the complexity of the problem may be
so great that available deterministic knowledge is incomplete. The engineer may



have to apply rules of thumb which are not well proven or necessarily valid in all
cases, but which allow him or her to make "educated guesses" which fill in the gaps
in the available deterministic knowledge and bring the engineer closer to a
solution. It is good engineering practice to recognize that the validity of a
problem solution arrived at in this manner is subject to the validity of the
assumptions made by the engineer.

The second deterrent to purely deterministic problem-solving is that many
engineering problems do not have clear-cut right and wrong answers. Often, the
engineer must find a "good enough” answer, given a limited amount of information
about a problem, or must select the best option from among a number of feasible
alternatives. This demands that the engineer apply good judgment, which may include
such things as reasonable safety factors and weighted decision criteria. This too
requires considerable technical skill on the engineer’s part, as these decisions
must be based on familiarity with the problem domain and experience in solving
similar problems. Extreme conservatism applied without a good understanding of the
problem generally does not produce the best solution, as it often results in
overdesign and unnecessarily high costs.

An important distinction between deterministic knowledge and heuristic
knowledge lies in the way in which they are acquired by the engineer. Deterministic
knowledge may be obtained in school, from textbooks, training manuals, and published
literature. Heuristic knowledge, however, is acquired through experience gained in
solving problems. Novice engineers learn by trial and error to make guesses and
assumptions when solving problems, to fill in the gaps created by the incomplete
nature of their deterministic knowledge. In doing so, they gradually build up a
base of heuristic knowledge about the problem domain, which tends to increase their
success at problem solving. In any scientific or professional field, be it
engineering, medicine, law, etc. acknowledged "experts" are those individuals who
have an extensive background of experience in the field, and who are highly
successful at solving difficult problems.(3) Although precise definitions of
"knowledge" and "expertise” are elusive, a good description of an expert is someone
who has a considerable amount of high-level knowledge about a problem domain,
acquired through direct experience in solving many problems in that domain, and who
is capable of applying that knowledge to solve difficult problems quickly,
efficiently, and with a high degree of success.

2.3 KNOWLEDGE-BASED APPROACH TO ENGINEERING PROBLEM SOLVING

While deterministic knowledge is preservable in references and textbooks,
heuristic knowledge definitely is not. Since it is acquired through individual
experience, it is not easily communicated to others and, as experienced engineers
retire, it is often lost. The challenge of organizing and preserving this wealth of
heuristic problem-solving knowledge is the basis for development of a relatively new
type of engineering tool known as "knowledge-based systems.” These are computer
programs in which heuristic knowledge which has been acquired from humans is
utilized to solve problems which are intractable with a purely deterministic
approach. A subset of knowledge-based systems are "expert systems," which employ
both the knowledge and reasoning methods of human experts to solve difficult
problems in a narrowly defined problem domain.



2.4 KNOWLEDGE-BASED APPROACH TO PAVEMENT EVALUATION
AND REHABILITATION

As described earlier, project-level pavement rehabilitation really involves two
distinct engineering activities: evaluation and rehabilitation. Insofar as the
nature of these activities differs, so must the approach taken to them. Thus, the
concrete pavement evaluation and rehabilitation system was developed as a two-phase
system, in which the separate activities of evaluation and rehabilitation are each
performed in as efficient and robust a manner as possible.

2.4.1 Pavement Evaluation: A Diagnostic Activity

Pavement evaluation is a diagnostic activity, similar to medical diagnosis,
in which conclusions about aspects of the condition of the pavement are drawn from
an examination of relevant factual data. For example, facts about the pavement’s
design, materials, traffic history, and existing load-related distresses might be
examined to determine whether the pavement had a structural deficiency. Other
diagnostic activities include classification (e.g., of distress types) and
prediction (e.g., of future pavement condition).

A variety of approaches exist for performing diagnostic activities with
knowledge-based systems. The approach selected here for concrete pavement
evaluation was a decision tree format. By developing a decision tree for each major
problem area considered in evaluation (e.g., roughness, structural adequacy, etc.),
both factual knowledge and reasoning processes could be conceptually expressed and
graphically illustrated in a form which was easy to understand, examine, and
revise. This ensures that all potential problem areas are investi_ﬁted adequately,
and a truly comprehensive pavement evaluation is conducted. The decision tree for
structural adequacy of JRCP is shown in figure 1 as an example,

The decision trees are made up of nodes, branches, and conclusions. Nodes
" represent pieces of information about the pavement, including distress types and
quantities, design and materials data, environmental conditions, and traffic level.
At each node, a choice must be made as to which branch of the tree should be
followed, according to the values for the choice shown for the branches.
Conclusions about the presence or absence of specific deficiencies within the major
problem area are reached by proceeding down the branches of the tree. Conclusions
are represented on the decision trees by a three-letter code for the major problem
area and the number of the specific conclusion reached (e.g., STR 4 for the fourth
possible conclusion on the structural deficiency tree). These codes correspond to
one or more sentences of text which explain whether or not a particular deficiency
exists, and if so, what factors were considered in reaching that determination.

Evaluation is typically associated with badly distressed pavements which are
clearly in need of rehabilitation at the present time. However, to develop a
pavement evaluation system which can only identify current rehabilitation needs is
to limit the system’s usefulness as a pavement management tool. What about a
pavement that does not need rehabulitation now, but will within the next 5 years?
What about a relatively new pavement which does not exhibit much visible distress,
but which is inadequately designed or constructed to withstand the traffic loadings
and environmental influences which will act upon it over its design life?



JRCP STRUCTURAL DEFICIENCY

|__"ORNER BREAKS |

1-[24] /mite
STR 8

0/mfle

2[25] /mia
SR 1

[ M = H DETERIORATED

TRANSVERSE CRACKS |

1~ 7037 /mhe
STR 8

0 ft/mle

2[ 707 /mie
| STR 2 |

SIGNIFICANTLY MORE

TRANSVERSE CRACKS
IN_ QUTER LANE THAN IN INNER LANE

< 2 » mors or
< 54 ft/mle

wot or wet—dry

" "sLAB THICKNESS |

ANNUAL
ESAL

ANNUAL
ESAL

<0.6 206 <0.9 209

<{.125

ANNUAL
ESAL

ANNUAL
ESAL

2 l.1ns <1.5 215

[SR 7] [STR4] [SRR7] [STR4! [SIR7] [STR 4] {SRR 7] [STR 4]

o Annucl ESAL In milllona

>2smoreond > 54 /mia

STR 3

dry

| staB THICKNESS |

< 8° > 10"
= 8-10"
ANNUAL ANNUAL ANNUAL
ESAL ESAL ESAL
<0.75 >0.75 <J.2 2hne <25 225
SR 7| {STR 5} SR 7] [STR 5] ISR 7} [STR 5]

Figure 1. Structural adequacy decision tree for JRCP.



Deterministic knowledge can be applied here, using existing models for
predicting concrete pavement performance. In addition to the decision trees, a
number of predictive models for key concrete pavement distress types are employed to
project the future condition of the pavement without rehabilitation. The system
uses these future predicted values to "reevaluate” the pavement each year for the
next 20 years into the future, and identify the years in which the distresses will
reach critical levels indicative of deficiencies in the various problem areas. By
combining deterministic and heuristic knowledge in this way, the knowledge-based
evaluation system produces a more comprehensive and useful evaluation than would be
possible using either type of knowledge alone.

2.4.2 Pavement Rehabilitation: A Design Activity

Rehabilitation strategy development, however, is a very different type of
engineering problem. This is really a design activity, in which the engineer
must generate a rehabilitation strategy which satisfies the needs for repair and/or
improvement identified by the evaluation. Whereas evaluation generally considers a
Iimited set of potential problems, rehabilitation design involves a huge number of
combinations of many individual rehabilitation techniques. Some thirty or more
rehabilitation techniques can be identified for concrete pavements, ranging from
reconstruction to crack sealing. From these options, a set of techniques must be
selected for each traffic lane and shoulder which correct all of the existing
distresses and prevent their recurrence. The techniques selected must be compatible
within each lane and with the techniques selected for the other lanes and
shoulders. For example, a structural overlay may be a potential rehabilitation
technique for an outer traffic lane which has a structural deficiency, but if it is
selected, it will necessitate overlaying the inner lane and the shoulders as well,
even if the inner lane and shoulders are not themselves structurally deficient. As
a result, the overlay may supersede some nonstructural rehabilitation techniques
which might otherwise have been selected for the inner lane (e.g., grinding) or the
shoulders (e.g., chip seal).

Generating all the possible combinations of techniques and evaluating their
feasibility would be a formidable task even for a high-speed computer, if done using
conventional programming methods. Using a knowledge-based approach, however,
rehabilitation strategies (compatible combinations of techniques) can be developed
much more quickly and easily by generating only feasible combinations, thus
greatly reducing the number of strategies which the engineer must consider. This is
done by applying restrictions on the generation of strategies which reflect
heuristic knowledge about the compatibility of various techniques.

A key decision to be made when developing rehabilitation strategies is the
selection of the main rehabilitation approach (?econstruction, resurfacing, or
restoration) for each traffic lane. This decision is best made early in the
strategy development process, as it dictates much of the subsequent selection of
rehabilitation techniques. Since there are three main rehabilitation approaches
available, and two traffic lanes, theoretically nine combinations of approaches
exist for a project. However, an engineer examining the list of combinations would
uickly point out that it isn’t feasible to place an overlay in only one lane, so in
act there are fewer than nine combinations:

Reconstruct both lanes.

Reconstruct outer lane and restore inner lane.
Reconstruct inner lane and restore outer lane.
Overlay both lane..

Restore both lanes.

PN



This is an example of how heuristic knowledge of the problem domain can be applied
to limit the search for feasible solutions.

After feasible rehabilitation strategies have been developed, the engineer must
still choose the best alternative. This may be done on the basis of a variety of
selection criteria, the most important of which is usually life-cycle cost.

However, the engineer cannot perform a life-cycle cost comparison of the strategy
alternatives without some idea of the lives of the alternatives. Here too,

deterministic knowledge can be applied, by employing available models for predicting
rehabilitation ﬁerformance in terms of key distress types. Several such models were
developed in this study and incorporated 1n the system. Thus in rehabilitation as

in evaluation, deterministic and heuristic knowledge are combined to improve the
quality of the problem solution.

2.5 IMPLEMENTATION OF THE SYSTEM

One approach to knowledge-based system development is to implement a prototype
with a commercially available, off-the-shelf software tool known as a "'shell” which
provides a suitable development environment (knowledge representation scheme, text
editor, compiler, etc.), and then to rewrite the system for maximum efficiency when
most of the difficult development is finished.(8) However, shells can actually
hinder system development in some ways, because of their stylized input/output
languages and reasoning methods. Furthermore, complex knowledge often cannot be
easily fit into any predefined formal structure; rather, the characteristics of the
problem should dictate the most efficient implementation approach.

Initially, a shell was used to develop a demonstration prototype for the
evaluation portion of the system, largely for the purpose of investigating the
suitability of a knowledge-based approach. The shell used was Insight 2+, developed
by Level V Research, Inc. This shell was chosen after experimentation with a
variety of representation schemes which led to the selection of the decision tree
format. Insight 2+ is a production-rule-based system shell, meaning that knowledge
is expressed in terms of "if-then" rules. To solve problems, it uses a reasonin
method known as "backward chaining," meaning that it makes assertions and then sets
about to prove or disprove these assertions by matching the "if”" and "then" clauses
of the rules as needed, working backwards to known facts, Each rule represents a
discrete piece of knowledge, and the logic of the problem-solving strategy is merely
sequential association of these pieces of knowledge.

One problem with production rule systems is that complex lines of reasoning may
not be easily expressed in discrete pieces, and thus are hard to represent in
production rules.(8) Production rule systems are also hard to analyze for
completeness and consistency, to ensure that all possible combinations of the data
are covered.(4,11) By representing the problem-solving strategy of the pavement
evaluation system with decision trees, these problems were climinated. The decision
trees imposed a structure on the problem-solving strategy which would not normally
exist in a typical production rule system. It was still possible, although not very
convenient, to express this structure in production rule format. To incorporate the
decision trees into the Insight 2+ shell, each path down each tree (a path being
composed of a set of nodes and connecting branches terminating at a conclusion) was
programmed as a single rule.



Although the production rule approach employed using Insight 2+ was helpful in
developing the initial prototype, it soon became too restrictive for continued
development of the system. The major reason for this was that stated above: the
problem was too complex for the shell structure. Representing the decision trees
with a set of rules was inefficient and unwieldy. Long compilation and execution
times slowed the development of the system and detracted from the program’s ease of
use. In addition, it was very difficult to interface the decision trees with other
sections of the system (e.g., data entry and retrieval). To circumvent the
limitations of the system as implemented in the shell, the system was rewritten in
Pascal, using Borland International, Inc.’s Turbo Pascal.

The conversion to Pascal transformed the decision trees into large nested
if-then-else structures. Each node was transformed into an if-then-else statement,
with one path from the node being the "then" consequence, and other paths being the
"else” consequences. This transformation changed the system from a traditional
backward-chaining production rule format to a hard-coded format. Hence, some of the
transparency of the knowledpe was lost, and modifications became more difficult.
These problems were more than offset, however, by the increased ease of interfacing
the evaluation portion with the rest of the system, and a tenfold increase in
execution speed. Perhaps more significant, the models for predicting future
performance with and without rehabilitation, which were programmable in Pascal
without much difficulty, would have been extremely difficult to program in

roduction rule format, and the capability of production rule shells such as
| psi_gh(tj 2+ to interface with external programs to perform such computations is very
imited.

2.6 FUTURE OF KNOWLEDGE-BASED SYSTEMS IN ENGINEERING

It has long been known that many difficult problems facing engineers are
intractable by algorithmic means. Until recently, such problems could only be
solved by reliance on human experts with extensive practical experience and
considerable knowledge of the problem domain. The new technology of knowledge-based
systems offers a powerful means for acquiring and organizing this human expertise so
that it may be preserved and communicated to others, and also so that the resources
of high-speed computers may be applied to solving these difficult problems.

As potential applications of knowledge-based systems are explored in
engineering domains, it will become increasingly apparent that both the best
available deterministic and heuristic knowledge must be employed to obtain
satisfacto Eroblem solutions quickly and efficiently. This is certainly true in
the case of this concrete pavement evaluation and rehabilitation system. As the
understanding of concrete pavement performance grows, the system will need to be
modified to keep pace with advances in deterministic and heuristic knowledge of the
domain. Itis hoped that this knowledge-based approach to this difficult
engineering problem will provide practicing highway engineers with a valuable too!
for pavement evaluation and rehagilitation, and thereby contribute to better and
more cost-effective pavement rehabilitation designs in the future.
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CHAPTER 3
DESCRIPTION OF EVALUATION AND REHABILITATION SYSTEM
3.1 INTRODUCTION

EXPEAR consists of three separate, stand-alone evaluation/rehabilitation
systems, one for each of three concrete pavement types (JRCP, JPCP, and CRCP). To
use EXPEAR in either computerized or manual form for a particular pavement type, the
engineer simply selects the appropriate computer program or sections of this report,
as shown below:

Pavement Type Computer Program Manual Form
JRCP JRCP EXPEAR chapter 4 and appendix A
JPCP JPCP EXPEAR chapter 5 and appendix B
CRCP CRCP EXPEAR chapter 6 and appendix C

Although the systems for the three pavement types differ in details, they all
follow the same basic structure. The purpose of this chapter is to describe this
structure in general terms applicable to all three pavement types. The engineer
should read this section before attempting to use the programs or chapters and
appendixes listed above.

3.2 PAVEMENT GEOMETRY

EXPEAR is intended for use on Interstate-type divided highways with two
lanes in each direction and either asphalt or concrete shoulders. It cannot
accommodate routes with fewer than two or greater than two lanes in one direction,
nor routes with unpaved shoulders.

A "project” is defined as a pavement section of any length consisting of two
lanes in one direction, with inner and outer paved shoulders, which is uniform
throughout its length with respect to the following:

M Year of construction.

e  Concrete slab design (thickness, joint spacing if any, quantity of steel
reinforcement if any, and transverse and longitudinal joint design and
construction).

e  Type of base course.

e  Type of subgrade.

e  Subsurface drainage conditions.

e  Pastand current truck traffic volume and composition.

If a pavement section is not uniform with respect to these items, it should be
split up into two or more uniform sections which should be evaluated separately.
Sections containing intersections should also be split up, unless site-specific
traffic data verifies that truck traffic is approximately consistent in volume and
composition throughout the length of the section. Opposing lanes of the same
section of highway (e.g., northbound vs. southbound lanes) should be evatuated as
separate projects.

11



3.3 STEPSIN EVALUATION/REHABILITATION PROCEDURE

Evaluation of a concrete pavement and development of feasible rehabilitation
strategy alternatives are performed by the following steps:

AN A S L

~

8.
9.

Project data collection.

Extrapolation of project condition.

Evaluation of present condition.

Prediction of future condition without rehabilitation.
Physical testing.

Selection of main rehabilitation approach (reconstruction, resurfacing, or
restoration).

Development of rehabilitation strategy.
Prediction of rehabilitation strategy performance.

Cost analysis of strategies.

These steps are described in this chapter, independent of pavement type.
Chapters 4, 5, and 6 provide additional details relevant to the specific pavement
types addressed.

3.4 PROJECT DATA COLLECTION
Survey sheets for JRCP, JPCP, and CRCP are provided in appendixes Al, B1, and

C1. The survey sheets consist of two parts: inventory data and monitoring data.
Inventory (office) data includes:

Project identification (State, route, and mileposts).
Climate (temperature, precipitation, and climatic zone).
Concrete slab design and construction.

Joint design and construction.

Base type and strength.

Subgrade classification.

Shoulders.

Traffic (cumulative ESAL, ADT, and percent trucks).

Since the project must be consistent throughout its length with respect to all
inventory data items, only one set of inventory data sheets is completed for a
project. All of the requested inventory information should be easily accessible to
a State highway engineer from office records.
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A set of supplemental information sheets are provided with the project survey
sheets to assist the engineer in obtaining the inventory information requested.
These sheets include: '

° Climatic zone map of the United States.

° Freezing Index contour map of the United States.

° Reinforcing steel size table for JRCP and CRCP.

° Subgrade k-value correlation table.

° Effective (base) k-value correlation table.

The engineer should refer to the most reliable and accurate sources of
information available to obtain the inventory data for a project. County soil maps
provide information not only on subgrade type but also drainage conditions and local
weather conditions. Detailed climatic data for the nearest weather station can be
obtained from the "Monthly Normals of Temperature, Precipitation and Heating and
Cooling Degree Days" rc(p:g.ll:ts compiled for each state by the National Climatic
Center, Asheville, North olina, 28801-2696. Data on actual subgrade soil
classification, subgrade k-value, and effective base k-value are preferable to
approximate correlations. The project survey sheets are intended to utilize this
type of detailed data if it is available to the engineer, but also to accommodate
the possibility that it is not and that estimates must be made.

_ Monitoring data is the information about the pavement’s present condition that
is collected during a visit to the project site, including:

e  Ride quality.

[ Load-related distresses.

° Joint condition.

° Settlements and heaves.

e  Drainage conditions.

e  Pumping.

° Concrete surface condition.
e Joint sealant condition.

e  Concrete durability.

e  Previous repair.

e Shoulder condition.

13



3.4.1 Conducting the Project Survey

Before the actual field survey, the engineer collects and records on the
prcc)ljcct survey sheets all inventory data requested. Monitoring data is collected
and recorded on the project survey sheets at the project site. Distress types,
severities, and quantities are recorded on the monitoring data sheets in a manner
consistent with standard distress identification procedures.(6) Monitoring data
must be collected for each traffic lane and for both the inner and outer
shoulder so that each of the lanes and shoulders can be evaluated separately.

Ride quality is expressed as a Present Serviceability Rating, using the
following scale:

0 1 2 3 4 5

. <= 3 . o e
Y T T y T T

VeryPoor Poor  Fair Good Very Good

Among the questions that the engineer should ask himself or herself when rating
the pavement are: "How well would this pavement serve me if I had to drive on it
for 8 hours?" and "How would 1 like to drive over 500 miles [800 km] of this
pavement?" Additional guidance on rating pavement serviceability is provided in
reference 13.

The serviceability (ride quality) of the pavement should be rated in each
traffic lane over the length of the project, while driving over the project at 50
miles per hour [80 km/}ﬁ Ideally, two or more persons should participate in
conducting the project survey. A serviceability rating should be obtained for each
lane from each person, and the average values recorded on the survey sheets. Two
Fasses over the project are necessary to obtain serviceability ratings for both
anes.

The one other monitoring data item which must be assessed over the project
length is condition of terminal treatments for CRCP, as explained on the CRCP survey
sheets. All other monitoring data items are recorded by sample unit.

3.4.2 Number and Length of Sample Units

Since it may not be practical to conduct a 100 percent survey of the project
for purposes of evaluation and preliminary rehabilitation design, it is recommended
that the project be surveyed by representative sampling. A sufficient number of
sample units distributed throughout the project’s length should be surveyed to
obtain an accurate representation of the overall project condition. For JRCP and
JPCP, a sample unit length and distribution of 1000 ft [304 m] in each mile (perhaps
started at each milepost for convenience), which provides approximately 20 percent
coverage, is recommended. CRCP may be surveyed more quickly due to the absence of
transverse joints, so sample units may be longer and spaced further apart if
desired. The actual length of the sample units is up to the engineer; they do not
all have to be the same length. A set of monitoring data sheets must be completed
for each sample unit surveyed.
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The EXPEAR computer programs can accommodate up to ten sample units. Ifit is
desired to survey more than ten sample units (€.g., for a project more than 10 miles
}16 km] long), the project should be split up into two or more projects of 10 or
ewer sample units each. This restriction does not apply when using the system in
manual form.

3.4.3 Project Survey Data Entry

When using one of the EXPEAR computer programs, collection of the project
survey data is followed by entry of the data into files on diskette. This is done
using a full-screen editor included in the EXPEAR programs. The full-screen editor
provides screens for entry of the inventory data and asks the user for the number of
sample units surveyed. It provides sets of monitoring data screens for as many
sample units as were surveyed. The inventory data and monitoring data comprise a
data record which is saved in a permanent file on diskette. More instructions on
project survey data entry are given in appendixes A6, B6, and Cé6.

3.5 EXTRAPOLATION OF PROJECT CONDITION

Before the project can be evaluated, its overall condition must be determined
by extrapolation from the sample unit monitoring data. The EXPEAR computer programs
perform this function automatically. When using EXPEAR in manual form, the engineer
must perform the calculations to extrapolate overall project condition by hand. It
is recommended that a blank set of sample unit monitoring data sheets be used to
record the results of the extrapolations. This set of sheets, along with the
inventory data sheets and project monitoring data sheet, represent the project
record in manual form.

Sample unit monitoring data consists of two different types of items: real
numbers and toggle values. Real numbers represent distress quantities or
measurements, such as feet of longitudinal cracking, number of corner breaks, or
average transverse joint faulting. Toggle values represent the engineer’s responses
to a set of choices provided to describe distress severities and other aspects of
the pavement’s condition, such as presence of incompressibles in transverse joints
(yes/no), severity of D cracking (none/low/medium/high), or AC shoulder alligator
cracking (none/some/extensive).

In general, real number data items are extrapolated from the sample unit data
sheets and expressed in the project record as an average quantity per mile (e.g.,
number per mile, feet per mile, etc.), except faulting, which is expressed as an
overall average in inches. Toggle data values recorded for each sample unit are
averaged to represent typical values over the length of the project.

In chapters 4, 5, and 6, the specific distress items collected for JRCP, JPCP,
and CRCP respectively are categorized as real numbers or toggle items and
extrapolation nstructions are given.

3.6 EVALUATION OF PRESENT CONDITION
3.6.1 Major Problem Areas

For each concrete pavement type, several major problem areas were identified
which should be considered in a comprehensive evaluation. Twelve major problem

areas were identified for JRCP and JPCP, and nine were identified for CRCP. All
three pavement types have the following seven major problem areas in common:
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1.  Structural adequacy.
2.  Drainage.

3.  Foundation stability.
4. Concrete durability.

5. Skid resistance.

6. Roughness.

7. Shoulders.

The following two problem areas are considered for CRCP in addition to the common
seven:

8.  Longitudinal joint construction.
9.  Construction joints and terminal treatments.

Due to the presence of transverse joints, JRCP and JPCP have the following
additional problem areas which must be considered:

8.  Transverse and longitudinal joint construction.
9. Transverse joint sealant condition.

10.  Load transfer.

11.  Loss of support.

12.  Joint deterioration.

Within a given problem area, a number of specific deficiencies may exist. For
example, poor skid resistance may be the result of inadequate texturing of the
pavement surface at construction, polishing of the surface in the wheelpaths under
traffic, or even rutting caused by studded tires. A thorough assessment of a
pavement’s present condition requires a determination of whether or not one or more
deficiencies serious enough to warrant corrective action exists in each of the major
problem areas related to that type of pavement.

Each of the problem areas represents a different mode of deterioration commonly
observed in concrete pavements. Each mode of deterioration is controlled by certain
significant factors in the design, materials, soils, traffic and environment of the
pavement, and has associated with it certain characteristic types of distress. In
this sense, the problem areas are independent of each other. In another sense,
however, they can never be truly independent, since pavement deterioration is a
complex phenomenon encompassing many different mechanisms and their interactions.

3.6.2 Evaluation Decision Trees and Conclusions

For each major problem area, a decision tree was developed to identify specific
deficiencies warranting repair. The decision trees organize pertinent design,
traffic, environment, and distress factors into structures for determining whether
or not specific deficiencies exist within that problem area.
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The decision trees are made up of nodes, branches, and conclusions. Nodes
represent data about the pavement, including distress types and quantities, design
and materials data, environmental conditions, and traftic. Conclusions about the
presence or absence of specific deficiencies within the major problem area are
reached by proceeding down the branches of the tree. Conclusions are represented on
the decision trees by three-letter codes identifying the major problem area and
specific conclusion reached (e.g., STR 4 for the fourth possible conclusion on the
structural deficiency tree). These codes correspond to one or more sentences of
text which explain whether or not a particular deficiency exists, and if so, what
factors were considered in reaching that determination.

The evaluation decision trees and conclusions for JRCP, JPCP, and CRCP are
provided in appendixes A2, B2, and C2.

J.6.3 Critical Distress Levels

In several of the problem areas, certain quantities of distress and PSR values
are considered indicative of deficiencies. Default values for these critical
distress levels are incorporated in EXPEAR. These values are enclosed in brackets
on the evaluation decision trees and in the evaluation conclusions shown in
appendixes A2, B2, and C2. The specific survey data items which have default
critical levels are listed for each pavement type in chapters 4, 5, and 6.

The engineer may modify these default values if desired to reflect his or her
own experience or agency’s policies. In the EXPEAR programs, the capability is
provided to save the engineer’s choices for critical distress levels permanently in
a disk file, so that they do not have to be modified every time the program is run.
The default values are always available for use as well.

3.6.4 Candidate Rehabilitation Techniques

Each of the evaluation conclusions is accomjaanied by one or more candidate
rehabilitation techniques which could be performed to correct that deficiency.
These are provided for illustrative purposes primarily; they tell the engineer what
types of repairs are considered appropriate for correcting the stated deficiency,
independent of any other deficiencies present.

These techniques are not used at this point to develop rehabilitation
strategies. As described in chapter 2, if rehabilitation techniques were selected
for each deficiency independently, the rehabilitation strategy developed would
probably contain redundant or incompatible techniques, and would therefore be
infeasible. The actual technique selection process is structured to utilize the
candidate rehabilitation techniques, but with restrictions applied to prevent
redundant or incompatible techniques from being included 1n a singﬁ: strategy.

3.7 PREDICTION OF FUTURE CONDITION WITHOUT REHABILITATION

Performance prediction models are used to groject the future condition of the
pavement for 20 years into the future, to illustrate the consequences of not
performing rehabilitation in the present year. The performance of the pavement is
predicted in terms of serviceability and key distress types for the concrete

pavement type: faulting, cracking, joint deterioration, pumping, and PSR for JRCP
and JPCP; and punchouts and steel ruptures for CRCP.
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In order to solve the predictive equations each year for 20 years, it is
necessary to calculate the number of 18- Tl‘ﬂ equivalent single-axle loads (ESALs)
accumulated in each lane for each year. This i1s done using the following equation:

ESAL = ADT * DD * (PTRUCKS /100 ) * TF * 365
where:

ESAL =  current annual ESAL for the project (both lanes, both directions)

ADT = current two-way average daily traffic, from the project
inventory data

DD =  directional distribution (distribution of ADT between opposing
direction lanes (assumed to be 0.5)

PTRUCKS =  percent trucks, from the project inventory data
TF truck factor (ESAL/truck)

1.15 for rigid pavement

The annual ESAL in each lane is computed from the following equations (6):
outer ESAL =  annual ESAL * [ 1.567 - 0.0826 In (ADT * DD) |
inner ESAL =  annual ESAL - outer ESAL

For each subsequent year, the annual ESAL is increased using the truck traffic
growth rate from the inventory data. The cumulative ESAL in each Jane is then
computed for each year, starting with the cumulative ESAL from construction to the
the year of the survey, and adding the annual ESAL computed each year.

_ Since these key distress and serviceability values are inputs into the
evaluation decision trecs, the engineer can use them to "reevaluate™ the pavement in
future years, and identify the years in which they will reach critical levels
indicative of deficiencies. The system performs this function automatically and
displays one or more sentences of text describing the deficiencies predicted to
occur in the future, the years in which they are triggcred, and the critical levels
(either the defaults or the engineer’s values) of distress or serviceability which
triggered them.

The performance prediction models for JRCP and JPCP are those developed under
NCHRP Project 1-19, using data from more than 400 pavement sections in seven
states.(6) CRCP distresses are predicted from models developed under an Illinois
DOT study using data from CRCP sections in Illinois.(12) All of the models are
"calibrated" to the actual current distress levels, so that future distress levels
aBr; prcdgcd accurately for future years. The models are given in appendixes A3,
, and C3.
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The predicted future condition without rehabilitation serves two purposes. For
a pavement which doesn’t need rehabilitation now, the future condition predictions
indicate when rehabilitation will be needed, and what t)(rjpe of rehabilitation will be
required. For a pavement which should be rehabilitated now, the future condition
predictions illustrate the consequences of delaying rehabilitation. Every year that
rehabilitation is delayed, the pavement condition worsens and distress quantities
increase. The resulting increase in the cost of the work must be weighed against
the discounting effect of deferring the expenditure one or more years. EXPEAR
version 1.3 possess the capabilities to delay rehabilitation up to 5 years and to
account for the consequences of delay in its cost analysis.

3.8 PHYSICAL TESTING RECOMMENDATIONS

After performing the evaluation and before beginning to develop rehabilitation
strategies, the engineer may choose to perform physical testing of the pavement.
Physical testing serves the following two purposes: (1) verifying the results of the
evaluation based on visual condition data, and (2) obtaining quantitative data
needed to design the rehabilitation.

EXPEAR was developed to function without being dependent on physical testing
data, so that lack of availability of such data would not hinder an engineer’s use
of the system. However, EXPEAR does have the capability to recommend specific types
of physical testing which would be appropriate for the pavement, based on the
results of the present condition evaluation. The types of testing which may be
recommended include nondestructive deflection testing, destructive testing (coring
and boring), laboratory testing, and roughness and skid measurement.

3.8.1 Nondestructive Deflection Testing

Nondestructive deflection testing (NDT) is recommended to investigate
structural deficiencies, poor joint load transfer, and loss of slab support. A
Falling Weight Deflectometer (FWD) or other NDT device capable of applying dynamic
loads comparable in magnitude to moving truck wheel loads over a range of load
levels, i.e., 9000 to 1 pounds. Specific testing locations (at slab centers,
across joints, at comners, eic.) are recommended based on the types of deficiencies
present. Deflection data also serves as an input to structural analysis and overlay
design for a pavement in need of a structural improvement.

3.8.2 Destructive Testing and Laboratory Testing

Destructive testing is recommended when needed to obtain material samples from
the concrete slab, base, or subgrade to investigate a variety of deficiencies. For
reasons of safety and efficiency, nondestructive testing and destructive testing
should be conducted concurrently.

Critical levels of structural distress (cracking, corner breaks, punchouts,
etc.) trigger recommendations for coring to determining the thickness of each of the
pavement layers and the strength of the concrete (and stabilized base, if any).
Coring at joints is recommended to investigate the extent of significant joint
deterioration resulting from reactive aggregate, D cracking, infiltration of
incompressibles, or other causes. When reactive aggregate appears to be the cause
of the joint deterioration, petrographic examination of the cores is also
recommended. Evidence of poor transverse or longitudinal joint construction may
also trigger a recommendation for coring through representative joints and cracks,
to determine which joints and cracks are actually working.
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Boring samples of the base and subgrade should be obtained to investigate
drainage deficiencies and foundation movement (settlements and heaves). As a
minimum, the permeability of the base as well as the Atterberg limits and
classification of the subgrade material should be determined in the laboratory.
Additional investigation of swelling subgrade soils is also recommended.

3.8.3 Skid Testing

Wheelpath rutting caused by studded tires should be quantified by rut depth
measurements. Skid testing is recommended to investigate other deficiencies such as
polishing. Testing should be performed with a standard ASTM tire (E 501 or E 524)
mounted on a locked-wheel trailer.

Skid testing need not be performed if it has already been determined from the
results of the nondestructive and destructive testing that the pavement is in need
of a structural improvement, since overlaying and reconstruction supersede the need
for a surface friction improvement.

3.8.4 Roughness Testing

Roughness measurement is recommended when the pavement exhibits excessive
faulting, joint deterioration, foundation movement, or low PSR. Response-type
roughness testing, which produces an overall estimate of roughness in inches per
mile, is adequate for faulting and low PSR. Profile measurement should be performed
to locate and measure settlements and heaves.

As with skid resistance deficiencies, it is not necessary to quantify overall
roughness if it has already been determined that the pavement has to be
reconstructed or overlaid. The pavement’s profile should still be measured if
settlements and/or heaves are present, however, since these must be corrected by
appropriate preoverlay repair.

3.8.5 Use of Physical Testing Data

EXPEAR does not require that physical testing be performed, nor does it
interpret physical testing data or use it in its evaluation of the pavement and
selection of rehabilitation techniques. It is the engineer’s responsibility to
decide which types of testing may be performed with the equipment, resources, and
time available. The engineer should use the testing results to assess the
correctness of EXPEA%(’S evaluation and to select and design the appropriate
rehabilitation. The capability to interpret and utilize physical testing data in
the pavement evaluation and rehabilitation strategy development will be included in
future improvements to EXPEAR.

3.9 SELECTION OF MAIN REHABILITATION APPROACH

On the basis of the evaluation and the physical testing results, the main
rehabilitation approach (reconstruction, resurfacing, or restoration) must be
selected for each traffic lane. A decision tree has been developed for each
pavement type to guide the cn%ineer in this decision. The decision tree is
structured according to the following guidelines:

e  Astructural deficiency indicated by substantial load-related distress is
correctable by either a structural overlay or reconstruction.
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° A structural deficiency indicated by factors of design, traffic, etc., is
correctable by a structural overlay.

e A durability deficiency indicated by hiﬁh-séverity D cracking or reactive
aggregate distress is correctable by either a structural overlay (unbonded
PCC only) or reconstruction.

e Inthe absence of significant structural or durability deficiencies as
defined above, all other pavement deficiencies are correctable by
restoration techniques.

As described in chapter 2, there are five feasible combinations of the three
main rehabilitation approaches for two lanes. If the three approaches are numbered
as follows:

1. Reconstruction.
2. Overlay.
3. Restoration.

then the five feasible pairs can be identified as:
1-1  Reconstruct both lanes.
1-3  Reconstruct outer lane and restore inner lane.
3-1  Restore outer lane and reconstruct inner lane.
2-2  Overlay both lanes.
3-3  Restore both lanes.

Figure 2 illustrates the decision tree for selecting the apfpropriate pair.
This is the general form of the decision tree which is the same for all pavement

types. For each pavement type, a copy of this decision tree exists on which the
branches are labeled with specific deficiency codes. For example, for JRCP the
structural deficiencies which are indicated by substantial load-related distress are
identified by the codes STR 1 and STR 2, and the appropriate branches for this case
are labeled as such on the JRCP main rehabilitation apc{)roach decision tree. The
decision trees for JRCP, JPCP, and CRCP are provided in appendixes A4, B4, and C4.

To allow the engineer some flexibility in selecting rehabilitation approaches,
the combinations involving reconstructing one lane and restoring the other (1-3 and
3-1) include the option to "upgrade" to reconstructing both lanes (1-1), which may
be considered more convenient. Similarly, when EXPEAR recommends restoration of
both lanes (3-3) in the absence of serious structural or durability deficiencies,
the engineer is given the option to override this recommendation and select any of
the following three combinations instead: reconstruct both lanes (1-1), reconstruct
the outer lane onlg' (1-3), or overlaf' both lanes (2-2). The fifth option, to
reconstruct only the inner lane (3-1), is not likely to be warranted except in some
highly unusual cases (e.g., urban areas where truck traffic is restricted to the
inner lane), so this combination is not given as an option to overriding the
recommendation to restore both lanes.
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Figure 2. Main rehabilitation approach decision tree.
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3.10 DEVELOPMENT OF COMPLETE REHABILITATION STRATEGY

Once the main rehabilitation approach has been selected, the engineer proceeds
to develop the complete rehabilitation strategy for the project. This is done by
interacting with the system to select specific rehabilitation techniques to correct
deficiencies in each lane and on each shoulder. Which deficiencies need to be
corrected in a lane is dependent on the rehabilitation approach selected for that
lane, or in the case of the shoulders, the rehabilitation approach for the adjacent
lane.

The selection of rehabilitation techniques is performed in EXPEAR using a set
of decision trees. There are three detailed decision trees for the traffic lanes:

1. Decision tree for reconstructing a Jane.
2. Decision tree for overlaying a lane.
3. Decision tree for restoring a lane (inner or outer).

and four detailed decision trees for the shoulders:

1. Decision tree for shoulder adjacent to reconstructed lane.
2 Decision tree for AC shoulder adjacent to overlaid lane.
3. Decision tree for PCC shoulder adjacent to overlaid lane.
4 Decision tree for shoulder adjacent to restored lane.

The rehabilitation decision trees are provided in appendixes A4, B4, and C4.
The decision trees for the traffic lanes consist of nodes for each major problem
area which must be considered, followed by the specific deficiencies in that problem
area which, if present, must be corrected by one of the technique choices given.
Deficiencies are identified by their code numbers to the left of the choices. Not
all deficiencies within a problem area need to be addressed in all cases; some
deficiencies are overridden by the main rehabilitation approach. If within a
problem area being considered, the lane possesses none of the deficiencies listed,
the engineer proceeds down the tree to the next problem area. Shoulder decision
trees address the single problem area of shoulder condition, treating AC and PCC
shoulders separately. :

3.10.1 Traffic Lane Reconstruction

Reconstruction of a traffic lane eliminates all existing deficiencies in that
lane, except drainage deficiencies, since drainage is not assumed to be inherently
included in reconstruction. The drainage improvement options differ by lane,
depending on the geometry of the pavement cross section. If needed, a drainage
improvement is selected for the outer lane first. The type of improvement selected
for the outer lane and the direction that the inner lane slopes (toward the outer
lane or toward the inner shoulder) dictate the available drainage improvement
choices for the inner lane.



3.10.2 Shoulder Rehabilitation Adjacent to a Reconstructed Lane

Unless shoulder reconstruction is necessitated by extensive "D" cracking or
reactive aggregate distress (for PCC shoulders only), shoulder deficiencics can be
corrected individually. However, since reconstructing the adjacent traffic lane is
likely to cause damage to the shoulder by construction equipment, the engineer is
given the option of reconstructing the shoulder with either AC or PCC instead of
repairing it.

3.10.3 Traffic Lane Overlay

This decision tree must be used for both lanes. The engineer must first select
the type of structural overlay to be placed, given the following choices:

° Unbonded PCC overlay.

° Bonded PCC overlay.

e  ACstructural overlay.

e  Crack and seat and AC structural overlay (for JRCP and JPCP).

The type of overlay is restricted to being the same in both lanes, so the
overlay type selected for the outer lane will automatically be selected for the
inner lane. In the case of high-severity "D" cracking or reactive aggregate
distress, the overlay type is restricted to unbonded PCC. Otherwise, the type of
overlay is the choice of the engineer.

The engineer proceeds to select rehabilitation techniques to correct other
deficiencies in each lane. The type of overlay dictates the types of deficiencies
which must be addressed: some deficiencies are considered to be corrected by
specific overlay types. All overlay types are considered to correct skid resistance

eficiencies, so this problem area is not considered in the overlay decision tree.

In general, the overlay decision tree is conservative in prescribing preoverlay
repair: all deficiencies which might significantly influence the performance of the
overlay are required to be corrected by the overlay or by appropriate preoverlay
repair. AC structural overlays and bonded PCC overlays require the most preoverlay
repair, followed by crack and seat AC overlays, while unbonded PCC overlays require
the least preoverlay repair. Furthermore, it is assumed that the quantity of each
type of preoverlay repair done matches the quantity of distress present. This is
important to the prediction of rehabilitation performance which is conducted
subsequent to rehabilitation strategy development.

The engineer must go through the overlay decision tree twice, one time for each
traffic lane, since the lanes will not necessarily have the same deficiencies and
thus will not have the same preoverlay repair needs. The only technique which must
be imposed on both lanes is pressure relief joint installation for jointed concrete
pavements. Pressure relief joints, if needed, should be cut across the full width
of both traffic lanes to prevent unequal pressures in and differential longitudinal
movements of the concrete slabs. As with reconstruction, drainage improvement
selection depends on the direction of slope of the inner lane.

_ Note that structural overlay options only are addressed by the overlay
decision tree; AC nonstructural overlay as a technique for roughness and skid
resistance improvement is included in the restoration decision tree.
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3.10.4 Shoulder Rehabilitation Adjacent to an Overlaid Lane

The shoulders must always be overlaid if the traffic lanes are being overlaid,
but the type of overlay placed on the shoulder need not be the same as on the
traffic lanes, nor do the two shoulders need to have the same type of overlay. The
engineer is given the choice of repairing or reconstructing the shoulder prior to
overlaying it with asphalt or concrete, except in the case of extensive durability
distress on a PCC shoulder, for which reconstruction of the shoulder is required.

3.10.5 Traffic Lane Restoration

This decision tree addresses all of the same major problem areas as the overlay
decision tree, with the addition of skid resistance. As with overlays, it is
assumed that all existing distress is repaired by the techniques selected, i.c.,
that the repair quantities match the distress quantities.

When both lanes are being restored, this decision tree is used twice. When
restoring one lane and reconstructing the other, this decision tree is used for the
lane being restored, and the reconstruction decision tree (specifically, selection
of drainage improvements for the reconstructed lane) is used for the other lane.
The appropriate decision trees for the adjacent shoulders are used.

AC nonstructural overlay is included as a technique in this decision tree for
correction of certain roughness and skid resistance deficiencies. When a
nonstructural overlay is selected for one lane, it must be placed in the other lane
as well. Also, a nonstructural overlay is considered to supersede grinding and
grooving. Pressure relief joints for jointed concrete pavements must also be
imposed in both lanes if needed in either lane. When using the decision trees to
develop a rehabilitation strategy by hand, these restrictions must be kept in mind;
when using the computer system, these restrictions are imposed automatically.

3.10.6 Shoulder Rehabilitation Adjacent to a Restored Lane

As with the other shoulder rehabilitation decision trees, reconstruction is
required for a PCC shoulder with severe durability distress. For AC shoulders,
reconstruction with AC or PCC is provided as an option to the engineer in the cases
of extensive linear cracking and extensive alligator cracking. For all other
shoulder deficiencies, appropriate repair techniques are selected. When both
traffic lanes are being restored, this decision tree is used twice, since the two
shoulders may have different deficiencies and thus need different repairs.

3.11 PREDICTION OF REHABILITATION STRATEGY PERFORMANCE

For each type of pavement, regression ecl;uations are used to predict the

performance of the rehabilitation strategy developed. As is done in the evaluation

of the pavement, performance is predicted in terms of key distress types. For

reconstruction, the key distress types and the models used are the same as in the

g\_/&luation (from NCHRP Project 1-19, reference 6), although some of the inputs are
ifferent.

For AC overlays, the key distress types are rutting and reflective cracking.
The predictive models for crack and seat AC overlays of jointed concrete pavements
were developed under this study and are described in detail in volume II of this
report. Conventional AC overlay reflective cracking models were developed from a
database of Illinois Interstate highway pavements. Reflective cracking is predicted
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in two ways: in total feet of reflective cracking per mile, and in feet of

medium- and high-severity reflective cracking per mile. Total reflective
cracking is of interest in predicting the time required for cracks to propagate
through the overlay. Medium- and high-severity reflective cracking, on the other
hand, more directly determines the life of the overlay, since at some point it will
require repair. Medium- and high-severity cracks may develop gradqa]l(ljy as
low-severity cracks deteriorate under traffic, or they may develop quickly at
locations of deterioration or poor load transfer in the underlying pavement. If all
existing deficiencies of the pavement are adequately repaired prior to overlay,
medium- and high-severity cracks should not appear for at least a few years after
the overlay is placed, and should not reach a critical level for several years more.

Note that the only reflection crack control treatment considered is crack and
seat, since models are not available to predict the influence of other crack
control treatments on conventional overlay performance. Other treatments, such as
sawing and sealing joints in the AC overlay, could be incorporated into the system
in the future when reliable predictive models for them become available.

Key distresses for bonded and unbonded concrete overlays are faulting, cracking
and joint deterioration. Most of the models for predicting these distresses were
developed under this study and are described in detail in volume II of this report.

Key distresses for restoration are the same as those used in evaluation. Most of

the models for JRCP and JPCP restoration were developed under this study and are
described in detail in volume I. The CRCP model for failures is the same as that
used in the evaluation.

EXPEAR does not perform overlay thickness design or reconstruction design.
Before the performance of a rehabilitation strategy can be predicted, the engineer
must provide rehabilitation design details needed by EXPEAR for use in the
predictive models, such as overlay or reconstructed slab thickness, reinforcement
size, dowel diameter, joint spacing, etc.

The predictive models for JRCP, JPCP, and CRCP are given in appendixes AS, BS,
and C5. The models are used to predict the performance of the rehabilitation, in
terms of the Key distress types, each year for the next 20 years. The critical
levels of the key distress types {either default values or values input by the
engineer) are used to identify the years in which the distresses reach unacceptable
levels. When using the system manually, the engineer should solve for the age or
accumulated traffic at which the distress levels become critical, and from this
determine the life of the rehabilitation. Note that the future distress predictions
are strongly influenced by the 18-kip ESAL growth rate input by the engineer in the
project inventory data.

It must be noted here that most of these predictive models have significant
limitations and should not be used outside the ranges of data from which they were
developed. The models should be evaluated for validity with respect to the pavement
designs and climatic conditions of the State in which the project is located. The
capability to adjust the models to more accurately reflect local conditions, or
utilize alternate models provided by the engineer, will be included in future
improvements to EXPEAR.

3.12 QUANTITY ESTIMATES FOR LIFE-CYCLE COST ANALYSIS

Using the extrapolated distress quantities computed during the evaluation, the
selected rehabilitation techniques, and a few additional items of information
provided by the engineer, EXPEAR determines approximate rehabilitation quantities.
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These are expressed in convenient units (linear feet, square yards, etc.) over the
total length of the project. This information can be used to evaluate the strategy
on the basis of life-cycle cost. B

EXPEAR version 1.3 possesses the capability to do life-cycle cost analysis.
The performance period is determined from the predicted future development of key
distresses. The first critical level reached determines the life of the
rehabilitation. For example, if an AC overlay is predicted to have excessive
reflective cracking after 16 years and excessive rutting after 12 years, the lesser
of these two, or 12 years, will be taken as the life of the overlay. In the case
when no critical levels are predicted to be reached within 20 years, the life of the
rehabilitation is taken as 28 years. The en%ineer is given the option to override
the predicted life and enter some other value, up to a maximum of 20 years. The
output of the cost analysis reports whether the life used was the program’s
prediction or a user input.

The analysis period used in the cost analysis is restricted to be the same as
the first rehabilitation performance period. Thus it is not possible to include
subscguent rehabilitation in the strategy in order to fill out a desired analysis
period. This is largely due to the lack of available predictive models for such
things as second overlays. It is also not possible to attach a salvage value to a
strategy with a predicted lives in excess of 20 years. When interpreting the
results of the cost analyses for several strategies, the engineer must keep in mind
that the performance periods will in most cases be unequal. These limitations will
be addressed in future improvements to EXPEAR.

The engineer must select a value for the discount rate to be used in the
analysis, as well as unit costs for the various rehabilitation techniques included
in the strategy. A range for discount rate between 0 and 7 percent, with a default
value of 3 percent. Default unit costs for all of the rehabilitation techniques are
also incorporated in EXPEAR. Since each pavement type has about 40 different items
on its list of rehabilitation techniques, the engineer generally will not want to
review the entire set of unit costs every time a cost analysis is done. Therefore,
EXPEAR gives the engineer the option to modify the entire set of costs or to modify
only the costs for the set of techniques actually included in the strategy currently
being analyzed. As with the critical distress levels used in evaluation, the
engineer may save the modified unit costs to a file and retrieve them when needed.

Rehabilitation techniques, quantities, unit costs, and total costs over the
length of the project are reported for each traffic lane and shoulder. The total
cost for all lanes and shoulders is expressed in three ways: present worth, actual
cost in the year performed, and equivalent annual cost over the life of the
strategy. In the case when rehabilitation is not delayed, the present worth and
actual cost are the same.

The cost analysis included in EXPEAR is a simple and approximate procedure, the
primary purpose of which is 1o facilitate rapid generation and comparison of
rehabilitation alternatives. It should help the engineer identify alternatives
which are comparable in cost-effectiveness and deserve further investigation, and
also eliminate alternatives which are clearly not cost-effective. It does not,
however, take the place of the detailed evaluation and cost analysis which is
required for preparation of plans, specifications, and bid estimates. It also does
not consider cost items not directly related to improvement of the pavement, such as
raising guardrails, maintaining bridge clearances, and correcting side slopes.

27



CHAPTER 4
JRCP EVALUATION AND REHABILITATION

This chapter provides additional details on the evaluation and rehabilitation
system which relate specifically to JRCP. The system may be applied to a JRCP
project by following the steps described for all favcment types in chapter 3,
referring to this chapter for specific details on JRCP, and using the materials
provided in appendix A. These materials consist of the following:

A-1  JRCP Project Survey and Supplemental Information.
A-2 JRCP Evaluation Decision Trees and Conclusions.
A-3  JRCP Evaluation Performance Prediction Models.
A-4  JRCP Rehabilitation Decision Trees.

A-5 JRCP Rehabilitation Performance Prediction Models.
A-6 JRCP Computer Program Operating Instructions.

The use of the system for JRCP is illustrated with a comprehensive example of
evaluation and rehabilitation of a JRCP ?roject. The project selected for the
example is a 0.9-mile [1.45 km] section of Interstate 74 near Urbana, Illinois.

4.1 JRCP PROJECT SURVEY

A complete set of survey sheets for JRCP consists of three pages of inventory
data for the project, one page of project monitoring data, and four pages of
monitoring data for each sample unit surveyed. A complete set of survey sheets for

the [-74 example are shown in figure 3. Due to the short length of the project, it
was surveyed as one sample unit.

4.2 EXTRAPOLATION OF OVERALL PROJECT CONDITION
4.2.1 Average Per Mile Data Items

_ The following JRCP monitoring data items must be extrapolated from the sample
unit data and expressed as an average quantity per mile:

Data Item Extrapolat uanti
Longitudinal cracking Feet/mile
Longitudinal spalling Feet/mile
Transverse crack deterioration Feet/mile
Corner breaks Number/mile
Joints with construction cracks Number/mile
Settlements Number/mile
Heaves Number/mile
Full-depth repairs Number/mile
Full-depth repair joints Number/mile
Transverse joints Number/mile



PROJECT SURVEY FOR JRCP

esign engineer: KT ALL

Date of Survey (mo/day/yr): _8_, / _'_Q / &

PROJECT INVENTORY DATA

Collect the following information about the project to be evaluated
prior to the actual field survey.

Project Identification

Highway Designation (example I-57): I’74‘
state: ___ L bl NOIS
Direction of Survey: QQS"'
Starting Milepost: _ 183, OO
Ending Milepost: 183.90

Climate

Climatic Zone (See climatic zone map in "Supplemental Information"):

_l wet freeze wet-dry freeze dry freeze
vet freeze-thaw wet-dry freeze-thaw dry freeze-thaw
wet nonfreeze wet-dry nonfreeze dry nonfreeze

Estimated Annual Temperature Range (degrees Fahrenheit): ﬁﬂ.s'

Mean Annual Precipitation (inches) (See precipitation map in
"Supplemental Information®): ;

Corps of Engineers Freezing Index (Fahrenheit degree-days) (See
Freezing Index map in "Supplemental Information"):

Slab Construction

Year Constructed: ,q ﬁ

Slab Thickness (inches): 'o

Width of Traffic Lanes (feet): II-
PCC Modulus of Rupture (28 days, 3rd-point loading)(psi): bso

Area of Longitudinal Reinforcement (square inches steel/foot)
(See wire size table in "Supplemental Information"):

Figure 3. Project survey sheets for I-74 example.
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Transverse and Longitudinal Joints

Pattern of Joint Spacing:
¥ uniform

random

Transverse joint spacing, if uniform (feet): 4"’:’
Transverse joint sequence, if random (feet):

Type of Sealant:

z liquid (asphalt)
field-molded (silicone)
preformed compression (neoprene)

Average Transverse Jolnt Sealant Reservoir Dimensions

Width (inches): @ I} & Depth (inches): Z.SD

Method Used to Form Transverse Joints:
¥ sawing
inserts
Unitube inserts

Transverse Joint Sawed Depth (inches): L_so

Type of Load Transfer System:
aggregate interlock only
dowels .
other mechanical devices

If dowels are present, dowel bar diameter (inches): '- z:
Meth?d Used to Form Longitudinal Joints Between Lanes:

sawing
inserts

Longitudinal Joint Sawed or Formed Depth (inches): 2-'7‘

Base

Type of Base Course:

fine-grained soil only §” dense-graded untreated aggregate
cement-treated aggregate asphalt-treated aggregate
lean PCC open-graded drainage layer

Modulus of Subgrade Reaction on Top of Base (psi/inch) (See k-value
correlation chart in "Supplemental Information"):

Figure 3. Project survey sheets for I-74 example (continued).
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Subgrade

Predominant Subgrade Soil AASHTO Classification (See Unified-AASHTO
conversion table in "Supplemental Information"):

Are swelling soils a problem in the area? yes u! no
If so, were steps taken in construction of the pavement to
correct the swelling soil problem? yes no
Shoulder

Type,of Shoulder:
AC
tied PCC

Width of Shoulders (feet): b inner ’a outer

Inner Lane Slope Direction:
toward outer lane
toward inner shoulder

Traffic

Estimated Current Through Two-way ADT: Zb. ‘QQ

Percent Commercial Trucks (excluding pickups and panels): l-1

Total Number of Lanes in Direction of Survey: Z

Future 18-kip ESAL Growth Rate (percent per year): ".t:

Total Accumulated 18-kip Equivalent Single Axle Loads (ESALs) from
Date of Construction to Date of Survey (millions) (See procedure for
computing ESALs in AASHTO Guide for Design of Pavement Structures,
Appendix D, 1986):

LANE TWO LANE ONE
(inner) (outer)

3.9 13

Figure 3. Project survey sheets for I-74 example (continued).
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FROJECT MONITORING DATA

Ride alit

Rate the ride quality of the pavement in each lane during a drive over the entire project at the posted speed

limit. Two or more people should participate in the survey.

and report the average value below.

] 2 3 & 5
+ommmmmmm L o= - s +
Very Poar Poer Fair Good Very Good

Cbtain ratings for each lane from each person

LANE TwWO - LANE ONE

(inner) {outer)

j’- , ;l"‘i’

Figure 3. Project survey sheets for I-74 example (continued).
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SAMPLE URIT MONITORING DATA

Collect the following information for each traffic lane and for both shoulders during an inspection of each
sample unit. A length of approximately 1000 feet in each mile is recommended for each sample unit surveyed.
If only one sample unit is to be surveyed on the project, a length of at least a half mile is recommended.
The survey may include driving slowly on the shoulder, stopping on the shoulder, and (with extreme caution)
walking on the shoulder tc make measurements. More than one pass over the project will probably be needed
to obtain all the information requested. Refer to NCHRP Report No. 277 for standard definitions of distress,

sevarity, and measurement instructions.

Sample Unit Identification

Sample Unit Number: ' Starting Milepost: ,8300 Length of Sample Unit {feat): O'Q ”i'e )
(H7150 £+)

Use the tally esheet provided to record information on cracking, spslling, and full-depth repairs for each slab
surveyed. Compute the totals and averages indicated on the tally sheet and record these values below.

LANE TWO LANE ONE
(inner) (outer)

Humber of deteriorated transverse cracks, M-E only: _53__ _il_
Mean faulting at deteriorated transverse cracks (inches): Q"; &2:

Number of deteriorated transverse joints, M-H including blowups: ,i '1

Mean faulting at transverse joints (inches): &_’é_ Q_’._z_v
Number of transverse joints: ij__ ﬁl

Mean faulting at full-depth repair joints (inches): o. oo O' zo
Humber of full-depth repair joints: .__0__ _i_
Number of full-depth repairs: o z

Number of corner breaks: __a_._ __o_

Longitudinal Joint

Total length of longitudinal c¢racking, M-H only (feet): _Q —o

Total length of longitudinal joint spalling, M-B only (feet): __Q_

Figure 3. Project survey sheets for I-74 example (continued).
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Cracking et Transverse Joints

Number of transverse joints with transverse cracks within 2 feet:

Foundation Movement

Nurber of settlements (M-B only):

Number of heaves (M-E enly):

Drainage

Are longitudinal subdrains present and functional along the aample unit?

What is the typical height of the pavement surface above the side ditechline (feet)?

v
5
e ys _ W n

Do the ditches have standing water or cattails in them?

Loss of Support

Extent of visible evidence of pumping or water bleeding on
pevement or shoulder (indicate the highest level of severity
occurring in the sample umit):

Surface Condition

Mathod used to texture the pavement surface at construction:

transverse tining

_l other

Is the surface polished smooth in the wheelpaths?

Is significant studded tire rutting (0.25 inch or more)
evident in the wheel paths?

Joint Sealant Condition

What. is the genaral condition of the transverse jolnt sealant?

What is the general condition of the longltudinal joint sealant?

Are substantial amounts of Incompressibles visible in the transverse joints?

LANE TWO
(inner)

o

LANE ONE
(outer)

o

A

yes

m I =

m X o=

."yes

—__no —_no
___ yes — Yes
o o
L L
.‘! M .‘! M
H H
P
o v
H
v Py
___no no

Figure 3. Project survey sheets for I-74 example (continued).
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Concrete Durability

Extent of "D" cracking at joints and cracks (indicate highest severity level
present in sample unit):

Extent of reactive aggregate distress (indicate highest severity level
present in sample unit):

Extent of scaling (indicats highest severity level present in sample umit):

Previous Repair

If full-depth repairs are present, are they dowelled?

Are partial-depth repairs (rigid materisl only) present at

most of the jointe?

Has diamond grinding been done?

Has grooving besn dona?

LANE TWO LANE CNE

{inner) {cuter)

g R / N

L L

M M

B B

! N ! N

L L

] ]

B B

z KN t N

L L

M M

B B
— Yes . Yes
__nmno o ro
. Yyes . yes
40 no
___yes ___yes
no _t:o
— Yes ___Yes

Figure 3. Project survey sheets for 1-74 example (continued).
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AC Shoulders (Check all that apply.)}

Alligator crecking

Linear cracking

Weathering/ravelling

Lane/shoulder jaint dropoff

Settlements or heaves along outer sdge

Blowholes at transversse joints

Lane/shoulder joint sealant condition {(good = wall sealed or
width < 0.10", poor = poorly sealed and width > 0.10")

PCC _Shoulders (Check all that apply.)

Transverse or longitudinal cracking or corner breakas

"D" cracking or reactive sggregate distress

Settlements or heaves along cuter edge

Lane/shoulder joint sealant conditionm (good = well pealed or
width < 0.10%, poor = poorly sealed and width > 0.10")

Figure 3. Project survey sheets for I-74 example (continued).
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some

extensive
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some
_t extensive
_t none
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extensive

some
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none

:;E? some

extensive

good
poor

none

some

| 1]

extensive

nene
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|11

none
Boae
extensive
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poor

OUTER SHOULLCER

none
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none
some

extensive
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80me

extensive

none
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none
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extensive

none

soma

K|

extensive

good
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none

some
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extensive
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some

extensive
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poor



This is performed using the following equation:

n .
value; * 5280 1
Average Per Mile = E —_— *
length; n
i=1
where: n = number of sample units
value; = quantity of data item to be averaged in sample unit i
length; = length of sample unit i, feet

Using this equation, the following extrapolated quantities were computed for
1-74 for the data items with nonzero values (rounded to the nearest whole number):

Extrapolated Quantity
Data Item inner lane outer lane
Full-depth repairs 0/mile 2/mile
Det, transverse cracks 706 ft/mile [134 m/km] 760 fumile [144 m/km]
Settlements 1/mile 1/mile
Full-depth repair joints 0/mile 4/mile
Transverse joints 53/mile 53/mile

4.2.2 Deteriorated Joints Per Mile

Joint deterioration is also expressed as an extrapolated quantity per mile, but
since it is a function of the transverse joint spacing, its computation is somewhat
more difficult. The procedure used in the system is to compute the average
proportion of joints that are deteriorated, and multiply this times the number of
joints per mile. This is performed according to the following equation:

detjt; 1 5280
Jt Det PerMile = E * —_— *
(Iength;/jtspace) n jtspace

where:
JtDet Per Mile = average number of deteriorated joints per mile
det jt; = number of deteriorated joints in sample unit i
length; = length of sample unit i, feet
n = number of sample units
jtspace = transverse joint spacing, feet

Using this equation, I-74 was computed to have an average of 21 deteriorated
joints per mile in both the inner and outer lanes.
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4.2.3 Faulting

Average faulting at joints, cracks, and full-depth repair joints is computed by
the engineer and recorded on the survey sheets. The extrapolated number of joints,
cracks, and full-depth repair joints are computed as described before. From this
information, the average faulting of any combinations of these items can be computed
as a weighted average. Total faulting can also be computed as the sum of the
products of average faulting values and quantities of joints, cracks, and full-depth
repair joints. The faulting parameters used in the JRCP evaluation decision trees
are as follows:

Decision Tree Faulting Parameter

Roughness Total faulting, inches/mile

Load Transfer Average joint faulting, inches

Load Transfer Average crack faulting, inches

Load Transfer Average FDR faulting, inches

Loss of Support Weighted average joint and crack faulting, inches
Drainage Weighted average joint and crack faulting, inches

For I-74, the following faulting values were computed or obtained from the
survey:

Inner Lane Outer Lane
Total faulting 15.74 in/mile 30.86 in/mile
Average joint faulting 0.13in 0.27 in
Average crack faulting 0.15in 0.25in
Average FDR faulting n/a 0.20in
Weighted average joint
crack faulting 0.14in 0.26 in

[lin=2.54cm, 1 mile=1.61km]
4.2.4 Toggle Values
For JRCP, the following toggle data items must be extrapolated:

Pumping.

Polished wheelpaths.

Studded tire rutting.
Incompressibles in transverse joints.
Dowelling of existing full-depth repairs.
Previously performed grinding,.
Previously performed grooving,
Transverse joint sealant damage.
Longitudinal joint sealant damage.
D cracking.

Reactive aggregate distress.

Scaling.

Existing partial-depth repairs.
Shoulder distresses. '
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Extrapolation of toggle data items is performed by converting the toggle values
given in each sample unit to numerical values (e.g., none = 1, some = 2, and
extensive = 3), averaging the numerical values, and rounding off the result to the
nearest whole number.

For the I-74 example, only one sample unit was surveyed (a 100 percent survey
of the project) so the extrapolated toggle values are the same as those that appear
on the sample unit monitoring data sheets.

4.3 EVALUATION OF PRESENT CONDITION

Evaluation of a JRCP project is conducted using the evaluation decision trees
developed for the following twelve problem areas:

Structural adequacy.
Drainage.

Foundation movement.
Durability.

Skid resistance.
Roughness.

Joint construction.
Transverse joint sealant,
Load transfer.

Loss of support.

Joint deterioration.
Shoulders.

Pk koo
PEBeRNnAWN S

As described in chapter 3, certain critical distress and serviceability levels
are subject to modification by the engineer. The levels which may be modified for
JRCP and their default values are shown below.

Distress/Serviceability
PSR

Total Faulting
Average Faulting
Settlements
Heaves

M-H deteriorated joints
Corner breaks

M-H transverse crack
deterioration

Longitudinal cracking

Default g;ritical Level

2.0 for ADT < 3,000
2.5 for 3,000 < ADT < 10,000
3.0 for ADT > 10,000

34 inches per mile
0.26 inches
5 per mile
5 per mile

27 per mile

25 per mile
71 cracks per mile

500 feet per mile

[1in = 254 cm, 1ft = 0.3048 m, 1 mile = 1.61 km ]
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The evaluation conclusions reached for the I-74 example using the default
critical distress and PSR levels are shown in figure 4. 'The pavement has several
deficiencies, including large numbers of deteriorated transverse cracks and
deteriorated joints, poor drainage, poor R’oint sealant condition, and in the outer
lane, poor rideability and polished wheelpaths. However, since the extrapolated

uantity of cracking does not exceed the critical level, the pavement is a candidate

or restoration as well as for structural improvement.

The types of physical testing recommended for the 1-74 example include:
nondestructive deflection testing for structural analysis, load transfer, and void
detection; coring and materials evaluation for structural analysis and drainage
analysis; profile measurement to identify sources of roughness, and skid testing.

4.4 PREDICTION OF FUTURE CONDITION

The predictive models given in appendix A3 for Eumping, faulting, joint
deterioration, cracking, and PSR were used to predict the future condition of I-74
without rehabilitation. The models were calibrated to the existing condition of the
pavement at the time of the survey (1986). The results are shown in table 1.

The distress and PSR predictions are used to reevaluate the pavement each year
for 20 years into the future, and identify the years in which the predicted
distresses and PSR will reach critical levels. The critical levels used here are
the same as those used in the evaluation of the pavement’s present condition (for
the I-74 example, the default values were used). The results are shown in figure 5.

4.5 REHABILITATION STRATEGY DEVELOPMENT

One or more rehabilitation strategies can be developed for a JRCP project using
the decision trees provided in appendix A4. The procedure for developing a
rehabilitation strategy is thoroughly described in chapter 3.

4.5.1 Restoration Alternative

At the time of the project survey, the 1-74 example project had less than 71
deteriorated transverse cracks per mile, and it did not have any high-severity "D"
cracking or reactive aggregate distress. Therefore, EXPEAR permits restoration as
well as structural improvement options. Since several of the deficiencies which
must be corrected have more than one rehabilitation technique option associated with
them, typically more than one strategy alternative can be developed within the
restoration approach. The techniques making up one such strategy are shown in
table 2, along with approximate quantities for the techniques.

The predictive models provided in appendix A5 are used to predict the
performance of the rehabilitation strategies developed. The results for the I-74
example are shown in table 3.

_ The results show that about 7 years after restoration, outer lane cracking,
faulting, and PSR will reach unacceptable levels. The inner lane is not predicted
to deteriorate to an unacceptable condition for almost 20 years.

The rapid deterioration of the outer lane is due primarily to continued
development of deteriorated cracks and joints and increased faulting. Recall that
the extrapolated distress quantities for I-74 included 21 deteriorated joints per
mile, 63 and 57 deteriorated transverse cracks per mile in the outer and inner lanes
respectively, and 2 undowelled full-depth repairs per mile in the outer lane.
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CURRENT PAVEMENT EVALUATION
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LANE 1
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JOINT CONSTRUCTION:

The pavement in lane 1 shows no indications of a longitudinal joint construction deficiency.
a. do nothing

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

JOINT SEALANT:

A transverse joint sealant deficiency is indicated in lape 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 an unacceptably low PSR for the pavement's ADT level
a. grinding

b. AC nonstructural overlay

DURABILITY:

The pavement in Jane 1 shows no indications of significant surface or concrete durability problems.
a. do nothing

JOINT DETERIORATION:

Joint deterioration or other pavement deterioration in lane 1 may be accelerated by water infiltration permitted
by poor longitudinal joint sealant condition,

a. reseal longitudinal centerline joint
Some joint deterioration exists (between 1 and 26 joints per mile) in lane 1, likely due to poor joint sealant
condition permitting infiltration of water and incompressibles, and large joint movements associated with the long

joint spacing.

a. reseal transverse joints, full-depth repair of joints

Figure 4. Evaluation of present condition for I-74 example.
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STRUCTURAL DEFICIENCY:

The pavement in lane 1 exhibits some load-associated distress (between 1 and 70 deteriorated transverse cracks
per mile) which requires repair but does not indicate a structural deficiency.

a. full-depth repair of cracks

SKID RESISTANCE:

Loss of skid resistance in lane 1 is indicated by polished wheel paths.
a. grinding

b. grooving

¢. AC nonstructural overlay

LOAD TRANSFER:

Dowels or other mechanical devices present are providing inadequate load transfer in lane 1 at the transverse
joints, as indicated by mean transverse joint faulting of more than 0.26 inches.

a, load transfer restoration at joints
b. do nothing

No load transfer deficiency is indicated at deteriorated transverse cracks in lane 1.
a. do nothing

A potential load transfer deficiency exists at undowelled full-depth repairs in lane 1, but mean full-depth repair
faulting is not significant.

a. do nothing

FOUNDATION MOVEMENT:

Foundation movement in lane 1, likely due to either frost heave or localized consolidation, is indicated by
settlements and/or heaves.

a. reconstruct heaves, AC level-up settlements
b. reconstruct heaves, slab jack settlements

LOSS OF SUPPORT:

Loss of slab support in the lane 1 is indicated by pumping and average faulting of between 0.05 inches and 0.26
inches.

a. subseal at joints

Figure 4. Evaluation of present condition for 1-74 example (continued).
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DRAINAGE:
A drainage deficiency in lane 1 is indicated by pumping occurring in a wet or wet-dry climate.

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

T TR R R T R P R LR R St P R R LS R NS SRR R R PRI RR SRR 2 ER R LAl Rl el Rls))

LANE 2

L L L I R L e e e P R T R R N T TR P R LT T S N P AR L AT Y

JOINT CONSTRUCTION:
The pavement in lane 2 shows no indications of a transverse joint construction deficiency.

a. do nothing

JOINT SEALANT:

A transverse joint sealant deficiency is indicated in lane 2 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:
Rideability in lane 2 is acceptable.
a. do nothing

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

a, do nothing

JOINT DETERIORATION:

Some joint deterioration exists (between 1 and 26 joints per mile) in lane 2, likely due to poor joint sealant
condition permitting infiltration of water and incompressibles, and large joint movements associated with the long
joint spacing.

a. reseal transverse joints, full-dépth repair of joints

STRUCTURAL DEFICIENCY:

The pavement in lane 2 exhibits some load-associated distress (between 1 and 70 deteriorated transverse cracks
per mile) which requires repair but does not indicate a structural deficiency.

a. full-depth repair of cracks

Figure 4. Evaluation of present condition for I-74 example (continued).
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SKID RESISTANCE:

Loss of skid resistance in lane 2 is indicated by polished wheel paths,

a. grinding

b. groaving

¢. AC nonstructural overlay

LOAD TRANSFER:

No load transfer deficiency is indicated at transverse joints in lane 2,

a. do nothing

No load transfer deficiency is indicated at deteriorated transverse cracks in lane 2.
a. do nothing

No undowelled full-depth repairs are present in lane 2.

a. do nothing

FOUNDATION MOVEMENT:

Foundation movement in lane 2, likely due to either frost heave or localized consolidation, is indicated by
settlements and/or heaves.

a. reconstruct heaves, AC level-up settlements

b. reconstruct heaves, slab jack settlements

LOSS OF SUPPORT:

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

a. do nothing

DRAINAGE:

A drainage deficiency in lane 2 is indicated by a wet or wet-dry climate, absence or poor functioning of
longitudinal subdrains, a dense-graded aggregate base, an A6 subgrade, and heavy traffic of 0.73 million annual
18-kip ESALs,

a. install or repair longitudinal subdrains

Figure 4. Evaluation of present condition for I-74 example (continued).
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INNER SHOULDER
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Deterioration of the inner AC shoulder is indicated by extensive linear cracking.

a. in-place recycle

b. patch

¢. reconstruct with AC
d. reconstruct with PCC

Excessive infiltration of water beneath the pavement and inner AC shoulder is indicated by poor lane/shoulder
joint sealant condition.

a. reseal lane/shoulder joint

b. do nothing

CECE PSRN E N RN R R ENS AN NN AN N S NN N G NA RO NN NN RN N SSRGS NG R R QAN E A BN AR R kRS RN A RS

OUTER SHOULDER
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Structural deterioration of the outer AC shoulder is indicated by extensive alligator cracking.

a. in-place recycle

b. patch

¢. reconstruct with AC
d. reconstruct with PCC

Deterioration of the outer AC shoulder is indicated by extensive linear cracking.
a. in-place recycle
b. patch

¢. reconstruct with AC
d. reconstruct with PCC

Excessive infiltration of water beneath the pavement and outer AC shoulder is indicated by poor lane/shoulder
joint sealant condition,

a. rescal lane/shoulder joint
b. do nothing

Figure 4. Evaluation of present condition for I-74 example (continued).
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Cumulative
ESaL

13.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
28.
29.
31.
32.
34,

OUVOONWUWHRLENDMHEOOOOCHNMEBEULoOO

18-kip
millions

Table 1. Future condition predictions for I-74 example.

DISTRESS AND PSR PROJECTIONS FOR LANE 1

Annual
ESAL

.73
.76
.79
.82
.85
.89
.92
.96
.00
.04
.08
.12
.17
.22
.26
.32
.37
.42
.48
.54

PRPRHRPRPHRRRRPHERFRFOOO0COO00OC

18-kip
millions

Year

1986
1987
1988
1989
1990
1991
1992
1993
1954
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

wNoHO

Pumping Faulting

LWRNRORRNNOMRORNN PR HEE R

OV~ uwNnHFRF OO~ WwROHEO

none
low
medium
high

.27
.28
.29
.30
31
.32
.33
.34
.35
.36
.38
.39
.40
42
.43
.45
.47
.49
.51
.52

[N NeNoNeNoleNoRoReleNeNoNoNeNoNoNoNole

Inches

Deter.
Joints

21
22
23
24
25
26
27
28
29
30
32
33
34
36
37
39
40
42
44
45

Joints
per
mile

Transverse
Cracking

63

70

78

86

96
106
117
129
143
158
175
194
215
238
264
293
326
363
405
445

Cracks
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.
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Table 1. Future condition predictions for I-74 example (continued).

DISTRESS AND PSR PROJECTIONS FOR LANE 2

Cumulative Annual Year Pumping Faulting Deter. Transverse PSR
ESAL ESAL Joints Cracking
3.9 0.20 1986 0.0 0.13 21 59 3.1
4.1 0.21 1987 0.0 0.13 22 60 3.1
4.3 0.22 1988 0.1 0.14 23 61 3.1
4.6 0.23 1989 0.1 0.14 23 62 3.0
4.8 0.24 1990 0.1 0.14 24 63 3.0
5.0 0.24 1991 0.2 0.15 25 64 3.0
5.3 0.25 1992 0.2 0.15 26 65 3.0
5.6 0.26 1993 0.3 0.16 27 67 2.9
5.8 0.27 1994 0.3 0.16 28 68 2.9
6.1 0.29 1995 0.4 0.16 29 70 2.9
6.4 0.30 1996 0.4 0.17 30 71 2.9
6.7 0.31 1997 0.4 0.17 3l 73 2.8
7.0 0.32 1998 0.5 0.18 32 75 2.8
7.4 0.33 1999 0.5 0.18 33 77 2.8
7.7 0.35 2000 0.6 0.19 34 79 2.8
8.1 0.36 2001 0.6 0.19 36 81 2.7
8.5 0.38 2002 0.7 0.20 37 83 2.7
8.9 0.39 2003 0.7 0.20 38 86 2.7
9.3 0.41 2004 0.8 0.21 40 89 2.7
9.7 0.42 2005 0.9 0.21 41 92 2.6
18-kip 18-kip 0 = none Inches Joints Cracks 0-5
millions millions 1l =1low per per
2 = 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 PAVEMENT EVALUATION
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ROUGHNESS:

Poor rideability in lane 1 occurs in 1986 as indicated by an unacceptably low predicted PSR for the pavement's
ADT level.

a. grinding
b. AC nonstructural overlay
JOINT DETERIORATION:

Significant joint deterioration in lane 1 occurs in 1992 as indicated by 27 or more deteriorated joints per mile.

a. full-depth repair at joints

STRUCTURAL DEFICIENCY:

Structural deficiency of the pavement in lane 1 occurs in 1988 as indicated by 71 or more 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
c. full-depth repair of cracks, PCC bonded overlay

d. full-depth repair of cracks, PCC unbonded overiay

€. reconstruct

LOAD TRANSFER:

Inadequate load transfer at transverse joints in lane 1 occurs in 1986 as indicated by predicted faulting of 0.26
inches or more.

a. load transfer restoration at joints
b. do nothing
LOSS OF SUPPORT:

Loss of slab support in lane 1 occurs in 1986 as indicated by predicted faulting greater than 0.26 inches at
transverse joints.

a. subseal at joints

Figure 5. Evaluation of future condition of I-74 without rehabilitation.
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ROUGHNESS:

Poor rideability in lane 2 occurs in 1989 as indicated by an unacceptably low predicted PSR for the pavement’s
ADT level.

a. grinding

b. AC nonstructural overlay

JOINT DETERIORATION:

Significant joint deterioration in lane 2 occurs in 1993 as indicated by 27 or more deteriorated joints per mile.

a. full-depth repair at joints

STRUCTURAL DEFICIENCY:

Structural deficiency of the pavement in lane 2 occurs in 1996 as indicated by 71 or more 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

c. full-depth repair of cracks, PCC bonded overlay

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

e. reconstruct

LOAD TRANSFER:

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

LOSS OF SUPPORT:

No loss of stab support in lane 2 occurs based on predicted joint faulting over the next 20 years.

Figure 5. Evaluation of future condition of I-74 without rehabilitation (continued).
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Table 2. Restoration strategy for I-74 example including estimated quantities.

Complete Rehabilitation Strategy for Outer Lane:

Seal longitudinal centerline joint 4752 feet

Full-depth repair of cracks 456 sq yards
Full-depth repair of joints 152 sq yards

Reseal transverse joints 342 feet

Subseal at joints and cracks 78 cubic ft of grout
AClevel-up settlements 267 sq yards
Diamond grinding 6336 sq yards
Install/repair longitudinal subdrains 4752 feet

Complete Rehabilitation Strategy for Inner Lane:

Full-depth repair of cracks 424 5q yards
Full-depth repair of joints 152 sq yards
Reseal transverse joints 342 feet
AClevel-up settlements 267 sq yards
Diamond grinding 6336 sq yards
Install/repair longitudinal subdrains 4752 feet

Complete Rehabilitation Strategy for Outer Shoulder:

Reconstruct shoulder with PCC 5280 sq yards
Reseal lanefshoulder joint 4752 feet

Complete Rehabilitation Strategy for Inner Shoulder:

Reconstruct shoulder with PCC 3168 sq yards
Reseal lane/shoulder joint 4752 feet

[1ft=03048 m, 1 sqyard = 1.2 sq m, 1 cubic ft = 0.028 cubicm ]
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Table 3. Restoration performance prediction for I-74 example.
PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RESTORATION

YEAR(S) REHABILITATICN WILL BE DELAYED : O

YEAR AGE CUMULATIVE JOINT FDR  TRANSVERSE JOINT PUMPING PSR
ESALs FAULTING FAULTING CRACKING DETERIOR.

1986 29 13.00 0.00 0.00 0 0 .0 4.5
1987 30 13.76 0.04 0.05 7 1 0.2 4.1
1988 31 14.55 0.06 0.08 14 2 0.4 3.9
1989 32 15.37 0.07 0.10 22 3 0.5 3.7
1950 33 16.23 0.08 0.12 32 4 0.6 3.5
1991 34 17.11 0.10 0.13 41 5 C.7 3.3
1992 35 18.04 0.11 0.15 52 6 0.8 3.2
1993 36 19.00 0.12 0.17 63 7 0.9 3.0
1994 37 20.00 0.12 0.19 76 8 1.0 2.8
1995 38 21.04 0.13 0.20 89 9 1.1 2.6
1996 39 22.12 0.14 0.22 104 11 1.2 2.4
1997 40 23.24 0.15 0.24 121 12 1.3 2.2
1998 41 24.41 0.16 0.26 138 13 1.4 2.1
1999 42 25.63 0.17 0.27 166 15 1.5 1.8
2000 43 26.89 0.17 0.29 187 16 1.6 1.6
2001 44 28.21 0.18 0.31 210 18 1.7 1.4
2002 45 29.58 0.19 0.33 235 19 1.8 1.2
2003 46 31.00 0.20 0.35 263 21 1.9 0.9
2004 47 32.48 0.20 0.36 292 22 2.0 0.7
2005 48 34.02 0.21 . 0.38 325 24 2.2 0.4

18-kip Inches Inches Cracks Joints O = none O0-5

millions per pet 1l = low
mile mile 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.

SUMMARY:
Joint faulting on the restored pavement in lane 1 is not predicted

to reach an unacceptable level within the next twenty years.

Full-depth repair faulting on the restored pavement in lane 1 is predicted
to equal or exceed an unacceptable level of 0.26 inches in 1998.

Cracking on the restored pavement in lane 1 is predicted to equal or
exceed an unacceptable level of 71 cracks per mile in 1994.

Joint deterioration on the restored pavement in lane 1 is not predicted
te reach an unacceptable level within the next twenty years.

Pumping on the restored pavement in lane 1 is not predicted to reach
an unacceptable level within the next twenty years.

PSR on the restored pavement in lane 1 is predicted to equal or fall
below an unacceptable level of 3.0 in 1993.

51



Table 3.

Restoration performance prediction for I-74 example {(continued).

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING RESTORATION

YEAR(S) REHABILITATION WILL BE DELAYED : O

YEAR AGE CUMULATIVE JOINT - FDR TRANSVERSE JOINT PUMPING PSR
ESALs FAULTING FAULTING CRACKING DETERIOR.
1986 29 3.90 0.00 0.00 0 0 0.0 4.5
1987 30 4.11 0.03 0.03 1 1 0.1 4.2
1588 31 4.33 0.05 0.05 2 1 0.2 4.1
1989 32 4.55 0.06 0.06 3 2 0.2 4.1
1590 33 4. 79 0.07 0.06 4 3 0.3 4.0
1591 34 5.03 0.08 0.07 5 4 0.3 3.9
1992 35 5.29 0.09 0.08 6 5 0.3 3.8
1993 36 5.55 0.09 0.09 8 6 0.4 3.8
1994 37 5.83 0.10 0.09 9 ? 0.4 3.7
, 1995 38 6.11 0.11 0.10 11 8 0.5 3.6
1996 39 6.41 0.11 0.11 12 9 0.5 3.6
1997 40 6.72 0.12 0.12 14 10 0.6 3.5
1998 41 7.04 0.13 0.12 16 11 0.6 3.4
1999 42 7.37 0.13 0.13 18 12 0.6 3.4
2000 43 7.72 0.14 0.14 20 13 0.7 3.3
2001 44 8.08 0.14 0.14 22 15 0.7 3.3
©2002 45 8.46 0.15 0.15 25 16 0.8 3.2
2003 46 B.85 0.15 0.16 27 17 0.8 3.1
2004 47 9.26 0.16 0.17 - 30 19 0.9 3.0
2005 48 9.68 0.16 0.17 33 20 0.9 3.0
18-kip Inches Inches Cracks Joints 0 = none 0-5
millions per per 1l = low
mile mile 2 = medium
3 = high
NOTE: These projections are estimates of expected performance based on

SUMMARY:

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

Joint faulting on the restored pavement in lane 2 is not predicted
to reach an unacceptable level within the next ctwenty years.

Full-depth repair faulting on the restored pavement in lane 2 is not
predicted to reach an unacceptable level within the next twenty years.

Cricking on the restored pavement in lane 2 is not predicted to reach
an unacceptable level within the next twenty years.

Joint deterioration on the restored pavement in lane 2 is not predicted
to reach an unacceptable level within the next twenty years.

Pumping

on the restored pavement in lane 2 is not predicted to reach

an unacceptable level within the next twenty years.

PSR on the restored pavement in lane 2 is predicted to equal or fall
below an unacceptable level of 3.0 in 2004,
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Repairing the joints and cracks and replacing the undowelled full-depth repairs
results in 86 full-depth repairs per mile being placed in the outer lane, and 78 per
mile in the inner lane.

The PSR predictive model for restoration includes a term for total faulting at
joints, cracks, and full-depth repairs, computed as the sum of the products of the
numbers of joints, cracks, and full-depth repairs and the average faulting of each,
the large number of full-depth repairs needed for the restoration strategy
contributes to alarge total faulting value. This along with cracking and joint
deterioration contributes to a rapid loss in serviceability.

Using the default unit costs in EXPEAR, the predicted life of 7 years, and the
default discount rate of 3 percent, the equivalent annual cost of this restoration
strategy over the 0.9-mile project is $ 56,275. This annual cost should be compared
with those for other rehabilitation alternatives. Aside from cost-effectiveness,
the engineer should consider the desired minimum performance period. The 7-year
life of the restoration alternative may unacceptable.

4.5.2 AC Structural Overlay Alternative

Table 4 shows the list of techniques making up an AC overlay rehabilitation
strategy for I-74. The overlay thickness used for this example was 6 in [15.3 cm].
The performance predictions for this strategy are shown in table 5. The results
show that rutting on this overlay is predicted to reach a critical level of 0.5 in
[1.27 cm)] after about 16 years. However, medium-high reflective cracking is
predicted to reach an unacceptable level in only 5 years. This is understandable,
considering the large number of new full-depth repairs needed, and the poor load
transfer present at joints and cracks. The AC overlay alternative has an equivalent
annual cost of § 121,048, considerably more than the restoration alternative.

4.5.3 Unbonded Concrete Overlay Alternative

An 8-inch [20.3 em] JRCP overlay was designed, assuming a 1-inch [2.54 cm] AC
separation layer and a joint spacing of 40 ft [12.2. m). Table 6 shows the list of
techniques making up the unbonded PCC overlay rehabilitation strategy for I-74. The
performance predictions for this strategy are shown in table 7. The results show
that the life of the alternative is controﬁ!:d by development of cracking, which
reaches a critical level in about 15 years. Joint deterioration becomes excessive
soon afterward. This alternative could be redesigned using a shorter joint spacing
and higher reinforcement content to reduce joint deterioration and cracking.

The unbonded overlay alternative has an annual cost of $69,588, considerably
less than that of the AC overlay alternative. The difference is due to the longer
life and the elimination of several preoverlay repair techniques that were included
in the AC overlay strategy. The unbonded overlay costs about 30 percent more than
the restoration alternative, but its performance period is more than twice as long.

4.6 REHABILITATION ALTERNATIVE SELECTION
For this example, other overlay types (bonded PCC or crack and seat) could be

investig?ted, as well as reconstruction of one or both lanes. Within each of the
alternatives, the enginecer can vary one or more of the inputs to develop a large
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Table 4. AC overlay strategy for 1-74 example.

Complete Rehabilitation Strategy for Outer Lane:

AC structural overlay

Seal longitudinal centerline joint
Full-depth repair of joints

Reseal transverse joints

Full-depth repair of cracks

Subseal at joints and cracks

AC level-up settlements
Install/repair longitudinal subdrains

Complete Rehabilitation Strategy for Inner Lane:

- AC structural overla
Full-depth repair of joints
Full-depth repair of cracks
Reseal transverse joints
AC level-up settlements
Install/repair longitudinal subdrains

Complete Rehabilitation Strategy for Outer Shoulder:

AC overlay
Patching

Complete Rehabilitation Strategy for Inner Shoulder:

AC overlay
Patching

6336 sq yards
4752 feet
152 sq yards
342 feet
456 sq yards
78 cubic ft of grout
267 sq yards
4752 feet

6336 sq yards
152 sq yards
424 sq yards
342 feet
267 sq yards

4752 feet

5280 sq yards
1584 sq yards

3168 sq yards
950 sq yards

[11t=0.3048 m, 1sqyard = 1.2sqm, 1 cubic ft = 0.028 cubicm |
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Table 5. AC overlay performance prediction for I-74 example.

PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING AC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : O

TOTAL MEDIUM-HIGH
YEAR AGE CUM REFLECTIVE REFLECTIVE RUTTING
ESALs CRACKING CRACKING
1986 0 0.00 0 0 0.00
1987 1 0.76 160 66 0.01
1988 2 1.55 166 87 0.04
1989 3 2,37 169 102 0.06
1990 4 3.23 172 114 0.09
1991 5 4.11 174 125 0.12
1992 6 5.04 176 135 0.15
1993 7 6.00 177 143 0.18
1994 8 7.00 178 151 0.22
1995 9 8.04 179 159 0.25
1996 10 9.12 181 166 0.28
1997 11 10.24 181 173 0,32
1998 12 11.41 182 180 0.35
1999 13 12.63 183 183 0.39
2000 14 13.89 184 184 0.42
2001 15 15.21 185 185 0.46
2002 16 16.58 185 185 0.50
2003 17 18.00 186 186 0.54
2004 18 19.48 187 187 0.58
2005 19 21.02 187 187 0.62
18-kip Cracks Cracks 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.

Summary:
Total reflective cracking of the AC averlay 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 1is predicted to equal or exceed an unacceptable level of 125
cracks per mile in 1991.

Rutting on the AC overlay in lane 1 is predicted to equal or exceed
an unacceptable level of 0.50 inches in 2002.

55



Table 5. AC overlay performance prediction for I-74 example (continued).

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING AC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : 0

TOTAL MEDIUM-HIGH
YEAR AGE CUM REFLECTIVE REFLECTIVE  RUTTING
ESALs CRACKING CRACKING
1986 0 0.00 0 0 0.00
1987 1 0.21 156 52 0.00
1988 2 0.43 162 68 0.01
1989 3 0.65 165 79 0.03
1990 4 0.89 168 89 0.05
1991 5 1.13 170 97 0.07
1992 6 1.39 171 105 0.08
1993 -7 1.65 173 112 0.10
1994 8 1.93 174 118 0.12
1995 9 2.21 175 124 0.14
1996 10 2.51 176 130 0.15
1997 11 2.82 177 135 0.17
1998 12 3.14 178 140 0.19
1999 13 3.47 179 145 0.21
2000 14 3.82 179 150 0.23
2001 15 4.18 180 155 0.25
2002 16 4.56 181 159 0.27
2003 17 4.95 181 l64 0.29
2004 18 5.36 182 168 0.31
2005 19 5.78 183 172 0.33
18-kip Cracks Cracks 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.

Summary:
Total reflective cracking of the AC overlay in lane 2 is not

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

Medium- to high-severicty reflective cracking of the AC overlay in
lane 2 is predicted to equal or exceed an unacceptable level of 125
cracks per mile in 1996.

Rutting on the AC overlay in lane 2 is not predicted to reach
an unacceptable level within the next twenty years.
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Table 6. Unbonded PCC overlay strategy for I-74 example.-

Complete Rehabilitation Strategy for Outer Lane:

Unbonded PCC overlay 6336 sq yards
AC level-up settlements 267 sq yards
Install/repair longitudinal subdrains 4752 feet

Complete Rehabilitation Strategy for Inner Lane:

Unbonded PCC overlay 6336 sq yards
AC level-up settlements 267 sq yards
Install/repair longitudinal subdrains 4752 feet

Complete Rehabilitation Strategy for Outer Shoulder:

PCC overlay 5280 sq yards
Patching 1584 5q yards

Complete Rehabilitation Strategy for Inner Shoulder:

PCC overlay ‘ 3168 sq yards
Patching 950 sq yards

[1ft=0.3048m, 1 sq yard = 1.2 5q m, 1 cubic ft = 0.028 cubic m]
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Table 7. Unbonded PCC overlay performance prediction for I-74 example.

PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING UNBONDED PCC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : ©

YEAR AGE  CUMULATIVE  JOINT JOINT . TRANSVERSE
ESALs FAULTING DETERIORATION  CRACKING
1986 0 0.00 0.00 0 0
1987 1 0.76 0.02 0 3
1988 2 1.55 0.02 0 7
1989 3 2.37 0.03 1 10
1990 4 3.23 0.03 1 13
1991 5 4.11 0.03 2 17
1992 6 5.04 0.04 3 21
1993 7 6.00 0.04 4 25
1994 8 7.00 0.04 5 30
1995 9 B.04 0.04 7 35
1996 10 9.12 0.04 8 40
1997 11 10.24 0.05 11 46
1998 12 11.41 0.05 13 52
1999 13 12.63 0.05 16 60
2000 14 13.89 0.05 19 67
2001 15 15.21 0.05 22 76
2002 16 16.58 0.06 25 86
2003 17 18.00 0.06 29 96
2004 18 19.48 0.06 33 107
2005 19 21.02 0.06 38 120
18-kip Inches Joints Cracks
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 reach an unacceptable level within the next twenty years.

Joint deterioration on the PCC overlay in lane 1 is predicted to equal
or exceed an unacceptable level of 27 joints per mile in 2003.

Transverse cracking of the PCC overlay is predicted to equal or exceed an
unacceptable level of 71 cracks per mile in 200C1.
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Table 7. Unbonded PCC overlay performance prediction for I-74 example (continued).

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING UNBONDED PCC OVERLAY
YEAR(S) REHABILITATION WILL BE DELAYED : O

YEAR AGE CUMULATIVE JOINT JOINT TRANSVERSE
ESALs FAULTING DETERIORATION . CRACKING

1986 0 0.00 0.00 0 0
1987 1 0.21° 0.01 0 1
1988 2 0.43 0.01 0 2
1989 3 0.65 0.02 v 3
1990 4 0.89 0.02 1 4
1991 5 1.13 0.02 1 5
1992 6 1.39 0.02 2 6
1993 7 1.65 0.02 3 7
1994 8 1.93 0.02 4 8
1995 9 2.21 0.03 6 9
1996 10 2.51 0.03 7 10
1997 11 2.82 0.03 9 12
1998 12 3.14 0.03 11 13
1999 13 3.47 0.03 13 14
2000 14 3.82 0.03 15 16
2001 15 4.18 0.03 18 17
2002 16 4.56 0.03 21 19
2003 17 4.95 0.04 24 20
2004 18 5.36 0.04 28 22
2005 19 5.78 0.04 32 24
18-kip Inches Joints Cracks
nillions 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 2 is not predicted
to reach an unacceptable level within the next twenty vyears.

Joint deterioration on the PCC overlay in lane 2 is predicted to equal
or exceed an unacceptable level of 27 joints per mile in 2004,

Transverse cracking of the PCC overlay is not predicted to reach
an unacceptable level within the next twenty years.
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number of candidate rehabilitation strategies. Some of the variattons possible

include the following:

Rehabilitation Alternative

AC overlay
Unbonded PCC overlay

Bonded PCC overlay
Crack and seat and AC overlay

Reconstruct one or both lanes

It must be emphasized again that the responsibility for thickness design and
joint design to meet structural requirements rests with the engineer. EXPEAR will
predict the performance of any design input by the engineer in terms of key distress

types.

Having developed one or more candidate rehabilitation strategies, the engineer
can then use EXPEAR to compute the life-cycle costs of the strategies and identify

Input to Vary
Thickness

Thickness
Joint spacing
Reinforcement

Thickness
Joint spacing

Thickness
Cracking pattern

Thickness
Base
Joint spacing
Dowel diameter
Etc.

the most cost-effective strategy. Cost-effectiveness and other factors will
probably enter into the final selection of the preferred rehabilitation strategy.
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CHAPTER 5
JPCP EVALUATION AND REHABILITATION

This chapter provides additional details on the evaluation and rehabilitation
system which relate specifically to JPCP. The system may be applied to a JPCP
project by following the steps described for all pavement types in chapter 3,
referring to this chapter for specific details on JPCP, and using the materials
provided in appendix B. These materials consist of the following:

-1 JPCP Project Survey and Supplemental Information
-2 JPCP Evaluation Decision Trees and Conclusions

-3  JPCP Evaluation Performance Prediction Models

-4  JPCP Rehabilitation Decision Trees '

-5  JPCP Rehabilitation Performance Prediction Models
-6 JPCP Computer Program Operating Instructions

s=Rv-dusRusRoclos

The use of the system for JPCP is illustrated with a comprehensive example of
evaluation and rehabilitation of a JPCP project. The grojcct selected for the
¢xample is a 7.5-mile [12.1 km] section of Interstate 10 near Tallahassee, Florida.

5.1 JPCP PROJECT SURVEY

A complete set of survey sheets for JPCP consists of three pages of inventory
data for the project, one page of project monitoring data, and four pages of
monitoring data for each sample unit surveyed. A complete set of survey sheets for
the I-10 example is shown in figure 6. Two 500-ft [152.4 m] sample units were
surveyed on the project.

5.2 EXTRAPOLATION OF OVERALL PROJECT CONDITION
5.2.1 Average Per Mile Data Items

The following JPCP monitoring data items must be extrapolated from the sample
unit data and expressed as an average quantity per mile:

Data Item Extrapolated Quantity
Longitudinal cracking Feet/mile
Longitudinal spalling Feet/mile
Transverse cracks Feet/mile
Corner breaks Number/mile
Joints with construction cracks Number/mile
Settlements Number/mile
Heaves Number/mile
Full-depth repairs and slab replacements Number/mile
Full-depth repair/slab replacement joints Number/mile
Transverse joints Number/mile
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PRCJECT SURVEY FOR JPCP

Design Engineer: tl I D" l!f

Date of Survey (mo/day/yr): _3_ / 3_0_ /‘ _a_._

PROJECT INVENTORY DATA

Collect the following information about the project to be evaluated
prior to the actual field survey.

Project Identification

Highway Designation (example 1-537): I- 'a

Scace: FLoRIDA

Direction of Survey: west
starting Milepost: __ 190, 79
Ending Milepost: 184. 17

Climate

Climatic Zone (See climatic zone map in 'Supplemental Information"):

wet freeze wet-dry freeze dry freeze
wet freeze-thaw wet-dry freeze-thaw dry freeze-thaw
wet nonfreeze wet-dry nonfreeze dry nonfreeze

Estimated Annual Temperature Range (degrees Fahrenheit): 50

Mean Annual Precipitation (inches) (See precipitation map in
"Supplemental Information"): Sé

Corps of Engineers Freezing Index (Fahrenheit degree-days) (See
Freezing Index map in "Supplemental Information"):

Average Annual Temperature (degrees Fahrenheit): ‘&

Slab Construction
Year Constructed: Iq 14

Slab Thickness (inches): 9

VWidth of Traffic Lanes (feet): 'l-

PCC Modulus of Rupture (28 days, 3rd-point loading) (psi): 650

Figure 6. Project survey sheets for I-10 example.
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Iransverse and longitudinal Joints

Pattern of Joint Spacing:
uniform
random

Transverse joint spacing, 1f uniform (feet): zo
Transverse joint sequence, 1f random (feet):

Type of Sealant:
liquid (asphalt)
field-molded (silicone)
.42 preformed compression (neoprene)

Average Transverse Joint Sealant Reservoir Dimensions 2 s-
Width (inches): _ @ Depth (inches): __ &
Method Used to Form Transverse Joints:
sawing
inserts

Unitube inserts

Transverse Joint Sawed Depth (inches): z- 1 g

Type of Load Transfer System:
aggregate interlock only
dowels
other mechanical devices

I1f dowels are present, dowel bar diameter (inches):
Methgd Used to Form Longitudinal Joints Between Lanes:

sawing
inserts

Longitudinal Joint Sawed or Formed Depth (inches): 1-.2‘

Base

Type of Base Course:

fine-grained soil only dense-graded untreated aggregate
cement-treated aggregate asphalt-treated aggregate
lean PCC open-graded drainage layer

Modulus of Subgrade Reaction on Top of Base (psi/inch) (See k-value
correlation chart in "Supplemental Information™): !9

Figure 6. Project survey sheets for I-10 example (continued).
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Subgrade

Predominant Subgrade Soll AASHTO Classification (See Unifieﬂd-MSHTO

conversion table in "Supplemental Information"): %
Are swelling soils a problem in the area? yes ‘g: ne
If so, were steps taken in construction of the pavement to
correct the swelling soil problem? yes no
Shoulder

Type, of Shoulder:

¥ ac

tied PCC

Width of Shoulders (feet): 6 inner lo outer

Inner Lane Slope Direction:
z: toward outer lane
toward inner shoulder
Traffic

Estimated Current Through Two-way ADT: IZ, 000

Percent Commercial Trucks (excluding pickups and panels): qa

Total Number of Lanes in Direction of Survey: 2-

Future 18-kip ESAL Growth Rate (percent per year): 1.0

Total Accumulated 18-kip Equivalent Single Axle Loads (ESALs) from
Date of Construction to Date of Survey (millions) (See procedure for
computing ESALs in AASHTO Guide for Design of Pavement Structures,
Appendix D, 1986):

1ANE TWO LANE ONE
(inner) (outer)

C’-ti !;"’

Figure 6. Project survey sheets for I-10 example (continued).



PROJECT MONITORING DATA

Ride Quality

Rate the ride quality of the pavement in each lane during a drive over the entire project at the posted speed
limit. Two or more people should participate in the survey. Obtain ratings for each lane from each parson
and report the average Vvalue bolow.

0 1 2 3 4 3 LANE TWO LANE OKE
Fommmno—ae Fromosnee tomrmean— drwom-— e S + (inner) (outer)
Very Poor Foor Fair Good Very Good

3.8 3.1

Figure 6. Project survey sheets for I-10 example (continued).
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SAMPLE UNIT MONITORING DATA

Collect the following information for each traffic lane and for both shoulders during an inspection of each
sample unit. A length of approximately 1000 feet in each mile is recommended for each sample unit surveyed.
If only one sample unit is to be surveyed on the project, a lemgth of at least a half mile is recommended.
The survey may include driving slowly on the shoulder, stopplng on the shoulder, and {with extreme caution)
walking on the shoulder to make measurements. More than one pass over the project will probably be needed
to obtain all the information requested. Refer to NCHRP Report No. 277 for stendard definitions of distress,

severity, and measurement instructlons.

Sample Unit Identification

Sample Unit Number: ' Starting Milepost: IQ' Length of Sample Unit (feet): 500

Use the tally sheet provided to record information on cracking, spalling, and full-depth repairs for each slab
surveyed. Cocpute the totals and averages indicated on the tally sheet and record these values below.

LANE TWO LANE ONE

(inner) (outer)
Number of transverse cracks, L-M-H: o 6
Mean faulting at transverse cracks (inches): a 0003
Humber of deterlorated transverse joints, M-H including blowups: o a

Mean faulting at transverse joints (inches): o' 'o 0' ,’

Number of transverse jolnts: zg z‘

Mean faulting at full-depth repair and sleb replacement joints (imches): Q.oo O-OO
Number of full-depth repair and slab replacement joints (inches): a o
Number of full-depth repairs and sleb replecements: a O

Number of cormer breaks: Q ,

Longitudinal Joint

s 22

Totel length of longitudinal cracking, M-E only (feet):

Total length of longitudinal joint spalling, M-E only (feet): __a_

Figure 6. Project survey sheets for I-10 example (continued).
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Cracking at Transverse Jolnts

Number of transversa jointaz with transverse cracks within 2 feet:

Foundation Movement

Number of settlements (M-EH only):

Humher of heaves (M-H only):

Dreinage

Are longitudinal subdraine present and functional along the sample unit?

What is the typlcal height of the pavement surface above the side ditchline (feet)?

De the ditches have standing water or cattalls in them?

Loss of Support

Extent of vielble evidence of purping or water bleeding on
pavement or shoulder {indicate the highest lavel of saverity
occurring in the sample unit):

Surface Condition
Method used to texture the pavement surface at construction:
transverss tining

other

Is the surface polished amocoth 1n the wheelpaths?

Is eignificant studded tire rutting (0.25 inch or more)
evident in the wheel paths?

Jolnt Sealant Condition

What is the general condition of the transverse joint sealesnt?

What is the general coendition of the longitudinal joint sealant?

Are substantial amounts of incompressibles visible in the transverse joints?

v

Figure 6. Project survey sheets for I-10 example (continued).
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{inner)

0

LANE OKE

(outer)

(=]
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LANE TWO LANE ONE

(innar) (outer)

Concrete Durability :
Extent of "D" cracking at Jjoints and cracks (indicate highest severity level t N t N
prasent in sample unit): L L

M M

H H
Extent of reactive eggrogate distreas (indicate highest severity levael ¢ N z N
present in sample unit): L L

M M

i | H
Extent of scaling (indicats highost severity level pressent in sample unit): l N t N

L

M

H i
Previous Repair
If full-depth repairs are present, are they dowelled? —_ ¥yes . Yyes

na - ho

Are partial-depth repairs (rigid material only) present at e Yes - Yes
most of the joints? o tno
Bas diamond grinding been done? Yeas ves

}no ;no

Has grooving besen done? ves

Eno o no

Figure 6. Project survey sheets for I-10 example (continued).
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AC Shoulders (Check all that apply.)}

Alligator cracking

Linear cracking

Heathering/ravelling

Lane/shoulder joint dropoff

Settlements or heaves slong outer edge

Blowholes at transverse joints

Lene/shoulder joint sealant condition (good = well sealed or
width < 0,107, poor = poorly sealed and width > 0.107)

PCC Shoulders (Check all that apply.)

Transverse or longitudinal cracking or corner breaks

"D" cracking or reactive aggregate distress

Settlements or heaves along outer edge

Lane/shoulder joint sealant condition (good = well szealed or
width < 0.107, poor = poorly soaled and width > 0.10")

INNER SHOULDER

.! nons

extensiva

_¢ none
Some

extensive

none
5ome

extensive

|k

none

<i"

1"

X

none
some

axtensive

none
sSome

extensive

TN

good
poor

Kl

none

3ome

extensive

nonse
BOme

extensive

none

extensive

good
poor

[

Figure 6. Project survey sheets for I-10 example (continued).
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OUTER SHQULDER

s0me

extensive

o none

some

extensive

none

some

1

extensive
.

none
<1
»1

none

some

TN TN

extensive

none

some

extensive

good
pocr

3

none

some

extensive

none

extensive

none

some

extensive

good
poor



SAMPLE UNIT MONITORING DATA

Collect the following informaticn for each traffic lane and for both shoulders during an inspection of each

sample unit. A langth of approximately 1000 faet in each mile is recommended for each sample unit surveyed.

If only one sample unit is to be surveyed on the project, a length of at least e half mile is recommended,

The survey may include driving slowly cn the shoulder, stopping on the shoulder, and (with extreme caution)
walking on the shoulder to make measurements. More than one pass over the project will probably be needed
to obtain all the informetion requested. Refer to NCHRP Report No. 277 for standard definitions of distress,

severity, and measurement instructions.

] le it Identification

Sample Unit Number: z Starting Milepost: '88 Length of Sample Unit (feet): soo

Use the tally sheat provided to record information on cracking, spalling, and full-depth repairs for each slab

surveyed. Computs the totals and averages indicated on the tally sheest and record these values below.

Number of transverse cracks, L-M-H:

Maan faulting at transverse cracks (inches):

Number of deteriorated transverse joints, M-H including hlowups:

Mean faulting at transverse joints (inches):

Number of transverse joints:

Mean faulting at full-depth repair and slab replacement joints {inches):

Number of full-depth repair and slab replacement joints (inches):

Number of full-depth repairs and slab replacements:

Number of c¢orner braasks:

Longitudinal Joint

Totel length of lengitudinal cracking, M-8 only (feet):

Total length of longitudinal joint gpalling, M-H only (feet):

LANE TWO
(inner)

o

LANE ONE
(outer)

’

o

0.3¢

0.06

0.19

25

o

25

_©_
o
(-]

Figure 6. Project survey sheets for I-10 example (continued).
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Cracking at Trensverse Joints

Number of trangverse joints with transverse cracks within 2 feet:

Foundation Movement

Humber of settlaments (M~H only):

Nurkber of heaves (M-H only):

Dreinage

Are longitudinal subdrains present and functional along the =sample unit?

What is the typical height of the pavement surface abova the side ditchline (feet)?

Do the ditches have standing water or cattails in them?

Loss of Support
Extent of vislble evidence of pumping or water bleeding om

pavement or shoulder (indicate the highest level of severity
occurring in the semple unit):

Surface Condition

Method used to texture the pavement surface at construction:
@ transverse tining

other

Is the surface polished smooth in the wheelpaths?

Is significent studded tire rutting (0.25 inch or morae)
evident in the wheal paths?

Joint Sealant Condition

What is the general condition of the transverse joint sealant?

What is the general condition of the longitudinal joint sealant?

Are substantial amounts of Ilncompressibles visible in the transverse joints?

—

LANE TWO

{inner)

LANE ONE
{outer)

i~ 2

yes no
KN N
— 1 W
M M

H H

yes yes

.‘! no " no
yes yes

W no i no

_ﬁl-

M M
H H
/ L

M

H

yes es

Figure 6. Project survey sheets for I-10 example (continued).
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Concreta Durability

Extent of "D” crecking at joints and cracks (indicate highest severity level
present in sampls unit):

Extent of reactive aggregate distress (indicate highest severity level
present in sample umit):

Extent of scaling (indicate highest severity level present in sample unit):

Brevious Repeir

If full-depth repairs are present, are they dowelled?
Are partial-depth repairs (rigid materiel only) present at
most of the jointa?

Has diamcnd grinding been done?

Hans grooving been done?

Figure 6. Project survey sheets for I-10 example (continued).
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LANE TWO LANE ONE

(inner) (outer)

z N t N

L L

M M

H B

z N z H

L L

M M

B ;)

o n / N

L L

M M

B H
__ yes ___ Yes
—— IO ___no
. Yyes ___ yes
o no
. _Yyes - _ Yes
#no oo
—— Yyus - Yes
oo Mo



AC Shoulders (Check all that apply.)

Alligator cracking

Linear cracking

Weathering/ravelling

Lane/shoulder joint dropoff

Settlements or heaves along outer edge

Blowholes at transverse Jjoints

Lane/shoulder joint sealant condition (good = well sealed or
width < 0.10", poor = poorly sealed and width > 0.10™)

PCC Shoulders (Check all that apply.)

Transverse or longitudinal eracking or cormer breaks

"D" cracking or reactive aggregate distress

Settlements or heaves along outer edge

Lane/shoulder joint sealant condition (good = well sealed or
width < 0.10", poor = poorly sealed and width > 0.10%)

INNER SHOULDER

_“!’none

B0Mme

extensive

!! non
—5

e
ome

extensive

nona
saoms

extensive

NN

none
<1l"

»1"

R

none
30me

extensive

nona

axtensive

good
poer

K|

none
some
extensive

none
some

extensive

i

none
some
extensive

good

poor

Figure 6. Project survey sheets for I-10 example (continued).
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OUTER SHOULDER

N

none
BOMe
extenaive

\ |

none
some

extensive

b=}
[}
3
o

some

extensiva

2
©
=
]

A
»s
E

»1
none
some

extensive

none

INTITR TR TR T

extensive

good
poor

Nl

none
s0me

extensive

none

extensive

none
Some
extensive

good
poor



This is performed with the following equation:

n
value; * 5280 1
Average Per Mile = E —_— * ——
length; n
i=1

where: n = number of sample units

value; = quantity of data item to be averaged in sample unit i

length; = length of sample unit i, feet

Using this equation, the following extrapolated quantities were computed for
I-10 for the data items with nonzero values (rounded to the nearest whole numbery):

Extrapolated Quantity
Data Item : ____inner lane outer Iane
Longitudinal cracking 26 ft/mile [4.9 m/km] 116 ft/mile [22 m/km]
Corner breaks 0/mile 11/mile
Transverse cracks 0 ft/mile 948 ft/mile {179 m/km]
Transverse joints 264/mile 264/mile

5.2.2 Deteriorated Joints Per Mile

Joint deterioration is also expressed as an extrapolated quantity per mile, but
since it is function of the transverse joint spacing, its computation is somewhat
more difficult. The procedure used in the system is to compute the average
proportion of joints that are deteriorated, and multiply this times the number of
joints per mile. This is performed according to the following equation:

n

detjt; 1 5280
Jt Det Per Mile = E —_—— ¥ — *
- (lengthy/jtspace) n jtspace

where:
Jt Det Per Mile = average number of deteriorated joints per mile
det jt; = number of deteriorated joints in sample unit i
length; = length of sample unit i, feet
n = number of sample units
jtspace = transverse joint spacing, feet

No deteriorated joints were observed in either lane of the two surveyed sample
units on [-10.

74



5.2.3 Faulting

Average faulting at joints, cracks, full-depth repair/slab replacement joints is
computed by the engineer and recorded on the survey sheets. The extrapolated number
of joints, cracks, and full-depth repair/slab replacement joints are computed as
described before. From this information, the average fauiting of any combinations
of these items can be computed as a weighted average. Total faulting can also be
computed as the sum of the products of average faulting values and quantities of
joints, cracks, and full-depth repair joints. The faulting parameters used in the
JPCP evaluation decision trees are as follows:

Decision Tree Faulting Parameter
Roughness Total faulting, inches/mile
Load Transfer Average joint faulting, inches

Average crack faulting, inches
Average FDR faulting, inches

Loss of Support Weighted average joint and crack faulting, inches
Drainage Weighted average joint and crack faulting, inches
[lin=2.54 cm, 1 mile=1.61km ]

For I-10, the following faulting values were computed or obtained from the
survey:

InnerLane Quter Lane

Total faulting, inches/mile 21.12 62.80
Average joint faulting, inches 0.08 0.19
Average crack faulting, inches 0.00 0.16
Average FDR faulting, inches n/a n/a
Weighted average joint and 0.08 0.18

crack faulting, inches
5.2.4 Toggle Values
For JPCP, the following toggle data items must be extrapolated:

Pumping.

Polished wheelpaths.

Studded tire rutting.
Incompressibles in transverse joints.
Dowelling of existing full-depth repairs.
Previously performed grinding.
Previously performed grooving.
Transverse joint sealant damage.
Longitudinal joint sealant damage.
D cracking.

Reactive aggregate distress.

Scaling.

Existing partial-depth repairs.
Shoulder distresses.

75



Extrapolation of toggle data items is performed by converting the toggle values
given in each sample unit to numerical values (e.g., none = 1, some = 2, and
extensive = 3), averaging the numerical values, and rounding off the result to the
nearest whole number.

5.3 EVALUATION OF PRESENT CONDITION

Evaluation of a JPCP project is conducted using the evaluation decision trees
developed for the following twelve problem areas:

Structural adequacy.
Drainage.

Foundation movement.
Durability.

Skid resistance.
Roughness.

Joint construction.
Transverse joint sealant.
Load transfer.

10.  Loss of support.

11.  Joint deterioration.

12.  Shoulders.-

el S e

As described in chapter 3, certain critical distress and serviceability levels
in the evaluation decision trees are subject to modification by the engineer. The
levels which may be modified for JPCP and their default values are shown below:

Distress/Serviceability Default Critical Level
PSR 2.0 for ADT < 3,000
PSR 2.5 for 3,000 < ADT < 10,000
PSR 3.0 for ADT > 10,000
Total faulting 46 inches per mile
Average faulting 0.13 inches
Settlements S per mile

Heaves (for roughness) S per mile

M-H deteriorated joints 55 per mile

Corner breaks 25 per mile
Transverse cracks 67 cracks per mile
Longitudinal cracking 500 feet per mile

[1lin=2.54 ¢m, 11t=0.3048 m, 1 mile = 1.61 km ]

The evaluation conclusions reached for the 1-10 example using the default
critical distress and PSR levels are shown in figure 7. The outer lane has a
substantial amount of distress, including transverse cracks and corner breaks,
longitudinal cracking, and poor drainage. The inner lane, on the other hand, has
almost no distress. Since cracking in the outer lane exceeds the critical level,
the pavement is not a candidate for restoration. Recommended physical testing for
the I-10 example includes nondestructive testing for structural analysis, load
transfer, and void detection; coring and materials evaluation for structural
analysis and drainage analysis; and coring longitudinal cracks and joints.
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CURRENT PAVEMENT EVALUATION

P L e e e e e ey Y T e P T T P YT L LR DY R L ALY LR LTI ]

LANE 1

S00EEENNNEESEN PR RN KN R RO EN AR RSCE NN S EAE AR RSO RNC NI E U RSN C O NS RS AU RO SO e ke bk kb kR bkl BB R R R

JOINT CONSTRUCTION:
The pavement in lane 1 shows no indications of a longitudinal joint construction deficiency.

a. do nothing

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

JOINT SEALANT:

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

a. do nothing

ROUGHNESS:

Rideability in lane 1 is acceptable.

a. do nothing

DURABILITY:

The pavement in lane 1 shows no indications of significant surface or concrete durability problems.
a. do nothing

JOINT DETERIORATION:

No joint deterioration exists in lane 1.

a. do nothing

STRUCTURAL DEFICIENCY:

The pavement in lane 1 exhibits some load-associated distress (between 1 and 24 corner breaks per mile) which
requires repair but does not indicate a structural deficiency.

a. full-depth repair of corner breaks

Structural deficiency of the pavement in lane 1 is indicated by 67 or more 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

¢. full-depth repair of cracks, PCC bonded overlay

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

Figure 7. Evaluation of present condition for I-10 example.
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SKID RESISTANCE:

The pavement in lane 1 shows no indications of loss of skid resistance or hydroplaning potential.
a. do nothing

LOAD TRANSFER:

Aggregate interlock is providing inadequate load transfer in lane 1 at the transverse joints, as indicated by mean
transverse joint faulting of more than (.13 inches.

a. load transfer rcstoration at joints

b. do nothing

A load transfer deficiency in lane 1 is indicated at deteriorated transverse cracks by mean crack faulting of more
than 0.13 inches.

a. full-depth repair of cracks
b. load transfer restoration at cracks

No undowelled full-depth repairs are present in lane 1.

a. do nothing

FOUNDATION MOVEMENT:

The pavement in lane 1 shows no indications of foundation movement.

a. do nothing

LOSS OF SUPPORT:

Loss of slab support in the lane 1 is indicated by the presence of corner breaks.

a. subseal at joints |

Loss of slab support in the lane 1 is indicated by faulting greater than 0.13 inches at joints and cracks.
a. subseal at joints

DRAINAGE:

A drainage deficiency in lane 1 is indicated by pumping occurring in a wet or wet-dry climate.

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

Figure 7. Evaluation of present condition for I-10 example (continued).
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LANE 2

SEEANEERENNN ARG SENS N H SN SN E RN AR E RN R RGN RN RSN PN SRR N O E S AN NS U NN NS N E R kR kAN kR R RN A kRN RN

JOINT CONSTRUCTION:

The pavement in lane 2 shows no indications of a transverse joint construction deficiency.
a. do nothing \

JOINT SEALANT:

The pavement in lane 2 shows no indications of a joint sealant deficiency.

a. do nothing

ROUGHNESS:

Rideability in lane 2 is acceptable.

a. do nothing

DURABILITY:

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 2.

a. do nothing

STRUCTURAL DEFICIENCY:

The pavement in lane 2 shows no indications of structural deficiency.

a. do nothing

SKID RESISTANCE:

The pavement in lane 2 shows no indications of loss of skid resistance or hydroplaning potential.
a. do nothing

LOAD TRANSFER:

No load transfer deficiency is indicated at transverse joints in lane 2.

a. do nothing

No undowelled full-depth repairs are present in lane 2.

a. do nothing

Figure 7. Evaluation of present condition for I-10 example (continued).
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"FOUNDATION MOVEMENT:
The pavement in lane 2 shows no indications of foundation movement.
a. do nothing
LOSS OF SUPPORT:
The pavement in the lane 2 shows no indications of loss of slab support.
a. do nothing
DRAINAGE:

For the pavement’s current traffic level, no significant drainage deficiency is indicated in lane 2.

a. do nothing

LI AL L LR LT R LI LI LI L L Rl LRl Y Al IRl L sl sl illy]]

INNER SHOULDER

COURNNECEIN SNSRI SR NAO NS RNRR RN NEON SO U NSO NN NSO O NN RN RS G AN NS ECO O NN E RV SN N NG A N NSRS RN NS

Excessive infiltration of water beneath the pavement and inner AC shoulder
is indicated by poor lane/shoulder joint sealant condition.

a. reseal lane/shoulder joint
b. do nothing

LLLL LI LI LI LS LI L L A P LY LTS RLEYRR T R Y PR L LIS YR IR Y LR R LY ]

OUTER SHOULDER

LLLL LA LA LRIl LA Tl IR LR LR YL LRI R TR T IR i A R IRl T LTl dy Ty

Excessive infiltration of water beneath the pavement and outer AC shoulder is indicated by poor lane/shoulder
joint sealant condition.

a. reseal lane/shoulder joint
b. do nothing

Figure 7. Evaluation of present condition for I-10 example (continued).



5.4 PREDICTION OF FUTURE CONDITION

The predictive models provided in a%pendix B3 for pumping, faulting, joint
deterioration, cracking, and PSR were used to predict the future condition of I-10
without rehabilitation. The models were calibrated to the existing condition of the
pavement at the time of the survey (1986). The results are shown in table 8.

The distress and PSR predictions are used to reevaluate the pavement each year
for 20 years into the future, and identify the years in which the predicted
distresses and PSR will reach critical levels. The critical levels used here are
the same as those used in the evaluation of the pavement’s present condition (for
the I-10 example, the default values were used). The results are shown in figure 8.

5.5 REHABILITATION STRATEGY DEVELOPMENT

One or more rehabilitation strategies can be developed for a JPCP project using

the decision trees provided in appendix B4. The outer lane of the I-10 example

roject has a sufficient amount of cracking to require a structural improvement.

us, four overlay options (AC structural, crack and seat and AC structural, PCC

bonded, or PCC unbonded) can be investigated for this project, as well as two
reconstruction options (reconstruct both lanes, or reconstructing the outer lane and
restoring the inner lane). The first five of these options were investigated for
the I-10 example. Though reconstruction of both lanes is an option permitted by the
EXPEAR program, the inner lane is in very good condition and reconstructing would
probably not be a very cost-effective improvement.

5.5.1 AC Structural Overlay Alternative

The rehabilitation techniques and associated quantities making up an AC
structural overlay rehabilitation alternative for I-10 are given in table 9. An
appropriate overlay thickness which will satisfy structural requirements must be
selected by the engineer. Table 10 illustrates the predicted performance for an
overlay thickness of 4 in [10.2 ¢cm].

The predicted life of the AC structural overlay is very short. Medium- to
high-severity reflective cracking is predicted to reach a critical level in just 4
years. This is understandable, considering the short joint spacing and the large
number of full-depth repairs required as part of the preoverlay repair. The overlay
thickness could be increased to extend the time before critical levels of reflective
cracking are reached, but the time to reach a critical level of rutting would
probably decrease as a result. Overall, it does not appear that a satisfacto
performance period can be obtained from a conventional AC overlay for a’c I-10
example project. The equivalent annual cost computed by EXPEAR for the 7.5-mile
project length is $ 891,646.

5.5.2 Crack and Seat and AC Structural Oveflay Alternative

Another available alternative is cracking and seating the pavement prior to
placing an AC overlay. The rehabilitation techniques and associated quantities
making up a crack and seat and AC structural overlay rehabilitation alternative for
I-10 are given in table 11.

Again, an appropriate overlay thickness which will satisfy structural
requirements must be selected by the engineer. Table 12 illustrates the predicted
performance for an overlay thickness of 4 in [10.2 cm), a seating roller weight of
50 tons [45400 kg], and a cracking pattern of 6 ft by 6 {t [1.8 m by 1.8 m].
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Table 8. Future condition predictions for I-10 example.

DISTRESS AND PSR PROJECTIONS FOR LANE 1 WITHOUT REHABILITATION

Cumulative Annual

ESAL ESAL
5.6 0.85
6.5 0.91
7.5 0.98
8.5 1.05
9.7 1.12

10.9 1.20

12.1 1.28

13.5 1,37

15.0 1.47

16.6 -1.57

18.2 1.68

20.0 1.80

22.0 1.92

24.0 2.06

26.2 2.20

28.6 2.36

31.1 2.52

33.8 2.70

36.7 2.89

39.8 3.09

18-kip 18-kip
millions millions

Year

1986
1987
1988
1989
1990
1991
1992
19923
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

woe=O

Pumping Faulting

PO RPN PRI R RO N RO N b ot et I et b et o et o b

WO NS WNFEOWOVWONGOATOWLISEWNEHO

none
low
medium
high

.19
.19
.19
.19
.20
.20
.20
.20
.20
.20
.20
.20
.20
.21
.21
.21
.21
.21
.21
.21

s RaBoBooRasoloNBoleloNeNoleNoeNeloNoNoNol

Inches

Deter.
Joints

QOO0 O0OO0OO0OO0O0O0OLQOOOCDOOOOO

Joints
per
mile

Transverse
Cracking

79
80
81
82
83
85
86
88
90
93
96
ico
105
111
119
128
139
152
169
189

Cracks
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.
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Table 8. Future condition predictions for I-10 example (continued).

DISTRESS AND PSR PROJECTIONS FOR LANE 2 WITHOUT REHABILITATION

Cumulative Annual Year Pumping Faulting Deter. Transverse PSR
ESAL ESAL Jeints  Cracking
0.8 0.15 1986 0.0 0.08 0 0 3.8
1.0 0.16 1987 0.0 0.08 0 0 3.8
1.1 0.17 1988 0.1 0.08 0 1 3.8
1.3 0.19 1989 0.1 0.08 0 1 3.7
1.5 0.20 1990 0.2 0.08 0 1 3.7
1.7 0.21 1991 0.2 0.09 0 1 3.7
2.0 0.23 1992 0.3 0.09 0 2 3.7
2.2 0.25 1993 0.3 0.09 0 2 3.6
2.5 0.26 1594 ‘0.4 0.09 0 2 3.6
2.8 0.28 1595 0.4 0.09 0 3 3.6
3.1 0.30 1996 0.5 0.09 0 3 3.5
3.4 0.32 1997 0.5 0.09 0 3 3.5
3.7 0.34 1998 0.6 0.09 0 4 3.5
4.1 0.37 1999 0.6 0.09 0 4 3.4
4.5 0.39 2000 0.7 0.09 0 4 3.4
4.9 0.42 2001 0.7 0.09 0 5 3.4
5.4 0.45 2002 0.8 0.09 0 5 3.3
5.8 0.48 2003 0.8 0.10 0 5 3.3
6.4 0.52 2004 0.9 0.10 0 6 3.2
6.9 0.55 2005 0.9 0.10 0 6 3.2
18-kip 18-kip O = none  Inches Joints Cracks 0-5
millions millions 1l = low per per
2 = 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 PAVEMENT EVALUATION

YT YT IR ISR SIS P RY RN R TR L YRS R TR LR LR LR TRl Y LI LRl LYy Y]]

LANE 1
FY I LI PP AN TR LRI PR RIS RN RIS LY R TRl ERY YRR Rl LRl IRy T Y R TE]
ROUGHNESS:

Poor rideability in lane 1 occurs in 1987 as indicated by an unacceptably low predicted PSR for the pavement’s
ADT level.

a. grn
b. AC nonstructural overlay
JOINT DETERIORATION:

No significant joint deterioration in lane 1 occurs over the next 20 years.

STRUCTURAL DEFICIENCY:

Structural deficiency of the pavement in lane 1 occurs in 1986 as indicated by 67 or more 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
c. full-depth repair of cracks, PCC borded overlay

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

e. reconstruct

LOAD TRANSFER:

Inadequate load transfer at transverse joints in lane 1 occurs in 1986 as indicated by predicted faulting of 0.13
inches or more.

a. load transfer restoration at joints
b. do nothing
LOSS OF SUPPORT:

Loss of slab support in lane 1 occurs in 1986 as indicated by predicted faulting greater than 0.13 inches at
transverse joints.

a. subseal at joints

Figure 8. Evaluation of future condition of I-10 without rehabilitation.
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ROUGHNESS:
Rideability in lane 2 is acceptable based on ADT and PSR levels predicted over the next 20 years.

JOINT DETERIORATION:

No significant joint deterioration in lane 2 occurs over the next 20 years.

STRUCTURAL DEFICIENCY:

No structural deficiency in lane 2 occurs based on predicted transverse cracking over the next 20 years.
LOAD TRANSFER:

No load 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 2 occurs based on predicted joint faulting over the next 20 years.

Figure 8. Evaluation of future condition of I-10 without rehabilitation (continued).
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Table 9. AC structural overlay strategy for I-10 example.

Complete Rehabilitation Strategy for Outer Lane:

AC structural overlay

Full-depth repair of corner breaks
Full-depth repair of cracks

Load transfer restoration at joints
Subseal at cracks

Install/repair longitudinal subdrains

Complete Rehabilitation Strategy for Inner Lane:
AC structural overlay
Complete Rehabilitation Strategy for Outer Shoulder:

AC overlay
Reseal lane/shoulder joint

Complete Rehabilitation Strategy for Inner Shoulder:

AC overlay
Reseal lane/shoulder joint

52941 sq yards

635 sq yards
4765 sq yards
993 joints
1489 cubic ft of grout
39706 feet

52941 sq yards

44117 sq yards
39706 feet

26470 sq yards
39706 feet

[ 1ft=0.3048 m, 1 sq yard = 1.2 sq m, 1 cubic ft =0.028 cubicm ]
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Table 10. AC overlay performance prediction for I-10 example.

PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING AC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : 0

TOTAL - MEDIUM-HIGH
YEAR AGE CUH REFLECTIVE REFLECTIVE RUTTING
ESALs CRACKING CRACKING
1986 0 0.00 0 0 0.00
1987 1 0.91 167 76 0.00
1988 2 1.89 173 100 0.00
1989 3 2.94 176 118 0.02
1990 4 4.06 179 133 0.05
1991 5 5.26 181 146 0.08
1992 6 6.54 183 157 0.12
1993 7 7.91 185 168 0.16
1994 8 9.38 186 178 0.20
1995 9 10.95 187 187 0.24
1996 10 12.64 189 189 0.29
1997 11 14.43 190 190 0.34
1998 12 16.36 191 191 0.39
1999 13 18.42 191 191 0.44
2000 14 20.62 192 192 0.49
2001 15 22.98 193 193 0.55
2002 16 25.50 194 194 0.61
2003 17 28.20 195 195 0.68
2004 18 31.09 195 195 0.74
2005 19 34.18 196 196 0.82
18-kip Cracks Cracks 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.

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
lane 1 is predicted to equal or exceed an unacceptable level of 125
cracks per mile in 1990.

Rutting on the AC overlay in lane 1 is predicted to equal or exceed
an unacceptable level of 0.50 inches in 2001,
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Table 10. AC overlay performance prediction for I-1¢ example (continued).

PREDICTED PERFDRﬁANCE FOR LANE 2 FOLLOWING AC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : O

TOTAL MEDIUM-HIGH
YEAR AGE CUM REFLECTIVE REFLECTIVE RUTTING
ESALs CRACKING CRACKING
1986 0] 0.00 0 0 0.00
1987 1 0.16 161 55 0.00
1988 2 0.34 167 72 0.00
1989 3 0.53 171 85 0.00
1990 4 0.73 173 95 0.00
1991 5 0.94 175 105 0.00
1992 6 1.17 177 113 0.02
1993 7 1.41 179 121 0.04
1994 8 1.68 180 128 0.05
1995 9 1.96 181 135 0.07
1996 10 2.26 182 142 0.09
1997 11 2.58 183 148 0.11
1998 12 2.92 184 154 0.13
1999 13 3.29 185 160 0.15
2000 14 3.68 186 166 0.17
2001 15 4.11 187 172 0.19
2002 16 4.56 188 177 0.21
2003 17 5.04 188 183 0.23
2004 18 5.56 189 189 0.25
2005 19 6.11 190 190 0.28
18-kip Cracks Cracks 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.

Summary:
Total reflective cracking of the AC overlay in lane 2 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 2 is predicted to equal or exceed an unacceptable level of 125
cracks per mile in 1994.

Rutting on the AC overlay in lane 2 is not predicted to reach
an unacceptable level within the next twenty years.
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Table 11. Crack and seat strategy for I-10 example.

Complete Rehabilitation Strategy for Outer Lane:

Crack and seat and AC structural overlay
Load transfer restoration at joints
Full-depth repair of cracks

Full-depth repair of corner breaks
Install/repair longitudinal subdrains

Complete Rehabilitation Strategy for Inner Lane:
Crack and seat and AC structural overlay
Complete Rehabilitation Strategy for Outer Shoulder:

AC overlay
Reseal lane/shoulder joint

Complete Rehabilitation Strategy for Inner Shoulder:

AC overlay
Reseal lane/shoulder joint

[ 1ft=0.3048 m, 1sqyard = 1.2 sq m, 1 cubic ft = 0.028 cubicm ]
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52941 sq yards
993 joints
4765 sq yards
635 sq yards
39706 feet

52941 sq yards

44117 sq yards
39706 feet

26470 sq yards
39706 feet



Table 12. Crack and seat performance prediction for I-10 example.

PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING CRACK & SEAT

YEAR(S) REHABILITATION WILL BE DELAYED : O

TOTAL MEDIUM-HIGH
YEAR AGE CUM REFLECTIVE REFLECTIVE RUTTING
ESALs CRACKING CRACKING
1986 0 0.00 0 0 0.00
1987 1 0.91 88 17 0.00
1988 2 1.89 92 18 0.00
1989 3 2.94 98 20 0.02
1990 4 4,06 107 23 0.05
1991 5 5.26 119 27 0.08
1992 6 6.54 134 31 0.12
1993 7 7.91 153 37 0.16
1994 8 9.38 177 44 0.20
1995 -9 10.95 205 52 0.24
1996 10 12.64 238 62 0.29
1997 11 14.43 276 74 0.34
1998 12 16.36 321 88 0.39
1999 13 18.42 372 103 0.44
2000 14 20.62 431 121 0.49
2001 15 22.98 498 141 0.55
2002 16 25.50 573 163 0.61
2003 17 28.20 658 189 0.68
2004 18 31.09 754 218 0.74
2005 19 34.18 861 250 0.82
18-kip Cracks Cracks 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.

Summary:
Total relfective cracking of the AC overlay in lane 1 is

predicted to equal or exceed an unacceptable level of 350 cracks
per mile in 1999.

Medium- to high-severity reflective cracking of the AC overlay in
lane 1 is predicted to equal or exceed an unacceptable level of 125
cracks per mile in 2001.

Rutting on the AC overlay Iin lane 1 is predicted to equal or exceed
an unacceptable level of (.50 inches in 2001.
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Table 12. Crack and seat performance prediction for I-10 example (continued).

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING CRACK & SEAT

YEAR(S) REHABILITATION WILL BE DELAYED : O

TOTAL MEDIUM-EIGH
YEAR AGE CuUM REFLECTIVE REFLECTIVE RUTTING
ESALs CRACKING CRACKING
1986 0 0.00 0 0 0.00
1987 1 0.16 87 17 0.00
1988 2 0.34 88 17 0.00
1989 3 0.53 89 18 0.00
1990 4 0.73 91 18 0.00
1991 5 0.94 93 19 0.00
1992 6 1.17 96 20 0.02
1993 7 1.41 99 21 0.04
1994 8 1.68 103 22 0.05
1995 9 1.96 108 23 0.07
1996 10 2.26 114 25 0.09
1997 11 2.58 121 - 27 0.11
1998 12 2.92 129 30 0.13
1999 13 3.29 138 32 0.15
2000 14 3.68 149 36 0.17
2001 15 4,11 161 39 0.19
2002 16 4.56 174 43 0.21
2003 17 5.04 189 48 0.23
2004 18 5.56 206 53 0.25
2005 19 6.11 225 59 0.28
18-kip Cracks Cracks 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.

Summary:
Total reflective cracking of the AC overlay in lane 2 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 2 is not predicted to reach an unacceptable level within the
next twenty years.

Rutting on the AC overlay in lane 2 1Is not predicted to reach
an unacceptable level within the next twenty years.
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Cracking and seating is predicted to improve the performance of an AC structural
overlay on this pavement. Medium- to high-severity reflective cracking is predicted
to reach acritical level in 13 years. Total reflective cracking and rutting both
become critical after 15 years. The equivalent annual cost of the crack and seat
alternative is $332,245, only about a third of the conventional AC overlay cost, due
to the longer life and the elimination of some preoverlay repair techniques.

5.5.3 Bonded Concrete Overlay Alternative

The list of techniques and associated quantities which would be included in-a
bonded concrete overlay rehabilitation alternative for I-10 are given in table 13.
An appropriate overlay thickness which will satisfy structural requirements must be
selected by the engineer. Table 14 illustrates the predicted performance for a JPCP
bonded overlay thickness of 3in [12.7 cm]. Other overlay thicknesses could be
investigated as well.

The bonded overlay alternative is predicted to perform very well. Almost no
distress is predicted in the overlay througrl_}]the 20 years of the analysis. However,
extensive preoverlay repair is required. The equivalent annual cost for the
unbonded overlay is $ 480,052.

5.5.4 Unbonded Concrete Overlay Alternative

The list of techniques and associated quantities which would be included in an
unbonded concrete overlay rehabilitation alternative for I-10 are given in table 15.
Table 16 illustrates the predicted performance for a 9-inch [22.9 cm]]JPCP unbonded
overlay with a 1-inch {2.54 cm] AC separation layer, a 15-foot [4.6 m] joint
spacing, and 1.25-inch [3.175 cm] dowel bars in the overlay. These parameters could
be varied by the engineer to produce different alternatives with different costs and
predicted lives.

The unbonded overlay is also predicted to provide at least 20 years of good
performance. Despite the substantially greater thickness of concrete, the
elimination of some preoverlay repair techniques brings the cost of this alternative
($ 392,806) below that of the bonded overlay.

5.5.5 Reconstruct/Restore Alternative

The last alternative investigated for the I-10 example is reconstruction of the
outer lane. This alternative seems intuitively to be very appropriate for this
project, since there is significant structural damage in the outer lane (cracking
and corner breaks), but almost no distress in the inner lane.

The list of techniques and associated quantities which would be included in a
reconstruct/restore rehabilitation alternative for I-10 is given in table 17. Note
that no rehabilitation work is required in the inner lane for this strategy.

Table 18 illustrates the Eredicted performance for a 12-inch [30.5 cm] JPCP
reconstructed outer lane, with a 20-foot [6.1 m)] joint spacing, a stabilized base
with a k-value of 200 pci [5.5 kg/cubic m], 1.25-inch [3.175 cm] dowel bars, and a
PCC modulus of rupture of 650 psi [45 kg/sq cm]. This particular alternative has a
predicted life of 19 years, and an equivalent annual cost of § 158,115, the lowest
of any of the alternatives examined for this example project.
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Table 13. Bonded PCC overlay strategy for I-10 example.

Complete Rehabilitation Strategy for Quter Lane:

Bonded PCC overlay 52941 sq yards
Full-depth repair of corner breaks 635 sq yards
Full-depth repair of cracks 4765 sq yards

Load transfer restoration at joints ‘ 993 joints

Subseal at cracks 1489 cubic ft of grout
Install/repair longitudinal subdrains 39706 feet

Complete Rehabilitation Strategy for Inner Lane:

Bonded PCC overlay 52941 sq yards
Complete Rehabilitation Strategy for Quter Shoulder:

PCC overlay 44117 sq yards
Reseal lane/shoulder joint 39706 feet
Complete Rehabilitation Strategy for Inner Shoulder:

PCC overlay 26470 sq yards

Reseal lane/shoulder joint 39706 feet

[ 1£t=0.3048m, 1sqyard =1.25qm, 1 cubicft = 0.028 cubicm ]
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Table 14. Bonded PCC overlay performance prediction for I-10 example.

PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING BONDED PCC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : O

YEAR AGE  CUMULATIVE  JOINT JOINT TRANSVERSE

ESALs FAULTING DETERIORATION  CRACKING
1986 0 0.00 0.00 0] 0
1987 1 0.91 0.00 0 0
1988 2 1.89 0.00 0 0
1989 3 2.94 0.00 0 0
1990 4 4.06 0.00 0 1
1991 5 5.26 0.00 0 1
1992 6 6.54 0.00 0 1
1993 7 7.91 0.00 0 1
1994 8 9.38 0.00 ) 1
1995 9 10.95 0.00 0 1
1996 10 12.64 0.00 0 1
1997 11 14.43 0.00 0 1
1998 12 16.36 0.00 0 1
1999 13 18.42 0.00 0 1
2000 14 20.862 0.00 0 1
2001 15 22.98 0.00 0 2
2002 16 25.50 0.00 0 2
2003 17 28.20 0.00 0 2
2004 18 31.09 0.00 0 2
2005 19 34.18 0.00 0 2

18-kip Inches Joints Cracks
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 mot predicted

to reach an unacceptable level within the next twenty years.

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

Transverse cracking of the PCC overlay is not predicted to reach
an unacceptable level within the next twenty years.
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Table 14. Bonded PCC overlay performance prediction for 1-10 example (continued).

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING BONDED PCC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : 0

YEAR AGE  CUMULATIVE  JOINT JOINT TRANSVERSE
ESALs FAULTING DETERIORATION CRACKING
1986 0 0.00 0.00 0 0
1987 1 0.16 0.00 0 0
1688 2 0.34 0.00 0 0
1589 3 0.53 0.00 0 0
1990 4 0.73 0.00 0 0
1991 5 0.94 0.00 0 1
1992 6 1.17 0.00 0 1
1993 7 1.4]1 0.00 0 1
1994 8 1.68 0.00 0 1
1995 9 1.96 0.00 0 1
1996 10 2.26 0.00 0 1
1997 11 2,58 0.00 0 1
1998 12 2.92 0.00 0 1
1999 13 3.29 0.00 0 1
2000 14 3.68 0.00 0 1
2001 15 4.11 0.00 0 1
2002 16 4.56 0.00 0 1
2003 17 5.04 0.00 0 1
2004 18 5.56 0.00 0 2
2005 19 6.11 0.00 0 2
18-kip Inches Joints Cracks
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 2 is not predicted
to reach an unacceptable level within the next twenty years.

Joint deterioration on the PCC overlay in lane 2 is not predicted
to reach an unacceptable level within the next twenty years.

Transverse cracking of the PCC overlay is not predicted to reach
an unacceptable level within the next twenty years.
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Table 15. Unbonded PCC overlay strategy for I-10 example.

Complete Rehabilitation Strategy for Lane 1:

Unbonded PCC overlay 52941 sq yards
Install/repair longitudinal subdrains 39706 feet

Complete Rehabilitation Strategy for Lane 2:
Unbonded PCC overiay 52941 sq yards
Complete Rehabilitation Strategy for Outer Shoulder:

PCC overlay -44117 sq yards
Reseal lane/shoulder joint 39706 feet

Complete Rehabilitation Strategy for Inner Shoulder:

PCC overlay 26470 sq yards
Reseal lane/shoulder joint 39706 feet

[ 11t=0.3048 m, 1sqyard = 1.2 sq m, 1 cubic ft = 0.028 cubicm ]
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Table 16. Unbonded PCC overlay performance prediction for I-10 example.

PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING UNBONDED PCC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : O

YEAR AGE CUMULATIVE JOINT ~JOINT TRANSVERSE
ESALs FAULTING DETERIORATION CRACKING
1986 0 0.00 0.00 0 0
1987 1 0.91 0.02 0 2
1988 2 1.89 0.02 0 3
1989 k) 2.94 0.03 0 4
1990 4 4.06 0.03 0 5
1991 5 5.26 0.04 0 5
1992 6 6.54 0.04 0 6
1993 7 7.91 0.04 0 7
1994 8 9.38 0.05 0 7
1995 9 10.95 0.05 0 8
1996 10 12.64 0.05 0 9
1997 11 14.43 0.05 0 10
1998 12 16.36 0.06 0 12
1999 13 18.42 0.06 0 13
2000 14 20.62 0.06 0 15
2001 15 22.98 0.06 0 17
2002 16 25.50 0.07 0 20
2003 17 28.20 0.07 0 23
2004 18 31.09 0.07 0 27
2005 19 34.18 0.08 0 32
18-kip Inches Joints Cracks
millions per mile per mile

NOTE: These projectlons are estimates of expected performance based on
predictive models. They should not be taken as exact wvalues, but
instead as relatlive 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 deterioration on the PCC overlay in lane 1 is not predicted
to reach an unacceptable level within the next twenty years.

Transverse cracking of the PCC overlay is not predicted to reach
an unacceptable level within the next twenty years.
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Table 16. Unbonded PCC overlay performance prediction for I-10 example (continued.

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING UNBONDED PCC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : O

YEAR AGE  CUMULATIVE  JOINT JOINT TRANSVERSE
ESALs FAULTING DETERIORATION  GCRACKING
1986 0 0.00 0.00 0 0
1987 1 0.16 0.01 0 1
1388 2 0.34 0.01 0 1
1989 3 0.53 0.01 0 2
1990 4 0.73 0.02 0 2
1991 5 0.9 0.02 0 2
1992 6 1.17 0.02 0 2
1993 7 1.41 0.02 0 3
1994 8 1.68 0.02 0 3
1995 9 1.96 0.02 0 3
1996 10 2.26 0.03 0 3
1997 11 2.58 0.03 0 4
1998 12 2.92 0.03 0 4
1999 13 3.29 0.03 0 4
2000 14 3.68 0.03 0 4
2001 15 4.11 0.03 0 5
2002 16 4.56 0.03 0 ]
2003 17 5.04 0.04 0 5
2004 18 5.56 0.04 0 5
2005 19 6.11 0.04 0 6
18-kip Inches Joints Cracks
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 2 is not predicted
to reach an unacceptable level within the next twenty years.

Joint deterioration on the PCC overlay in lane 2 is not predicted
to reach an unacceptable level within the next twenty years.

Transverse cracking of the PCC overlay is not predicted to reach
an unacceptable level within the next twenty years.
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Table 17. Reconstruct/restore strategy for I-10 example.

Complete Rehabilitation Strategy for Outer Lane:

Reconstruction 52941 sq yards
Install/repair longitudinal subdrains 39706 feet

Complete Rehabilitation Strategy for Inner Lane:

[no rehabilitation required]

Complete Rehabilitation Strategy for Outer Shoulder:

Reseal Iane/sh;)ulder joint 39706 feet
Complete Rehabilitation Strategy for Inner Shoulder:

Reseal lane/shoulder joint 39706 feet

[ 1ft=0.3048 m, 1sqyard = 1.2 sqm, 1 cubic ft = 0.028 cubicm ]
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Table 18. Reconstruct/restore performance prediction for I-10 example

PREDICTED PERFORMANGE FOR LANE 1 FOLLOWING RECONSTRUCTION

YEAR(S) REHABILITATION WILL BE DELAYED : 0

YEAR AGE CUMULATIVE
ESALs
19846 0 0.00
1987 1 0.91
1988 2 1.89
1989 3 2.94
1990 A 4,06
1991 5 5.26
1992 [ 6.54
1993 7 7.91
1994 B 9.38
1995 9 10.95
1996 10 12.64
1997 11 14.43
1998 12 16.36
1999 13 18.42
2000 14 20.62
2001 15 22.98
2002 16 25.50
2003 17 28.20
2004 18 31.09
2005 19 34.18
18-kip
millions
NOTE
SUMMARY :

Joint faulting on the reconstructed pavement in lane 1 is not
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: 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.

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

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

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

Pumping on the reconstructed pavement in lane 1 is not predicted to

reach an unacceptable level within the next twenty years.

PSR on the reconstructed pavement in lane 1 is predicted to equal or

exceed an unacceptable level of 3.00 in 2005.



Table 18. Reconstruct/restore performance prediction for I-10 example (continued).

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING RESTORATION

YEAR(S) REHABILITATION WILL BE DELAYED : 0

YEAR AGE CUMULATIVE JOINT FDR TRANSVERSE JOINT PUMPING PSR
ESALs FAULTING FAULTING CRACKING DETERIOR.

1986 12 0.80 0.08 0.00 0 0 0.0 4.1
1987 13 0.96 0.08 0.00 0 0 0.3 4.1
1988 14 1.14 0.08 0.00 1 0 0.4 4.1
1989 15 1.33 0.08 0.00 1 0 0.5 4.1
1990 16 1.53 0.09 0.00 1 0 0.5 4.1
1951 17 1l.74 0.0% 0.00 1 0 0.6 4.1
1992 18 1.97 0.09 0.00 2 0 0.7 4.1
1993 19 2.21 0.09 0.00 2 0 0.7 4.1
1994 20 2.48 0.09 0.00 2 0 0.8 4.1
1995 21 2.76 0.09 0.00 3 0 0.8 4.1
1996 22 3.06 0.09 0.00 3 0 0.9 4.1
1997 23 .38 0.09 0.00 3 o 0.9 4.1
1998 26 3.72 0.09 0.00 4 0 1.0 4.1
1999 25 4.09 0.09 0.00 4 0 1.1 4.1
2000 26 4.48 0.10 0.00 4 0 1.1 4.0
2001 27 4.91 0.10 0.00 5 0 1.2 4.0
2002 28 5.36 0.10 0.00 5 0 1.2 4.0
2003 29 5.84 0.10 0.00 5 0 1.3 4.0
2004 30 6.36 0.10 0.00 6 0 1.3 4.0
2005 31 6.91 0.10 0.00 6 0 1.4 4.0

18-kip Inches Inches Cracks Joints O = none 0-5

millions per per 1 = low
mile mile 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.

SUMMARY :.

Joint faulting on the restored pavement in lane 2 is not predicted
to reach an unacceptable level within the next twenty years.

Full-depth repair faulting on the restored pavement in lane 2 {s not
predicted to reach an unacceptable level within the next twenty years.

Cracking on the restored pavement in lane 2 is not predicted to reach
an unacceptable level within the next twenty years.

Joint deterioration on the restored pavement in lane 2 is not predicted
to reach an unacceptable level within the next twenty years,

Pumping on the restored pavement in lane 2 is mot predicted to reach
an unacceptable level within the next twenty years.

PSR on the restored pavement in lane 2 is not predicted to reach an
unacceptable level within the next twenty years.
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5.6 REHABILITATION ALTERNATIVE SELECTION

Within each of the alternatives, the engineer can vary one or more of the inputs
to develop a larEe number of candidate rehabilitation strategies. Some of the
variations possible include the following:

Rehabilitation Alternative Input to Vary
AC overlay Thickness
Unbonded PCC overlay Thickness

Joint spacing

Reinforcement
Bonded PCC overlay Thickness

Joint spacing
Crack and seat and AC overlay Thickness

Cracking pattern
Reconstruct one or both lanes Thickness

Base

Joint spacing

Dowel diameter

Etc.

It must be emphasized again that the responsibility for thickness design and
joint design to meet structural requirements rests with the engineer. EXPEAR will
predict the performance of any design input by the engineer in terms of key distress

types.

Having developed one or more candidate rehabilitation strategies, the engineer
can then use EXPEAR to compute the life-cycle costs of the strategies and identify
the most cost-effective strategy. Cost-effectiveness and other factors will
probably enter into the final selection of the preferred rehabilitation strategy.
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CHAPTER 6
CRCP EVALUATION AND REHABILITATION

This chapter provides additional details on the evaluation and rehabilitation
system which relate specifically to CRCP. The system may be applied to a CRCP
project by following the steps described for all Eavement types in chapter 3,
referring to this chapter for specific details on CRCP, and using the materials
provided in appendix C. These materials consist of the following:

C-1 CRCP Project Survey and Supplemental Information
C-2 CRCP Evaluation Decision Trees and Conclusions
C-3 CRCP Evaluation Performance Prediction Models
C-4 CRCP Rehabilitation Decision Trees

C-5 CRCP Rehabilitation Performance Prediction Models
C-6 CRCP Computer Program Operating Instructions

The use of the system for CRCP is illustrated with a comprehensive example of
evaluation and rehabilitation of a CRCP project. The project selected for the
example is a 5.2-mile [8.4 km)] section of Interstate 57 near Champaign, Illinois.

6.1 CRCP PROJECT SURVEY

A complete set of survey sheets for CRCP consists of three pages of inventory
data for the project, one page of project monitoring data, and three papes of
monitoring data for each sample unit surveyed. A complete set of survey sheets for
the I-57 example are shown in figure 9. Two 0.5-mile [0.8 km] sample units were
surveyed on the project.

6.2 EXTRAPOLATION OF OVERALL PROJECT CONDITION
6.2.1 Average Per Mile Data Items

The following CRCP monitoring data items are extrapolated from the sample unit
data and expressed as an average quantity per mile: ‘

Data Item Extrapolated Quanti
Deteriorated transverse cracks Number/mile

Full-depth repairs Number/mile

Deteriorated full-depth repairs Number/mile

Punchouts ) Number/mile
Deteriorated construction joints Number/mile

Longitudinal cracking Feet/mile

Longitudinal joint spalling Feet/mile

Settlements Number/mile

Heaves Number/mile

D crack spalling (M-H ) Number spalled areas/mile
Reactive aggegate spalling (M-H) Number spalled areas/mile
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PROJECT SURVEY FOR CRCP

Design Engineer: KT HAL‘-

Date of Survey (mo/day/yr): /12 / 9 / &6

PROJECT INVENTORY DATA

Collect the following information about the project to be evaluated
prior to the actual field survey.

Project Identification

Highway Designation (example I-57): Z-57

State: TLLINOCIS

Direction of Survey: south

Starting Milepost: 233- 17

Ending Milepost: 228.09
Climate

Climatic Zone (See climatic zomne map in "Supplemental Information"):
wet freeze wet-dry freeze dry freeze

wet freeze-thaw wet-dry freeze-thaw dry freeze-thaw
wet nonfreeze wet-dry nonfreeze dry nonfreeze

Estimated Annual Temperature Range (degrees Fahrenheit): bﬂ,s

Mean Annual Precipitation (inches) (See %recipitation map in
*Supplemental Information");

Corps of Engineers Freezing Index (Fahrenheit degree-days) (See

Freezing Index map in "Supplemental Information"): Ls_a
Construction

Year Constructed: 19 Q3

Slab Thickness (inches): 8

Widch of Traffic Lanes (feet): __’7——

PCC Modulus of Rupture (28 days, 3rd-point loading)(psi): 650

Amount of Longitudinal Steel (percent of slab cross-sectional area)
(See wire size table in "Supplemental Information"):

Figure 9. Project survey sheets for I-57 example,
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longitudinal Joints

Method Used to Form Longitudinal Joints Between Lanes:
sawing
inserts

Longitudinal Joint Sawed or Formed Depth (inches): 7—

Base

Type of Base Course:

fine-grained soil only U"dense-graded untreated aggregate
cement-treated aggregate asphalt-treated aggregate
lean PCC open-graded drainage layer

Modulus of Subgrade Reaction on Top of Base (psi/inch) (See k-value
correlation chart in "Supplemental Information"):

Subgrade

Predominant Subgrade Soil AASHTO Classification (See Unlfled AASHTO
conversion table In "Supplemental Information"):

Are swelling soils a problem in your area? yes v o

If so, were steps taken in construction of the pavement to
correct the swelling soil problem? yes no

Shoulder

Type, of Shoulder:
v ac
tied PCC

Width of Shoulders (feet): b inner 1 outer

Inner Lane Slope Direction:
v’ toward outer lane
toward inner shoulder
Traffic

Estimated Current Through Two-way ADT: 'ba 500

Percent Commercial Trucks (excluding pickups and panels): 20

Total Number of Lanes in Direction of Survey: _. e

Future Truck Traffiec Volume Growth Rate "
(percent increase per year):

Figure 9. Project survey sheets for I-57 example (continued).
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Total Accumulated 18-kip Equivalent Single Axle Loads (ESALs) from
Date of Construction to Date of Survey (millions) (See procedure for
computing ESALs in AASHTO Guide for Design of Pavement Structures,

Appendix D, 1986):

LANE TWO LANE ONE
(inner) (outer)
0.9 8.0

Figure 9. Project survey sheets for I-57 example (continued).
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PROJECT MONITORING DATA

Ride Quality
Rate the ride quality of the pavement in each lane during a drive over the entire project at the posted speed
limit, Two or mere people should participate in the survey. CObtain ratings for each lane from each person

and report the average values below.

[+] 1 2 3 4 5 LANE TWO LANE ONE
Fommmmma—an fmmmm———— fmm————— fmmmm———— EEL LR R + (inner) (outer)

Very Poor Poor Fair Good Very Good
31 s z Al a

Terminal Treatments
Stop at the beginning and end of ths projsct whare the pavement abuts diffarent pavemsnt types, and also at
each bridge which the pavemant abuts within the project, and observe the condition of the terminel

treatments present.

Number of deteriorated anchor lug terminal treatments o o

(i.e., M-E roughness due to rotation of anchor lugs):

Number of expansion joint terminal treatments o o

which are completely closed:

Figure 9. Project survey sheets for I-57 example (continued).
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SAMELE UNIT MONITORING DATA

Collect the following information for each traffic lane and for both shoulders du:i:ns an inspection of each sample
unit. A length of approximately one half mile is recommended for each sample unit surveyed. The survey may include
driving slowly on the shoulder, atopping on the shoulder, and (with extreme caution) walking on the shoulder to make
measurements. More then one pass over thes project will probably be needed to obtain all the information requested.
Refer to NCHRP Report Ro. 277 for standard definitions of distress, severity, and measurement instructions.

Sample Unit Jdentification

Sample Unit Kumber: I Starting Milepost: 230'1 Length of Sample Unit (feat): 26"0
fatlures (sta.25€ +00) (0.5 mile)
LANE TWO LANE ONE
(innar) {outer)
Number of deteriorated transverse cracks, M-8 only: ' 4
Fumber of full-depth repairs: [ ! 3
Fumber of deteriorated full-depth repairs, M-H only: _L _l_
Number of punchouts: o 'o
© o

Number of deteriorated comstruction joints (M-E anly):

Longitudinel Joint

Total lemgth of longitudinal cracking, M-E only (fast): __L a
Total length of longitudinal joint spalling, M-H only (feet): _L
¥hat is the general condition of the longitudinal joint sealant? — L

2
Iransverse Crack Spacing

Select a section of the pavemant several hundred feet long for datermining the transverse crack spacing.
Measure the section with a wheel and count the number of transverse cracks cbserved.

Length of section: sw sw
Number of transverse cracks: 4q 49

Figure 9. Project survey sheets for I-57 ¢xample (continued).
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Foundation Movement

Humber of settilements (M-BE only):

Number of heaves (M-H only):

Dreinagse

Are longitudinal subdrains present and functional along the sample unit?.

v

What is the typical height of the pavement surface above the side ditchline (feet)?

Do the ditches have standing water or cattails in them?
Extent of visihle evidence of pumping or water hleeding on
pavement or shoulder (indicate the highest level of severity
occurring in the aample wunit):
Surface Condition
Method used to texturs the pavement surface at construction:
transverse tining
other
Ie the surface polished emooth in the wheelpaths?

Is significant atudded tire rutting (0.25 inch or mors)
evident in the wheel patha?

Conctrete Durability

Number of areas spalled (M-8 only) due to "D" cracking:

Number of areas spalled (M-B only) due tc reactive aggregate distress:

Extent of sceling (indicate highest smeverity level prasent):

Previous Repair

Has diamond grinding been dona?

Has grooving heen done?

Figure 9. Project survey sheets for I-57 example (continued).
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AC Shoulders (Check all that apply.)

Alligator cracking

Linsar cracking

Weathering/ravelling

Lane/shoulder joint dropoff

Settlements or heaves along outer edge

Blowholes at transverse joints

Lane/shoulder joint sealant condition (good = well sealed or
width < 0.10", poor = poorly sealed and width > 0.10")

PCC_Shoulders (Check all that apply.)

Transverse or longitudinal cracking or corner breaks

"D" cracking or reactive aggregate distress

Settlements or heaves aleng outer edge

Lme/shoulder joint sealant conditicon (good = well sealed or
width « 0.10", poor = poorly sealed and width > 0,10")

Figure 9. Project survey sheets for I-57 example (continued).
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SAMPLE UNIT MONITCRING DATA

Collecet the following information for each traffic lane and for both shoulders during an inspectien of each sample
unit. A length of approximately one half mile is recommended for each sample unit surveyed. The survey may include
driving slowly on the shoulder, stopping on the shoulder, and (with extreme caution) walking on the shoulder to make
measuraments. More than cone pass over the project will probebly be needed to cbtain all the information requested.
Refer to NCHRP Report Ko. 277 for standerd definitions of disLress, severity, and measurement instructions.

s le Unit Identification

Sample Unit Number: z Starting Milepost: z 3' Length of Sample Unit (feet): &
0.5 mile)

LANE TwO LANE ONE
(inner) (outer)

2

Failures

Humber of deteriorated trensverse cracks, M-H only:

Number of full-depth repairs:

Number of deteriorated full-depth repairs, M-H only:

Humber of punchouts:

{
o
¢

)

00""‘°

Nurber of deteriorated comstruction joints (M-H only):

Longitudinal Joint

o
)

Total length of longitudinal cracking, M-H only (feelL):

Total length of longitudinal joint epalling, M-H only (feet): _o_

What is the general condition of the longitudinal joint sealant? L

Iransverse Crack Spacing

Selact a mection of the pavement seversl hundred feet long for determining the transverse crack spacing.
Measure the section with a wheel and count the number of transverse cracks observed.

Length of section: 500 s °°
Number of trensverse cracks: qq qq

Figure 9. Project survey sheets for I-57 example (continued).

111



LANE TWO LANE ONE
(inner)} {outer)

Foundation Movament
Number of settlements (M~E only): L L

Nuxmber of heeves (M-EH only): o °

Drainage

Are longitudinal subdrains present and functional elong the sample unit? yes no

What is the typical height of the pavement surface above the side ditchline (feet)? 8

Do the ditches have standing water or cattails in them? / yes ne

Extent of visible evidence of pumping or water blesding om ,
pavement or shoulder (indicate the highest level of severity

occurring in the sample unit):

I X o=
T I o=

Surface Condition

Method used to texture the pavement surface at constructicn:
transverse tining

t other

Is the surface polished smooth in the wheelpaths? yes _Z yes

Is significeant studded tire rutting (0.25 inch or more) yes
evident in the whael paths? _tno w” no

Concreta Durability
Nurber of areas spalled (M-H only) due to "D~ cracking: Q a
Numher of areas spalled (M-H only) due to reactive aggregate distress: o o

Extent of scaling (indicate highest severity level present): z N

x
T X =

Previous Repair

Has diemond grinding been done? es vES

Ve P

Has grooving been done?" ves

;no i no

Figure 9. Project survey sheets for [-57 example (continued).
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AC Shoulders (Check all that apply.)

Alligator cracking

Linear cracking

Weathering/ravelling

Lane/shoulder joint dropoff

SetLlements or heaves along outer edge

Blowholes at transverse joints

Lene/shoulder joint sealant condition (good = well sealed or
width < 0,107, poor = poorly sealed and width > 0.10")

PCC Shoulders (Check all that apply.)
Transverse or lengitudinal cracking or corner breeks
"D" cracking or reactive aggregate distress

Settlesents or heaves along outer edge

Lane/shoulder joint sealant condition (good = well sealed or
width < 0.10", poor = poorly sealed and width > 0.10")

Figure 9. Project survey sheets for I-57 example (continued).
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This is performed with the following equation:

n
value; * 5280 1
Average Per Mile = E Tength, - T
i=1
where: n = number of sample units

value; = quantity of data item to be averaged in sample unit i

length; = length of sample unit i, fect

Using this equation, the following extrapolated quantities were computed for I-57
for the data items with nonzero values Jr)ounded to the nearest whole number):

Extrapolated Quantity
Data Item innerjane _ _outerlame
Punchouts 0 /mile 14/ mile
Deteriorated transverse cracks 1/ mile 7/mile
Full-depth repairs 1/mile 14 / mile
Deteriorated full-depth repairs 1/ mile 3/ mile
Transverse crack spacing 10.2 ft [3.1m] 10.2 ft [3.1 m]

6.2.2 Toggle Values
For CRCP, the following toggle data items must be extrapolated:
e  Pumping.

Polished wheelpaths.

Studded tire rutting.

Previously performed grinding.
Previously performed grooving.
Longitudinal joint sealant damage.
Scaling.

Shoulder distresses.

Extrapolation of toggle data items is performed by converting the toggle values
given in each sample unit to numerical values (e.g., none = 1, some = 2, and
extensive = 3), averaging the numerical values, and rounding off the result to the
nearest whole number.

6.3 EVALUATION OF PRESENT CONDITION

Evaluation of a CRCP project is conducted using the evaluation decision trees
developed for the following nine problem areas:

L. Structural adequacy.
2. Drainage.
3. Foundation movement.
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Durability.

Skid resistance.

Roughness.

Longitudinal joint construction and sealant condition..
Construction joints and terminal treatments.
Shoulders. ‘

RN

As described in chapter 3, certain critical distress and serviceability levels
in the evaluation decision trees are subject to modification by the engineer. The
levels which may be modified for CRCP and their default values are shown below. The
evaluation conclusions reached for for the I-57 example using the default critical
distress and PSR levels are shown in figure 10.

Types of physical testing recommended for I-57 include nondestructive testing
for structural analysis, crack load transfer, and void detection; and coring and
materials evaluation for structural analysis. Roughness and skid resistance
deficiencies were noted in the evaluation, but since the pavement requires a
structural improvement, roughness and skid measurement are not warranted.

Distress/Serviceability Default Critical Level

PSR 2.0 for ADT < 3,000
2.5 for 3,000 <« ADT < 10,000
3.0 for ADT > 10,000

Settlements 5 per mile

Heaves , 5 per mile

Failures (punchouts, full-depth repairs,

and deteriorated transverse cracks) 10 per mile

Longitudinal cracking 500 feet per mile

[lin=254cm, 1ft=03048m, 1mile=1.61km]

6.4 PREDICTION OF FUTURE CONDITION

The predictive model given in appendix C3 for CRCP failures (punchouts,
deteriorated transverse cracks, and full-depth repairs) was used to predict the
future condition of I-57 without rehabilitation. The model was calibrated to the
existing condition of the pavement at the time of the survey (1986). The results
for I-57 are shown in table 19.

The future predictions are used to reevaluate the pavement each year for 20
years into the future, and identify the years in which the predicted number of
failures will reach a critical level. The critical level used here is the same as
that used in the evaluation of the pavement’s present condition (for the I-57
example, the default values were used). The results are shown in figure 11.

6.5 REHABILITATION STRATEGY DEVELOPMENT
One or more rehabilitation strategies can be developed for a CRCP project using

the decision trees provided in appendix C4. The procedure for developing a
rehabilitation strategy is thoroughly described in chapter 3.
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Figure 10. Evaluation of present condition for I-57 example.

CURRENT PAVEMENT EVALUATION

[T TR TR TSP R YRS L RSP TR RN LRSI SR LR AR LR LR LA L LA L LA L LR LR LA L fI LRl Rl il il lllY ]

LANE 1

ARG F AR AN R RN RN R R ARGV RSN R RR SN SN RN OO RN NGNS ECN NN RS S G R GN SRR ON A SN NN MG NN RN SN NS R RSSO RS

CONSTRUCTION JOINTS AND TERMINAL TREATMENTS:

No construction joint or terminal treatment deficiency is indicated in lane 1.

a. do nothing

LONGITUDINAL JOINT CONSTRUCTION AND SEALANT CONDITION:

Pavement deterioration in lane 1 may be accelerated by water infiltration permitted by poor longitudinal joint
sealant condition.

a. reseal longitudinal joint

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

a. do nothing

ROUGHNESS:

Poor rideability in lane 1 is indicated by 10 or more punchouts and/or deteriorated transverse cracks and/or
full-depth repairs and/or deteriorated construction joints per mile, and an unacceptably low PSR for the
pavement’s ADT level. :

a. full-depth repair of slab failures

b. non-structural overlay

DURABILITY:

The pavement in lane 1 shows no indications of significant surface or concrete durability problems.

a. do nothing

STRUCTURAL DEFICIENCY:

Structural deficiency of the pavement is indicated in lane 1 by 10 or more punchouts and/or deteriorated
transverse cracks and/or full-depth repairs and/or deteriorated construction joints per mile.

a. full-depth repair of slab failures, AC structural overlay
b. full-depth repair of slab failures, PCC bonded overlay
¢. full-depth repair of slab failures, PCC unbonded overlay
C. reconstruct

116



Figure 10. Evaluation of present condition for I-57 example (continued).

SKID RESISTANCE:

Loss of skid resistance in lane 1 is indicated by polished wheel paths.

a. grooving
b. AC nonstructural overlay

FOUNDATION MOVEMENT:

A potential for frost beave is indicated by a mean Freezing Index greater than 0.
a. do nothing

DRAINAGE:

A drainage deficiency is indicated in lane 1 by medium- to high-severity pumping occurring in a wet or wet-dry
climate.

a. install or repair longitudinal subdrains, subseal

PECI SRS RSNt NN EE SN RSP R E O RS P EN S RN NSNS EER N NN P E NPT O E N NS NN E C O RN T SN ER SN U AR PR NN R NN O X ®

LANE 2

LI LI AL I RN LI L L PR T R R T Y P T T R P T S TR P R R RN R YT PR PR P RS YT YR I Y

CONSTRUCTION JOINTS AND TERMINAL TREATMENTS:

No construction joint or terminal treatment deficiency is indicated in lane 2,

a. do nothing

ROUGHNESS:
Rideability in lane 2 is acceptable.
a. do nothing

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

a. do nothing
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Figure 10. Evaluation of present condition for I-57 example (continued).

STRUCTURAL DEFICIENCY:

A potential structural deficency of the pavement in lane 2 is indicated by between 1 and 9 punchouts and/or
deteriorated transverse cracks and/or full-depth repairs and/or deteriorated construction joints per mile.

a. full-depth repair of slab failures

A potential structural deficiency of the pavement in lane 2, in the form of a high probability for transverse crack
deterioration, is indicated by an average transverse crack spacing of more than 10.0 feet.

a. do nothing

SKID RESISTANCE:

The method used to texture the original pavement surface may contribute to loss of skid resistance in lane 2 in
the future.

a. do nothing
FOUNDATION MOVEMENT:

A potential for frost heave is indicated by a mean Freezing Index greater than Q.
a. do nothing '

DRAINAGE:

The pavement in lane 2 shows no indications of a drainage deficiency.

a. do nothing
LA L LIRS PR LI L LRI IR TR IRl TR I LRI IR LTI IR N YR YLl ET I EY

INNER SHOULDER

LI LA LA LA R P TLEL LIRS L Il l a tT I I IR ITIIEYPTRILL R YT Rl  TyIty)

Excessive infiltration of water beneath the pavement and inner AC shoulder is indicated by poor lane/shoulder
joint sealant condition.

a. reseal lane/shoulder joint
b. do nothing

SORENANTEERI N A AN RN R SRR AR ARG R R PR R AN RN SRS A RN AR NS R AR RN NS b AR AR RN RN R SRR kR R

OUTER SHOULDER

LLL AR TR LN L LT IR LIl T LRI PRI e Y NI ST T IR YL T Iy ysy

Excessive infiltration of water beneath the pavement and outer AC shoulder is indicated by poor lane/shoulder
joint sealant condition.

a. reseal lane/shoulder joint
b. do nothing
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Table 19. Future condition predictions for I-57 example.

TOTAL FAILURE PROJECTIONS FOR LANE 1

Cumulative Annual Year Total

ESAL ESAL Failures
8.0 0.57 1986 35
8.6 0.60 1987 36
9.2 0.63 1988 37
9.9 0.66 1989 38
10.6 0.69 1990 39
11.3 0.73 1991 40
12.1 0.76 1992 41
12.9 0.80 1993 43
13,7 0.84 1994 45
14.6 0.88 1995 47
15.5 0.93 1996 49
16.5 0.97 1997 51
17.5 1.02 1958 54
18.6 1.07 1999 57
19.7 1.13 2000 61
20.9 1.18 2001 64
22.1 1.24 2002 69
23.4 1.31 2003 73
24.8 1.37 2004 78
26.3 1.44 2005 84

18-kip 18-kip per mile

millions millions

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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Table 19. Future condition predictions for I-57 example (continued).

TOTAL FATLURE PROJECTIONS FOR LANE 2

Cumulative Annual Year Total
ESAL ESAL Failures
0.9 0.12 1986 2
1.0 0.13 1987 2
1.2 0.14 1988 2
1.3 0.14 1989 2
1.5 0.15 1990 2
1.6 0.16 1991 2
1.8 0.17 1992 2
2.0 0.17 1993 2
2.1 0.18 1994 2
2.3 0.19 1995 2
2.5 0.20 1996 2
2.7 0.21 1997 3
3.0 0.22 1598 3
3.2 0.23 1999 3
3.4 0.24 2000 3
3.7 0.26 2001 3
4.0 0.27 2002 3
4.2 0.28 2003 3
4.5 0.30 2004 4
4.9 0.31 2005 4
18-kip 18-kip per mile
millions millions

NOTE: These projections are estimates of expected performance based om
predictive models. They should not be taken as exact values, but
instead as relative indicators of performance,
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Figure 11. Evaluation of future condition of I-57 without rehabilitation.

FUTURE PAVEMENT EVALUATION
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LANE 1
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STRUCTURAL DEFICIENCY:

An excessive number of failures in lanc 1 occurs in 1985,
a. full-depth repair of slab failures, AC structural overlay
b. full-depth repair of slab failures, PCC bonded overlay

c. full-depth repair of slab failures, PCC unbonded overlay
d. reconstruct lane

LLELZ LI RN TSR N L ISR AR EN S IRl Rt E R RlE Rl il il it eteltlysdyl

LANE 2

LI e T e T Y T L T Ty L L T Y TR P Y LY R P e R e e P R P Y Y]

STRUCTURAL DEFICIENCY:

Lane 2 is not predicted to produce an excessive number of failures over the next 20 years.
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The evaluation results show that the outer lane of the I-57 example project
currently has a sufficient number of failures per mile to indicate a structural
deficiency, thus requiring a structural improvement. The inner lane does not
exhibit a structural deficiency, and could probably perform well without a
structural improvement for several more years. Therefore, the following types of
rehabilitation strategies are feasible for this project:

e  ACstructural overlay.

e PCCbonded overlay.

e  PCCunbonded overlay.

) Reconstruct outer lane, restore inner lane.
e  Reconstruct both lanes.

The AC structural overlay, PCC bonded overlay, and reconstruct/restore options
were investigated for the I-57 example.

The predictive models provided in appendix CS5 are used to predict the
performance of the rehabilitation strategies developed. These models include
rutting of AC overlays, reflection crack deterioration of AC overlays and failures
of bonded PCC overlays.

6.5.1 AC Structural Overlay Alternative

The rehabilitation techniques and associated quantities making up an AC
structural overlay rehabilitation alternative for I-57 are given in table 20. An
aplpropriate overlay thickness which will satisfy structural requirements must be
selected by the engineer. Table 21 illustrates the predicted performance for an
overlay thickness of 4 inches [10.2 cm].

Reflection cracking is predicted to develop at about the same rate in both
lanes, but rutting develops almost twice as fast in the outer lane as in the inner
lane. Rutting is predicted to reach a critical level of 0.50 in [1.27 cm) in the
ou$t¢:1r3 ]agggin 18 years. The equivalent annual cost over the 5.2-mile project length
is $ 134,909.

6.5.2 Bonded Concrete Overlay Alternative

The list of techniques and associated quantities which would be included in a
bonded concrete overlay rehabilitation alternative for I-57 are given in table 22.
Table 23 illustrates the predicted performance for abonded PCC overlay thickness of
4in [10.2 cm). Other overlay thicknesses could be investigated as well.

The bonded PCC overlay alternative is predicted to perform well. The predicted
number of faiures (punchouts, full-depth repairs and deteriorated transverse cracks)
is predicted to reach a critical level in about 18 years. The equivalent annual
cost of this strategy is $ 249,930.
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Table 20. AC structural overlay strategy for I-57 example.

Complete Rehabilitation Strategy for Outer Lane:

Full-depth repair of failures 995 sq yards
AC structural overlay 36467 sq yards
Reseal longitudinal joint 27350 feet
Install/repair longitudinal subdrains 27350 feet

Complete Rehabilitation Strategy for Inner Lane:

Full-depth repair of failures 83 sq yards
AC structural overlay 36467 sq yards

Complete Rehabilitation Strategy for Outer Shoulder:

AC overlay 30389 sq yards
Reseal lane/shoulder joint 27350 feet

Complete Rehabilitation Strategy for Inner Shoulder:

AC overlay 18234 sq yards
Reseal lane/shoulder joint 27350 feet

[ 1ft=0.3048 m, 1sq yard = 1.2 sq m, 1 cubic ft = 0.028 cubicm ]
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Table 21. AC overlay performance prediction for I-57 example.

PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING AC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : 0

MEDIUM-HIGH
YEAR AGE CUMULATIVE REFLECTIVE RUTTING
ESALs CRACKING
1986 0 0.00 0 0.00
1987 1 0.60 0 0.01
1988 2 1.23 1 0.03
1989 3 1.88 1 0.06
1990 4 2.58 2 0.08
1991 5 3.30 2 0.11
1992 6 4.07 3 0.14
1993 7 4.87 3 0.17
1994 8 5.71 3 0.19
1995 9 6.59 4 0.22
1996 10 7.52 4 0.25
1997 11 8.49 5 0.29
1998 12 9.52 5 0.32
1999 13 10.59 6 0.33
2000 14 11.72 6 0.38
2001 15 12.90 6 0.42
2002 16 14.14 7 0.46
2003 17 15.45 7 0.49
2004 18 16.82 8 0.53
2005 19 18.26 8 0.57
18-kip Number Inches

millions 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 :
Deteriorated 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
an unacceptable level of 0.50 inches in 2004,
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Table 21. AC overlay performance prediction for I-57 example (continued).

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING AC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : 0

MEDIUM-HIGH
YEAR AGE CUMULATIVE REFLECTIVE RUTTING
ESALs CRACKING
1986 0 0.00 0 0.00
1987 1 0.13 0 0.00
1988 2 0.27 1 0.01
1989 3 0.41 1 0.03
1990 4 0.56 2 0.05
1991 5 0.71 2 0.06
1992 & 0.88 3. 0.08
1993 7 1.05 3 0.09
1994 8 1.24 3 0.11
1995 9 1.43 4 0.12
1996 10 1.63 4 0.14
1997 11 1.84 5 0.16
1998 12 2.06 5 0.17
1999 13 2.29 6 0.19
2000 14 2.54 6 0.21
2001 15 2.79 ] 0.23
2002 16 3.06 7 0.24
2003 17 3.34 7 0.26
2004 18 3.é4 8 0.28
2005 19 3.95 8 0.30
18-kip Number Inches

millions 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:
Deteriorated reflective cracking of the AC overlay in lane

2 is not predicted to reach an unacceptable level
within the next twenty years.

Ructing on the AC overlay in lane 2 is not predicted to reach
an unacceptable level within the next twenty years.
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Table 22. Bonded concrete overlay strategy for I-57 example.

Complete Rehabilitation Strategy for Outer Lane:

Full-depth repair of failures 995 sq yards
Bonded PCC overlay 36467 sq yards
Reseal longitudinal joint 27350 feet
Install/repair longitudinal subdrains 27350 feet

Complete Rehabilitation Strategy for Inner Lane:

Full-de(fth repair of failures 83 sq yards
Bonded PCC overlay 36467 sq yards
Complete Rehabilitation Strategy for Outer Shoulder:
AC overlay . 30389 sq yards
Reseal lane/shoulder joint 27350 feet
Complete Rehabilitation Strategy for Inner Shoulder:
AC overlay 18234 s5q yards
Reseal lane/shoulder joint 27350 fgg{

[1ft=0.3048 m, 1sqyard = 1.2 sqm, 1 cubic ft = 0.028 cubicm |
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Table 23. Bonded concrete overlay performance prediction for I-57 example.

PREDICTED PREFORMANCE FOR LANE 1 FOLLOWING BONDED PCC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : O

YEAR AGE CUMULATIVE FAILURES
ESALs

1986 0 0.00 0
1987 1 0.60 0
1988 2 1.23 o
1989 3 1.88 0
- 1990 4 2.58 0
1991 5 3.30 0
1992 6 4.07 1
1993 7 487 1
1994 8 5.71 1
1995 9 6.59 2
1996 10 7.52 2
1997 11 8.49 3
1998 12 9.52 3
1999 13 10.59 4
2000 14 11.72 5
2001 15 12.90 6
2002 16 14.14 7
2003 17 15.45 9
2004 18 16.82 10
2005 19 18.26 12

18-kip number

millions 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.
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Table 23. Bonded concrete overlay performance prediction for I-57 example {continued).

PREDICTED PREFORMANCE FOR LANE 2 FOLLOWING BONDED PCC OVERLAY

YEAR(S) REHABILITATION WILL BE DELAYED : 0

YEAR AGE CUMULATIVE FAILURES
ESALs

1986 0 0.00 0
1987 1 0.13 0
1988 2 0.27 0
1989 3 0.41 0
1990 4 0.56 0
1991 5 0.71 0
1992 6 0.88 0
1993 7 1.05 0
1994 8 1.24 0
1995 9 1.43 0
1996 10 1.63 0
1997 11 1.84 0
1998 12 2.06 0
1999 13 2.29 0
2000 14 2.54 0
2001 15 2.79 0
2002 16 3.06 0
2003 17 1.34 0
2004 18 l. 64 0
2005 19 3.95 1

18-kip number

millions 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.
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6.5.3 Reconstruct/Restore Alternative

The last alternative investigated for the I-57 example was reconstruction of the
outer lane. This alternative seems intuitively to be very appropriate for this
project, since there is significant structural damage in the outer lane (punchouts and
deteriorated transverse cracks), but almost none of this type of deterioration in the
inner lane.

The list of techniques and associated quantities which would be included in a
reconstruct/restore rehabilitation alternative for I-57 are given in table 24. Note
that very little rehabilitation work is required in the inner lane for this strategy.
Table 25 illustrates the predicted 6Serformance for a 9-inch [22.9 cm} CRCP
reconstructed outer lane, with .60 percent reinforcement, a stabilized base with an
effective k value of 200 pci [5.5 kg/cubic cm}, and deformed rebars. All of these
parameters could be varied by the engineer to produce different alternatives with
different costs and predicted lives.

This alternative desiFn performs well for most of the prediction period. In the
reconstructed outer lane, failures per mile are predicted to reach a critical level in
18 years. The restored inner lane 1s not expected to develop a critical number of
failures within the next 20 years. The equivalent annual cost of this alternative is

$ 114,485, substantially less than the bonded overlay cost and even less than the AC
overlay cost.

6.6 REHABILITATION ALTERNATIVE SELECTION

_ The engineer could investigate several variations to the three basic options
illustrated in this example, by changing one or more of the rehabilitation design
parameters. The other two available options, unbonded concrete overlay and
reconstruction of both lanes, could also be investigated.

It must be emphasized again that the responsibility for thickness design and
reinforcement design to meet structural requirements rests with the engineer. The
(ijstem will predict the performance of any design input by the engineer in terms of key

istress types.

Having developed one or more candidate rehabilitation strategics, the engineer
could then use EXPEAR to compute the life-cycle costs of the strategies and identify
the most cost-effective strategy. Cost-effectiveness and other factors will probably
enter into the final selection of the preferred rehabilitation strategy.
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Table 24. Reconstruct/restore strategyr for 1-57 example.

Complete Rehabilitation Strategy for Outer Lane:

Reconstruction 36467 sq yards
Instail/repair longitudinal subdrains 27350 feet

Complete Rehabilitation Strategy for Inner Lane:

Full-depth repair of slab failures 83 sq yards
Complete Rehabilitation Strategy for Outer Shoulder:

Reseal lane/shoulder joint 27350 feet
Complete Rehabilitation Strategy for Inner Shoulder:

Reseal lane/shoulder joint 27350 feet

[ 11t = 0.3048 m, 1sq yard = 1.2 sq m, 1 cubic ft = 0.028 cubicm )
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Table 25. Reconstruct/restore performance prediction for [-57 example.

PREDICTED PERFORMANCE FOR LANE 1 FOLLOWING RECONSTRUCTION

YEAR(S) REHABILITATION WILL BE DELAYED : 0

YEAR AGE CUMULATIVE FATLURES
ESALs
1986 0 0.00 0
1987 1 0.60 0
1988 2 1.23 0
1989 3 1.88 0
1990 4 2.58 0
1991 5 3.30 0
1992 6 4.07 1
1993 7 4.87 1
1994 8 5.71 1
1995 9 6.59 2
1996 10 7.52 2
1997 11 8.49 3
1998 12 9.52 3
1999 13 10.59 4
2000 14 11.72 3
2001 15 12.90 6
2002 le 14.14 7
2003 17 ' 15.45 8
2004 18 16.82 10
2005 19 18.26 12
18-kip number
millions 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:

Total failures on the reconstructed pavement in lane 1 are predicted
to equal or exceed an unacceptable level of 10 failures per mile in 2004.
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Table 25. Reconstruct/restore performance prediction for I-57 example (continued).

PREDICTED PERFORMANCE FOR LANE 2 FOLLOWING RESTORATION

YEAR(S) REHABILITATION WILL BE DELAYED : O

YEAR AGE CUMULATIVE FAILURES
ESALs

1986 23 0.90 0
1987 24 1.03 0
1988 25 1.17 0
1989 26 1.31 0
14990 27 1.46 0
1991 28 1.61 0
1992 29 1.78 0
1993 30 1.95 0
1994 31 2.14 0
1995 32 2.33 0
1996 33 2.53 1
1997 34 2.74 1
1998 35 2.96 1
1999 36 3.19 1
2000 37 3.44 1
2001 38 3.69 1
2002 39 .96 1
2003 40 4.26 1
2004 41 4,54 2
2005 42 4.85 2

1B-kip number

millions 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:

Total failures on the restored pavement in lane 2 is not predicted
to reach an unacceptable level within the next twenty years.
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CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS

A practical and comprehensive system to assist practicing engineers in the
evaluation and rehabilitation of conventional concrete pavements (JPCP, JRCP and
CRCP) has been developed. This was accomplished using a new and innovative approach
that combines human expert knowledge and analytical techniques into a user-friendly
personal computer program.

7.1 CONCLUSIONS

Concrete pavement evaluation and rehabilitation is a complex engineering
roblem which defies traditional analytical solutions, due to the large number of
mnteracting factors involved, and the lack of adequate analytical models to solve
all (or even most) aspects of the problem.

Successful concrete pavement evaluation and rehabilitation currently relies
heavily on the knowledge and experience of experts in the pavement field for
diagnosis of the causes of distress and selection of feasible rehabilitation
techniques which cost-effectively correct the deterioration.

Concrete pavement evaluation and rehabilitation is an ideal subject for a
knowledge-based system application, by which human expertise is compiled,
formalized, and applied to evaluation and rehabilitation of specific concrete
pavement projects.

A knowledge-based system for concrete pavement evaluation and rehabilitation
must incorporate not only the rules but also the reasoning processes used by experts
in order to reach conclustons about the pavement’s condition in an efficient
manner. The use of decision trees was found to adequately represent factual
knowledge and reasoning processes and was e¢asy to understand, examine and revise.

An evaluation procedure based on identifying mechanisms of deterioration rather
than merely categorizing types of distress provides a better understanding of the
causes of distress and the most appropriate rehabilitation techniques.

The selection of rehabilitation techniques and strategies can be effectively
accomplished using a knowledge-based system.

The inclusion of analytical techniques in the form of prediction models was
essential for the system to perform as desired. This permits the prediction of
future pavement life of the existing pavement with no rehabilitation or with
selected rehabilitation techniques. The combining of the human knowledge base
with analytical techniques helps to provide workable solutions for the evaluation
and rehabilitation of concrete pavements.

A knowledge-based system for concrete pavement evaluation and rehabilitation
has been developed to the stage of a demonstration prototype. The system provided
reasonable results in a few example applications, but has not been fully tested over
a wide range of conditions. More than 30 months of professional person-effort was
expended in the development of the system to this stage. The results achieved thus
far demonstrate that the approach used shows great promise in assisting the
practicing engineer in the difficult job of pavement evaluation and rehabilitation.

133



7.2 RECOMMENDATIONS

Extensive field testing, including review by State DOT personnel and case
studies on concrete pavement projects throughout the United States, is needed to
increase the quality, efficiency, speed and rehiability of the system to the level
of a research prototype. Each subtopic addressed by the system could be the subject
of a major research study (e.g., subdrainage evaluation, loss of support evaluation,
load transfer restoration needs). Further work in developing the system is
continuing.

The following are some key items that need further development:

[ Life-cycle cost analysis. The capability to compare rehabilitation
strategy alternatives on the basis of life-cycle costs greatly increases the
usefulness of the system. Ideally, the cost analysis should address unequal
performance periods of different alternatives and should consider additional
costs that cannot now be computed by the program (bridge clearance, guardrail
replacement, side slope improvements, traffic control, user costs, etc.). A
first step toward providing this capability is the addition of a simple
life-cycle cost computation routine in EXPEAR 1.3.

o Delay of rehabilitation. The latest version of EXPEAR, 1.3, includes the
capability to delay rehabilitation up to 5 years. Where appropriate, distress
quantities are increased for each year of delay, using the predictive models
where available or a constant factor (¢.g., 5 percent per year) where models
are not available.

. Improved predictive models. Many models were utilized to Frcdict the
future performance of the existing pavement without rehabilitation and the
performance of the rehabilitated pavement. Most of these models have
significant limitations, and are not applicable nationwide over the range of
climatic zones. The development of improved models is a necessity to improve
the validity of the system. These may best be developed for individual States
or regions of the country (e.g., the southeastern United States). Eventually,
reliable models will be provided by the SHRP/LTPP program. Existing models are
most deficient in predicting the effect of retrofit subdrainage on performance
of the rehabilitated pavement. In EXPEAR 1.3, some models have already been
improved over those used in the original version of EXPEAR.

° Other rehabilitation techniques. The system does not yet consider some
existing concrete pavement rehabilitation techniques for which performance
rediction models are not available. Some key techniques whicg are not
included are AC overlays with fabrics or interlayers, AC overlays with sawed
]and sealed joints, CRCP overlays, and reconstructed pavements with drainage
ayers.

o Physical testing recommendations. The importance of physical testing to
concrete pavement evaluation and rehabilitation design is addressed to a
limited extent in the current system. However, the improvement of the physical
testing recommendations, and the incorporation of physical testing results
directly into the evaluation procedure and the development of rehabilitation
strategies remain among the most urgently needed improvements.
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Extension of the system to existing AC overlaid concrete pavements. The
system currently is restricted to pavements in their first performance period.
Many concrete pavements exist that have been overlaid with AC already and are
in need of further rehabilitation. Work on this addition to the system is
currently underway.

Extension of the system to other pavement geometries, i.c., pavements with
only one or more than two lanes in each direction. This would make the system
more applicable to the variety of concrete pavements throughout the United
States.
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APPENDIX Al

PROJECT SURVEY FOR JRCP

Design Engineer:

Date of Survey {(mo/day/yr): / /

PROJECT INVENTORY DATA

Collect the following information about the project to be evaluated
prior to the actual field survey.

Project Identification

Highway Designation (example I-57):

State:

Direction of Survey:

Starting Milepost:

Ending Milepost:

Climate

Climatic Zone (See climatic zone map in "Supplemental Information"):

wet freeze wet-dry freeze dry freeze
wet freeze-thaw wet-dry freeze-thaw dry freeze-thaw
wet nonfreeze wet-dry nonfreeze dry nonfreeze

Estimated Annual Temperature Range (degrees Fahrenheit):

Mean Annual Precipitation (inches) (See precipitation map in
"Supplemental Information™):

Corps of Engineers Freezing Index (Fahrenheit degree-days) (See
Freezing Index map in "Supplemental Information"):

Slab Construction

Year Constructed:

Slab Thickness (inches):

Width of Traffic Lanes (feet):
PCC Modulus of Rupture (28 days, 3rd-point loading)(psi):

Area of Longitudinal Reinforcement (square inches steel/foot)
(See wire size table in "Supplemental Information"):
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Transverse and Longitudinal Joints

Pattern of Joint Spacing:
uniform -
random

Transverse joint spacing, if uniform (feet):
Transverse joint sequence, if random (feet):

Type of Sealant:

liquid (asphalt)

field-molded (silicone)
preformed compression (neoprene)

Average Transverse Joint Sealant Reservoir Dimensions
Width (inches): Depth (inches):

Method Used to Form Transverse Je¢ints:
sawing
inserts
Unitube inserts

Transverse Joint Sawed Depth (inches):

Type of Load Transfer System:
agpgregate interlock only
dowels

other mechanical devices

I1f dowels are present, dowel bar diameter (inches):
Method Used to Form Longitudinal Joints Between Lanes:
sawing

inserts

Longitudinal Joint Sawed or Formed Depth (inches):

Base

Type of Base Course:

fine-grained soil only dense-graded untreated aggregate
cement-treated aggregate asphalt-treated aggregate
lean PCC open-graded drainage layer

Modulus of Subgrade Reaction on Top of Base (psi/inch) (See k-value
correlation chart in "Supplemental Information"):
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Subgrade

Predominant Subgrade Soil AASHTO Classification (See Unified-AASHTO
conversion table in "Supplemental Information"):

Are swelling soils a problem in the area? yes no

If so, were steps taken in construction of the pavement to
correct the swelling soil problem? : yes no

Shoulder

Iype of Shoulder:
AC
tied PCC

Width of Shoulders (feet): inner outer

Inner Lane Slope Direction:
toward outer lane
toward inner shoulder

Traffic

Estimated Current Through Two-way ADT:

Percent Commercial Trucks (excluding pickups and panels):

Total Number of Lanes in Direction of Survey:

Future 18-kip ESAL Growth Rate (percent per year):

Total Accumulated 18-kip Equivalent Single Axle Loads (ESALs) from
Date of Construction to Date of Survey (millions) (See procedure for
computing ESALs in AASHTO Guide for Design of Pavement Structures,
Appendix D, 1986):

LANE TWO LANE ONE
(inner) {outer)
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PROJECT MONITORING DATA

Ride Quality

Rate the ride quality of the pavement in each lane during a drive over the entire project at the posted speed

limit. Two or more pesople should participate in the survey.

and report the average valua below.

0 2 3 4 5
Fommmm———— ASEEEEEEE e e LT Fommmemoen +
Very Poor Poor Fair Good Very Good
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SAMPLE UNIT MORITORING DATA

Collect the following information for each traffic lane and for both shoulders during an inspection of each
sample unit. A length of approximately 1000 fest in each mile is recommended for esch sample unit surveyed.
If only one sample unit is to be surveyed on the project, a length of at least a half mile is recommtended.
The survey may include driving slowly on the shoulder, stopping on the shoulder, and (with extreme caution)
walking on the shoulder to make measurements. More than one pass over the project will probably be needed
to obtain all the information rsgquested. Refer to NCHRP Report Ro. 277 for standard definitions of distress,

severity, and measurement instructions.

Sample Unit Identificatien

Sample Unit Number: Starting Milepost: Length of Sample Unit (feet):

Use the tally sheet provided to record information on cracking, spalling, and full-depth repairs for each slab
surveyed. Compute the totals and averages indicated on the tally sheet and record these values below.

LANE TwO LANE ONE

{inner} {outer)

Number of deterlorated transverse cracks, M-H only:

Mean faulting at deteriorated transverse cracks (inches):

Kumber of deteriorated transverse joints, M-B including blowups:

Mean faulting at transverse joints (inches):

Number of transversa joints:

Meoan faulting at full-depth repair joints (inches):

Number of full-depth raepair joints:

Number of full-depth repairs:

Number of cormer breaks:

Longitudinal Joint

Total length of longitudinal crackling, M-H only (feet):

Total length of longitudinal joint spalling, M-BH only (feet):
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Cracking at Transveree Joints

Number of transverse joints with transverse cracks within 2 feet:

Foundation Movement

Rumber of settlementa (M-H only):

Number of heaves (M-H only):

Qrainage

Are longitudinal subdrains present and functional along the sample unit?

What is the typical height of the pavement surface above the side ditchline (feat)?

Do the dit.ches have standing water or cattails in them?

Loss of Support

Extent of viaible evidence of pumping or water bleeding on
pavezent or shoulder (indicate the highest level of severity
occurring in the sample unit);

Surfmce Condition

Mathod used to texture the pavement surface at comstruction:
tranaverae tining
other

Is the surface polished smooth in the wheelpaths?

Ie asignificant studded tire rutting {0.25 in:h\br\Fn:e)
evident in the wheel paths? -

Joint Sealant Condition N
What is the general condition of the transverse joint semlant?

What is the general condition of the longitudinal joint sealant?

Are substential amounts of incompressibles visible in the transverse joints?
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Concrete Durability

Extent of "D" cracking at joints and cracks (indicate highest severity level
present in sample unit): '

Extont of reactive aggrogate distress (indicate highest severity level
present in sample unit):

Extont of scaling (indicate highest severity level present in sample unit):

Brevious Repair

If full-depth repairs are present, mre they dowelled?
Are partial-depth repairs (rigid material only) present at
most of the joints?

Has diamond grinding been done?

Has grooving been done?
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IXNER SHCULDER OUTER SHOULDER
AC Shoulders (Check all that apply.)

Alligator cracking none none
some some
extensive extensive

Linear cracking none _____ none
some some
axtensive extensive

Weathering/ravelling none —__ none
some __ some
extensive extensive

Lane/shoulder joint dropoff none none
<" <1"

»1" >1"

Settlements or heaves along outer edge none nene
some some
extansive — extensive

Blowholes at transverse joints none none
some ____ some
extensive extensive

Lane/shoulder joint sealant condition (good = well sealed or good good
width < 0.10", poor = poorly sealed and width > 0.10") poor poor
ECC Shoulders (Check all that apply.)

Transverse or longitudinal cracking or corner breaks none none
some some

- extensive extensive
“D" cracking or reactive aggregate distresa none none
some some

extensive extensive
Settlements or heaves along outer edge none none
some some

extensive extensive
Lane/shoulder joint sealant condition (good = well sealed or good good
width < 0,10", poor = poorly sealed and width > 0.10") poor poor
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WIRE SIZES, WEIGHTS AND STEEL AREAS PER FT. OF WIDTH

Cross Sections| Areas, Sq. In. Per Lin. Ft.

Wire Size Number N.ﬂrllll'l‘ NOI‘!‘IIIII‘ Canter to Conter Sgau'ng
Smooth Deformed Diemetar, Weight
Inchex Lbs/Lin. Ft. T k 4" 6" . 3 107 127
W1 o 0628 1.054 1.86 1.24 9] 52 | .485 312 ) |
waia pDio 0618 1.020 1.80 1.20 R:1) .60 | .45 ] .30
w2a D28 0.597 952 1.68 1.12 .B4 56 | 42 J38 .28
w26 D26 0.575 934 1.56 1.04 i} | S2 | .29 212 .28
w24 024 0.553 418 1.44 98 12 48 | .38 288 24
w22 D22 0.529 748 1.22 .88 .B6b -7 S & | 264 22
1 rd] 020 -0.504 .680 1.20 .80 .60 .40 { .30 24 .20
wig D18 0.478 h12 1.08 J2 .54 J6 | .27 218 18
wib 016 0.451 544 a8 .64 A3 J2 ) .24 J92 .16
wid D14 0.422 A78 .84 .58 42 28 | .21 .168 14
w12 012 0.350 408 J2 .43 .38 24 | 18 144 A2
win D11 0.374 J1a .66 44 43 .22 | .16% a1 11
W10.5 0.366 3587 .53 42 315 21 | 197 128 108
wio D10 0.358 .40 .60 .40 .30 20 | 18 A2 10
wa.5 0348 323 57 .38 .285 A9 | 142 18 .05
w9 03 0.138 .306 .54 16 27 g8 | 125 108 .09
wa.s 0.129 289 51 J4 255 A7 | a1 102 085
wa o8 0.219 272 A48 J2 28 A8 | 12 .038 A8
WS 0.309 2585 45 .30 225 A8 | 112 .09 078
w? a7 0.298 .218 A2 28 21 A4} 108 .n84 .07
W6.5 0.288 21 39 .26 198 A3 ] .09 078 .065
11 06 0276 204 .36 24 .18 A2 1 .09 072 .08
ws.9 0.264 137 AJ3 22 .16% 1 ] .082 .066 055
ws 05 0.252 170 .30 .20 A5 JA0 | .075 .06 .05
ws.5 1.240 151 27 .18 138 .09 | .067 054 .04%
wa D4 0.225 136 24 16 A2 .08 | .06 ".048 .04
NOTE: Wirs sizes other than thas litred ahore may be produced proveded 1he Qusntity requreed 11 sutticient to fustify manulacure
Area of Reinforcement (Square Inches of Steel/Foot), Source: Concrete

Reinforcing Steel Institute.
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(1) For 1he basic idea. see O. . Porter, "Foundalions for Fiexible Pavements.™ Highway Research Board Procaedings of the Twenty-second Annual

Meeting, 1942, Vol. 22, pages 100-136.
(2) ASTM Designation 02487,
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Subgrade K-value Correlation to Soil Classifications and Bearing

Values.
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BASE TYPE

) fine-grained soil only: use k-value of subgrade soil
* dense-graded aggregate
Subgrade
k-value, Subbase Thickness, in
(psi/in) 4 6 9 12
50 65 75 85 110
100 130 140 160 190
200 220 230 270 320
300 320 330 370 430
. cement or asphalt treated aggregate, lean concrete
Subgrade
k-value, ' Subbase Thickness, in
(psi/in) 4 6 8 10
50 170 230 310 390
100 280 400 520 640
200 470 640 830 ---

k-value on top of base course (directly beneath PCC slab)
Source: "Thickness Design for Concrete Highway and Street
Pavements," Portland Cement Association
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APPENDIX A2
EVALUATION DECISION TREES AND CONCLUSIONS FOR JRCP

ior Problem Areas for JR

. Structural Adequacy

- Drainage

. Foundation Movement
. Durability

. Skid Resistance
Roughness

. Joint Construction

. Joint Sealant

. Load Transfer

W 00 N A A WO e

10. Loss of Support
11. Joint Deterioration

12. Shoulder
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JRCP STRUCTURAL DEFICIENCY
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Structural Adequacy

STR1 Structural deficiency of the pavement is indicated by [ 25 ] or
more corner breaks per mile.

a full-depth repair of corner breaks, AC structural overlay
b full-depth repair of corner breaks, crack and seat and
AC structural overlay
¢) full-depth repair of corner breaks, PCC bonded overlay
dg full-depth repair of corner breaks, PCC unbonded overlay
e reconstruct

STR2  Structural deficiency of the pavement is indicated by [ 850 ] or
more feet 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
¢) full-depth repair of cracks, PCC bonded overlay
d full-depth repair of cracks, PCC unbonded overlay
e reconstruct

STR3 Structural deficiency of the pavement is indicated by
significantly more transverse crack deterioration than in the
next inner lane.

813 full-depth repair of cracks, AC structural overlay
full-depth repair of cracks, crack and seat and
AC structural overlay

c) full-depth repair of cracks, PCC bonded overlay
dg full-depth repair of cracks, PCC unbonded overlay
e reconstruct
STR 4 Structural deficiency of the pavement is indicated by a wet or
wet-drly climate, a slab thickness of (x) inches, and (y) million
annual 18-kip ESALs.

a AC structural overlay

b crack and seat and AC structural overlay
¢) PCCbonded overlay

d) PCCunbonded overlay

STRS Structural deficiency of the pavement is indicated by a dry
climate, a slab thickness of (x) inches, and (y) million annual
18-kip ESALs.

ag AC structural overlay

b crack and seat and AC structural overlay
c) PCChbonded overlay

d) PCCunbonded overlay

Note: Values in brackets [ ] are default critical levels. User may
modify these values.
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STR 6

STR7

STR 8

The pavement exhibits some load-associated distress (between 1
and { 24 ] corner breaks per mile) which requires repair but

does not indicate a structural deficiency.

(a)  full-depth repair of corner breaks

The pavement shows no indications of structural deficiency.

(a) donothing

The pavement exhibits some load-associated distress (between 1
and [ 849 ] feet of deteriorated transverse cracks per mile)

which requires repair but does not indicate a structural
deficiency.

(a)  full-depth repair of cracks
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JRCP DRAINAGE DEFICIENCY
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Drainage
DRN 1

DRN2

DRN3

DRN 4

DRN)5

DRN 6

DRN7

A drainage deficiency is indicated by pumping occurring
in a wet or wet-dry climate.

a install or repair longitudinal subdrains
b install or repair longitudinal subdrains, scal all
joints and cracks

An intermittent drainage deficiency is indicated by
high-severity pumping occurring in a dry climate.

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

A drainage deficiency is indicated by faulting greater
than [ 0.26 ] inches occurring in a wet or wet-dry climate.

a install or repair longitudinal subdrains
b instalt or repair longitudinal subdrains, seal all
joints and cracks

A drainage deficiency is indicated by faulting greater
than [ 0.26 ] inches occurring in a dry climate.

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

An intermittent drainage deficiency is indicated by faulting
greater than [ 0.26 ] inches and low- or medium-severity pumping
occurring in a dry climate.

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

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, and a
fine-grained soil base.

(a) install or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, a
dense-graded untreated aggregate base, an (x) subgrade, standing
water in the ditches and/or an inadequate ditch depth, and heavy
traffic of (y) million annual 18-kip ESALs.

(a) install or repair longitudinal subdrains
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DRN S8

DRNY

DRN 10

DRN 11

DRN 12

DRN 13

DRN 14

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, a
dense-graded untreated aggregate base, an (x) subgrade, and
heavy traffic of (y) million annual 18-kip ESALs.

(a)  install or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,

absence or poor functioning of longitudinal subdrains, a (x)

base, an (Y) sut:irade, standing water in the ditches and/or an

inadequate ditch depth, and heavy traffic of (z) million annual

18-kip ESALs.

(a) install or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,

absence or poor functioning of longitudinal subdrains, a (X)

base, an (y) subgrade, and heavy traffic of (z) million annual

18-kip ESALs.

(a)  install or repair longitudinal subdrains

A drainage deficiency is indicated by a dry climate, absence or

goor functioning of longitudinal subdrains, a fine-grained soil
ase, and heavy traffic of (x) million annual 18-kip ESALs.

(a) install or repair longitudinal subdrains

A drainage deficiency is indicated by a dry climate, absence or

poor functioning of longitudinal subdrains, a (x) base, an (y)

subgrade, standing water in the ditches and/or an inadequate

ditch depth, and heavy traffic of (z) million annual 18-kip

ESALs. ‘

(a) install or repair longitudinal subdrains

The pavement shows no indications of a drainage deficiency.

(a) do nothing

For the pavement’s current traffic level, no significant
drainage deficiency is indicated.

(a)  do nothing
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JRCP FOUNDATION MOVEMENT
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Foundation Movement

FDN 1

FDN 2

FDN 3

FDN 4

FDNS5

FDN 6

FDN 7

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

(a)  do nothing

Foundation movement, likely due to either frost heave or
localized consolidation, is indicated by settlements and/or
heaves.

a reconstruct heave areas, AC level-up settled areas
b reconstruct heave areas, slab jack settled areas

The pavement shows no indications of foundation movement.
(a) donothing

Foundation movement, likely due to localized consolidation, is
indicated by settlements and/or heaves.

a reconstruct heave areas, AC level-up settled areas
b reconstruct heave areas, slab jack settled areas

A potential for foundation movement exists, since the pavement
is in a swelling soils area and no measures were taken during
construction to control soil swelling.

(a) donothing

Foundation movement, likely due to either localized
consolidation or unsuccessful construction measures to control
swelling, is indicated by settlements and/or heaves.

a reconstruct heave areas, AC level-up settled areas
b reconstruct heave areas, slab jack settled areas

Foundation movement, likely due to either localized
consolidation or lack of construction measures to control
swelling, is indicated by settlements and/or heaves.

a reconstruct heave areas, AC level-up settled areas
b reconstruct heave areas, slab jack settled areas
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JRCP DURABILITY DEFICIENCY

| "D" CRACKING |

none LM H
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Durability
DUR 1

DUR 2

DUR3

DUR 4

DURS5

DUR 6

Poor durability of the concrete is indicated by low- to
medium-severity "D" cracking.

(a)  full-depth repair of joints, reseal transverse joints

Poor durability of the concrete is indicated by high-severity
"D" cracking.

a unbonded PCC overlay
b reconstruct

Poor durability of the concrete is indicated by low- to
medium-severity reactive aggregate distress.

(a) full-depth repair of joints, reseal transverse joints

Poor durability of the concrete is indicated by high-severity
reactive aggrepate distress,

ga unbonded PCC overlay
b reconstruct

Poor durability of the concrete surface is indicated by
high-severity scaling.

a)  do nothing
b AC nonstructural OL

The pavement show no indications of significant surface or
concrete durability deficiencies.

(a) donothing
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JRCP SKID RESISTANCE DEFICIENCY

[ POLISHED WHEELPATHS |

yes no
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RUTTING RUTTING

> 0.25" /\< 0.25" > 0.25" < 0.25"
[sko 1] {skb 2]
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TEXTURE

tined other
SKD 4
GRINDING OR
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yes no

{SKD 6] |SKD 5]
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Skid Resistance
SKD 1 Loss of skid resistance and potential for hydroplaning are

indicated by polished wheel paths and studded tire rutting of
0.25 inches or more.

a grinding
b AC nonstructural OL

SKD?2 Loss of skid resistance is indicated by polished wheel paths.

b grinding

ag grooving
¢)  ACnonstructural OL

SKD 3 Loss of skid resistance and potential for hydroplaning are
indicated by studded tire rutting of 0.25 inches or more.

a grinding
b AC nonstructural OL

SKD 4 The pavement shows no indications of loss of skid resistance or
hydroplaning potential.

(a) donothing

SKD 5 The method used to texture the original pavement surface may
contribute to loss of skid resistance in the future.

(a) donothing

SKD 6 Adequate skid resistance is indicated by surface restoration
(grinding or grooving) having been performed on the pavement.

(a) donothing
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JRCP ROUGHNESS DEFICIENCY

[ TwWo—WAY ADT |

< 3,000 3,000 to 2 10,000
10,000
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[RGH 6
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Roughness
RGH 1

RGH?2

RGH 3

RGH 4

RGH)5

RGH6

Rideability is acceptable.

(a) donothing

Poor rideability is indicated by total faulting of more than
£34 ] inches per mile at joints, cracks, and full-depth repairs

if present), and an unacceptably low PSR for the pavement’s ADT
level.

a grinding
b AC nonstructural OL

Poor rideability is indicated by [ 5 | or more settlements per
mile and an unacceptably low PSR for the pavement’s ADT level.

a AC level-up settlements
b slab jack settlements

Poor rideability is indicated by [ 5 ] or more heaves and an
unacceptably low PSR for the pavement’s ADT level.

(a)  reconstruct heaves

Poor rideability is indicated by [ 27 ] or more deteriorated
joints per mile and an unacceptably low PSR for the pavement’s
ADT level.

(a) full-depth repair of joints

Poor rideability is indicated by an unacceptably low PSR for the
pavement’s ADT level.

a grinding
b AC nonstructural QL
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JRCP JOINT CONSTRUCTION DEFICIENCY
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Joint Construction Deficiency

JITC1

JTC2

JTC3

JTC4

JTCS

JTC6

JTC7

JTC8

JTC9

A longitudinal joint construction deficiency is indicated by
longitudinal joint spalling.

(a)  partial-depth repair of longitudinal joint

A longitudinal joint construction deficiency, likely due to an
inadequate depth of saw cug, is indicated by longitudinal
cracking.

a seal longitudinal cracks
b) stitchlongitudinal cracks

A longitudinal joint construction deficiency, likely due to late
sawing, is indicated by longitudinal cracking.

(a seal longitudinal cracks
b)  stitchlongitudinal cracks

A longitudinal joint construction deficiency, likely due to
inadequate depth of plastic insert placement, is indicated by
longitudinal cracking.

a seal longitudinal cracks
b stitch longitudinal cracks

A longitudinal joint construction deficiency, likely due to the
use of plastic inserts, is indicated by longitudinal cracking.

a seal longitudinal cracks
b stitch longitudinal cracks

The pavement shows no indications of a longitudinal joint
construction deficiency.

(a) do nothing

A transverse joint construction deficiency, likely due to the
use of Unitubes, is indicated by partial-depth repairs at most
of the transverse joints.

(a) donothing

A potential transverse joint construction deficiency is
indicated by the use of Unitubes, which may cause transverse
joint spalling in the future.

(a) donothing

A transverse joint construction deficiency, likely due to the
use of Unitubes, is indicated by [ 27 | or more deteriorated
transverse joints per mile.

(a)  partial-depth repair
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JTC10

JTC11

JTC12

JTC13

JTC 14

The pavement shows no indications of a transverse joint
construction deficiency. '

(a) donothing

A transverse joint construction deficiency, likely due to an
inadequate depth of saw cut, is indicated by transverse cracking
within 2 feet of transverse joints.

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

A transverse joint construction deficiency, likely due late
sawing, is indicated by transverse cracking within 2 feet of
transverse joints.

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

A transverse joint construction deficiency, likely due to
inadequate depth of placement of plastic inserts, is indicated
by transverse cracking within 2 feet of transverse joints.

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

A transverse joint construction deficiency, likely due to use of
lastic inserts, is indicated by transverse cracking within 2
eet of transverse joints.

Ea; seal cracks near transverse joints

b l_oad transfer restoration at cracks near transverse
joints, seal cracks at transverse joints
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L91

JRCP JOINT SEALANT DEFICIENCY
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Joint Sealant

JIS1

JIS2

JTS3

JIS 4

JTSS

JTS 6

The pavement shows no indications of a joint sealant deficiency.
(a) donothing

Although the existing sealant is in good condition, a transverse
joint sealant deficiency is indicated by an inadequate joint
sealant reservoir shape factor for the existing sealant type.
This is likely to hinder the performance of the sealant in the
future.

a do nothing

b reseal transverse joints
Although the existing sealant is in good condition, a transverse
joint scalant deficiency is indicated by an inadequate joint

sealant reservoir width for the existing sealant type. This is
likely to hinder the performance of the sealant in the future.

sa do nothing
b)  reseal transverse joints

A transverse joint sealant deficiency is indicated by medium- to
high-severity joint sealant damage.

(a) reseal transverse joints

A transverse joint sealant deficiency is indicated by medium- to
high-severity joint sealant damage and an inadequate joint
scalant reservoir shape factor for the existing sealant type.

(a) reseal transverse joints

A transverse joint sealant deficiency is indicated by medium- to
high-severity joint sealant damage and an inadequate joint
sealant reservoir width for the existing sealant type.

(a)  reseal transverse joints
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JRCP LOAD TRANSFER DEFICIENCY

[ JOINT LOAD TRANSFER SYSTEM |

aoggregate interlock | dowels or other
_/ _
[JOINT FAULTING | L JOINT FAULTING |
< [0.26"] >[0.26"] < [0.267] > [0.26" ]
DT 1 DT 2

[ DETERIORATED TRANSVERSE CRACKS, M=H ]
< 100 ft/mile > 100 ft/mile

CRACK FAULTING
< [ 0.26"] )/ > [0.26" ]
DT 3 ELDT L)

UNDOWELLED FULL-DEPTH REPAIRS

0 . <0

LOT 5 FULL-DEPTH REPAIR
FAULTING

< [ 0.26"] > [0.26" ]
\m
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Load Transfer Deficiency

LDT1

LDT2

LDT3

LDT4

LDTS5

LDT6

LDT?7

LDT8

Aggregate interlock is providing inadequate load transfer at the
transverse joints, as indicated by mean transverse joint

faulting of more than [ 0.26 ] inches.

(a) load transfer restoration at joints

Dowels or other mechanical devices present are providing
inadequate load transfer at the transverse joints, as indicated
by mean transverse joint faulting of more than [ 0.26 ] inches.

a load transfer restoration at joints
b do nothing

No load transfer deficiency is indicated at deteriorated
transverse cracks.

(a)  donothing

A load transfer deficiency at deteriorated transverse cracks is
indicated by mean crack faulting of more than [ 0.26 ] inches.

a full-depth repair of cracks
b load transfer restoration at cracks

No undowelled full-depth repairs are present.

(a) donothing

A potential load transfer deficiency exists at undowelled
full-depth repairs, but mean full-depth repair faulting is not
significant.

(a) donothing

A load transfer deficiency is indicated at undowelled full-depth
repairs by mean full-depth repair faulting of more than [ 0.26 ]
inches.

(a) rcFlace undowelled full-depth repairs with dowelled
full-depth repairs

No load transfer deficiency is indicated at transverse joints.

(a) donothing
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JRCP LOSS OF SUPPORT

| FAULTING |
< [0.26"] > [0.26"]
[Los 51  {Los 3]

[ CORNER BREAKS |

> 5/mile
< 5/mile .
[Los 1

| PUMPING |
M,H
N L
LOS 2
|  FAULTING |
< 0.05" > [0.26"]

0.05" to

[(0.28°]
LOS 5 ILOS 4] LOS 3
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Loss of Support

LOS1

LOS 2

LOS3

LOS 4

LOS5

Loss of slab support is indicated by 5 or more corner breaks per
mile.

(a) subseal at joints and cracks

Loss of slab support is indicated by medium- to high-severity
pumping.

(a) subseal at joints and cracks

Loss of slab support is indicated by average faulting greater
than [ 0.26 ] inches at joints and cracks.

(a)  subseal at joints and cracks

Loss of slab support is indicated by pum in6g and average
faulting of between [ 0.05 ] inches and [0.26 ] inches at
joints and cracks.

(a) subseal at joints and cracks

The pavement shows no indications of loss of slab support.

(a) do nothing
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Joint Deterioration

JDT1

JDT2

JDT3

JDT 4

JDT 5

JDT 6

JDT 7

JDT8

JDT9

Some j l]) oint deterioration exists, likely due to the use of

Unitube joint forming inserts and the presence of reactive

aggregate.

(a) full-depth repair of joints

Some joint deterioration exists, likely due to the use of

Unitube joint forming inserts, the presence of reactive
aggregate, and large joint movements associated with the long

joint spacing.

a pressure relief joints, partial-depth repair of joints
b pressure relief _|omts ull-depth repair of joints

Some j é oint deterioration exists, likely due to the use of
Unitube joint forming inserts.

a gamal depth repair of joints
ll-depth repair of joints

Some j é oint deterioration exists, likely due to the use of
Unitube joint forming inserts and large joint movements
associated with the long joint spacing.

a gzll]rtial-depth repair of joints
b I-depth repair of joints

Some joint deterioration exists, likely due to the presence of
reactive aggregate.

(a) full-depth repair of joints

Some joint deterioration exists, likely due to the presence of
reactive agpregate and large joint movements associated with the
long joint spacing.

(a)  pressure relief joints, full-depth repair of joints

Some joint deterioration exists, likely due to poor joint
sealant condition permitting infiltration of incompressibles.

(a) reseal transverse joints, full-depth repair of joints

Some joint deterioration exists, but its cause is unknown.

(a) full-depth repair of joints

Some joint deterioration exists, likely due to poor joint

sealant condition permitting i infiltration of water and
incompressibles, and large joint movements associated with the
long joint spacing.

(a) reseal transverse joints, full-depth repair of joints
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JDT 10

JDT 11

JDT 12

JDT 13

JDT 14

JDT 15

JDT 16

JDT 17

JDT 18

Some joint deterioration exists, likely due to large joint
movements associated with the long joint spacing.

(a). full-depth repair of joints

Extensive joint deterioration exists, likely due to the use of
Unitube joint forming inserts and the presence of reactive
aggregate.

a unbonded PCC overlay
b reconstruct

Extensive joint deterioration exists, likely due to the use of
Unitube joint forming inserts.

a gfrtial-dcpth repair of joints
b ll-depth repair of joints

Extensive joint deterioration exists, likely due to the presence
of reactive aggregate.

{ag unbonded PCC overlay
b reconstruct

Extensive joint deterioration exists, likely due to the presence

of reactive aggregate and large joint movements associated with

the long joint spacing.

(a) full-dcgth repair of joints, pressure relief joints,
unbonded PCC overlay

(b)  reconstruct

Extensive joint deterioration exists, likely due to poor joint

sealant condition permitting infiltration of water and

incompressibles.

(a) full-depth repair of joints, reseal transverse joints

Extensive joint deterioration exists but its cause is unknown.

(a)  full-depth repair of joints

Extensive joint deterioration exists, likely due to poor joint

sealant condition permitting infiltration of water and

incompressibles, and large joint movements associated with the

long joint spacing.

(a) full-depth repair of joints, reseal transverse joints

Extensive joint deterioration exists, likely due to large joint
movements associated with the long joint spacing.

(a)  full-depth repair of joints

176



JDT 19

JIDT20

JIDT21

IDT 22

JDT 23

JDT 24

JDT 25

JDT 26

JDT 27

Some j l]) oint deterioration exists, likely due to the use of
Unitube joint forming inserts and "D" cracking weakening the
concrete at the joints.

(a) full-depth repair of joints

Some j IJ) oint deterioration exists, likely due to the use of

Unitube joint forming inserts, "D" cracking weakening the
concrete at the joints, and large joint movement associated with
the long joint spacing,

(a) full-depth repair of joints

Some joint deterioration exists, likely due to "D" cracking
weakening the concrete at the joints.

(a) full-depth repair of joints

Some joint deterioration exists, likely due to "D" cracking
weakenmg the concrete at the joints, and large joint movements
associated with the long joint spacing.

(a) full-depth repair of joints
Extensive joint deterioration exists, likely due to the use of

Unitube joint forming inserts and "D cracking weakening the
concrete at the joints.

a unbonded PCC overlay
b reconstruct

Extensive joint deterioration exists, likely due to "D" cracking
weakening the concrete at the joints.

a unbonded PCC overlay
b reconstruct

Extensive joint deterioration exists, likegf due to "D" cracking
weakening the concrete at the joints, and large joint movements
associated with the long joint spacing.

a unbonded PCC overlay
b reconstruct

No joint deterioration exists.

(@) donothing

Joint deterioration or other pavement deterioration may be
accelerated by water infiltration permitted by poor longitudinal
joint sealant condition.

(a) reseal longitudinal centerline joint
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8L1

SHOULDER TYPE

AC PCC
| ALLGATOR CRACKING | | CRACKING OR CORNER BREAKS |
none,some oxtenslve none,some extansive
SHD 1 SHD ©
| UNEAR CRACKING | { "D CRACKING OR REACTIVE AGGREGATE DISTRESS
none,some oxtonesive . none,eome extonsive
SHD 2 SHD 10
| WEATHERING /RAVELING | _SETTLEMENTS HEAVES |
nona,some axtensive ' nona,some axtenslve
SHD 3 SHD 1
[CLANE/SHOULDER JOINT DROPOFF_ ] [LLANE/SHOULDER JOINT CONDITION |
<1 >1" poor good
SHD 4 [SHD 13 |
| SETTLEMENTS/HEAVES |
none,some extonsive
SHD 5
[ PUMPING BLOWHOLES |
noneome | NG SHOULDER DEFICI
l ULDE ICIENCY

| LANE/SHQULDER

JOINT CONDITION |

poor good
[sHo 7] |sHo 8}



Shoulder
SHD 1

SHD 2

SHD 3

- SHD 4

SHDS

SHD 6

SHD 7

SHD 8

SHD 9

Structural deterioration of the AC shoulder is indicated by
extensive alligator cracking.

a in-place recycle
bg patch

c)  reconstruct with AC
d)  reconstruct with PCC

Deterioration of the AC shouldcr is indicated by extensive
linear cracking.

b patch
reconstruct with AC

a} in-place recycle
d)  reconstruct with PCC

Deterioration of the AC shoulder surface is indicated by
extensive weathering and/or raveling.

(a)  chip seal

A dropoff of 1 inch or more along the AC lane/shoulder joint
constitutes a safety hazard.

(a) leveling wedge

Foundation movement beneath the AC shoulder is indicated by
extensive settlements and/or heaves.

(a)  reconstruct heaves, AC level-up settlements

Pumping has resulted in extensive blowhole formation in the AC
shoulder.

(a)  patch blowholes

Excessive infiltration of water beneath the pavement and AC
shoulder is indicated by poor lane/shoulder joint condition.

ga reseal lane/shoulder joint
b do nothing

The AC shoulder shows no indications of significant
deterioration.

(a) do nothing

Structural deterioration of the PCC shoulder is indicated by
extensive cracking and/or corner breaks.

gag full-depth repair

b reconstruct with AC
¢)  reconstruct with PCC
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SHD 10

SHD 11

SHD 12

SHD 13

Poor durability of the PCC shoulder is indicated by extensive
"D" cracking or reactive aggregate distress.

a reconstruct with AC
b reconstruct with PCC

Foundation movement beneath the PCC shoulder is indicated by
extensive settlements and/or heaves along the outer edge.
(a)  reconstruct heaves, AC level-up settlements

Excessive infiltration of water beneath the pavement and PCC
shoulder is indicated by poor lane/shoulder joint condition.

ga; reseal lane/shoulder joint
b do nothing

The PCC shoulder shows no indications of significant
deterioration.

(a)  do nothing
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APPENDIX A3

EVALUATION PERFORMANCE PREDICTION MODELS FOR JRCP

Distress Types

Faulting

Cracking

Joint Deterioration
Pumping

PSR

(5, S PURE R
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Faulting

FAULT

where:
FAULT

ESAL

SOILCRS

THICK

DOWEL

FI
JTSPACE

PUMP

FLTCALIB

SEE

Source:

{ ESAL®-473Y % [ .3.8536 - 1.5355 SOILCRS
+ 197.124 (THICK * poweLZ-0y-1.7842 , o 00024 FI

+ 0.09858 JTSPACE + 0.24115 PuMp?-0 ) , 100 ) +FLTCALIB

mean transverse joint faulting, in

accumulated 18-kip [80 kN] equivalent single-axle loads
since construction, millions

subgrade soil classification
0, if fine grained (A4 to A7)
1, 1f coarse grained (Al to A3)

thickness of PCC slab, in

diameter of dowels, in
(0.1 if no dowel bars used)

mean Freezing Index, Fahrenheit degree-days
transverse joint spacing of pavement, ft

punping severity (from pumping model) (Note: PUMP can be
any value between 0 and 3, e.g. 2.2)

0, 1if no pumping

1, if low severity

2, if medium severity

3, if high severity

calibration of model to existing faulting

actual faulcing (in) measured during survey - FAULT
predicted for present year by above model

actual faulting - {( Esal0-4731

[ -3.8536 - 1.5355 SOILCRS
+ 197.124 (THICK * DOWELZ-0)-1-7842 | 4 00024 FI

+ 0.09858 JTSPACE + 0.24115 PuMp2- 1 / 100 )

0.69

384

0.06 in [0.15 cm]

NCHRP 1-19 (6)
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Cracking

cRACKS = { ESAL?'897 [ 7130.0 JTSPACE / (ASTEEL * THICK:0) ]
+ EsaL?-10 (2.281 pmp?-0)
+ ESALZ-16 [ 1.81 / (BASETYPE + 1)]
+ acE!-3 [0.0036 (FI + 1)%:3] } + CRKCALIB
where:

CRACKS = total length of medium- and high-severity deteriorated
cracks, ft/mile

ESAL = accumulated 18-kip equivalent single-axle loads since
construction, millions

JTSPACE =~ transverse joint spacing of pavement, ft

ASTEEL = area of reinforcing steel in pavement, square in/foot width
of slab

THICK = thickness of PCC slab, in

PUMP = pumping severity (from pumping model)
= 0, if no pumping
= 1, 1if low severity
= 2, 1f medium severity
= 3, if high severity

BASETYPE = type of base under PCC slab

= 0, if granular base
= 1, i{f stabilized base (cement, asphalt, etc.)

AGE = time since construction, years

FI = mean Freezing Index, Fahrenheit degree-days

CRKCALIB = calibration of model to existing cracking

= actual cracking (M-H cracks, ft/mile) measured during survy
- CRACKS predicted for present year by above model

- actual cracking - { ESAL?-8%7 [ 7130.0 JTSPACE

/ (ASTEEL * THICK®'®) | + Esar®-10 (2 281 pump-0)
+ ESAL2-16 [ 1.81 ; (BASETYPE + 1)]
+ acel-3 [0.0036 (F1 + 1)0-36) )

R - 0.41

n = 314
SEE = 280 ft/mile 53 m/km]
Source: NCHRP 1-19 (6)
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Joint Deterioration

DETJT =

where:

DETJT

AGE

DCRACK

REACTAGG

ESAL

FI

TJSD

JTISPACE

K1

K2

DETJTCALIB

AGEO‘756 * 2.4367 DCRACK * 2,744 REACTAGG

+ agE2+ 1521 gga10-1429 | g 05202 + 0.0000254 FI
+ 0.01109 TJSD - (0.003384 % K1 * JTSPACE)

- (0.0006446 * K2 * JTSPACE) ] + DETJTCALIB

medium- to high-severity deteriorated transverse joints,
number/mile

time since construction, years
D cracking severity

0, if none

1, if low, medium, or high severity

reactive aggregate distress severity

0, if none

1, if low, medium, or high severity

accumulated 18-kip [80 kN] equivalent single-axle loads
since construction, millions

mean Freezing Index, Fahrenheit degree-days
transverse joint sealant damage

0, if none or low severity

1, if medium or high severity

transverse joint spacing of pavement, ft

1, if JTSPACE = 27 ft (8.2 n]
0, if JTSPACE is not = 27 ft [8.2 m]

1, 1{f JTSPACE = 39 to 100 ft [11.9 to 30.5 m]
0, if JTSPACE is less than 39 ft [11.9 m]

calibration of model to existing joint deterioration
actual joint deterioration (M-H deteriorated joints/mile)
measured during survey - DETJT predicted for present year
by above model

actual joint deterioration - { AGE®:7°% % 2.4367 DCRACK
* 2,744 REACTAGG + AGEZ'1921 ggar0:1419% [ g 05202

+ 0.0000254 FI + 0.01109 TJSD - (0.003384 * K1 * JTSPACE)
+ (0.0006446 *K2 * JTSPACE) ] )
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r? - 0.61
n = 319
SEE = 15 joints/mile {9 joints/km]
Source: NCHRP 1-19 (6)

Note: Do not use model outside of specified ranges for JTSPACE
(27 ft [8.2 m] or 39 to 100 ft [11.9 to 30.5 m}).
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where:

PUMP

ESAL
THICK
DRAIN

SOILCRS
SUMPREC
FI

rZ
n
SEE

Source:

£saL®-670 [ .22 82 + (26102.2 7 THICK?-0)
- 0.129 DRAIN - 0.118 SOILCRS + 13.224 suMPREcC- 0393

+ 6.834 (FI + 1)0-00805 4

pumping severity (PUMP can be any value between 0 and 3)
0, if no pumping

, 1f low severicy

, 1f medium severity

, if high severity

L b

accumulated 18-kip equivalent single-axle loads since
construction, millions

thickness of PCC slab, in

longitudinal subdrains

0, if no subdrains present or present but not functional
1, if subdrains present and functional

subgrade soil classification

0, if fine grained (A4 to A7)

1, if coarse grained (Al to A3)

average annual precipitation, cm ( = 2,54 * inches)
mean Freezing Index, Fahrenheit degree-dayé

0.57

481

0.52

NCHRP 1-19 (6)
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PSR = 4.5 - ESALO %24 ( .0.00188 + 14.417 RaTIO> -8
"+ 0.0399 PUMP + 0.0021528 JTSPACE + 0.1146 DCRACK
+ 0.05903 REACTAGG + 0.00004156 FI
+ 0.00163 SUMPREC - 0.070535 BASETYPE )
where:

PSR = Present Serviceability Rating

ESAL = accumulated 18-kip [80 kN] equivalent single-axle loads
since construction, millions

RATIO = Westergaard's edge stress/PCC slab modulus of rupture (see
following page to calculate Westergaard's edge stress)

PUMP

JTSPACE

DCRACK

REACTAGG

FI

SUMPREC

BASETYPE

pumping severity (from pumping model)
0, if none or low severity ( < 1)
1, if medium or high severity (> 1)

transverse joint spacing of pavement, ft

D cracking severity

0, 1if none

1, if low, medium, or high severity

reactive aggregateidistress severity

0, 1f none .

1, if low, medium, or high severity

mean Freezing Index, Fahrenheit degree-days

average annual precipitation, em ( = 2.54 * inches)
type of base under PCC slab

0, i{f granular base
1, if stabilized base (cement, asphalt, etc.)

RZ - 0.78
n = 377
SEE = 0.30

Source:

NCHRP 1-19 (6)
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Calculation of Westergaard's Edge Stress:

L = | (4200000 * THICK>'Y) /12 * (1 - 0.22-0) » ggFF 10-2°

B=[1.6 (6.6)% + THICK? )]0 - 0.675 THICK

Stress = (0.572 * 9000 / THICK?-?) * [4 logyy (L/B) + 0.359]

where:
THICK = thickness of PCC slab, in
REFF = effective k value beneath PCC slab, psi/in
4,200,000 = assumed elastic modulus of PCC slab, psi
0.20 = assumed Poisson’s ratlo of PCC slab
6.4 = assumed wheel load radius, in
Note: 1l in = 2.54 cm

1 psi=6.92 kPa
1 psi/em = 2.71 kPa/cm
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APPENDIX A4

REHABILITATION STRATEGY DEVELOPMENT DECISION TREES
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061

Main Rehabilitation Aproach for JRCP

OUTER LANE
STR
1l 3'4'5 6.7.8
PICK OVERLAY OR 2-2 INNER LANE
RECONSTRUCTION STR
rec oL 1,2 4,5 6,7,8
INNER LANE 2-2 PICK OVERLAY OR 2-2 INNER OR OUTER
STR RECONSTRUCTION D" CRACKING OR
REACTIVE AGG.
1,2,.4.5 6,7 no Yes
INNER "D° CRACK OUTER "D" CRACK | 3-3 | PICK OVERLAY OR

OR REACT ACG.

OR REACT AGG.

RECONSTRUCTION

« Option to go to 1—1 provided

«x Option to go to 1-1, 1-3, or 2-2 provlded‘

1 Reconstruct Both Lanes

3 Reconstruct Outer, Restore Inner
1! Restore Outer, Reconstruct inner
—2 Overlay Both Lanes

3 Restore Both Lanes




161

Reconstruction of A JRCP Lane

QUTER LANE
DRN
l
Install /repair subdrains
Install /repair subdrains,
construct drainage layer

1-12

[ OUTER SHOULDER | "

INNER LANE
DRAINAGE
l
112 | _ INNER LANE
SLOPE_DIRECTION

/% Out

OUTER LANE OUTER LANE
DRAINAGE REPAIR DRAINAGE REPAIR
drains & drains &
layer drains nothing layer drains nothing
drains & | dralns ] [ drains J dms & Iyr drains drains

layer layer Donothin {Donothin

INNER SHOQULDER

+ See decision tree for shoulder rehabilitation
adjacent to reconstructed lane.




Rehabilitation of Shoulder Adjacent to Reconstructed Lane

/\

| AC SHOULDER |

| PCC SHOULDER |

Z6T

1-7 8 9,11,1 10 13
reconstruct w/AC| |reconstruct w/AC reconstruct w/AC| |reconstruct w/AC| [reconstruct w/AC
reconstruct w/PCC| |reconstruct w/PCC reconstruct w/PCC| |reconstruct w/PCC| |reconstruct w/PCC
repair do nothing repair do nothing
repair rec repoy\c
1.2 recycle 9 [full—depth repair|
patch r
1 reconstruct
3 | chip seal | 11 |heavs, level—up
| settlements

4 [Ieveling wedge] I
12| seal L/S Joit |

reconstruct
S |heaves,ievel—up
settlements
6 |patch blowholes|
7 | seal L/S Joit |

M




Overlaying A JRCP Lane

INNER OR OQUTER
JTD

11,13,14,23-25
L} » » /
[UNBONDED PcC oL| 1-10,12,15-22,26,27

/

INNER OR QUTER
DUR

[UNBONDED PCC OL| 1,3.5,6
L

unbondéd
PCC OL

crack and seat and
AC structural OL

bonded | AC structural
PCC OL | OL

wx DO JTD THROUGH RGH FOR EACH LANE #= l

1,5,8,10
L

16,18—22 J1D | [ Jp |

2 {FULL~DEPTH REPAIR| 27|reseal Ion% CL Joint]

pressure relief joints|®*

3,4,12 |fuli—depth repair
pressure relief joints
artial—-depth repalr

full—depth repair
portial—depth repair

pressure relief joints,

7.8.15.17 full—depth repair

full—depth repair,
reseal transverse joints

* must be done
In both lcnes

27 [reseal_ longit CL joint|
% N2 N/

193




unbonded PCC AC structural, bonded PCC crack and seat

Y C o\LJ‘:? ] h

1,3 full—depth repair
seal joints & cracks

[ LDIT | | LDT |

1 [load transfer rest. joints| 1 [load transfer rest. joints]

load tronsfer rest. joints load transfer rest. joints
do nothing do nothing

l

4 [tull-depth repair cracks| 4 [full-depth repair cracks|

2

7 [replace undowelled FOR] 7 [replace undowelled FDR|

| J1C | | Jic |
| N

partial depth repair| 9 [partial depth repair|
1 |of longit. CL joint

11—|seal cracks at joints
seal longit. cracks| 14 [seal cracks at joints,
stifen longit. cracks load trans rest. cracks

2-5

9 I]:)articl—degth rgpuirJ

seal cracks at joints
11—14 |seal cracks at joints,
lload trans rest. cracks

I Llasﬂ

1—4 |subsedl J'ointh and cracks|
[ Js ] [ Jrs_ |
] [

reseal transverse joints reseal transverse joints
do nothing 2.3 do nothing

2,3

4-6 [reseal transverse joints| 4,6] reseal transverse joints]
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unbonded PCC AC structural, bonded PCC crack anpd seat
N BN
FON ] | FON___ | L FON |
AC OL
2,4, |reconstruct heaves, | 2,4, | reconstruct heaves, reconstruct heaves,
6,7 |AC level~up settlements| 6,7 |AC level-up settiements AC level-up settlements

bonded | PCC OL

2,4, | reconstruct heave;l
6,7 slab Jack settlement

‘ RGH | l

RGH

AC OL

3 |AC level—-up settlementsl 3 |5C level-—-up settlements] 3 |AC level=--up settlementsl

4 Lreconstggct heaves |

bonded

PCC OL 4 | reconstruct heaves |

3 lgchlock settlem entg

4 | reconstruct heaves |

QUTER LANE

DRN

1-12(Install /repair subdrains|

[ OUTER SHD |*

INNER DRN

* see decision tree for
rehabilltating shoulder

INNER LANE

$LOPE DIRECTION

adjacent to overlaid lane

/

1-12 |install /repalr subdralns|

out

install /repair subdrains
do_nothing

| INNER sHD | *
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AC Shoulder Rehakilitation Adjacent to Overlaid Lane,
| AC_SHOULDER |

1,7 8
v v .

vt PCC O e pvt PCC O e veray
rec w/AC, PCC QL AC overlay
rec w/PCC, AC OL
rec w/AC, AC OL pvt AC OL
repair, PCC OL | AC overlay |
repair, AC OL

pvt AC OL

rec w/PCC, AC OL
rec w/AC, AC OL
~|repair, AC OL

19 in—place recycle
' patch

T
4 lievel \?/edge]

reconstruct heaves
S| AC level~up

settlements
|

6 patch blowholes]
|

2 reseal |/s joint

do nothing

— |
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L61

PCC Shoulder Rehabilitation Adjacent to [Overlaid Lane

9,11,12
pvt PCC OL

pvt PCC OL

rec.w/PCC, PCC OL
rec.w/AC, PCC OL

rec.w/PCC AC OL
rec.w/AC, AC OL

repair, PCC OL
repalr, AC OL
pvt AC OL |

pvt AC OL |

rec.w/PCC AC OL

rec.w/AC, AC OL
repair, AC OL

9 full—depth repait

reconstruct heaves
AC level—up
settlements
I
reseal |/s joint
do nothing

1

12

Notes: Pvt PCC OL
Pvt AC OL

IPCC SHOULDER]
10

rec.w/PCC, PCC OL
rec.w/AC, PCC OL
rec.w/PCC AC OL
rec.w/AC, AC OL

rec.w/PCC AC OL
rec.w/AC, AC OL

pvt AC OL

pvt PCC OL

PCC overlay
AC overlay

[ AC overlay |

-

bonded PCC OL, unbonded PCC OL
AC structural OL, AC nonstructural OL,
crack and seat ond AC structural OL



RESTORATION OF JRCP LANE

L Jm |

1
161_'?;38_'12% [ full—depth repalr |

pressure relief joints
2 full-depth repair

pressure relief joints
partial—depth repair

3,412 full-depth repair
partial—depth repair

pressure relief joints
full-depth repair
7.9 full-—depth repair

15,17 |[reseal transverse joints

27 [reseol longit. CL joints]

lDLIJRJ

full-depth repair
seal joints & cracks

5 |AC nonstructural OL|*

1,3

[ LOT J * Note: must be done
in both lgnes If
1 [load transfer rest, joints| needed in either lane
2 do nothing

|

4 ﬁull—depth repair cracl?s]

7 |replace undowelled FOR|
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L Jic |
|

partial depth repalr
1 lof longit. CL joint

seal longit. cracks
stifen longit. crocks

|

9 |portial—depth repair|

2-5

seal cracks at joints
11-14 |seql cracks at Joints,
load trans rest. cracks

l

[ tos ]
1-4 |subsedl joints and cracks|
1
[ Jts ]
T

reseal transverse joints
do nothing

2,3

4—6 [reseal transverse joints|

PN |
[

reconstruct heaves,
2,4, (AC level-up settlements

§ 7 |reconstruct heaves,
' siabjack settlements
']

|}
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| RGH |

I

grinding

AC nonstructural OL

AC level—up settlements

glab jack settiements

|

4 | reconstruct heaves |

S [full-depth repair of joints]

1,3

1-5

6—-12

grinding
AC nonstructural OL

| SKD ]
grinding
AC nonstructural OL
I
grinding
grooving
AC nonstructural OL

]

OUTER LANE
DRN

|

install /repair subdrains
install /repair subdrains,
seal dll joints and cracks

[install /repair subdrains |

[ OUTER SHD | *

1

INNER LANE
SLOPE DIRECTION

K

%k

L L

L L

* see decision tree for
rehabilitating shoulder
adjacent to restored lane

** do in both lanes

out

1-12 [install /repair subdrains | 1-12 install /repair subdrains|

do nothing

, *

{INNER SHD
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102

Shoulder Rehabilitation Adjacent to Restored Lane

| AC SHOULDER |
-1 8
recycle | do nothing |

—reconstruct w/AC
{reconstruct w/PCC

patch

|

[ chip seadl ]

I leveling wedge I

reconstruct heaves
level—up
settlements

[patch blowholes|

—{ seal /s joint |

W

|settlements

CRIAYA

//d—\

[PCC SHOULDER]

10

13

| full—depth repair|

reconstruct w/AC

| do nothing

l

reconstruct w/PCC

reconstruct heaves
level—up

{seal |/s joinﬂ-———l




APPENDIX A5

REHABILITATION PERFORMANCE PREDICTION MODELS FOR JRCP

Rehabilitation Distress Type
Reconstruction Faulting
CGracking
Joint Deterioration
Pumping
PSR
Bonded PCC OL Faulting
Joint Deterioration
Cracking
Unbonded PGC OL Faulting
Joint Deterioration
CGracking
AC Structural OL, Reflective Cracking
Total
Medium-High Severity
AC Nonstructural OL Rutting
Crack and Seat and AG Structural OL Reflective Cracking
Total
Medium-High Severity
Rutting
Restoration Joint Faulting

With Grinding
Without Grinding
Cracking
Joint Deterioration
FDR Faulting
Pumping
PSR
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Faulting

FAULT

where:
FAULT

ESAL

SOILCRS

THICK

DOWEL

FI
JTSPACE

PUMP

PCCSH

2

n
SEE

R

Source:

Note:

Reconstruction Performance Prediction Models

£saL? 4731 & | .3.8536 - 1.5355 SOILCRS
+ 197.124 (THICK * power?-0y-1-7842 | ¢ 00024 FI

+ 0.09858 JTSPACE + 0.24115 PuMP2-0 | * PCcSH / 100

mean transverse joint faulting after reconstruction, in

accumulated 18-kip [80 kN] equivalent single-axle loads
after reconstruction, millions

subgrade soil classification

0, if existing subgrade is fine grained (A4 to A7) and no
drainage layer placed beneath reconstructed PCC slab

1, if existing subgrade is coarse grained (Al to A3) or
drainage layer is placed beneath reconstructed PCC slab

thickness of reconstructed PCC slab, in

diameter of dowels in reconstructed pavement, in
(0 1f no dowel bars used)

mean Freezing Index, Fahrenheit degree-days
transverse joint spacing of reconstructed pavement, ft

pumping severity after reconstruction (from pumping model)
0, if no pumping

l, if low severity

2, if medium severity

3, if high severity

new or existing tied PCC shoulders

1.0, if not present

0.5, if present (based upon JPCP model)
0.69

384

0.06 in [0.15 cm]

NCHRP 1-19 (6)

Dowel spacing in reconstructed pavement assumed to 12
in [30.5 cm].
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Cracking

CRACKS =

where:

CRACKS

ESAL

JTSPACE

ASTEEL

THICK

PUMP

BASETYPE

AGE
FI
R

n
SEE

Source:

£5a10-897 [ 7130.0 JTSPACE / (ASTEEL * THICK® ) ]
+ BsAaL®-10 (2 281 pump®-0)
+ £saL?-16 [ 1.81 , (BASETYPE + 1))

+ acel-3 [0.0036 (FI + 1)0-36;

total length of medium- and high-severity deteriorated
cracks after reconstruction, ft/mile

accumulated 18-kip [80 kN] equivalent single-axle loads
after reconstruction, millions

transverse joint spacing of reconstructed pavement, ft

area of reinforcing steel in reconstructed pavement, sgquare
in/foot width of slab

thickness of reconstructed PCC slab, in
pumping severity after reconstruction (from pumping model)
0, if no pumping

1, if low severity

2, If medium severity

3, if high severity

type of base under reconstructed PCC slab

0, if granular base:

1, if stabilized base (cement, asphalt, etc.)
time since reconstruction, years

mean Freezing Index, Fahrenheit degree-days
0.41

314

280 fr/mile [53 m/km]

NCHRP 1-19 (6)
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Joint Deterioraticn

DETJT

where:

DETJT

AGE

ESAL

FI

TJSD

JTSPACE

K1l

K2

r2
n
SEE

Source:

Notes:

ace2: 1521 pgp10.1419 [ g 05202 + 0.0000254 FI
+ 0.01109 TJSD - (0.003384 % K1 * JTSPACE)

- (0.0006446 * K2 * JTSPACE) |

medium- to high-severity deteriorated transverse joints
after reconstruction, number/mile

time since reconstruction, years

accumulated 18-kip [80 kN] equivalent single-axle loads
after reconstruction, millions

mean Freezing Index, Fahrenheit degree-days

transverse joint sealant damage

0, if transverse jolnt sealant will be maintained well over
the design period

1, if transverse joint sealant will not be maintained well
over the design period

transverse joint spacing of reconstructed pavement, ft

1, if JTSPACE = 27 ft [8.2 m]
0, if JTSPACE is not = 27 ft {8.2 m]

1, if JTSPACE = 39 to 100 ft {11.9 to 30.5 m]
0, if JTSPACE 1is less than 32 ft [11.9 m]

0.61
319
15 joints/mile [9 joints/km]

NCHRP 1-19 (6)

Do not use model outside of specified ranges for JTSPACE
(27 ft (8.2 m] or 39 to 100 ft [11.9 to 30.5 m])}.

Original model contains additional terms for D cracking and
reactive aggregate distress. These terms have been omitted
since it is assumed the reconstructed pavement will not
contain D cracking or reactive aggregates.
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Pumping

PUMP

where:

PUMP

ESAL

THICK

DRAIN

SOILCRS

SUMPREC
FI
R2

n
SEE

Source:

. 0.129 DRAIN - 0.118 SOILCRS + 13.224 SUMPREC

ESAL®-670 | .22.82 + (26102.2 s THICK®:O)
0.0395

+ 6.834 (FI + 1)0-00805 4

pumping severity after reconstruction
0, if no pumping

1, if low severity

2, if medium severity

3, if high severity

accumulated 18-kip [80 kN] equivalent single-axle loads
after reconstruction, millions

thickness of reconstructed PCC slab, in

new or existing longitudinal subdrains or drainage layer
0, if no subdrains present or present but not functional,
and no drainage layer or subdrains placed under
reconstructed PCC slab

1, if subdrains present and functional, or drainage layer
or subdrains placed beneath reconstructed PCC slab

subgrade soil classification

0, if existing subgrade is fine grained (A4 to A7) and no
drainage layer placed beneath reconstructed PCC slab

1, if existing subgrade is coarse grained (Al to A3) or
drainage layer is placed beneath reconstructed PCC slab
average annual precipitation, cm ( = 2.54 * inches)

mean Freezing Index, Fahrenheit degree-days

0.57

481

0.52

NCHRP 1-19 (6)
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PSR

where:

PSR

ESAL

RATIO

PUMP

JTSPACE

F1

SUMPREC

BASETYPE

SEE

Source:

Note:

4.5 - ESALO-42% ( _0 00188 + 14.417 RATIOS-58
+ 0.0399 PUMP + 0.0021528 JTSPACE + 0.00004156 FI

+ 0.00163 SUMPREC - 0.070535 BASETYPE )

Present Serviceabllity Rating after reconstruction

accumulated 18-kip [B80 kN] equivalent single-axle loads
after reconstruction, millions

Westergaard’'s edge stress/reconstructed PCC slab modulus of
rupture (see following page to calculate Westergaard's edge
stress)

pumping severity after reconstruction (from pumping model)
0, 1f none or low severity ( £ 1)

1, if medium or high severity (>1)

transverse joint spacing of reconstructed pavement, ft
mean Freezing Index, Fahrenheit degree-days

average annual precipitation, em ( = 2.54 * inches)

type of base under reconstructed PCC slab

0, if granular base
1, if stabilized base (cement, asphalt, etc.)

0.78
377
0.30

NCHRP 1-19 (6)
Original model contains additional terms for D cracking and
reactive aggregate distress. These terms have been omitted

since it is assumed the reconstructed pavement will not
contain D cracking or reactive aggregates.
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Calculation

L=

B =

Stress

where:

THICK

KEFF

4,200,000 =
0.20 =
6.4 =

Note: 1

of Westergaard's Edge Stress:

[ (6200000 * THICK>-®y s 12 * (1 - 0.22-9) * xepF }9-2°
[ 1.6 (6.4)2 + mHIck? 1°-5 - 0.675 THICK

(0.572 * 9000 / THICK? O) * [4 logyq (L/B) + 0.359]

thickness of reconstructed PCC slab, in

effective k value beneath reconstructed PCC slab, psi/in
assumed elastic modulus of reconstructed PCC slab, psi
assumed Poisson’s ratio of reconstructed PCC slab
assumed wheel load radius, in

in = 2.54 cm

1l psi = 6.9 kPa
1l psi/in = 2.71 kPa/em
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BONDED PCC OVERLAY PERFCRMANCE PREDICTION MODELS

Faulting
FAULT = 0.0015897 Esar0-233 [ -10.942 - 30.657 BASETYPE
+0.0005652 (FI + 1)2-299
+ 33.322 (DOWEL + 1)-9-8477 1 , 100
where:

FAULT = mean transverse joint faulting after overlay, in

ESAL = accumulated 18-kip [80 kN] equivalent single-axle loads
after overlay, millions

BASETYPE = type of base under original PCC slab
= 0, if granular base
= 1, if stabilized base (cement, asphalt, etc.)
FI = mean Freezing Index, Fahrenheit degree-days
DOWEL = diameter of dowels in original PCC slab, in

(O if no dowel bars used)

RZ = 0.54
n = 27
SEE = 0.02 in [0.05 cm]
Source: "Overlay Rehabilitation Techniques," Volume 2

Note: Dowel spacing in original pavement assumed to 12
inches.
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Joint Deterioration

DETJT

where:

DETJT

AGE

ESAL

FI

TJsD

JTSPACE
K1l

K2

R2
n
SEE

Source:

Notes:

AGEZ-1521 pga10-1419 [ g 05202 + 0.0000254 FI
+ 0.01109 TJSD - (0.003384 * K1 * JTSPACE)

- (0.0006446 *K2 * JTSPACE) |

medium- to high-severity deteriorated transverse joints
after overlay, number/mile

time since overlay, years

accumulated 18-kip [BO0 kN] equivalent single-axle loads
after overlay, millions

mean Freezing Index, Fahrenheit degree-days

‘transverse joint sealant damage

0, if transverse joint sealant will be maintained well over
the design period

1, if transverse joint sealant will not be maintained well
over the design period

transverse joint spacing of overlay, ft (assumed to have
same joint spacing as original pavement)

1, if JTSPACE = 27 ft [8.2 m]
0, 1f JTSPACE is not = 27 ft [8.2 m]

1, 1f JTSPACE = 39 to 100 ft [11.9 to 30.5 m]
0, if JTSPACE is less than 39 ft [11.9 m]

0.61
319
15 joints/mile [9 joints/km]

NCHRP 1-19 (6)

Do not use model outside of specified ranges for JTSPACE
(27 ft [B.2 m] or 39 to 100 ft [11.9 to 30.5 m]).

Original model contains additional terms for D cracking and
reactive aggregate distress. These terms have been omitted
since it is assumed the overlay will not contain D cracking
or reactive aggregates.
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Cracking

CRACKS = 11.328 ESAL?-97346 (21 426 [ AGE (FI + 1) s 1000 ]0-66876y

where:

CRACKS =
ESAL =

AGE =
Fl =
R? -

n-
SEE =

Source:

total length of medium- and high-severity deteriorated cracks
after overlay, ft/mile

accumulated 18-kip [80 kN] equivalent single-axle loads after
overlay, millions

time since overlay, years

mean Freezing Index, Fahrenheit degree-days
0.75

13

326 ft/mile [61.7 m/km]

"Overlay Rehabilitatlon Techniques," Volume 2
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Faulting

FAULT
where:
FAULT

ESAL

DOWEL

RZ
n
SEE

Source:

Note:

UNBONDED PCC OVERLAY PERFORMANCE PREDICTION MODELS

0.28615 ESALC-39654 [ 00987 (poweL + 1)-0-31083

mean transverse joint faulting after overlay, in

accumulated 18-kip [B0 kN] equivalent single-axle loads after
overlay, millions ’

diameter of dowels in overlay, in

(0 if no dowel bars used)

0.51

23

0.02 in [0.05 cm]

"Overlay Rehabilitation Techniques,” Volume 2

Dowel spacing in overlay assumed to 12 in [30.5 cm].
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Joint Deterioration

DETJT = AGEZ-1521 gga10-1419 [ 0 05202 + 0.0000254 FI
+ 0.01109 TJSD - (0.003384 * K1 * JTSPACE)
- (0.0006446 *K2 * JTSPACE) ]
where:

DETJT = medium- to high-severity deteriorated transverse joints
after overlay, number/mile

AGE - time since overlay, years

ESAL = accumulated 18-kip [80 kN] equivalent single-axle loads
after overlay, millions

FI = mean Freezing Index, Fahrenheit degree-days

TJSD = transverse joint sealant damage
= 0, if transverse joint sealant will be maintained well over
the design period
= 1, if transverse joint sealant will not be maintained well
over the design period

JTSPACE = transverse joint spacing of overlay, ft

Kl = 1, if JTSPACE = 27 ft [8.2 m]

O, if JTSPACE is not = 27 ft [8.2 m]
K2 = 1, if JTSPACE = 39 to 100 ft [11.9 to 30.5 m]
0, 1f JTSPACE is less than 39 ft [11.9 m)

RZ - 0.61
n = 319
SEE = 15 joints/mile [9 joints/km]

Source: NCHRP 1-19 (6)

Notes: Do not use model outside of specified ranges for JTSPACE
(27 ft [8.2 m] or 39 to 100 ft [11.9 to 30.5 m]).

Original model contains additional terms for D cracking and
reactive aggregate distress. These terms have been omitted
since it is assumed the overlay will not contain D cracking
or reactive aggregates.
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Cracking

CRACKS

vhere:

CRACKS
ESAL

JTSPACE

ASTEEL

THICK

BASETYPE

AGE
F1
R2

n
SEE

Source:

Note:

Esar®-897 [ 7130.0 JTSPACE / (ASTEEL * THICK:0) |
+ ESAL?-16 [ 1.81 / (BASETYPE + 1))

+ AGEL-3 [0.0036 (FI + 1)0-26)

total length of medium- and high-severity deteriorated
cracks after overlay, In

accumulated 18-kip [80 kN) equivalent single-axle loads
after overlay, millions

transverse joint spacing of overlay, ft

area of reinforcing steel in overlay, square inches/foot
width of slab

thickness of overlay, in

type of base under overlay
1, since layer beneath overlay is original pavement

time since overlay, years

mean Freezing Index, Fahrenheit degree-days

0.41

314

280 ft/mile [53 m/km]

NCHRP 1-19 (6)

Original model contains an additional term for pumping.

This term was ommitted since no pumping was observed on the
unbonded overlay sections surveyed,
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AC STRUCTURAL AND NONSTRUCTURAL OVERLAY PERFORMANCE PREDICTION MODELS

Reflective Cracking (All Severities)

CRACKS = { 10.745 * AGE?? * EsaL

where:

CRACKS

AGE

ESAL

THICK

PATCHES

rZ
n
SEE

Source:

0.0187 -0.064

* THICK

* | (PATCHES , 8.8) + 1 19:293 _ 1 ) » g.8

total length of low-, medium-, and high-severity reflective
transverse cracks after overlay, ft/mile

time since overlay, years

accumulated 1B-kip [80 kN] equivalent single-axle loads
after overlay, millions

thickness of overlay, in

full-depth repairs existing or placed on original pavement
prior to overlay, number/mile, computed as follows:
M-H deteriorated transverse cracks/mile
+ M-H deteriorated joints/mile
+ corner breaks/mile
+ existing full-depth repairs/mile

0.27
50
0.40

Development of Illinois Pavement Feedback System, on-going
study being conducted for the Illinoils Department of
Transportation. Data from Illinois Interstate highways.
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Reflective Cracking (Medium and High Severity)
MHGRACKS = [ 2.8594 * (AGE * ESAL)?-19258 & oprhyck-0.21163

where:

MHCRACKS

AGE

ESAL

THICK

PATCHES

r2
n
SEE

Source:

* (pATCHES , 8.8)0-61169 7 x g g

total length of medium- and high-severity reflective
transverse cracks after overlay, ft/mile

time since overlay, years

accumulated 1B-kip [80 kN) equivalent single-axle loads
after overlay, millions

thickness of overlay, in

full-depth repairs existing or placed on original pavement
prior to overlay, number/mile, computed as follows:
M-H deteriorated transverse cracks/mile
+ M-H deteriorated joints/mile
+ corner breaks/mile
+ existing full-depth repairs/mile

0.83
50
0.30

Development of Illinois Pavement Feedback System, on-going

study being conducted for the Illinois Department of
Transportation. Data from Illinois Interstate highways.
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Rutting

RUT

where:
RUT

ESAL

AGE
PTRUCKS
PRECIP
FI
THICK

ZONE

R2
n
SEE

Source:

Notes:

= 0.084807 + 0.019208 ESAL + 0.012512 AGE + 0.001199 PTRUCKS
- 0.004177 PRECIP + 0.0002798 ( FI / THICK ) + 0.006447 ZONE
= average wheelpath rutting, in
= accumulated 18-kip [80 kN] equivalent single-axle loads
after overlay, millions
= time since overlay, years
= percent trucks in average dally traffic
= annnual precipitation, in
= mean Freezing Index, Fahrenheit degree-days
= overlay thickness, in
= climatic zone
= -5.9531 + 0.14263 ANNTEMP - 0.12123 PRECIP + 0.1955 MRANGE
where:
ANNTEMP = average annual temperature, degrees Fahrenheit
MRANGE = average monthly temperature range, degrees
Fahrenheit
=0.71
= 101
= 0.06 in [0.15 em]
"Overlay Rehabilitation Techniques," Volume 2
ZONE must be in the range of 0.5 to 9.5 (1 to 9 preferable)

to produce realistic values for rutting. Values outside
this range represent combinations of climatic inputs which
are not within the realm of possible occurrence.

This rutting model represents a linear approximation of a
nonlinear phenomenon. For some combinations of the
variables, the model may give negative values, which should
be interpreted as zeroes.
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CRACK AND SEAT AND AC STRUCTURAL OVERLAY PERFORMANCE PREDICTION MODELS

All-Severity Transverse Cracking

TCRACKS =

where:

TCRACKS =

THICK =-
JTSPACE =
SRW =

WPT =
LEN =
AREA =

ESAL =

AGE =
ANNTEMP ~
TRANGE =
FI -

R? -

n

SEE

Source:

[ -271.76 + 0.2719 FI + 3.91 THICK + 2.833 SRW - 21.55 WDT
- 2.327 JTSPACE + 13.66 LEN + 4.828 AREA + 2.706 ESAL*AGE
+ 0.941 ANNTEMP + 7.457 TRANGE ] * 5.28

total length of low-medium-high severity transverse cracks

after overlay, ft/mile (includes all transverse cracks in

AC overlay from any cause)

thickness of PCC slab, in

transverse joint spacing of original pavement, ft

seating roller weight, tons

mean width of cracked pieces (across traffic lane), ft

mean length of eracked pieces (along traffic lane), ft

area of cracked section (length * width), square ft

accunulated 18-kip [80 kN] equivalent single-axle loads
after overlay in traffic lane, millions

age of AC overlay, years

mean annual temperature, degrees Fahrenhelt

mean monthly temperature range, degrees Fahrenheit
mean Freezing Index, Fahrenheit degree-days

0.57

= 100

= 903 ft/mile ft [171 m/km]

Revised model based upon, database developed in "Overlay
Rehabilitation Techniques," Volume 2.

218



d

MHCRACKS

where:

MHCRACKS

THICK
JTSPACE
SRW

WDT

LEN
AREA

ESAL

AGE
ANRTEMP
TRANGE

Fl

igh-Severit ransverse Crackin

[ 298.82 + 0.0378 FI - 21.29 TRICK - 0.572 SRW - 38.54 WDT +
0.59 JTSPACE - 18.48 LEN + 7.89 AREA + 0.815 ESAL*AGE +

1.65 ANNTEMP - 5,28 TRANGE ] * 5.28

total length of medium- and high-severity transverse cracks
after overlay, ft/mile

thickness of PCC slab, in

transverse Jolnt spacing of original pavement, ft
seating roller weight, tons

mean width of cracked pleces (across traffic lane), ft
mean length of cracked pleces (along traffic lane), ft

area of cracked section (length * width), square ft

accumulated 18-kip [80 kN] equivalent single-axle loads after
overlay in traffic lane, millions

age of AC overlay, years
mean annual temperature, degrees Fahrenheit
mean monthly temperature range, degrees Fahrenhelt

mean Freezing Index, Fahrenheit degree-days

0.79
- 100
= 317 ft/mile [60 m/km]

Revised model based upon database developed in "Overlay
Rehabilitation Techniques,” Volume 2,

This model represents a linear approximation of the nonlinear
progression of medium- to high-severity reflective cracks
from low-severity reflective cracks.

For some combinations of the variables, the model may give
negative values, which should be interpreted as zeroes (i.e.,
cracking has not yet progressed to the medium severity
level).
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Rutting

RUT

vhere:
RUT

ESAL

AGE
PTRUCKS
PRECIP
FI
THICK
ZONE

R2

n
SEE

Source:

Notes:

0.084807 + 0.019208 ESAL + 0.012512 AGE + 0.001199 PTRUCKS

- 0.004177 PREGCIP + 0.0002798 ( FI / THICK ) + 0.006447 ZONE

average wheelpath rutting, in

accumulated 18-kip [80 kN] equivalent single-axle loads
after overlay, millions

time since overlay, years

percent trucks in average daily traffic

annnual precipitation, in

mean Freezing Index, Fahrenheit degree-days

overlay thickness, in

climatic zone (same as for reflective cracking)

0.71

101

0.06 in [0.15 cm]

"Overlay Rehabilitation Techniques,” Volume 2

ZONE must be In the range of 0.5 to 9.5 (1 to 9 preferable)
to produce realistic values for rutting. Values outside
this range represent combinations of climatic inputs which
are not within the realm of possible occurrence.

This rutting model represents a linear approximation of a
nonlinear phenomenon. For some combinations of the

variables, the model may give negative values, which should
be interpreted as zeroes,
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RESTORATION PERFORMANCE PREDICTION MODELS

Joint Faulting (With Grinding)
FAULT = -5.62 (ESAL + AGE)C-34

where:
FAULT

ESAL
AGE
DRAIN

SOILCRS

FI
THICK

PCCSH

BASETYPE

JTSPACE

LDTR

R2
n
SEE

Source:

Note:

* [ 5.85 * (DRAIN + SOTLCRS + 1)0-0323

(3.8 * 10°7) * (FI 7 100)©-2°

0.484 (THICK + PcCsH)? 333 4+ 0.1554 BASETYPE

+

7.163 JTSPACE®- %137 4 0.1136 LDTR ) / 100

mean transverse joint faulting after restoration, in

accumulated 18-kip [BO kN] equivalent single-axle loads
after restoration, millions ’

time since restoration, years

new or existing longitudinal subdrains

0, if no subdrains present or present but not functional
1, if subdrains present and functional

subgrade soil classification

0, 1f fine grained (A4 to A7)

1, if coarse grained (Al to A3)

mean Freezing Index, Fahrenheit degree-days

thickness of PCC slab, in

new or existing tied PCC shoulder
0, 1if not present
l, if present

type of base under PCC slab

0, 1f granular base

1, if stabilized base (cement, asphalt, etc.)
transverse jolnt spacing of pavement, ft

load transfer restoration done by retrofitting dowel bars
0, if not done

1, 1f done

0.38

114

0.03 in [0.08 cm]

"Repalr Rehabilitation Techniques," Volume 1

Joint faulting = 0.00 in immediately after grinding.
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Joint Fayltipg (Without Grindipg)

FAULT

where:
FAULT

ESAL

SCILCRS

THICK

DOWEL

FI
JTSPACE

PUMP

FLTCALIB

SHDF

LDTF

[ ¢ EsaL®-4731 [ .3 8536 - 1.5355 SOILCRS
+ 197.124 (THIcK * poweL2-0y-1.7842 4 4 90024 FI
+ 0.09858 JTSPACE + 0.24115 PuMP2-0 | , 100 ) + FLTCALIB )

* SHDF * LDTRF * DRNF

mean transverse joint faulting after restoration, in

accumulated 18-kip [80 kN] equivalent single-axle loads
since construction, millions

subgrade soil classification

0, 1f fine grained (A4 to A7)
1, if coarse grained (Al to A3)
thickness of PCC slab, in

diameter of dowels in PCC slab, in
(0 1f no dowel bars used)

mean Freezing Index, Fahrenheit degree-days

transverse joint spacing of reconstructed pavement, ft
pumping severity after restoration (from pumping model)
0, if no pumping

l, if low severity

2, if medium severity

3, if high severity

calibration of model to existing faulting

actual faulting (inches) measured during survey - FAULT
predicted for present year by above model

actual faulting - { ESaL®-4731 [ .3 8536 . 1.5355 sOILCRS
+ 197.124 (THICK * power2-0y-1.7842 4 o 00024 FI

+ 0.09858 JTSPACE + 0.24115 puMp2-© 1 , 100 )

new or existing tied PCC shoulder

0.90, if present

1.00, if not present

load transfer restoration done

0.83, if done
1.00, 1if not done
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DRNF = new or existing longitudinal subdrains
= 0.69, if present and functional
= 1.00, if not present or not functional
RZ - 0.69
n = 384
SEE = 0.06 in (0.15 cm]

Source: NCHRP 1-19 (6)

Note: Initial joint faulting = existing joint faulting measured
during survey if grinding not done during restoration.

223



Cracking

CRACKS

where:

CRACKS

ESAL

JTSPACE

ASTEEL

THICK

PUMP

BASETYPE

AGE

FI

CRKCALIB

- £sar?-897 | 7130.0 JTSPAGE / (ASTEEL * THICK’-O) ]

+ Esar®-10 (2 281 pump3-0)
+ ESALZ-18 [ 1.81 / (BASETYPE + 1)]

+ AGEL-3 [0.0036 (FI + 1)0-3%] 4+ cRrkcaLIB

total length of medium- and high-severity deteriorated
cracks after restoration, ft/mile

accumulated 18-kip equivalent single-axle loads since
construction, millions

transverse joint spacing of PCC slab, ft

area of reinforcing steel in PCC slab, square in/foot width
of slab

thickness of PCC slab, in

punmping severity after restoration (from pumping model)
0, if no pumping

1, 1f low severity

2, if medium severity

3, if high severity

type of base under PCC slab

0, if granular base

1, if stabilized base (cement, asphalt, etc.)
time since construction, years

mean Freezing Index, Fahrenheit degree-days

calibration of model to existing cracking

actual cracking (M-H cracks, feet/mile} measured during
survey - CRACKS predicted for present year by above model

actual cracking - { ESAL-8%7 [ 7130.0 JTSPACE
/ (ASTEEL * THICK? Q) | + EsaL®-10 (2.281 puMp®-9)
+ ESALZ16 [ 1.81 / (BASETYPE + 1)]

+ acel-3 [0.0036 (FI + 1)0-36)
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R = 0.41
n = 314
SEE = 2B0 ft/mile [53 m/km]

Source: NCHRP 1-19 (6)
Note: Initial cracking after restoration = 0 ft/mile, assuming all
medium- to high-severity cracks are full-depth repaired

during restoration. Cracking after restoration continues at
same rate as before.
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Joint Deterioration

DETJT = AGE? 7% % 2.4367 DCRACK * 2.744 REACTAGG
+ aGEZ- 1521 g5a10.1419 [ 9 05202 + 0.0000254 FI
+ 0.01109 TJSD - (0.003384 * K1 * JTSPACE)
- (0.0006446 *K2 * JTSPACE) ] + DETJTCALIB
where:

DETJT = medium- to high-severity deteriorated transverse joints
after restoration, number/mile

AGE =~ time since construction, years

DCRACK = D cracking severity before restoration
= 0, if none
=1, if low, medium, or high severity

REACTAGG = reactlve aggregate distress severity befeore restoration
= 0, if none
=1, if low, medium, or high severity

ESAL = accumulated 18-kip equivalent single-axle loads since
construction, millions

FI = mean Freezing Index, Fahrenheit degree-days

TJSD = transverse joint sealant damage
= 0, if existing transverse joint sealant damage is none or
low severity or if transverse jolnts are resealed during
restoration
= 1, if transverse joint sealant damage is medium or high
severity and transverse joints are not resealed during
restoration

JTSPACE = transverse joint spacing of reconstructed pavement, ft

Kl = 1, if JTSPACE = 27 ft [8.2 m]
0, 1f JTSPACE 1is not = 27 ft [8.2 m]

K2 =1, if JTSPACE = 39 to 100 fr [11.9 to 30.5 m]
0, if JTSPACE is less than 39 ft [11.9 m]
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DETJTCALIB = calibration of model to existing joint deteriloration
= actual joint deterioration (M-H deteriorated joints/mile)
measured during survey - DETJT predicted for present year
by above model
- actual joint deterioration - { AGE?-7°® % 2.4367 DCRACK
* 2,744 REACTAGG
+ AGE2- 1921 ggar0-141% 1 9 05202 + 0.0000254 FI
+ 0.01109 TJSD - (0.003384 * K1 * JTSPACE)
+ (0.0006446 *K2 * JTSPACE) | )
where:
TJSD = existing transverse joint sealant damage before
restoration
= 0, if existing transverse joint sealant damage is
none or low severity

= 1, if transverse joint sealant damage is medium
or high severity

RZ ~ 0.61
n = 319
SEE = 15 joints/mile [9 joints/km]

Source: NCHRP 1-19 (6)

Notes: Do not use model outside of specified ranges for JTSPACE
(27 £t [8.2 m] or 39 to 100 ft [11.9 to 30.5 m]).

Initial number of deteriorated joints = 0 per mile,

assuming all medium- to high-severity joint deterioration
is full-depth repaired during restoration.
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Full-Depth Repair Faulting

FDRFAULT = (NEWFDR * NEWFDRFAULT) + (EXISTFDR + EXFDRFAULT)

/ (NEWFDR + EXISTFDR)

where:
FDRFAULT = weighted average faulting at new and existing full-depth
repair joints since restoration, in
NEWFDR = full-depth repairs placed during restoration, number/mile
NEWFDRFAULT = average faulting at new full-depth repair joints since

restoration, in
- ESAL?-7% % ( 0,0364 - 0.292 BASETYPE )

+0.275 ( AGE * F1 )2:019 . 0 283

where:
ESAL = accumulated 18-kip [80 kN] equivalent single-axle
loads since restoration, millions
BASETYPE = type of base under PCC slab

= 0, if granular
= 1, if stabilized (asphalt, cement, etc.)

AGE =~ time since restoration, years
FI = mean Freezing Index, Fahrenheit degree-days

EXISTFDR = number of existing full-depth repairs before restoration,
number/mile

EXFDRFAULT = average faulting at existing full-depth repair joints since
restoration, in

- FDRESALO-7% % ( 0.0364 - 0.292 BASETYPE )
+ 0.275 ( FDRAGE * FI )0-012 _ ¢ 283
where:

FDRESAL

accumulated 18-kip [80 kN] equivalent single-axle
loads since placement of existing FDRs, millions

BASETYPE = type of base under PCC slab
= 0, if granular
= 1, if stabilized (asphalt, cement, etc.)
FDRAGE = time since placement of existing FDRs, years

FI = mean Freezing Index, Fahrenheit degree-days
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R? - 0.41
n = 113
SEE = 0.048 in [0.122 cm]
Source: "Repair Rehabilitation Techniques,"” Volume 1
Notes: Initial faulting of new full-depth repairs = 0 inches,
assuming full-depth repairs are constructed and finished to
match existing pavement profile.
If grinding is donme or if existing full-depth repairs are
replaced during restoration, then initial faulting of
existing full-depth repair joints = O inches.
If grinding is not done and existing full-depth repairs are
not replaced during restoration, then initial faulting of

existing full-depth repair jolnts = faulting measured
during survey.

Backecalculation of Cumulative ESALs in Existing Full-Depth Repairs:

If FDRAGE is provided by user:
FDRESAL = 10 ** { [ logg [ actual FDR faulting
- 0.275 ( FDRAGE * FI )0-019 4 0 283 )

- logyp [ 0.033364 - 0.292 BASETYPE | }/0.74 )
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in

PUMP

where:

PUMP

ESAL

THICK

DRAIN

SOILCRS

SUMPREC

FI

2

n
SEE

R

Source:

Note:

EsaLl-670 22 82 + (26102.2 / THICK?:?)

- 0.129 DRAIN - 0.118 SOILCRS + 13.224 SuMPREC®- 9393

+ 6.834 (FI + 1)0-00805

pumping severity after restoration
0, no pumping

1, low severity

2, medium severity

3, high severity

accumulated 18-kip [80 kN] equivalent single-axle loads
since construction, millions

thickness of PCC slab, in

new or existing longitudinal subdrains

0, if no subdrains present or present but not functional
1, if subdrains present and functional

subgrade soil classification

0, if fine grained (A4 to A7)

1, if coarse grained (Al to A3)

average annual precipitation, cm { = 2.54 % inches)
mean Freezing Index, Fahrenheit degree-days

0.57

481

0.52

NCHRP 1-19 (6)

Initial pumping = 0, assuming existing pumping is corrected
by subsealing and/or subdrainage during restoration.
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g
th
=]

PSR
where:

PSR

TFAULT

CRACKS

DETJT

R2

n
SEE

Source;

Calculation

TFAULT

where:

JTSPACE

EXISTDETJT

JTFAULT

4.5 - 0.068 TFAULT - 0.00032 CRACKS - 0.0052 DETJT

Present Serviceability Rating after restoration (0 to 5
scale)

total faulting at joints, cracks, and full-depth repairs,
in/mile (to calculate see below)

medium- to high-severity transverse cracks after
restoration, ft/mile (from cracking model)

medium- to high-severity deteriorated transverse joints
after restoration, number/mile {from joint deterioration
model)

0.73
389
0.33

NCHRP 1-19 database for JRCP.

of Total Faulting for PSR Model:

[ (5280/JTSPACE) - EXISTDETJT] * JTFAULT
+ ( NEWFDR * NEWFDRFLT )

+ ( EXISTFDR * EXISTFDRFLT)

transverse joint spacing of pavement, ft

medium- to high-severity deteriorated joints before
restoration, number/mile

average transverse joint faulting after restoration, inches

(from applicable joint faulting model, with or without
grinding)
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NEWFDR =

full-depth repairs placed during restoration, number/mile

EXISTDETJT + CRACKS + CORBRKS

where:

NEWFDRFLT =

EXISTFDR =

EXISTFDRFLT =

Notes:

EXISTDETJT =~ medium- to high-severity deteriorated joints
before restoration, number/mile

CRACKS = medium- to high-severity transverse c¢racks
before restoration, number/mile

GCORBRKS = corner breaks before restoration,
number/mile

average faulting at full-depth repair joints after
restoration, in (from full-depth repair faulting model)

existing full-depth repairs before restoration, number/mile

average faulting at existing full-depth repair joints after
restoration, in (from full-depth repair faulting model).

For purposes of computing PSR, only one joint per
full-depth repair is counted and multiplied times mean
full-depth repair faulting, since full-depth repair joints
are sufficiently close to represent one noticeable fault to
the user.

Initial faulting of new full-depth repairs = 0 in, assuming
full-depth repairs are constructed and finished to match
existing pavement profile.

If grinding is done or if existing full-depth repairs are
replaced during restoration, then initial faulting of
existing full-depth repair joints = 0 in.

If grinding is not done and existing full-depth repairs are
not replaced during restoration, then initial faulting of
existing full-depth repair joints = faulting measured
during survey.
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Appendix A6

User's Guide for

EXPEAR

Expert System for Concrete Pavement

Evaluation and Rehabilitation
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EXPEAR exreRTSYSTEMFOR CONCRETE PAVEMENT EVALUATIONAND REHABILITATION |

CAPABILITIES AND APPLICATIONS

The EXpert system for Pavement Evaluation And
Rehabilitation (EXPEAR) was originally developed by
the University of lllinois for the Federal Highway
Administration and is cumently being further
developed for the [lllinois Department of
Transportation. EXPEAR is an advisory system to
assist the practicing engineerin evaluating a specific
pavement section and selecting rehabilitation
alternatives.

An EXPEAR program currently exists for each of three
pavementtypes: JPCP, JRCP, and CRCP. Programs
for AC-overlaid pavements and other AC pavements
are under development. The cument version of the
system is EXPEAR 1.3, which includesthe capabilities
to delay rehabilitationfor up to 5 years and to perform
life-cycle cost analysis of rehabilitation altematives.

INPUTS

Project-levelevaluationusing EXPEAR beginswith the
collection of some basic design, construction, traffic,
and climate data for the project in question, and a
visual condition survey. Back in the office, the design
and condition data are enteredinto EXPEAR by the
engineer using a full-screen editor. The program
extrapolates the overall condition of the project from
the distress data for one or more sample units.

ENGINEERING LOGIC

EXPEAR evaluates the project in severalkey problem
areas related to specific aspects of performance for
that pavementtype. For example, the problem areas
for JPCP and JRCP are: structural adequacy,
roughness, drainage, joint deterioration, foundation
movement, skid resistance, joint sealant condition,
joint construction, concrete durability, load transfer,
loss of support, and shoulders. The evaluation is
performed using decision trees which compare the
pavement's condition to predefined critical levels for
key designand distress variables. EXPEAR produces
a summary of the deficiencies found, and by
interacting with the engineer, formulates a
rehabilitation strategy which will correct all of the
deficiencies. The major rehabflitation options are:
reconstruction of both lanes, reconstruction of the
outer{ane and restoration of theinnerlane, bonded or
unbonded PCC overlay, AC overlay, crack and seat
and AC overlay, and restoration. Appropriate repair
techniques for the shoulders which are compatible
with the mainline pavement rehabilitation strategy are
also selected.

PERFORMANCE PREDICTION AND COST ANALYSIS

A large number of predictive models for concrete
pavementperformance with and without rehabilitationare
incorporated into EXPEAR. Some of the models were
developed from national databases of new construction
and rehabilitation projects, while others were developed
using data from lllinois pavements. The models allow the
engineerto predict the performance of the rehabilitation
strategy developed. This information is then used, along
with rehabilitationunit costs (eitherdefaultvaluesbuiltinto
the program or values provided by the engineer) to
compute the cost of the strategy over the predicted life.

OUTPUTS

EXPEAR produces a summary of the project’s data file,
the evaluation results, recommendations for physical
testing, predictions of the pavement'’s future condition
without rehabilitation, and rehabilitation techniques,
petformance predictions, and cost calculations for as
many rehabilitation strategies as the engineerwishes to
investigate.

REFERENCES AND FURTHER INFORMATION
Aeferenceson EXPEAR:

Hall, K. T., M. I. Darter, S. H. Carpenter,and J. M. Connor,
*Concrete Pavement Evaluation and Rehabilitation
System,"Rehabilitationof Concrete Pavements,Volume 3,
Federal Highway Administration Report No. FHWA/RD-
8B8/073, April 1989.

Hall, K T., J. M. Connor, M. |. Darter, and S. H. Campenter,
"Developmentiof an Expert Systemfor ConcretePavement
Evaluation and Rehabilitation,Proceedings,Second North
AmericanConferenceon Managing Pavements,Volume 3,
November 1987.

Quaestions or comments about EXPEAR:

Kathleen T. Hall

1206 Newmark CE Lab
205 North Mathews
Urbana, IL 61801

Dr. Michael I. Darter
1212 Newmark CE Lab
205 North Mathews
Urbana, IL 61801

(217) 333-6253 (217) 333-5966
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1.0 INTRODUCTION

The objective of this research effort was to develop a
practical and comprehensive system to assist
practicing engineers in evaluating concrete highway
pavements, identifying types of deterioration present
and determiningtheir causes, selecting rehabilitation
techniques which will effectively correct existing
deterioration and prevent its recurrence, combining
individual rehabilitation techniques into feasible
rehabilitation strategies, and predicting the
performance of rehabilitation strategy alternatives.

EXPEAR is intendedfor use by state highway
engineersin project-evel rehabilitation planning and
design for high-type (i.e., Interstate) conventional
concrete pavements (JRCP, JPCP, and CRCP).
EXPEAR does not perform thickness or joint design,
the engineermust use existing designprocedures to
determinethese details.

EXPEAR has been developedin the form of a
knowledge-based expert system, which simulates a
consultation between the engineerand an expert in
concretepavements. EXPEAR usesinformationabout
the pavement provided by the engineerto guide him
or her through evaluation of a pavement's present
condition and developmentof one or more feasible
rehabilitation strategies. The procedure was
developedthrough extensive interviewing of

authorities on concrete pavement performance. In
addition, predictive models are included to show future
pavement performance with and without rehabilitation.

Evaluation of a pavement and development of
feasible rehabilitation altemativesis performed according
to the following steps:

Project data collection.

Extrapolation of overall project condition.
Evaluation of present conditicn.
Prediction of future condition
rehabilitation.

Recommendationsfor physical testing.
Selection of main rehabilitation approach.
Developmentof detailed rehabilitation strategy.
Prediction of rehabilitation strategy performance.
Cost analysis.

Selection of preferred rehabilitation strategy.

Eal ol A

without

00N

pry
o

A computerprogramhas beendevelopedfor each
of the three pavement types addressed. The programs
operate on any IBM-compatible personal computer. Use
of the programs is highly recommended due to the
complexity of the manual procedure.

2.0 PAVEMENT EVALUATION

Data Collection and Entry

The engineer collects key inventory and
monitoring data for the project. Inventory data, which
should be available from office records, includes
designtraffic, materials, soils and climate. Monitoring
data includes distress, drainage characteristics,
rideability,and otheritems collected during a field visit
to the project. Monitoring data is collectadby sample
unit; a sufficient number of sample units distributed
throughout the projects’s length should be surveyed
to obtain an accurate representationof the project’s
condition.

R is recommended that a team of two
engineersperform the project survey together, They
should drive over the entire length of the project and
rate the present serviceability in each lane. They
should also note the number and location of
settlementsand heaves. They should then return to

the start of the project and perform the distress survey by
sample unit. It is convenient to start sample units at
mileposts.

The pavement distress identification manual
provided in NCHRP Report No. 277 should be used for
reference. It provides standard definitions for distresses
by type, severity, and unit of measurement. It also
provides photographs of distressesto assistthe engineers
in rating their severity. The engineersmust also measure
faulting at joints, cracks, and full-depth repair joints.

In the office, the data are entered into a personal
computer using a full-screen editor. The format of the
data entry screensis very similarto that of the field survey
sheets. The editor provides function keys for moving
forward and backward through the data items and
screens. The editor will provide screensfor inventory data
{one set for each sample unit, up to a maximum of ten).
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_ Extrapolation of Overall Project Condition

Using the project length and lengths of the
sample units, EXPEAR extrapolates from the sample
unit distress data to compute the overall average
conditionof the project. The projectis then evaluated
on the basis of this average condition.

Evaluation of Present Condition

EXPEAR utilizes a set of decision trees to
anaiyze all of the data and develop a specific detailed
evaluation in several major problem areas, including
roughness, structural adequacy, joint deterioration,
foundation movement, skid resistance, construction
deficiencies, drainage, loss of support, joint sealant
condition, concrete durability, and shouldercondition.
From the evaluation, a set of evaluation conclusions
is produced for each traffic lane and each shoulder.

Prediction of Future Condition Without

Rehabilitation

Based on the current traffic level (annual 18-
kip ESAL) and the anticipated ESAL growth rate, the
future condition of the pavementwithout rehabilitation

is predicted. Faulting, cracking, joint deterioration,
pumping, and present serviceability rating are projected
for jointed pavements (and punchouts for CRCP) and the
years in which they will become serious problems are
identified. The predictive models used are calibrated to
the existing condition of the pavement at the time of the
survey.

Physlical Testing Recommendations

Theinitialdata collectiondoes not requirephysical
testing. Based upon the available information, the
program identifies types of physical testing needed to
verifythe evaluationrecommendationsand to provide data
needed for rehabilitation design. Testing may inciude
nondestructivedeflectiontesting,coring/material sampling
and laboratory testing, and roughness and friction
measurement. Types of deficiencieswhich may warrant
physical testing include structural inadequacy, poor
rideability, poor surface friction, poor drainage conditions,
poor concrete durability ("D“rackingor reactive aggregate
distress), foundation movement {due to swelling soil or
frost heave), loss of load transfer at joints, loss of slab
support, joint deterioration, and evidence of poor joint
construction.

3.0 PAVEMENT REHABILITATION

Selection of Main Rehabilitation Approach

Based upon the evaluationresults,the system
interacts with the engineer to select the most
appropriate main rehabilitation approach for each
traffic lane and shoulder. These include all 4R
options: reconstruction (including recycling),
resurfacing (with concrete or asphalt), or restoration.
The major factors in determiningwhethera pavement
needs reconstruction, resurfacing, or merely
restoration are the extent of structural distress (e.qg.,
cracking and comer breaks) and the extent of
deterioration due to poor concrete durability ("D”
cracking or reactive aggregate distress).

Developmentof Detailed Rehabilitation Strategy

Once an approach is selectedfor each traffic
lane and shaoulder, the engineerproceeds to develop
the detailed rehabilitation alternative by selecting a
feasible set of individual rehabilitation techniques to
correct the deficiencies present. This may include
suchitems as subdrainage,shoulderrepair, full-depth
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repairs, joint resealing, etc. This is perfcrmed for each
traffic lane and shoulder by interaction with the system.
The system displays each of the evaluation conclusions
reachedearlierand recommendsone or more appropriate
rehabilitationtechniques. A set of dacisiontrees has been
developedto guidethe rehabilitationstrate gy development
process for traffic lanes and for adjacent shoulders.
Where more than one choice exists for an appropriate
techniqueto repair a specificdistress,the systempresents
the engineerwith the choice to make.

Computation of Rehabilitation Quantities

EXPEAR computes needed quantities for the
rehabilitationtechniquesselectedbased on the data inthe
project survey and additional information rovided by the
engineer. In general, the program assumes that 100
percent repair will be performed; that is, that the quantity
of a certain type of distressto be repaired is equal to the
quantity of that distress observed during the field survey.

if the rehabilitation work is being defayed, the
quantities are increased where appropriate for each year



the user are necessary; EXPEAR will detect what type
of monitor is available and whetheror not a math chip
is present. )

Each of the three EXPEAR versions (for the
three pavement types: JPCP, JRCP, and CRCP) is
distributed on a set of two 360 K, 5.25-inch floppy
disks. One disk contains the executable program
(EXPEAR.EXE) and the other disk contains several
other files neededto run EXPEAR.

One other note about the disk files: several of
the file names (EXPCAR.EXE, DISPLAYS.REC,
STNDRD.DAT, etc.) are common to the programs for
allthreepavementtypes (JRCP, JPCP, and CRCP), so
if you want to run the programs for differentpavement
types, keep them on separate disks! f you copy
them to a hard disk, place them in different
directories.

Running EXPEAR

After the EXPEAR title screen and a few
screens of introductory information, the system
displays the rain menu, which has four options:

. ENTER OR EDIT PROJECT DATA

. CONDUCT PROJECT EVALUATION

. DEVELOP REHABILITATION STRATEGY
. QUIT, RETURN TO DOS

I X L

Enter or Edit Project Data

When this option is selected, a menu will
appear to ask whetheryou want to create a new data
file or edit an existing file. A new data file is created
by modifyingthe STNDRD.DAT file. if an existingdata
file is to be modified, the program will ask for the
name of the data file without the .DAT extension.

A full-screen data editor is incorporated into
the system for data entry and editing. Function keys
for moving through the data items and screens are
definedat the bottom of the screen. Some data items
are defined as “toggle variables,” meaning that you
can toggle through the available values {such as low,
medium, high) using the tab key. The editor will tell
you which data items are toggle variables. Whenyou
are finished editing the file, SHIFT-10 will exit the
editor. This command does not however, save the file
on disk. The program will prompt you to save the file
before continuing.

Conduct Project Evaluation

Whenthis option is selected,the program asks for
the name of the data file to be evaluated. It also asks
whetheryou want to use the defautt critical distresslevels
incorporated in the program, or use your own values.
These may be selectedeachtime you run the program, or
may be saved to disk and retrieved when needed. The
program will prompt you tor a file name for your critical
distress values and save it with a .CVL extension.
Whetherusing your own values or the defautt values, you
must select critical distress levels before proceedingwith
the evaluation.

The evaluationruns very quickly. Whenitis done,
EXPEAR will display the results of the evaluation, which
cansists of evaluation conclusionsfor the traffic lanes and
shoulders, predicted performance without rehabilitation,
and physical testing recommendations.

EXPEAR will ask if you want to print the data
summaryfile and the project evaluationsummaryfile. You
may print these from the program, or exit to DOS and
print the output files with .REP and .TXT extensions.

Develop Rehabilitation Strategy

When this option is selected, EXPEAR interacts
with you to select the main rehabilitation approach
{reconstruct, overlay, or restore) and the specific
rehabilitation techniques needed to comect the
deficiencies identified in the evaluation. EXPEAR
recommends appropriate rehabilitation approaches and
techniquesand gives you the option to choose whenever
more than one appropriate technique exists. EXPEAR
does not have the capability to permityou to entergptions
other than the ones given. When the rehabilitation
strategy has been developed, it will be displayed along
with approximate quantities (in some instances additional
information must be provided for computing quantities,
such as size of full-depth repairs). You may print the
strategy and quantities out from the program, or exit to
DOS and print the output file with the .STS extension.

After a strategy has been developed, a menu
appears with the following options:

REVISE REHABILITATION STRATEGY
PREDICT REHABILITATION PERFORMANCE
PERFORM LIFE-CYCLE COST ANALYSIS
RETURN TO MAIN MENU

L
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The second option will predict the
performance of the rehabilitationstrategy developed,
using predictive models for key distresses. EXPEAR
may prompt you for additional information needed,
such as thickness of overlay. After the program
finishes computing the predicted performance, it will
display the predictions. You may print these out from
the program or exit to DOS and print the output file
with the .RHB extension.

Only after a rehabilitation strategy has been
developed and its performance predicted can a cost
analysis of the strategy be performed. EXPEAR will
prompt you for a discount rate and delay to be used
in the program, and will also ask you to select unit
cost values for the rehabilitation techniques. You
may use the default unit costs previded, or (in the
same manner as for the critical distress levels), save
a file containing your own set of unit costs to disk (the
extension will be .UCC), and retrieveit when needad.

The program computes the present costs over
the project length for the rehabilitation strategy analyzed.
The results are displayed on the screen and may be
printed from the program or from DOS (the extension is
LCC).

Each set of EXPEAR disks includes an example
data file for that pavementtype. The example files for the
three programs are:

JRCP: 174183, on I-74 near Urbana, llinois
JPCP: 110191, cn I-10 near Tallahassee, Florida
CRCP: 157230, on 57 near Champaign, lllinois

Comments, questions, or suggestion for
improvements to EXPEAR or this User's Guide are very
welcome, Please direct them to Ms. Kathleen T. Hall or
Dr. Michael I. Darter at the University of lllinois. The
addresses and phone numbers are given in the
introductory screens of the EXPEAR programs.
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APPENDIX Bl

PROJECT SURVEY FOR JPCF

Design Engineer:

Date of Survey (mo/day/yr): / oo

PROJECT INVENTORY DATA

Collect the following information about the project to be evaluated
prior to the actual field survey.

Project Identification

Highway Designation (example I-57):

State:

Direction of Survey:

Starting Milepost:

Ending Milepost:

Climate
Climatic Zone (See climatic zone map in "Supplemental Information"):
wet freeze wet-dry freeze dry freeze
wet freeze-thaw _ wet-dry freeze-thaw dry freeze-thaw
wet nonfreeze wet-dry nonfreeze dry nonfreeze

Estimated Annual Temperature Range (degrees Fahrenheit):

Mean Annual Precipitation (inches) (See precipitation map in
"Supplemental Information"):

Corps of Engineers Freezing Index (Fahrenheit degree-days) (See
Freezing Index map in "Supplemental Information"):

Average Annual Temperature (degrees Fahrenheit):

Slab Construction

Year Constructed:

Slab Thickness (inches):

Width of Traffic Lanes (feet):

PCC Modulus of Rupture (28 days, 3rd-point loading)(psi):
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Transverse and Llongitudinal Joints

Pattern of Joint Spacing:
uniform
random

Transverse joint spacing, if uniform (feet):
Transverse joint sequence, if random (feet):

Type of Sealant:

liquid (asphalt)

field-molded (silicone)
preformed compression (neoprene)

Average Transverse Joint Sealant Reservoir Dimensions
Width (inches): Depth (inches}):

Method Used to Form Transverse Joincts:
sawing
inserts
Unitube inserts

Transverse Joint Sawed Depth {inches):

Type of Load Transfer System:
aggregate interlock only
dowels

other mechanical devices

If dowels are present, dowel bar diameter (inches):

Hethod Used to Form Longitudinal Joints Between Lanes:
sawing
inserts

Longitudinal Joint Sawed or Formed Depth (inches):

Base

Type of Base Course:

fine-grained soil only dense-graded untreated aggregate
cement-treated aggregate asphalt-treated aggregate
lean PCC open-graded drainage layer

Modulus of Subgrade Reaction on Top of Base (psi/inch) (See k-value
correlation chart in "Supplemental Information"):
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Subgrade

Predominant Subgrade Soil AASHTO Classification (See Unified-AASHTO
conversion table in "Supplemental Information"):

Are swelling soils a problem in the area? yes no

If so, were steps taken in construction of the pavement to
correct the swelling soil problem? yes no

Shoulder

Type of Shoulder:
AC
tied PCC

Width of Shoulders (feet): inner outer

Inner Lane Slope Direction:
toward outer lane
toward inner shoulder

Traffic

Estimated Current Through Two-way ADT:

Percent Commercial Trucks (excluding pickups and panels):

Total Number of Lanes in Direction of Survey:

Future 18-kip ESAL Growth Rate (percent per year):

Total Accumulated 18-kip Equivalent Single Axle Loads (ESALs) from
Date of Construction to Date of Survey (millions) (See procedure for
computing ESALs in AASHTO Guide for Design of Pavement Structures,
Appendix D, 1986):

LANE TWO LANE ONE
(inner) (outer)
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FROJECT MONITCRING DATA

Ride Ouality

Hate the ride quality of the pavement in each lane during a drive over the entire project at the posted speed
limit. Two or more people sbould participate in the survey. Obtain ratings for each lane from each perscn
and report the average value below.

[} 1 2 3 (] ] LANE TWO LARE OFE
—- - + += + -+ (inner) (outer)
Very Poor Poor Fair Good Vary Good
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SAMFLE UNRIT HONITORING DATA

Collect the following informsation for sach traffic lane and for both shoulders during an inspection of each
sampla unit. A length of approximataly 1000 feet in each mile is recommended for each sample unit surveyed.
If only one sample unit ie to be surveyed on the project, e length of at least s half mile is recoamended.
The survey may include driving slowly on ths shoulder, stopping on the shoulder, and (with extreme caution)
walking on the shoulder to make measurements. More than one pass over the project will procbably be needed
to abtein all the information requested. Refer to NCHRF Report No. 277 for stendard definitions of distress,
severity, and measurament instructions.

Sample Unit Identification
Sample Unit Mumber: Starting Milepast: Length of Sample Unit (feet):

Use the tally shset provided to record information on cracking, spalling, and full-depth repairs for each slab
surveyed. Compute the totals and sverages indicated ¢n the tally sheet and record these values below.

LANE TWO LANE ONE
{immner) {outer)

Number of transverse cracks, L-M-H:

Mosn feulting at transverse cracks (inches):

Nuber of deteriorated tranaverse jointa, M-H including hlowups:

Hemn feulting at transverse Jointa (inchea):

Rutber of transverse joints:

Mean farulting at full-depth repair and slab replacement joints (inches):

Number of full-depth repair and sleb replacement joints (inches):

Mumber of full-depth repairs end slab replecements:

Rumber of corner breaks:

Longitudinal Jaint

Total length of longitudinal cracking, M-H only (feet):

Total length of longitudinal joint spalling, M-H only (feat):
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LANE TWO LANE ONE

(irmer) {outer)
Cracking at Transverse Joints
Kumber of transverse jolnts with transverse cracks within 2 feet:
Foundation Movement
Fumber of settlements (M-E only):
Nurber of heaves (M-H only):
Drainaga
Are longitudinal subdrains present and functional alcug the semple unit? yas no
Hhat is the typical height of the pavement surface above the side ditchlins (feet)?
Do the ditches bave standing water or cattalls in thewm? yeas — _mo
Loss of Support
Extant of visible svidence of pumping or water bleeding on N R
pavement or shoulder (indicate the highest level of severity L L
occurring in the sample unit): M M
I | N |
Surface Condition
Mothod used to texture the pavement surface at construction:
transverse Lining
other
Is the aurface polished smocoth in the wheelpaths? — Yes yes
no no
Ie significant studded tire rutting (0.25 inch or more) . yos yeos
evident in the wheel paths? no — e
Joint Sealent Condition
What is the general condition of the transverse joint sealant? L L
H
B B
What is the general condition of the longitudinal joint saalant? - L
P — H
— _H
Are substantjal amounts of incoampressibles visible in the transverss joints? yes yas
no na
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Concrete Durability

Extent of "D" cracking at joints and cracks (indicate highest severity level
present in ssmple unit):

Extent of reactive aggrsgats distress (indicate highest severity level
prosent. in sample unit):

Extent of scaling (indicate highest severity level present in sample unit):

Previous Repair

If full-depth repairs are present, are they dowelled?

Are partial-depth repairs (rigid material only) presant at

most. of the Jointa?

Has dianond grinding baen done?

Has grooving been dome?
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{immer) (outar)
- N — K
— 1L N
I . -—u
S - =
. | -k
— L - L
—_M - M
B I - |

N N

L L

M M

B B

o Yyes __Yes
— oo —_nmno
— Yes — Yo3
- ___mo
— Ye3 ]
. __mo
— YusB — Yus
no no



INNER SHOULDER OUTER SROULDER
AC Shoulders (Check all that apply.)

Alligator cracking none none
some some
extensive extensive

Linear cracking none none
s0me AOme
axtenaive extensive

Weathering/ravelling none none
some BOmS
extensive extensive

Lane/shoulder joint dropoff none none
<1" <1*
z1" — 21

Settlenents or heaves along outer edge none nane
[.[~ . ) S0me
sxtensiva axtensive

Blowholss at transverse joints none naone
same 20D
extensive extensive

Lane/shoulder joint sealant candition (good = well sealed or __ sgood — good
width < 0.10", poor = poorly aealed and width > 0.10") poot — poor
PCC_Shoulders (Check all that apply.)

Trensverse or longitudinal cracking or cormer breaks none none
some some
extensive — extensive

"D" cracking or reactive aggregate distress nons none

- some some
axtensive — extensive

Settlezents or heaves along outsr edge none none
some s0Wma
extensive —__ extensive

Lane/shoulder joint sealant conditicn (good = well sealed or good — go0d

width < 0.10", poor = poorly sealed and width > 0.10") poor poor
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Moisture Zones:

I = vet
1T = wet~dry
111 = dry

Temperature Zones:

A = freeze
B = freeze-thaw
C = nonfreeze

Climatic Zone Map of the United States. Source: "A Pavement Moisture-Accelerated Distress
(MAD) Identification System," FHWA/RD-81/079-80, 198l.
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{11 For the basic idea, see O. J. Porter, “Foundations for Fiexible Pavements,” Highway Research Board Proceedings of (he Twenty-second Annual
Meeting, 1942, Vol. 22, pages 100-136,
(2} ASTM Designation 02487

(1) "Classification € Highwiy Subgrade Malerials,” Highway Research Board Proceedings of the Twenly-filth Anaual Meeting, 1945, VoI, 25. pages
I76-232.

(4) Airport Paving, U.S. Depanment of Commerce, Federal Aviation AgenCy, May 1948, pages 11-16. Estimated using values given in FAA Desgn
Manual lor Anport Pavements (Formedy used FAA Classilication; Unilied Classitication now ysed.) *

(5) C. E.wWarnes, “Corretation Between R Valug and k Value,”™ unpublished report, Portland Cement Association, Rocky Mountain-Morihwest
Regiwon, Octaber 1971 {besi-fit correlation wilh correction for saturauon).

{6) See T. A Middiebrcous and G. E. Beriram, “Soil Tests lor Design of Runway Pavermnents,” Highway Research Board Proceedings of the Twenty-
aecond Annual Meeting, 1942, Vol. 22, page 152

Subgrade K-value Correlation to Soil Classifications and Bearing

Values. Source: "Thickness Design for Concrete Highway and
Street Pavements", Portland Cement Association
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BASE TYPE

e  fine-grained soil only: use k-value of subgrade soil
] dense-graded aggregate
Subgrade
k-value, ' Subbase Thickness, in
(psi/in) 4 6 9 12
50 65 75 85 110
100 130 140 160 190
200 220 230 270 320
300 320 330 370 430
. cement or asphalt treated aggregate, lean concrete
Subgrade
k-value, Subbase Thickness, in
(psi/in) 4 6 8 10
50 170 230 310 390
100 280 400 520 640
200 470 640 830 .-

k-value on top of base course (directly beneath PCC slab)
Source: "Thickness Design for Concrete Highway and Street
Pavements, " Portland Cement Association
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APPENDIX B2

EVALUATION DECISION TREES AND CONCLUSIONS FOR JPCP

Maior Problem eas for JPCP

1. Structural Adequacy
2. Drainage

3. TFoundation Movement
4. Durability

5. Skid Resistance

6. Roughness

7. Joint Construction

8. Joint Sealant

9. Load Transfer

10. Lloss of Support

11. Joint Deterioration

12. Shoulder
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JPCP STRUCTURAL DEFICIENCY

| CORNER BREAKS |
1-f{24] /mie >[ 25 ] /mia
STR 8 0/mie STR 3

| M_— H DETERIORATED TRANSVERSE CRACKS |
t=[ 567 /mhe 2[ 7] /mie

STR 8 0 ft/mle STR 2

SIGNIFICANTLY MORE TRANSVERSE CRACKS
IN QUTER LANE THAN (N INNER LANE

>2emoreand > 54 /mis

< 2 ¢ mare or
< 54 /mile STR 3

wat or wel—dry

SLAB THICKNESS

> 10°

a-10"
ANNUAL ANNUAL ANNUAL ANNUAL ANNUAL ANNUAL ANNUAL
ESAL ESAL ESAL ESAL ESAL ESAL ESAL
<0.6/ \206 <09 > 0.9 <1125/ \21125 <15 215 40.15/\20.15 <12 >l <28/ \225
[sR7] [sma) [Sm7] [ska] [SR7] [sma) SrR?] [S® 4] Grz] sks] [GRz) [sms] [wr2) [sRs)

» Annual ESAL In miilons



Structural Adeguacy

STR 1 Structural deficiency of the pavement is indicated by [ 25 } or
more corner breaks per mile.

{a) full-depth repair of corner breaks, AC structural overlay

(b) full-depth repair of corner breaks, crack and seat and
AC structural overlay

(c) full-depth repair of cormer breaks, PCC bonded overlay

(d) full-depth repair of corner breaks, PCC unbonded overlay

(e) recomstruct

STR 2 Structural deficiency of the pavement is indicated by [ 800 ] or
more feet 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

(c) full-depth repair of cracks, PCC bonded overlay

(d) full-depth repair of cracks, PCC unbonded overlay

(e) reconstruct

STR 3 Structural deficiency of the pavement is indicated by
significantly more transverse crack deterioration than in the
next inmer lane.

{a) full-depth repair of cracks, AC structural overlay

(b) full-depth repair of cracks, crack and seat and
AC structural overlay

(c) full-depth repair of cracks, PCC bonded overlay

(d) full-depth repalr of cracks, PCC unbonded overlay

(e) reconstruct

STR &4 Structural deficiency of the pavement is indicated by a wet or
wet-dry climate, a slab thickness of (%) inches, and {y) million
annual 18-kip ESALs,

(a) AC structural overlay

(?) crack and seat and AC structural overlay
(c) PCC bonded overlay

(d) PCC unbonded overlay

STR 5 Structural deficiency of the pavement is indicated by a dry
climate, a slab thickness of (x) inches, and (y) million annual
18-kip ESALs.

(a) AC structural overlay

{b) crack and seat and AC structural overlay
{c) PGCC bonded overlay

(d) PCC unbonded overlay

Note: Values in brackets [ ]| are default critical levels, User may
modify these values.
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STR 6 The pavement exhibits some load-associated distress (between 1
and { 24 ] corner breaks per mile) which requires repair but
does not indicate a structural deficiency.

(a) full-depth repair of corner breaks

STR 7 The pavement shows no indications of structural deficiency.
(a) do nothing

STR 8 The pavement exhibits some load-assoclated distress (between 1
and [ 799 ] feet of deteriorated transverse cracks per mile)
which requires repair but does not indicate a structural

deficiency.

(a) full-depth repair of cracks
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JPCP
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DRAINAGE DEFICIENCY

PUMUPING

PR TiE
< [°.|3u] ?.[0-'5'5 ¢[p.l3' ata un]
Do 5
SUBDRQAINS PRESEMNT <v@DRaiNs PRESENT
AND FUNCTIONAL AND FUNCTIONAL
Yt "o yes ne
Den L (ben i3 )
[ CA<E ] Il BASE 1
denae =g aded cTo (¥ pen-qroded PR copoded
-;q:: 2..—, nte (4) :gqrtggoll’- {) ';::l'd lﬂ-ﬂ?:d .'2.".;‘.'2“
it tean P (5, o™ gradnl
ped 13 gy P e 18}

(__svaceave |

Al- A3

STANDING WATER,
oQ DITCH DEPM «p FT

AN-
AS

yri ~a

OEH 13

AL -AT

| svacesve |

Ai-A3d

DM 13

-
Al

STANOING WATER. o0
DITTH DEPMH ¢§ FT

1;, Ll
pEM 13

X 13

1 STANDING waTEQ o
Orftl DEPTM « B FT

qrs

M 1

[ AnnuaL esac |

[ AnMuaL ega |

{(anNua gsat | [Awnval gsac | [ Annvac esac |

cm A YA
- g LT T

T
alita=

0.1
Lo

(oewn 1) (ond 1) (oenn ) (pena )

[ AnNvaL esa ]

o-!‘lla--!-\ —?IID-‘IT'-'\ uu‘n‘-";- ) \:.:'.'.'.-. 'nl;?;lt Lu’-i.'-\
pen ) (oena ) (oen) (oestio) (pemwi ) (oen

a0 L
LTI

ORM 14

o. L
PILT TN

o4 A




Drainage

DRN 1

DRN 2

DRN 3

DRN 4

DRN 5

DRN 6

DRN 7

A drainage deficiency is indicated by pumping occurring
in a wet or wet-dry climate.

(a) Install or repair longitudinal subdrains
(b) install or repair longitudinal subdrains, seal all
joints and cracks

An intermittent drainage deficiency is indicated by
high-severity pumping occurring in a dry climate.

(a) 1install or repair longitudinal subdrains
(b) install or repair longitudinal subdrains, seal all
joints and cracks

A drainage deficiency Is indicated by faulting greater
than { 0.13 ] inches occurring in a wet or wet-dry climate.

(a) 1install or repair longitudinal subdrains
(b) 1install or repalir longitudinal subdrains, seal all
joints and cracks

A drainage deficiency is indicated by faulting greater
than [ 0.13 ] inches occurring in a dry climate.

(a) 1install or repair longitudinal subdrains
(b) 1install or repair longitudinal subdrains, seal all
Joints and cracks

An intermittent drainage deficiency is indicated by faulting
greater than [ 0.13 ] inches and low- or medium-severity pumping
oceurring in a dry climate.

(a) 1install or repair longitudinal subdrains
(b) 1install or repair longitudinal subdrains, seal all
joints and cracks

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, and a
fine-gralned soil base.

{(a) 1install or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, a
dense-graded untreated aggregate base, an (%) subgrade, standing
water in the ditches and/or an inadequate ditch depth, and heavy
traffic of (y) million annual 18-kip ESALs.

(a) 1install or repair longitudinal subdrains
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DRN 8

DRN 9

DRN 10

DRN 11

DRN 12

DRN 13

DRN 14

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdraims, a
dense-graded untreated aggregate base, an (x) subgrade, and
heavy traffic of (y) million annual 18-kip ESALs.

(a) install or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, & (x)
base, an (y) subgrade, standing water in the ditches and/or an
inadequate ditch depth, and heavy traffic of (z) million annual
18-kip ESALs.

(a) 1install or repair lomngitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, a (x)
base, an (y) subgrade, and heavy traffic of (z) million annual
18-kip ESALs.

(a) install or repair longitudinal subdrains

A drainage deficiency is indicated by a dry climate, absence or
poor functioning of longitudinal subdrains, a fine-grained soil
base, and heavy traffic of (x) million annual 18-kip ESALs.

(a) 1install or repair longitudinal subdrains

A drainage deficiency is indicated by a dry climate, absence or
poor functioning of longitudinal subdrains, a (x) base, an (y)
subgrade, standing water in the ditches and/or an inadequate
ditch depth, and heavy traffic of (z) million annual 1B-kip
ESALs.

(a) 1install or repair longitudinal subdrains

The pavement shows no indications of a drainage deficiency.

(a) do nothing

For the pavement's current traffic level, no significant
drainage deficiency is indicated.

(a) do nothing
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JPCP FOUNDATION MOVEMENT

| M—H SETTLEMENTS AND HEAVES |

Q/mile > 0/mile

| FREEZING INDEX | | FREEZING INDEX |
0 >0 0 >0

FDN 1 FDN 2

[ SWELLING SOIL AREA | [ SWELLING SOIL AREA |
yes no yes no

FON 3 FDN 4

CORRECTIVE MEASURES TAKEN CORRECTIVE MEASURES TAKEN
AT CONSTRUCTION AT CONSTRUCTION

yes no yes no

FDN 3 [FDN 5 | FDN 6 | FON 7
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Foundation Movement

FDN 1

FDN 2

FDN 3

FDN 4

FDN 5

FDK &

FDN 7

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

(a) do nothing
Foundation movement, likely due to either frost heave or
localized consolidation, is indicated by settlements and/or

heaves.

(a) reconstruct heave areas, AC level-up settled areas
(b) reconstruct heave areas, slab jack settled areas

The pavement shows no indications of foundation movement.
(a) do mnothing

Foundation movement, likely due to localized consolidation, is
indicated by settlements and/or heaves.

(a) reconstruct heave areas, AC level-up settled areas
(b) recomnstruct heave areas, slab jack settled areas

A potential for foundation movement exists, since the pavement
is in a swelling soils area and no measures were taken during
construction to control soil swelling.

{(a) do nothing
Foundation movement, likely due to either localized
consclidation ore unsuccessful construction measures to control

swelling, is indicated by settlements and/or heaves.

(a) reconstruct heave areas, AC level-up settled areas
(b) reconstruct heave areas, slab jack settled areas

Foundation movement, likely due to either localized
consclidation or lack of construction measures to control

swelling, is indicated by settlements and/or heaves.

(a) reconstruct heave areas, AC level-up settled areas
(b) reconstruct heave areas, slab jack settled areas
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JPCP DURABILITY DEFICIENCY

| "D" CRACKING |

~ none LM H
@R 1 DUR 2
[ REACTIVE AGGREGATE DISTRESS
none LM H

[oUR 3] DUR 4

B SCALING
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Durability

DUR 1

DUR 2

DUR 13

DUR 4

DUR 5

DUR 6

Poor durability of the concrete is indicated by low- to
medium-severity "D" cracking.

(a) full-depth repair of joints, reseal transverse joints

Poor durability of the concrete is indicated by high-severity
"D" cracking.

(a) unbonded PCC overlay
{b) reconstruct

Poor durabilicty of the concrete is indicated by low- to
medium-severity reactive agpregate distress.

(a) full-depth repair of joints, reseal transverse joints

Poor durability of the concrete is indicated by high-severity
reactive aggregate distress.

(a) unbonded PCC overlay
(b) reconstruct

Poor durability of the concrete surface is indicated by
high-severity scaling.

(a) do nothing
(b) AC nonstructural OL

The pavement show no indications of significant surface or
concrete durability deficiencies,.

(a) do nothing
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JPCP SKID RESISTANCE DEFICIENCY

[ POLISHED WHEELPATHS |

yes no

STUDDED TIRE STUDDED TIRE
RUTTING RUTTING

> 0.257 < 0,25" 2> 0.25% < 0.25"
SKD 1 SKD 2 SKD 3

ORIGINAL SURFACE
TEXTURE

tined other
SKD 4

GRINDING OR
GROOVING

s/ \re

[SKD 6] [SKD 5]
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Skid Resistance

SKD 1

SKD 2

SKD 3

SKD 4

SKD 5

SKD 6

Loss of skid resistance and potential for hydroplaning are
indicated by polished wheel paths and studded tire rutting of
0.25 inches or more.

(a) prinding
(b) AC nonstructural OL

Loss of skid resistance is indicated by polished wheel paths.
{(a) grooving
{b) grinding

{c) AC nonstructural OL

Loss of skid resistance and potential fer hydroplaning are
indicated by studded tire rutting of 0.25 inches or more.

{(a) grinding
(b) AC nonstructural OL

The pavement shows no indications of loss of skid resistance or
hydroplaning potential.

{(a) do nothing

The method used to texture the original pavement surface may
contribute to loss of skid resistance in the future.

(a) do nothing

Adequate skid resistance is indicated by surface restoration
{(grinding or prooving) having been performed on the pavement.

(a) do nothing
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JPCP ROUGHNESS DEFICIENCY

| TwWO-WAY ADT |

< 3,000 3,000 to 2 10,000
10,000
PSR PSR
<[2.0] >[2.0] <[2.5] >[2.5] <([3.0 >[3.0]
RGH 1 RGH 1
| TOTAL FAULTING
< [ 46 ] inches/mile >[ 46 ] mches/mile
SETTLEMENTS
<[ 5] /mie 2[ 5] /mile
HEAVES
<[ 5] /mile >2[ 5] /mile
RGH 4
DETERIORATED JOINTS
<[ 55 ] /mie >[ 55 ] /mile
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Rouphness

RGH 1

RGH 2

RGH 3

RGH 4

RGH 5

RGH 6

Rideability is acceptable.

(a) do nothing

Poor rideability is indicated by total faulting of more than

[ 46 |} inches per mile at joints, cracks, and full-depth repairs
(if present), and an unacceptably low PSR for the pavement’s ADT

level.

(a) grinding
(b) AC nonstructural OL

Poor rideability is indicated by [ 5 ] or more settlements per
mile and an unacceptably low PSR for the pavement’s ADT lewvel.

(a) AC level-up settlements
(b) slab jack settlements

Poor rideability is indicated by [ 5 ] or more heaves and an
unacceptably low PSR for the pavement’s ADT level.

(a) reconstruct heaves

Poor rideability is indicated by [ 55 ] or more deterlorated
joints per mile and an unacceptably low PSR for the pavement'’s
ADT level.

(a) full-depth repair of joints

Poor rideability is indicated by an unacceptably low PSR for the
pavement’s ADT level.

(a) grinding
{b} AC nonstructural OL
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JPCP JOINT CONSTRUCTION DEFICIENCY

< [SDDJH'/ME

[L.On:an'ruowﬂl. JOINT SPALLING

O £+/ mile >0 fH/mile

JTC 1

[ Lona I TuDin A ceackmla |

s[s00] H/mite

LOMNCITUDINAL JOINT
FORMING HKeTHOD

i lostic
JTC & sawing " inge
LONGITUDINAL JounT DEPTH LONGITUDINAL JoigT DEPTH
< /3 OF SLAB THILEWESS < ‘Y3 OF SLAB THKEMESS
yes ne w3 -o
JTe 2 (Jre 2 ) (JaTc « ) e 5
' TE ANSVERSE JoNT FOCMING HETHOD )
Unitvbes plastic wvaserts

/

PRRTIAL- DEPTH REPAILS
AT HOWT TRANSVERSE JOINTS

noe qes

[ JoINT sPaLLING ]
3Es])*s)m'.lr_

Sawinﬂ

TRANSVERSE cRAKS
wWITHIN 2 FEET oF

TRANSYERSE JoiNTS

>O_im‘n3 O joints

JTC 10

TRANSVERSE JONT
DEPTH < Yy oF

SLAB THICKNESS

TRANSYERSE CRALKS

wiTHIN 2 EEET oF
TRANSVELSE JOINTS

0 goinks o sanis

dT¢ 10

TRANSYERSE JoinT
CEPTH ¢ Yy oF
SLAB THICEMNESS

266




Joint Construction Deficiency

JTC 1

JTC 2

JTC 3

JTC 4

JTC 5

JTC 6

JTC 7

JTC 8

JTC 9

A longitudinal joint construction deficiency is indicated by
longitudinal joint spalling.

(a) partial-depth repair of longitudinal jeint
A longitudinal joint construction deficiency, likely due to an
inadequate depth of saw cut, is indicated by longitudinal

cracking.

(a) seal longitudinal cracks
(b) stitch longitudinal cracks

A longitudinal joint construction deficiency, likely due to late
sawing, is indicated by longitudinal cracking.

€a) seal longitudinal cracks
(b) stitch longitudinal cracks

A longitudinal joint construction deficiency, likely due to
inadequate depth of plastic insert placement, is indicated by

longitudinal cracking.

(a) seal longitudinal cracks
(b) stitch longitudinal cracks

A longitudinal joint construction deficiency, likely due to the
use of plastic inserts, is indicated by longitudinal cracking.

(a) seal longitudinal cracks
(b) stitch longitudinal cracks

The pavement shows no indications of a longitudinal joint
coustruction deficiency.

(a) do nothing

A transverse joint construction deficiency, likely due to the
use of Unitubes, is indicated by partial-depth repairs at most
of the transverse joints.

(a) do nothing

A potential transverse joint construction deficiency is
indicated by the use of Unitubes, which may cause transverse
joint spalling in the future.

(a) do nothing

A transverse joint construction deficiency, likely due to the
use of Unitubes, is indicated by [ 55 ] or more deteriorated

transverse joints per mile.

(a) partial-depth repair
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JTC 10 The pavement shows no indications of a transverse joint
construction deficiency.

(a) do mothing

JTC 11 A transverse joint construction deficiency, likely due to an
inadequate depth of saw cut, is indicated by transverse cracking
within 2 feet of transverse joints.

(a) seal cracks near transverse joints
{(b) load transfer restoration at cracks near transverse
joints, seal cracks at transverse joints

JTC 12 A transverse joint construction deficiency, likely due late
sawing, is indicated by tramnsverse cracking within 2 feet of
transverse joints,

(a) seal cracks near transverse joints
(b) 1load transfer restoration at cracks near transverse
joints, seal cracks at transverse joints

JTC 13 A transverse joint construction deficiency, likely due to
inadequate depth of placement of plastic inserts, is indicarted
by transverse cracking within 2 feet of transverse joints.

(a) seal cracks near transverse joints
(b) load transfer restoration at cracks near transverse
joints, seal cracks at transverse joints

JTC 14 A transverse joint construction deficiency, likely due to use of
plastic inserts, is indicated by transverse cracking within 2
feet of transverse joints.

(a) seal cracks near transverse joints

(b)Y load transfer restoration at cracks near transverse
joints, seal cracks at transverse joints
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JPCP JOINT SEALANT DEFICIENCY

TRANSVERSE JOINT
SEALANT CONDITION

pood poor
I SEALANT TYPE ] preformed | l SEALANT TYPE ] preforned
asphalt or compression asphalt or compression
siicone silicone
ADEQUATE (@ ADEQUATE @
JOINT WIDTH JOINT VIDTH
yes no yos no
JTS 3
ADEQUATE @ ADEQUATE @
SHAPE FACTIR SHAPE FACTIR
yos no yes no

(D joint sealant reservoir width is adequate if1

() W > 3/8" and
() 08 W (12CL T ¢ 12V, for asphalt
05 W ¢ 12CL AT( 15V, for silicone
vhere V-extsing joint sealant resevor width (nches)
C=065, for stabilized base
080 for granular base
=5.5x10 ‘Y °F
AT=estimated annual temperature ronge® F)

(@ jont sealant reservor shape factor ts adequate I

3/4 ¢ DV, &, for asphalt
1/2 < DIV { 2, for sflicone

vherer D=jomt sealant reservoir depth (nches)
W=jont sealant reservor width (inches)



Joint Sealant

JTS 1

JTS 2

JTS 3

JTS 4

JTS 5

JTS 6

The pavement shows no indications of a joint sealant deficiency.

{a) do nothing

Although the existing sealant is in good condition, a transverse

joint sealant deficiency is indicated by an inadequate joint
sealant reservoir shape factor for the existing sealant type.
This is likely to hinder the performance of the sealant in the
future.

(a) do nothing
(b) reseal transverse joints

Although the existing sealant 1s in good condition, a transverse

joint sealant deficiency is indicated by an inadequate joint

sealant reservoir width for the existing sealant type. This is

likely to hinder the performance of the sealant in the future.

(a) do nothing
(b) reseal transverse joints

A transverse joint sealant deficiency is indicated by medium-
high-severity joint sealant damage.

(a) reseal transverse joints

A transverse joint sealant deficiency is indicated by medium-
high-severity joint sealant damage and an inadequate joint
sealant reservoir shape factor for the existing sealant type.
(a) reseal transverse joints

A transverse joint sealant deficiency is indicated by medium-
high-severity joint sealant damage and an inadequate joint

sealant reservoir width for the existing sealant type.

(a) reseal transverse joints
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JPCP LOAD TRANSFER DEFICIENCY

[JOINT LOAD TRANSFER SYSTEM |

aggregate interlock dowels or other
[JOINT FAULTING | [ JOINT FAULTING |
<[o0.13] >[013"] <[0.13"] > [ 0.13”]

LDT 1 DT 2

[ DETERIORATED TRANSVERSE CRACKS, M=H |
< 100 ft/mile > 100 ft/mile

CRACK FAULTING
<[0.13"] > [ 0.13"]
(o7 3; ELDT 4)

UNDOWELLED FULL-DEPTH REPAIRS

0 <0

0T 5 FULL-DEPTH REPAIR
FAULTING
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load Transfer Deficiency

LbT 1

LDT 3

LDT 4

LDT 6

LDT 8

Aggregate interlock is providing inadequate load transfer at the
transverse joints, as indicated by mean transverse joint
faulting of more than [ 0.13 ] inches.

(a) load transfer restoration at joints

Dowels or other mechanical devices present are providing
inadequate load transfer at the transverse joints, as indicated
by mean transverse joint faulting of more than [ 0.13 ] inches.

(a) load transfer restoration at joints
(b) do nothing

No load transfer deficiency 1s indicated at deteriorated
transverse cracks,

(a) do nothing

A load transfer deficiency at deteriorated transverse cracks is
indicated by mean crack faulting of more than [ 0.13 ] inches.

(a) full-depth repalir of cracks
(b) 1load transfer restoration at cracks

No undowelled full-depth repairs are present,

(a) do nothing

A potential load transfer deficiency exists at undowelled
full-depth repairs, but mean full-depth repair faulting is not
significant, 7

(a) do nothing

A load transfer deficiency is indicated at undowelled full-depth
repairs by mean full-depth repair faulting of more than [ 0.13 ]

inches.

(a) replace undowelled full-depth repairs with dowelled
full-depth repairs

No load transfer deficiency is indicated at transverse joints.

(a) do nothing
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JPCP LOSS OF SUPPORT

L CORNER BREAKS |
> 5/mile
< 5/mille .
[ LOS 1
[ PUMPING |
M,H
LOS 2
|__FAULTING | [ FAULTING ]
< [o.13']/¥[0.13'] < 0.05" ooe N 2 [0.13°]
[013°]
[LOS 5 {LOS 3] LOS 5 LOS 4 LOS 3
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Loss of Suppert

Los 1 Loss of slab support is indicated by 5 or more corner breaks per
mile.

(a) subseal at joints and cracks

Los 2 Loss of slab support is indicated by medium- to high-severity
pumping,

(a) subseal at joints and cracks

Los 3 Loss of slab support is indicated by average faulting greater
than [ 0.13 ] inches at joints and cracks.

(a) subseal at joints and cracks

LOs 4 Loss of slab support is indicated by pumping and average
faulting of between [ 0.05 ] Inches and [ 0.13 ] inches at
jolnts and cracks.
{(a) subseal at joints and cracks

LOS 5 The pavement shows no indicatlons of loss of slab support.

{(a) do nothing
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SiT

JPCP JOINT DETERIORATION (page 1 of 2)

| JoiNT DETERIORATION

Ojtsfmile

Ge)

i-[ss)amimile
UNITVBES
A [3) no
REACTIVE REACTWE
ACGRECATE] ALGREGATE
LM,H rone LM H none
JOINT JownuT JOINT JoINT
SPACING SPACING SPALING SPAZING
<30’ > 30’
(107 ¢)

JT SEALANT
conDITIOMN

JT SEALANT
CONDITION

HH L

(35T 10)

LONGITUDINAL oy T
SEALANT CoNDITION

oT 27 -

CLIMATE

treere o

non -Pree ze
rer 28 -Haw

‘LESS]JW"‘-'K

UNITUBES

1{5 no

REACTIVE |
AGGREGATE.

LH,

REACTINE
AGGREGATE

(R none nove.

3o T
SPACING

JT SEALANT
comabimom

JT SEALANT
<ONDITION

HH L

CH R CD)




9.7

LONG ITUDINAL JorNT

SEALANT cONDMoN P
e JPCP JOINT DETERIORATION (page 2 of 2)
JOT IV
CLIMATE
nonfrees frecee Frcere -Iha
[TiovnT DETERIORATION |
1- (silitssam le »Lsglim/mite
OJHN“C
UNITURES (.'D'l 26 ) UNITUBES
yes no yes no
b CRACKING T CRACKING [DceAceiNGg |  [[Dceacng |
LM, H none y .
LMK nont.
LHH none LM, H noné
jor73) (oTr)
JoINT JowaT JoiNT JOINT A0INT
SPAONG SPAOING SPACING SPRCING SPACING
<30’/ \ 230’ <30'/ \z30 <0, %80 <30’
soriy) (Jor2) (wor3)  (oof 4) o7
IT SEALANT AT SEALANT JT SEALANT] JT SEALANT
CONDITION CoNDITION cordoont coNDITION
M, w H.H L H. " — HH [
0T 7 JoT 8 JoTq QDT fg GDT n) C\o’r IB)




Joint Deterioration

JDT 1 Some joint deterioration exists, likely due to the use of
Unitube joint forming inserts and the presence of reactive
aggregate.

{(a) full-depth repair of joints

JDT 2 Some joint deterioration exists, likely due to the use of
Unitube joint forming inserts, the presence of reactive
aggregate, and large joint movements associated with the long
joint spacing.

(a) pressure relief joints, partial-depth repair of joints
(b) pressure relief joints, full-depth repair of joints

JDT 3 Some joint deterioration exists, likely due to the use of
Unitube joint forming inserts.

(a) partial-depth repair of joints
(b) full-depth repair of joints

JDT & Some joint deterioration exists, likely due to the use of
Unitube joint forming inserts and large joint movements

associated with the long joint spacing.

(a) partial-depth repair of joints
{b) full-depth repair of joints

JDT 5 Some joint deterioration exists, likely due to the presence of
reactive aggregate.

(a) full-depth repair of joints

JDT 6 Some joint deterioration exists, likely due to the presence of
reactive aggrepgate and large joint movements associated with the
long joint spacing.

(a) pressure relief joints, full-depth repair of joints

JDT 7 Some joint deterioration exists, likely due to poor joint
sealant condition permitting infiltration of incompressibles.

(a) reseal transverse joints, full-depth repair of joints

JDT 8 Some joint deterioration exists, but its cause is unknown.
(a) full-depth repair of joints

JDT 9 Some joint deterioration exists, likely due to poor joint
sealant condition permitting infiltration of water and
incompressibles, and large joint movements assoclated with the

long joint spacing.

(a) reseal transverse joints, full-depth repair of joints
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JDT

JDT

JDT

JDT

JDT

JDT

JDT

JDT

JDT

10

11 -

12

13

14

15

16

17

18

Some joint deterioration exists, likely due to large Jolnt
movements associated with the long joint spacing.

(a) full-depth repair of joints

Extensive joint deterioration exists, likely due to the use of
Unitube joint forming inserts and the presence of reactive
aggregate,

(a) wunbonded PCC overlay
(b) reconstruct

Extensive joint deterioration exists, likely due to the use of
Unitube joint forming inserts.

(a) partial-depth repair of joints
(b) full-depth repair of joints

Extensive joint deterloration exists, likely due to the presence
of reactive aggregate.

{a) unbonded PCC overlay
(b) reconstruct

Extensive joint deterioration exists, likely due to the presence

of reactive aggregate and large joint movements assoclated with

the long joint spacing.

(a) full-depth repair of joints, pressure relief joints,
unbonded PCC overlay

(b) reconstruct

Extensive joint deterioration exists, likely due to poor joint

sealant condition permitting infiltration of water and

incompressibles. '

(a) full-depth repair of joints, reseal transverse joints

Extensive joint deterioration exists but its cause is unknown.

(a) full-depth repalr of joints

Extensive joint deterioration exists, likely due to poor joint

sealant condition permitting infiltration of water and

incompressibles, and large joint movements associated with the

long joint spacing.

(a) full-depth repair of joints, reseal transverse joints

Extensive joint deterlioration exists, likely due to large joint
movements associated with the long joint spacing.

(a) full-depth repair of joints
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JDT

JDT

JDT

JDT

JDT

JDT

JDT

JDT

JDT

19

20

21

22

23

24

25

26

27

Some joint deterioration exists, likely due to the use of
Unitube joint forming inserts and "D" cracking weakening the
concrete at the joints.

(a) full-depth repair of joints

Some joint deterioration exists, likely due to the use of
Unitube joint forming inserts, "D" cracking weakening the
concrete at the joints, and large joint movement associated with
the long joint spacing.

(a) full-depth repair of joints

Some joint deterioration exists, likely due to "D" cracking
weakening the concrete at the joints.

(a) full-depth repair of joints

Some joint deterioration exists, likely due to "D" cracking
weakening the concrete at the joints, and large joint movements
assoclated with the long joint spacing.

(a) full-depth repair of joints

Extensive joint deterioration exists, likely due to the use of
Unitube joint forming inserts and "D" cracking weakening the

concrete at the joints.

(a) unbonded PCC overlay
(b) recomstruct

Extensive joint deterioration exists, likely due to "D" cracking
weakening the concrete at the joints.

(a)} unbonded PCC overlay
(b) reconstruct

Extensive joint deterioration exists, likely due to "D" cracking
weakening the concrete at the joints, and large joint movements
associated with the long joint spacing.

(a) unbonded PCC overlay
(b) reconstruct

No joint deterioration exists.

(a) do nothing

Joint deterioration or other pavement deterioration may be
accelerated by water infiltration permitted by poor longitudinal

joint sealant condition.

(a) reseal longitudinal centerline joint

279



082

" AC

|__ALLIGATOR CRACKING |
none,some extensive

SHD 1

| T UNEAR CRACKING |
none,aome extensive

SHD 2

| WEATHERING /RAVELING |
none,some oxtenalve

SHD 3

| _LANE /SHOULDER JOINT DROPOFF |
<t 21"

SHD 4

| SETTLEMENTS/HEAVES |
none,2ome axtenalive

S0 5

|__PUMPING BLOWHOLES |
none,some oxtenalve

SHD 6

| LANE/SHOULDER JOINT CONDITION |
pooc /\good

{sHD 7| [sHo 8]

SHOULDER TYPE
PCC

| CRACKING OR CORNER BREAKS |
none,soma axtenaive

SHD 8

| “D" CRACKING OR REACTIVE AGGREGATE DISTRESS |
none,some sxtensive

SHD 10
| SETTLEMENTS/HEAVES |
none,some extensive

SHD 1

|_LANE/SHOULDER JOINT CONDITION |
poor good

SHD 12 SHD 13

SHOULDER DEFICIENCY



Shoulder

SHD 1 Structural deterioration of the AC shoulder is indicated by
extensive alligator cracking.

(a) 1in-place recycle

(b) patch

{(c) reconstruct with AC
(d) reconstruct with PCC

SHD 2 Deterioration of the AC shoulder is indicated by extensive
linear cracking.

(a) 1in-place recycle

(b) patch

(¢) reconstruct with AC
(d) reconstruct with PCC

SHD 3 Deterioration of the AC shoulder surface is indicated by
extensive weathering and/or raveling.

(a) chip seal

SHD 4 A dropoff of 1 inch or more along the AC lane/shoulder joint
constitutes a safety hazard.

(a) 1leveling wedge

SHD 5 Foundation movement beneath the AC shoulder i1Is indicated by
extensive settlements and/or heaves.

(a) reconstruct heaves, AC level-up settlements

SHD 6 Pumping has resulted in extensive blowhole formation in the AC
shoulder,

(a) patch blowholes

SHD 7 Excessive infiltration of water beneath the pavement and AC
shoulder is indicated by poor lane/shoulder joint condition.

(a) reseal lane/shoulder joint
(b) do nothing

SHD 8 The AC shoulder shows no indications of significant
deterioration.

(a) do nothing

SHD 9 Structural deterioration of the PCC shoulder is indicated by
extensive cracking and/or corner breaks.

(a) full-depth repair

(b) reconstruct with AC
(c) reconstruct with PCC
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SHD 10

SHD 11

SHD 12

SHD 13

Poor durability of the PCC shoulder is indicated by extensive
"D" cracking or reactive aggregate distress.

(a) reconstruct with AC
(b) reconstruct with PCC

Foundation movement beneath the PCC shoulder is indicated by
extenslve settlements and/or heaves along the outer edge.

(a) reconstruct heaves, AC level-up settlements

Excessive infiltration of water beneath the pavement and PCC
shoulder is indicated by poor lane/shoulder joint condition.

(a) reseal lane/shoulder joint
(b) do nothing

The PCC shoulder shows no indications of significant
deterioration.

(a) do nothing
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APPENDIX B3

EVALUATION PERFORMANCE PREDICTION MODELS FOR JPCP

Distress es

1, Faulting

2. Cracking

3. Joint Deterioration
4., Pumping

5. PSR
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Faulting

FAULT = { ESALC-1%% % [ .0.2980 + 0.2671,THIcKC 3184

- 0.0285 BASETYPE + 0.00406 (FI + 1)0-3398
- 0.0462 PCCSH + 0.2384 (PuMp + 1)0-0109
- 0.0340 poweL2- 9987 )/ 100 } +FLTCALIB
where:

FAULT = mean transverse joint faulting, in

ESAL = accumulated 18-kip [80 kN]| equivalent single-axle loads
since construction, millions

THICK = thickness of PCC slab, in
BASETYPE = type of base under PCC slab
= 0, if granular base
= 1, if stabilized base (asphalt, cement, etc.)
FI = mean Freezing Index, Fahrenheit depree-days
PCCSH = existing tied PCC shoulders
= 0, if not present
= 1, if present
PUMP = punping severity (from pumping model) (Note: PUMP can be
any value between 0 and 3, e.g. 2.2)
= 0, if no pumping
= 1, 1f low severity
= 2, if medium severity

= 3, if high severity

DOWEL ~ diameter of dowels, in
{0 if no dowel bars used)

FLTCALIB = calibration of model to existing faulting

= actual faulting (in) measured during survey - FAULT
predicted for present year by above model

= actual faulting - ( ESALO'I44 * [ -0.2980
+ 0.2671/THICK?-318% _ o 0285 BASETYPE
+ 0.00406 (FI + 1)9-3398 _ o 0462 PccsH
+ 0.2384 (PUMP + 1)9-9109 _ g 0340 power2-9%87 1/ 100 |
R? = 0.79
n = 259
SEE = 0,02 in [0.05 cm]
Source: NCHRP 1-19 (6)
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Cracking

CRACKS

where:
CRACKS

ESAL

SOILCRS

RATIO

TRANGE
FI

CRKCALIB

4
n
SEE

Source:

( EsaL?-73% [ 3092.4 (1 - SOILCRS) RaTIO 10-0 |
+ ESAL?-5 (1.233 TRaNGEZ-© RaTIO 2-868)

+ ESALZ 416 (0.2296 F1l-93 RaTIO’-31)

} + CRKCALIB
total length of cracking of all severities, ft/mile

accumulated 18-kip [80 kN]} equivalent single-axle loads
since construction, millions

subgrade soil classification
0, if fine grained (A4 to A7)
1, if coarse grained (Al to A3)

Westergaard’s edge stress/PCC modulus of rupﬁure (see
following page to calculate Westergaard’'s edge stress)

Annual temperature range, degrees Fahrenheit
mean Freezing Index, Fahrenheit degree-days
calibration of model to existing cracking

actual cracking (M-H cracks, ft/mile) measured during

survey - CRACKS predicted for present year by above model

actual cracking - ( ESALZ:79% [ 3092.4 (1 - SOILCRS)
raTIO 10-0 7 4 ESALO-7 (1.233 TRANGEZ-©

RATIO 2-868y 4 Ega12-416 (0 2296 FIl-23 RaTIO? 31y,
0.69

303

176 ft/mile [33.3 m/km]

NCHRP 1-19 (§6)
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Calculation of Westergaard’'s Edge Stress:

L = [ (4200000 * THICK>-®) / 12 % (1 - 0.22:0) % geFF 10-2°
B=[ 1.6 (6.4)2 + THICK? |97 - 0.675 THICK

(0.572 * 9000 / THICK?-?) + [4 logyy (L/B) + 0.359]

Stress
where:
THICK = thickness of PCC slab, in
KEFF = effective k value beneath PCC slab, psi/in
4,200,000 = assumed elastic modulus of PCC slab, psi
0.20 = assumed Poisson’s ratio of PCC slab
6.4 = assumed wheel load radius, in
Note: l in = 2.54 cm

1l psi = 6.9 kPa
1 psi/in = 2,71 kPa/cm
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Joint Deterjoration

DETJT

where:

DETJT

AGE

DUR

UNITUBE

INCOMP

DETJTCALIB

R2
n
SEE

Source:

[ AGE1'695 ( 0.9754 DUR)

+ Ace2-841 (0 01247 UNITUBE)

+ AGE3-938 (0.001346 INCOMP) ] + DETJTCALIB

medium- to high-severity deteriorated transverse joints,
number/mile

time since construction, years

D cracking or reactive aggregate distress
0, if none
1, if low, medium, or high severity

Unitube joint forming inserts
0, if not present
1, if present

incompressibles in transverse joints

0, if no incompressibles observed

1, if incompressibles observed

calibration of model to existing joint deterioration
actual joint deterloration (M-H deteriorated joints/mile)

measured during survey - DETJT predicted for present year
by above model

actual joint deterioration - | acgl-695 ( 0.9754 DUR)
+ aGe2-841 (001247 uNITUBE)

+ aceE>-938 (0.001346 INCOMP) |

0.59

252

16 joints/mile [10 joints/km]

NCHRP 1-19 (6)
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Pumping

PUMP

where:

PUMP

ESAL

SCILCRS

SUMPREC
THICK
FI

R2

n
SEE

Source:

ESAL? %43 [ .1.479 + 0.255 (1 - SOILCRS)

4+ 0.0605 SUMPREC® % + 52.65/THICKL- 747

]
WMo

+ 0.0002269 F1l-205 |

pumping severity (PUMP can be any value between 0 and 3)
, 1f no pumping

, 1lf low severity

, if medium severity

, if high severity

accumulated 18-kip [80 kN] equivalent single-axle loads
since construction, millions

subgrade soll classification

0, if fine grained (A4 to A7)

1, 1f coarse gralned (Al to A3)

average annual precipitation, em ( = 2.54 * inches)
thickness of PCC slab, in

mean Freezing Index, Fahrenheit degree-days

0.68

289

.42

NCHRP 1-19 (6)
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*d
9]
b

PSR ~ 4.5 - 1.486 ESALD: 1467

+ 0.4963 ESaL ©-265 par10-0-5
- 0.01082 Esar0-644 age0-325 (gumprecO- 91 /avenr!: 07y
where:

PSR = Present Serviceability Rating

ESAL = accumulated 18-kip [80 kN] equivalent single-axle loads since
construction, millions

RATIC - Westergaard's edge stress/PCC slab modulus of rupture
AGE = time since construction, years
SUMPREC = average annual precipitation, em {( = 2.54 * inches)
AVMT ~ average monthly temperature, ® C [ (°F - 32) / 1.8 |
R? = 0.69
n = 316
SEE = 0.25

Source: NCHRP 1-19 (6)
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APPENDIX B4

REHABILITATION STRATEGY DEVELOPMENT DECISION TREES
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16¢

Main Rehabilitation Ap

oroach for JPCP

OUTER LANE
STR
1,2 —"3,4,5 6,7,8
PICK OVERLAY OR 2-2 INNER LANE
RECONSTRUCTION STR
rec oL 1,2 4,5 6,7.8
INNER LANE 2-2 PICK GVERLAY OR 2-2 INNER OR QUTER |
RECONSTRUCTION "D" CRACKING OR
REACTIVE AGG.
1,2,4,5 6,7 no Yes
INNER "D" CRACK 2 2

OR REACT AGG.

&

Option to go to 1—1 provided

»» Option to go to 1-1, 1-3, or 2—2 provided

OUTER "D" CRACK | 3—-3 |

OR REACT AGG. i

PICK OVERLAY OR
RECONSTRUCTION

Reconstruct Both Lanes
Reconstruct Outer, Restore Inner

3—-1 Restore OQOuter, Reconstruct Inner
2—2 Overlay Both Lanes
3—3 Restore Both Lanes




Z6¢C

Reconstruction of A JPCP Lane

QUTER LANE
DRN
Install /repair subdrains
Install /repair subdrains,

1=12 construct drainage layer
[ OUTER SHOULDER |~
INNER LANE
DRAINAGE
1-12 INNER LANE
SLOPE DIRECTION
in out
OUTER LANE OUTER LANE
DRAINAGE REPAIR DRAINAGE REPAIR
drains & drains &
layer drains nothing layer drains nothing
drains & drains dralns drns & Iyr drains dralns
layer layer Donothing Donothin

INNER SHOULDER

» See decision tree for shoulder rehabilitation
adjacent to reconstructed lane.




Rehabilitation of Shoulder Adjacent to Reconstructed Lane

/\

| AC SHOULDER | | PCC SHOULDER |

1%& 9,111 10 \

€6T

reconstruct w/AC

reconstruct w/AC

reconstruct w/AC

reconstruct w/AC

reconstruct w/AC

reconstruct w/PCC

reconstruct w/PCC

reconstruct w/PCC

reconstruct w/PCC

reconstruct w/PCC

repair

do nothing

repair

repaiNc

recycle

1,2

patch

3 (

chip seal J

4 |leveling wedge |

5 theav

reconstruct
level—up
settlements

6 lpctch blowholegl

7 | seal L/S joit |

——

i

repair rec

9 |full—depth repaiﬂ

reconstruct
heavs, level—up

settlements

12| seal L/S joit |

do nothing




Overlaying A JPCP Lane

11.1 3.1 4.23:_2’5/

INNER OR OUTER
JTD

[UNBONDED PCC OL|

/

INNER OR OUTER
DUR

24

{UNBONDED PCC OL[

1,3,.5,6

"

unbonded
PCC OL bonded
PCC OL

{ PICK OL TYPE |

1-10,12,15-22,26,27

rack and seat and
C structural OL

¢
AC structural
oL

=% DO JTD THROUGH

RGH FOR EACH LANE == |

3,4,12

7,9,15,17

1,5,8,10
16.18—221 J1D |

pressure relief joints
full—depth repair

pressure relief joints
artial—depth repair

|

full—depth repair

artlal—depth repair

pressure rellef Joints,
full—depth repair

full—depth repair,
resecl transverse joints

I
27 |resedl lorﬁi; CL joint]
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JTD

]

2 |FULL-DEPTH REPAIR| 27|resedl longit CL Joint|

4

*» must be done
in both lanes



unbonded PCC

AC structural, bonded PCC

crack and seat

N : g
[  our |
1,3 full—depth repair
seal joints & cracks
[ wr ] L LDT ]
L fload transfer rest. joints| 1 [load transfer rest. joints|
9 load transfer rest. joints o load transfer rest joints
do nothing do nothing
4 |fulli—depth repair cracks| 4 [full-depth repair cracks]
7 |replace undowelled FDR| 7 [replace undowelled FDR|
[ JTC | [ JTC ]
|
partial depth repair| 9 [partial depth repair|
1 |of longit. CL joint
11-~|seal cracks at joints
o_5 seal longit. cracks| 14 |seal cracks at joints,
“¥ |stifen longit. cracks load trans rest. cracks
9 [pcrtiol—depth rggqiﬂ
seal cracks at joints |
11-14 [seal cracks at joints,
load trans rest. cracks
L tos |
1-4 [subseal joints and crucksl
[ J}s | l J1S ]
23 reseal transverse joints reseal transverse joints
’ do nothing 2.3 do nothing
4—6 |reseal transverse joints] 4,6 reseal tronsverse joints|
N
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unbonded PCC AC structural, bonded PCC crack ﬂ;ﬂ seat
AN

FDN | [ roN_ ] [ N ]
AC OL
2,4, |reconstruct heaves, | 2,4, | reconstruct heaves, reconstruct heaves,
6,7 |AC level-up settlements| 6,7 |AC level-up settlements AC level—up settlements

bonded | PCC OL
2,4, | reconstruct heovesl
6,7 slab jack settiement

L RroH_ | [ RGH ] [ RGH ]

AC OL
3 [LC level—up settlementﬂ' 3 hc Ievel—@settlemenm 3 [AC Ieve!-g:'setttements]

4 | reconstruct heaves | bonded| PCC OL 4 [re°°”5t'“9t heoves]
3 Elob Jack settlemena

4 | reconstruct heaves |

OUTER LANE
DRN

o

1—12/[install /repair subdrains ]|

| OUTER SHD |*

NNER DR

*» see declsion tree for
rehabilitating shoulder
INNER LANE adjacent to overlald lane
$LOPE DIRECTION

/ out
—

1-12 [install /repalr subdrains]

Install /repair subdrains
doe nothing

[ INNER SHD ™
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AC Shoulder Rehchilitation Adjacent to Overlaid Lane.
['AC_SHOULDER |

1’7 \
pvt PCC OL pvt PCC OL

rec w/PCC, PCC OL PCC overlay
rec w/AC, PCC OL AC overlay
rec w/PCC, AC OL
rec w/AC, AC OL pvt AC OL :
repair, PCC OL [ AC overlay |
repair, AC OL

pvt AC OL

rec w/PCC, AC OL
rec w/AC, AC OL
repair, AC OL

19 in—place recycle
' patch

= I
4 |level wedge]
|

reconstruct hegves
5| AC level-up

settlements

l
6 [patch blowholes]
1

2 reseal |/s joint
do nothing

—
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862

pvt PCC OL

pvt AC OL |

PCC Shoulder Rehabilitation Adjacent to Overlaid Lane

rec.w/PCC, PCC OL

rec.w/AC, PCC OL

rec.w/PCC AC OL

rarw/AC, AC QL

repair, PCC OL

repair, AC OL

rec.w/PCC AC OL

rec.w/AC, AC OL

repair, AC OL

9 full—depth repaif

1

12

reconstruct heaves
AC level—up
settiements

reseal |/s joint
do nothing

Pvt PCC OL =
Pvt AC OL

Notes:

pvt PCC OL

PCC SHOULDER
10

rec.w/PCC, PCC OL

rec.w/AC, PCC OL

rec.w/PCC AC OL

lrec.w/AC, AC 0L

pvt AC OL |

rec.w/PCC AC OL

rec.w/AC, AC OL

pvt PCC OL
PCC overlay
AC overlay

pvt AC OL.

[ AC overlay ]

—

bonded PCC OL, unbonded PCC OL

= AC structural OL, AC neonstructural OL,
crack and seat and AC structural OL



RESTORATION OF JPCP LANE

[ Jgm |

I
161—'?'88—'1202 ['full—depth repair ]

pressure relief joints

2 full—depth repair

pressure relief joints
artial—depth repair

3,412 full—depth repair
artial—depth repair

pressure relief joints
full—depth repair

7,9 full--depth repair
15,17 [reseal transverse joints

27 [reseal longit. CL jolnts|

|  DUR |
1

full—depth repair
seal joints & cracks

1,3

5 [AC nonstructural OL|*

r LDT | * Note: must be done
In both lanes [f
1 lload transfer rest. joints| needed In elither lane
2 do nothing

4 [fuli-depth repair cracks!

7 |replace undowelled FDR|
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2-5

J

N
i

partial depth repair
of longit. CL JoInt

seal longit. cracks

stifen longit. cracks

9 |partial—depth repair|

11-14

seal cracks at joints

seal cracks at joints,

load trans rest. cracks

| LC])S ]

1-4 |subseal joints and cracks|

2,3

| J1S ]
|

reseal transverse Joints

do nothing

4—6 [reseal transverse joints|

2,4,
6,7

| FDN |

|

reconstruct heaves,
AC level-up settlements

reconstruct heaves,
slab jack s'ettlements

|
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| RGH |

l L1 ]
grinding
AC nonstructural OL

|

AC level—up settlements
lab jack settlement

1

4 l reconstruct heqves]

S [tull—depth repair of joints]

6 grinding **
AC nonstructural OL
l
| sko |
I
grinding -
1.3 [AC nonstructural OL
|
grinding o
2 grooving
AC nonstructural OL
QUTER LANE
DRN
I
install /repair subdrains
1—5 |[install/repair subdrains,
sea! all joints and cracks
§—12 |install /repair_subdrains}] * see decision tree for
rehabilitating shoulder
[ OUTER sHD |* adjacent to restored lane
INNER LANE ** doin both lanes
SLOPE DIRECTION
in out
/
1-12 lilstoll/repoir subdroiﬂ 1-12 install /repalr subdrains
do nothing

[ INNER SHD |*
301




[43)3

Shoulder Rehabilitation Adjacent to Restored Lane

l
—{ seal 1/s joint |

| AC SHOULDER | PCC SHOULDER]
11 e 9,1112 13
10
— recycle | do nothing | [full-depth repair| |reconstruct w/AC| { do nothing |
— reconstruct w/AC}| ) l reconstruct w/PCC]
L ireconstruct w/PCC reconstruct heaves
patch level—up
| settlements
r chip sedl ] ]
I ‘ |seal I /s joint)——

[ leveling wedge I

reconstruct heaves
level—up
settlements

[patch blowholes|

—



APPENDIX B5

REHARILITATION PERFORMANCE PREDICTION MODELS FOR JPCP

Rehabilitation Distress Type
Reconstruction Faulting
Cracking
Joint Deterioration
Pumping
PSR
Bonded PCC OL Faulting
Joint Deterioration
Cracking
Unbonded PCC OL Faulting
Joint Deteriloration
Cracking
AC Structural OL, Reflective Cracking
AGC Nonstructural OL Total
Medium-High Severity
Rutting
Crack and Seat and AC Structural OL Reflective Cracking
Total
Medium-High Severity
Rutting
Restoration Joint Faulting

With Grinding
Without Grinding
Cracking
Joint Deterioration
FDR Faulting
Pumping
PSR
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Reconstruction Performance Prediction Models

Faulting

FAULT = ESALO-14% « [ .0.2980 + 0.2671/THICKO 3184

- 0.0285 BASETYPE + 0,00406 (FI + 1)0-3598
- 0.0462 PCCSH + 0.2384 (PUMP + 1)0-0109
- 0.0340 power2-9587 1 , 100

where:

FAULT = mean transverse joint faulting after reconstruction, in

ESAL = accumulated 18-kip (80 kN] equivalent single-axle loads
after reconstruction, millions

THICK = thickness of reconstructed PCC slab, in

BASETYPE = type of base under reconstructed PCC slab
= 0, if granular base
= 1, if stabilized base (asphalt, cement, etc.)

FI = mean Freezing Index, Fahrenheit degree-days

PCCSH = new or existing tied PCC shoulders
= 0, if not present
=1, if present

PUMP = pumping severity after reconstruction (from pumping model)
0, if no pumping

1, if low severity

2, if medium severity

3, if high severity

DOVEL = diameter of dowels in reconstructed pavement, in
(0 if nc dowel bars used)

R2 - 0.79
n = 259
SEE = 0.02 in [0.05 cm]
Source: NCHRP 1-19 (6)

Note: Dowel spacing in reconstructed pavement assumed to be 12
in [30.5 cm].
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Cracking

CRACKS

where:

CRACKS

ESAL

SOILCRS

RATIO

TRANGE
FI

2

n
SEE

R

Source:

( EsaL?-755 [ 3092.4 (1 - SoILcRS) RaTIa 10:0

2.0 2.868)

+ Esal®-3 (1.233 Trance?-0 raTIO

+ EsAL2-416 (g 2296 F11-33 RaTIO7-31) ) 4+ CRKCALIB

total length of cracking of all severities after
reconstruction, ft/mile

accumulated 18-kip [80 kN] equivalent single-axle loads
after reconstruction, millions

subgrade soil classification
0, if fine grained (A4 to A7)
1, if coarse pgrained (Al to A3)

Westergaard's edge stress/PCC modulus of rupture (see below
to calculate Westergaard's edge stress)

Annual temperature range, degrees Fahrenheit
mean Freezing Index, Fahrenheit degree-days
0.69

303

176 ft/mile [33.3 m/km]

NCHRP 1-19 (6)

Calculation of Westergaard’'s Edpe Stress:

L = [ (4200000 * THICKI'0) , 12 * (1 - 0.22-9) * geFF )0-25

B

Stress

where:

THICK

KEFF

4,200,000

0.20

6.4

[

1.6 (6.4)% + THICK? 195 . 0.675 THICK

(0.572 * 9000 / THICK?-0) * (4 logyy (L/B) + 0.359]

thickness of PCC slab, in

effective k value beneath PCC slab, psi/in

assumed elastic modulus of PCC slab, psi

assumed Poisson’s ratio of PCC slab

assumed wheel load radius, in
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Note: 1l in = 2.54 cm
1l psi = 6.9 kPa
1l psi/in = 2.71 kPa/cm

Joint Deterioration

DETJT = [ AGE2-841 (0.01247 UNITUBE)

+ AGE3-938 (0.001346 INGOMP) ] + DETJTICALIB
where:

DETJT = medium- to high-severity deteriorated transverse joints
after reconstruction, number/mile

AGE = time since reconstruction, years

UNITUBE = Unitube joint forming inserts
= 0, if not present
= 1, if present

INCOMP = incompressibles in transverse joints
= 0, 1f no incompressibles observed
= 1, If incompressibles observed

DETJTCALIB = calibration of model to existing joint deterioration

= actual joint deterioration (M-H deteriorated joints/mile)
measured during survey - DETJT predicted for present year
by above model

= actual joint deterioration - | aGgl-695 ( 0.9754 DUR)
+ aGE2-841 (0.01247 UNITUBE)
+ aGE*-038 (0 001346 INGOMP) |
R% = 0.59
n = 252
SEE = 16 joints/mile [10 joints/km]
Source: NCHRP 1-19 (6)
Note: Original model contains additional terms for D cracking and
reactive aggregate distress. These terms have been omitted

since It is assumed the reconstructed pavement will not
contain D cracking or reactive aggregates.
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Pumping

PUMP

where:

PUMP

ESAL

SOILCRS

SUMPREC
THICK
FI

R2

n
SEE

Source:

ESALO-4%43 [ .1.479 + 0.255 (1 - SOILCRS)

+ 0.0605 SUMPRECC > + 52.65/THICK! 747

+ 0.0002269 F11-203

pumping severity after reconstruction (PUMP can be any
value between 0 and 3)

0, 1f no pumping

1, if low severity
2, 1f medium severity
3, 1f high severity

accumulated 18-kip equivalent single-axle loads after
reconstruction, millions

subgrade soil classification

0, if fine grained (A4 to A7)

1, if coarse grained (Al to A3)

average annual precipitation, cm ( = 2.54 * inches)
thickness of reconstructed PCC slab, in

mean Freezing Index, Fahrenheit degree-days

0.68

289

0.42

NCHRP 1-19 (6)
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)
vy
J

4.5 - 1.486 EsaL0-1467

PSR =
+ 0.4963 EsaL ©-263 pat1070-3
- 0.01082 EsaLO-64% agr0-525 (guMprecC-91/avemTl-07)
where:
PSR = Present Serviceability Rating after reconstruction
ESAL = accumulated 18-kip [80 kN] equivalent single-axle loads after
reconstruction, millions
RATIO = Westergaard’s edge stress/PCC slab modulus of rupture
AGE = time since reconstruction, years
SUMPREC = average annual precipitation, cm ( = 2.54 * inches)
AVMT = average monthly temperature, © € [ (°F - 32) / 1.8 )
R? = 0.69
n = 316
SEE = 0.25
Source: NCHRP 1-19 (6)
Calculation of Westergaard’s Edge Stress:
L = [ (4200000 * THICK3-C) /12 *+ (1 - 0.22-0) « kEFF 19-25
B~ [ 1.6 (6.4)%2 + THICK? 19-5 - 0.675 THICK
Stress = (0.572 * 9000 / THICK**®) % [4 logyy (L/B) + 0.359]
wvhere:
THICK = thickness of reconstructed PCC slab, in
KEFF ~ effective k value beneath reconstructed PCC slab, psi/in
4,200,000 = assumed elastic modulus of reconstructed PCC slab, psi
0.20 = assumed Poisson’s ratio of recomstructed PCC slab
6.4 = assumed wheel load radius, in
Note: 1l in = 2.54 cm

1l psi = 6.9 kPa
1 psi/in = 2.71 kPa/cm
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Faulting

FAULT

where:
FAULT

ESAL

BASETYPE

FI

DOWEL

r?
n
SEE

Source:

Note:

BONDED PCC OVERLAY PERFORMANCE PREDICTION MODELS

0.0015897 EsaL®?-233 [ .10.942 - 30.657 BASETYPE
+ 0.0005652 (FI + 1)2-299

+ 33.322 (DOWEL + 1)°C-8477 1 / 100

mean transverse joint faulting after overlay, in

accumulated 18-kip [80 kN| equivalent single-axle loads afrter
overlay, millions

type of base under original PCC slab

0, if granular base

1, if stabilized base (cement, asphalt, etc.)
mean Freezing Index, Fahrenheit degree-days
diameter of dowels in original PCC slab, in

(0 if no dowel bars used)

0.54

27

0.02 in [0.05 cm]

“Overlay Rehabilitation Techniques,"” Volume 2

Dowel spacing in original pavement assumed to 12
in [30.5 cm].
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Joint Deterioration

DETJT

where:

DETJT

AGE

ESAL

FI

TJSD

JTSPACE

Kl

K2

SEE

Source:

Notes:

AGEZ- 1521 Egpa10-1419 [ g 05202 + 0.0000254 FI
+ 0.01109 TJSD - (0.003384 * K1 * JTSPACE)

- (0.0006446 *K2 * JTSPACE) ]

medium- to high-severity deteriorated transverse joints
after overlay, number/mile

time since overlay, years

accumulated 18-kip [BO kN] equivalent single-axle loads
after overlay, millions

mean Freezing Index, Fahrenhelt degree-days

transverse joint sealant damage

0, if transverse joint sealant will be maintained well over
the design period

1, if transverse joint sealant will not be maintained well
over the design perilod

transverse joint spacing of overlay, feet (assumed to have
same joint spacing as original pavement)

1, if JTSPACE = 27 ft [8.2 m)
0, if JTSPACE is not = 27 ft [8.2 m]

1, if JTSPACE = 39 to 100 ft [11.9 to 30.5 m]
0, if JTSPACE is less than 39 ftr [11.9 to 30.5 m]

0.61
319
15 joints/mile [9 joints/km]

NCHRP 1-19 (6)

Do not use model outside of specified ranges for JTSPACE
(27 fc [8.2 m] or 39 to 100 ft [11.9 to 30.5 m]).

Original model contains additional terms for D cracking and
reactive aggregate distress. These terms have been omitted
since it is assumed the overlay will not contaln D cracking
or reactive aggregates.
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Cracking

CRACKS - 11.328 ESALC-07546 (91 426 [ AGE (FI + 1) / 1000 10-66876,
where:

CRACKS = total length of medium- and high-severity deteriorated cracks
after overlay, in

ESAL = accumulated 18-kip [80 kN] equivalent single-axle loads after
overlay, millions ‘

AGE = time since overlay, years
FI = mean Freezing Index, Fahrenmhelt degree-days
RZ = 0.75
n-=13
SEE = 326 ft/mile [61.7 m/lm]

Source: "Overlay Rehabilitation Techniques,” Velume 2
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Faulting

FAULT
where:
FAULT

ESAL

DOWEL

Rz
n
SEE

Source:

Note:

UNEONDED PCC OVERLAY PERFORMANCE PREDICTION MODELS

0.28615 EsaL®-3963% [ ¢.0987 (poweL + 1)-0-31083

mean transverse joint faulting after overlay, in

accumulated 18-kip [80 kN] equivalent single-axle loads after
overlay, millions

diameter of dowels in overlay, in

(0 if no dowel bars used)

0.51

23 )

0.02 in [0.05 cm]

"Overlay Rehabilitation Techniques," Volume 2

Dowel spacing in overlay assumed to 12 in [30.5 ecm].
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Joint Deterioration

DETJT =

where:

DETJT
AGE

UNITUBE

INCOMP

Rz
n
SEE

Source:

Note:

[ AGE2-841 (0 01247 UNITUBE)

+ AGE3-938 (0.001346 INCOMP) |

medium- to high-severity deteriorated transverse joints
after overlay, number/mile

time since overlay, years

Unitube joint forming Inserts
0, if not present
1, if present

incompressibles in existing transverse joints
0, if no incompressibles observed
1, if incompressibles observed

0.59
252
16 joints/mile [10 joints/km]

NCHRP 1-19 (6)
Original model contains additional terms for D cracking and
reactive aggregate distress. These terms have been omitted

since it is assumed the overlay will not contain D cracking
or reactive aggregates.
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Cracking

CRACKS = ESALZ-73% [ 3092.4 (1 - SOILCRS) RaTIO 10-0 |
+ EsaL®-3 (1.233 Trance?'0 raTio 2-868
+ E5aL2-416 (0 2296 F1l-33 RraTi0’-31)
where:
CRACKS = total length of cracking of all severities after overlay,
ft/mile
ESAL = accumulated 18-kip [B0 kN] equivalent single-axle locads
after overlay, millions
SOILCRS = subgrade soll classification
0, if fine grained (A4 to A7)
1, if coarse grained (Al to A3)
RATIO = Westergaard’'s edge stress/PCC modulus of rupture (see below
to calculate Westergaard’s edge stress)
TRANGE = Annual temperature range, degrees Fahrenheit
FI =~ mean Freezing Index, Fahrenheit degree-days
RZ = 0.69
n = 303
SEE = 176 ft/mile [33.3 m/ka]
Source: NCHRP 1-19 (6)

Calculation of Westergaard’s Edge Stress:
L - [ (4200000 * THIcK3-%) s 12 * (1 - 0.22-0) » kepF 1©-25

B~[1.6 (6.4)% + THICK? 10-% . 0.675 THICK
Stress = (0.572 * 9000 / THICKZ'O) * [4 logyy (L/B) + 0.359]
where:
THICK = thickness of PCC overlay slab, in

KEFF = effective k value on top of existing PCC slab, psi/in
(500 psi/in recommended)

4,200,000 = assumed elastlic modulus of PCC overlay slab, psi

0.20

assumed Poisson’s ratlo of PCC overlay slab

6.4 = assumed wheel load radius, Iin
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Note:

l in = 2.54 cm

1l psi = 6.9 kPa
1 psi/em = 2.71 kPa/cm

AC STRUCTURAL AND NONSTRUCTURAL OVERLAY PERFORMANCE PREDICTION MODELS

Reflective Cracking (al] Severities)
CRACKS = ( 10,745 % AGEQ-> # psar®-9187 & Tuyck-0.064

where:

CRACKS

AGE

ESAL

THICK

PATCHES

R2
n
SEE

Source:

% [ (PATCHES / 8.8) + 1 19-293 . 1)+ 2.8

total length of low-, medium-, and high-severity reflective
transverse cracks after overlay, ft/mile

‘time since overlay, years

accumulated 18-kip [80 kN] equivalent single-axle loads
after overlay, millions

thickness of overlay, in

full-depth repairs existing or placed on criginal pavement
prior to overlay, number/mile, computed as follows:
M-H deteriorated transverse cracks/mile
+ M-H deteriorated joints/mile
+ corner breaks/mile
+ existing full-depth repairs/mile

0.27
50
0.40

Development of Illinois Pavement Feedback System, on-going

study being conducted for the Illinois Department of
Transportation. Data from Illinois Interstate highways.
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Reflective Cracking (Medium and High Severity)

MHCRACKS

where:

MHCRACKS

AGE

ESAL

THICK

PATCHES

R2
n
SEE

Source:

[ 2.8594 * (AGE * ESAL)®-192°8 « oryHIck-0-21163

* (PATCHES , 8.8)0-6116% 4 g ¢

total length of medium- and high-severity reflective
transverse cracks after overlay, ft/mile

time since overlay, years

accumulated 18-kip (B0 kN] equivalent single-axle loads
after overlay, millions

thickness of overlay, in

full-depth repairs existing or placed on original pavement
prior to overlay, number/mile, computed as follows:
M-H deteriorated transverse cracks/mile
+ M-H deteriorated jolnts/mile
+ corner breaks/mile
+ existing full-depth repairs/mile

0.83
50
0.30

Development of Illinois Pavement Feedback System, on-going

study being conducted for the Illinols Department of
Transportation. Data from Illinois Interstate highways.
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Rutting

RUT = 0.084807 + 0.019208 ESAL + 0.012512 AGE + 0.001199 PTRUCKS
- 0.004177 PRECIP + 0.002798 ( FI / THICK ) + 0.006447 ZONE
where:
RUT = average wheelpath rutting, in
ESAL = accumulated 18-kip equivalent single-axle loads after
overlay, millions
AGE = time since overlay, years
PTRUCKS = percent trucks in average daily traffic
PRECIP = annnual precipitation, in
FI = mean Freezing Index, Fahrenheit degree-days
THICK = overlay thickness, in
ZONE = climatic zone
= -5.9531 + 0.14263 ANNTEMP - 0,12123 PRECIP + 0.1955 TRANGE
where:
ANNTEMP = average annual temperature, degrees Fahrenheit
TRANGE = average monthly temperature range, degrees
Fahrenheit
R? = 0.71
n = 101
SEE = 0.06 in [0.15 cm]
Source: T"Overlay Rehabilitation Techniques,” Volume 2
Notes: ZONE must be in the range of 0.5 to 9.5 (1 to 9 preferable)

to produce realistic values for rutting. Values outside
this range represent combinations of climatic inputs which
are not within the realm of possible occurrence.

This rutting model represents a linear approximation of a
nonlinear phenomenon. For some combinations of the
variables, the model may give negative values, which should
be interpreted as zeroces.
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CRACK AND SEAT AND AC STRUGTURAL OVERLAY PERFORMANCE PREDICTION MODELS

All-Severity Transverse Cracking
TCRACKS = [ -271.76 + 0.2719 FI + 3.91 THICK + 2.833 SRW - 21.55 WDT

where:

TCRACKS

THICK
JTSPACE
SRW

WDT

LEN
AREA

ESAL

AGE
ANNTEMP
TRANGE

FI

r

n

SEE

Source:

- 2.327 JTSPAGCE + 13.66 LEN + 4.828 AREA + 2.706 ESAL*AGE
+ 0.941 ANNTEMP + 7.457 TRANGE ] * 5.28
total length of low-medium-high severity transverse cracks
after overlay, ft/mile (includes all transverse cracks in
AC overlay from any cause) . .
thickness of PCC slab, in
transverse joint spacing of original pavement, ft
seating roller weight, tons
mean width of cracked pieces (across traffic lane), ft
mean length of cracked pieces (along traffic lane), ft
area of cracked section (length * width), square ft

accumulated 18-kip [80 kN] equivalent single-axle loads
after overlay in traffic lane, millions

age of AC overlay, years

mean annual temperature, degrees Fahrenheit

mean monthly temperature tange, degrees Fahrenhelt
mean Freezing Index, Fahrenheit degree-days

0.57

- 100

= 903 ft/mile ft [171 m/km]

Revised model based upon database developed in "Overlay
Rehabilitation Techniques,” Volume 2.
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Medium- and High-Severity Transverse Cracking

MHCRACKS =

where:

MHCRACKS =

THICK =
JTSPACE =
SRW =

WDT =
LEN =
AREA =

ESAL =

AGE =
ANNTEMP -
TRANGE =

FI1 =

[ 298.82 + 0.0378 FI - 21.29 THICK - 0.572 SRW - 38.54 WDT +
0.59 JTSPACE - 18.48 LEN + 7.89 AREA + 0.815 ESAL*AGE +

1.65 ANNTEMP - 5.28 TRANGE | * 5,28

total length of medium- and high-severity transverse cracks
after overlay, ft/mile

thickness of PCC slab, in

transverse joint spacing of original pavement, ft
seating roller weight, tons

mean width of cracked ﬁieces {(across traffic lane), ft
mean length of cracked pieces (along traffic lane), ft
area of cracked section (length * width), square ft

accurulated 18-kip [BO kN] equivalent single-axle loads after
overlay in traffic lane, millions

age of AC overlay, years

mean annual temperature, degrees Fahrenheit

mean monthly temperature range, degrees Fahrenheit
mean Freezing Index, Fahrenheit degree-days

0.79

= 100

= 317 fr/mile [60 m/km]

Revised model based upon database developed in "Overlay
Rehabilitation Techniques,”" Volume 2.

This model represents a linear approximation of the nonlinear
progression of medium- to high-severity reflective cracks
from low-severity reflective cracks.

For some combinations of the variables, the model may give
negative values, which should be interpreted as zeroes {(i.e.,
eracking has not yet progressed to the medium severity
level).
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Rutting

RUT

where:
RUT

ESAL

AGE
PTRUCKS
PRECIP
FI
THICK
ZONE

R2

n
SEE

Source:

Notes:

0.084807 + 0.019208 ESAL + 0.012512 AGE + 0.001199 PTRUCKS

- 0.004177 PRECIP + 0.002798 ( FI / THICK ) + 0.006447 ZONE

average wheelpath rutting, in

accumulated 18-kip equivalent single-axle loads after
overlay, millions

time since overlay, years

percent trucks In average daily traffic

annnual precipitation, in

mean Freezing Index, Fahrenheit degree-days

overlay thickness, in

climatic zone (same as for reflective cracking)

0.71

101

0.06 in [0.15 cm]

"Overlay Rehabilitation Techniques," Volume 2

ZONE must be in the range of 0.5 to 9.5 (1 to 9 preferable)
to produce realistic values for rutting. Values outside
this range represent combinations of climatic inputs which
are not within the realm of possible occurrence.

This rutting model represents a linear approximation of a
nonlinear phenomenon. For some combinations of the

variables, the model may give negative values, which should
be interpreted as zeroces.
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RESTORATION PERFORMANCE PREDICTION MODELS

Joint Faulting (With Grinding)

FAULT = -5.62 (ESAL + AGE)

where:
FAULT

ESAL
AGE
DRAIN

SOILCRS

FI
THICK

PCCSH

BASETYFE

JTSPACE

LDIR

R
n
SEE

Source:

Note:

0.54

* [ 5.85 * (DRAIN + SOILGRS + 1)0-0529

(3.8 * 10°%) * (FI 7 100)%-27

0.484 (THICK + PccsH)© 335 4 0.1554 BASETYPE

+

7.163 JTspace®-9137 4 0.1136¢ LDTR ] / 100

mean transverse joint faulting after restoration, in

accumulated 18-kip [BO WN] equivalent single-axle loads
after restoration, millions

time since restoration, years,

new or existing longitudinal subdrains
0, if no subdrains present or present but not functional
1, if subdrains present and functional

subgrade soil classification
0, if fine grained (A4 to A7)
1, if coarse grained (Al to A3)

mean Freezing Index, Fahrenheit degree-days
thickness of PCC slab, in

new or existing tied PCC shoulder

0, if not present

1, 1f present

type of base under PCC slab

0, if granular base

1, if stabilized base (cement, asphalt, etc.)
transverse joint spacing of pavement, ft
load transfer restoration done by retrofitting dowel bars
0, if not done

1, if done

0.38

114
0.03 in [0.08 cm]

"Repair Rehabilitation Techniques," Volume 1

Joint faulting = 0.00 in immediately after grinding.
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Joint Faulting (Without Grinding)

FAULT - { EsaLO-1%% « [ .0.2980 + 0.2671/THIcKO-3184

where:

FAULT

ESAL

THICK

BASETYPE

FI

PCCSH

PUMP

DOWEL

FLTCALIB

SEE

Source:

- 0.0285 BASETYPE + 0.00406 (FI + 1)0-3398
- 0.0462 PCCSH + 0.2384 (PUMP + 1)0-0109

- 0.0340 DoWeL2-9387 | , 100 } + FLICALIB

mean transverse joint faulting after restoration, in

accumulated 18-kip equivalent single-axle loads after
restoration, millions

thickness of PCC slab, in

type of base under PCC slab

0, if granular base

1, 1f stabilized base {(asphalt, cement, etc.)
mean Freezing Index, Fahrenheit degree-days
new existing tied PCC shoulders

0, if not present

1, if present

purping severity after restoration (from pumping model)
0, if no pumping

1, 1f low severicy

2, 1f medium severity

3, if high severity

diameter of dowels in pavement, in
(0 1f no dowel bars used)

calibration of model to existing faulting

actual faulting (in) measured during survey - FAULT
predicted for present year by above model

actual faulting - ¢ ESALo'l44 * [ -0.2980

+ 0.2671,/THIcKC- 3184 | 0 0285 BASETYPE

+ 0.00406 (F1 + 1)9-3598 | o 0462 pCCSH

+ 0.2384 (PuMP + 1)9-0109 _ ¢ 9340 power2-9587 1, 100 )
0.79

259

0.02 in [0.05 cn]

NCHRP 1-19 (6)
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Cracking

CRACKS

where:

CRACKS
ESAL

SOILCRS

RATIO

TRANGE
FI

CRKCALIB

r2
n
SEE

Source:

- { EsALZ-72% { 3092.4 (1 - sorLcmRs) RaTIOC-O |

2.868

+ ESAL®-3 (1.233 TranGE?-Q RATIO )

+ ESAL?-%16 (g 2296 F1l-33 paT107 31y ) + CRKCALIB

total length of cracking of all severities after
testoraation, ft/mile

accumulated 18-kip equivalent single-axle loads after
restoration, millions

subgrade soil classification
0, i{f fine grained (A4 to A7)
1, if coarse grained (Al to A3)

Westergaard's edge stress/PCC modulus of rupture (see
following page to calculate Westergaard's edge stress)

Annual temperature range, degrees Fahrenheit
mean Freezing Index, Fahrenheit degree-days
calibration of model to existing cracking

actual cracking (M-H cracks, ft/mile) measured during survey
- CRACKS predicted for present year by above model

actual cracking - { EsaL?- 737

* [ 3092.4 (1 - SOILCRS) Rar1oi®:0

+ ESALY-9 (1.233 TRaNGEZ-0 RaTIO?- 868,
+ ESALZ-%16 (0. 2296 FIl-33 par107 31y,
0.69

303

176 ft/mile [33.3 m/knm)

NCHRP 1-19 (6)
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Calculation of Westerpaard’'s Edge Stress:

L - [ (4200000 * THICK>-®) s 12 % (1 - 0.22-0) « kerF 19-23

B=[ 1.6 (6.4)2 + THIck? 19-3 - 0.675 THICK

Stress = (0.572 * 9000 / THICK2-?) * [4 logyy (L/B) + 0.359]
where:
THICK = thickness of PCC slab, iIn

KEFF = effective k value beneath PCC slab, psi/in
4,200,000 = assumed elastic modulus of PCC slab, psi
0.20 =~ assumed Polisson‘’s ratio of PCC slab
6.4 = assumed wheel load radius, in
Note; 1l in = 2,54 cm

1 psi = 6.9 kPa
1l psi/cm = 2,71 kPa/cm
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Joint Deterioration

DETJT = | AGEL-695 ( 0.9754 DUR)

where:

DETJT

AGE

DUR

UNITUBE

INCOMP

DETJTCALIB

SEE

Source:

Z2.841

+ AGE (0.01247 UNITUBE)

+ AGE2-938 (. 001346 INCOMP) | + DETJTCALIB

medium- to high-severity deterlorated transverse joints
after restoration, number/mile

time since restoration, years

D cracking or reactive aggregate distress severity before
restoration

0, 1if none

1, if low, medium, or high severity

Unitube joint forming inserts
0, if not present
1, if present

incompressibles in transverse joints before restoration
0, if no incompressibles observed

1, if incompressibles observed

calibration of model to existing joint deteriocration
actual joint deterioration (M-H deteriorated joints/mile)

measured during survey - DETJT predicted for present year
by above model

actual joint deterioration - | acgl-695 ( 0.9754 DUR)
+ ace2-841 (0.01247 UNITUBE)

+ aCE>-938 (0.001346 INCOMP) |

0.59

252

16 joints/mile [10 joints/km]

NCHRP 1-1§ (6)
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Full -Depth Repair Faulting

FDRFAULT = (NEWFDR *

NEWFDRFAULT) + (EXISTFDR + EXFDRFAULT)

/ (NEWFDR + EXISTFDR)

where:

FDRFAULT

welghted average faulting at new and existing full-depth

repair joints since restoration, in

NEWFDR ~ full-depth repairs placed during restoration, number/mile

NEWFDRFAULT

average faulting at new full-depth repair joints since

restoration, in

- ESAL?-7% % ( 0.0364 - 0.292 BASETYPE )

+ 0.275 (

where: ESAL =

BASETYPE

AGE =

FI =

EXISTFDR = number of

aGE * F1 )0-019 | ¢ 283

accumulated 18-kip [BQ kN] equivalent single-axle
loads since restoration, millions

type of base under PCC slab

0, if granular

1, if stabilized (asphalt, cement, etc.)
time since restoration, years

mean Freezing Index, Fahrenheit degree-days

existing full-depth repairs before restoration,

number/mile

EXFDRFAULT = average faulting at existing full-depth repair joints since
restoration, in

- FDRESALD 7% % ( 0.0364 - 0.292 BASETYPE )

+ 0.275 { FDRAGE * FI )90-019 . ¢.283

where:

FDRESAL

BASETYPE

accumulated 1B8-kip [BO kN] equivalent single-axle
loads since time of placement of existing
full-depth repairs, millions

type of base under PCC slab

0, if granular
1, if stabilized (asphalt, cement, etc.)
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FDRAGE = time since placement of existing full-depth
repalirs, years

FI = mean Freezing Index, Fahrenheit degree-days
RZ = 0.41
n =113
SEE = 0.048 in [0.122 cm]
Source: "Repair Rehabilitation Techniques,"” Volume 1
Notes: Initial faulting of new full-depthkrepairs = 0 in, assuming
full-depth repairs are constructed and finished to match
existing pavement profile.
If grinding is done or if existing full-depth repairs are
replaced during restoration, then initial faulting of
existing full-depth repair joints = 0 in.
If grinding is not done and existing full-depth repairs are
not replaced during restoration, then initial faulting of

existing full-depth repair joints = faulting measured
during survey.

Backcalculation of Cumulative ESALs on Existing Full-Depth Repairs:

if FDRAGE is provided by user:

FDRESAL = 10 * * ( {log) [actual FDR faulting
- 0.275 (FDRAGE + F1)0-019 4 0.283 |

- logyg [ 0.0364 - 0.292 BASETYPE ] } / 0.74 )
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in

PUMP

where:

PUMP

ESAL

SOILCRS

SUMPREC
THICK
FI

DRNF

2

n
SEE

R

Source:

ESAL?-%43 [ .1.479 + 0.255 (1 - SOILCRS)
+ 0.0605 SUMPREG?-> + 5265 /THICKL 747

+ 0.0002269 FI11:295 j % DRNF

pumping severity after restoration
0, if no pumping

1, if low severity

2, if medium severity

3, if high severity

accumulated 18-kip [80 kN] equivalent single-axle loads
since restoration, millions

subgrade scoil classification

0, if fine prained (A4 to A7)

1, iIf coarse grained (Al to A3)

average annual precipitation, cm ( = 2.54 * inches)
thickness of PCC slab, in

mean Freezing Index, Fahrenheit degree-days
drainage factor applied to pumping increase after
restoration

0.75, if new or existing longitudinal subdrains present
1.00, if no subdrains present

0.68

289

0.42

NCHRP 1-19 (6)
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d
(%2
el

PSR
where:

PSR

TFAULT

CRACKS

DETJT

r2

n
SEE

Source:

Calculation

TFAULT

vhere:

JTSPACE

EXISTDETJT

JTFAULT

= 4.5 - 0.0177 TFAULT - 0.0001263 CRACKS - 0.005414 DETJT

= Present Serviceability Rating after restoration (0 to 5
scale)

= total faulting at jolnts, cracks, and full-depth repairs,
in/mile (to calculate see below)

= transverse cracks (all severities) after restoration,
ft/mile (from cracking model)

= medium- to high-severity deteriorated transverse joints

after restoration, number/mile (from joint deterioration
model)

= 0.73
= 389
= 0.33

NCHRP 1-19 database for JRGCP.

of Total Faulcing for PSR Model:

( (5280/JTSPACE) - EXISTDETJT] * JTFAULT
+ ( NEWFDR * NEWFDRFLT )

+ ( EXISTFDR * EXISTFDRFLT)

= transverse joint spacing of pavement, ft

= medium- to high-severity deteriorated joints before
restoration, number/mile

= average transverse joint faulting after restoration, in

(from applicable joint faulting model, with or without
grinding)
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NEWFDR =

full-depth repairs placed during restoration, number/mile

EXISTDETJT + CRACKS + CORBRKS

where:

EXISTDETJT = medium- to high-severity deteriorated joints
before restoration, number/mile

CRACKS = transverse cracks {(all severities) befofe
restoration, number/mile

CORBRKS = corner breaks before restoration,
number/mile

NEWFDRFLT = average faulting at full-depth repair joints after

EXISTFDR =

EXISTFDRFLT =

Notes:

restoration, in (from full-depth repair faulting model)
existing full-depth repalrs before restoration, number/mile

average faulcting at existing full-depth repair joints after
restoration, in (from full-depth repair faulting model).

For purposes of computing PSR, only one joint per
full-depth repair is counted and multiplied times mean
full-depth repair faulting, since full-depth repair joints
are sufficiently close to represent one noticeable fault to
the user.

Initial faulting of new full-depth repairs = 0 in, assuming
full-depth repalrs are constructed and finished to match
existing pavement profile.

If grinding is done or if existing full-depth repairs are
replaced during restoration, then initial faulting of
existing full-depth repair joints = 0 in.

If grinding is not done and existing full-depth repairs are
not replaced during restoration, then initial faulting of
existing full-depth repair joints = faulting measured
during survey.

330



APPENDIX B6
EXPERT SYSTEM FOR PAVEMENT EVALUATION AND REHABILITATION (EXPEAR)
JPCP Computer Program Operating Instructions
INTRODUCTICN

EXPEAR (Expert System for Pavement Evaluation and Rehabilitation) has
been developed to assist the design engineer in the evaluation and
rehabilitation of jointed plain concrete pavement (JPCP). The program is
documented in "Rehabilitation Of Concrete Pavements, Volume III - Concrete
Pavement Evaluation and Rehabilitation System." Report No. FHWA/RD-B8/073,
Federal Highway Administration, 1987. Similar programs are also available
for jointed reinforced and continuously reinforced concrete pavements.

LIMITATIONS

The EXPEAR program is based primarily on engineering judgement and
predictive deterioration models. EXPEAR Version 1.0 has been tested on a
few projects for which it performed in a reasonable manner. However, the
program will require much more extensive field testing and improvements
before it can be used routinely. It will likely require "customizing" to
the specific conditions, needs and policies of individual highway agencies
(such as different rehabilitation alternatives and the substitution of
predictive models developed by the agency).

The EXPEAR program 1s designed for the specific pavement geometry of
two traffic lanes In the same direction with paved shoulders on each side
(a typical two-lane one-directional highway). It can alsoc be used for
two-directional traffic by treating the opposing lanes as "outer" and
"inner" lanes and entering appropriate traffic data for each. Pavements
containing three or more lanes in one direction can be considered first
through an analysis of the outer two lanes only, and then rerunning EXPEAR
for the other lane(s) to determine feasible rehabilitation alternatives.
The results would then have to be combined manually. EXPEAR does not
consider non-pavement related items such as guard rail, signs, and
clearances.

EXPEAR has been programmed In Pascal using Borland International’s
Turbo Pascal. It will operate on any IBM-compatible personal computer with
256 K memory.

USING EXPEAR FOR EVALUATION

Evaluatlon is based on inventory and monitoring data collected by
engineers and technicians. Inventory data 1s collected from office records
and includes design, construction, traffic, climate and other data.
Monitoring data 1s collected during a fileld survey of the project. Up to
10 sample units of any length may be surveyed; at least 500 ft [152 m] in
each mile [1.6 km] is recommended.
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After returning to the office, the inventory and monitoring data are
entered into a data file using a full-screen data editor provided with the
system. The overall condition of the pavement over the length of the
project is extrapolated by EXPEAR from the sample unit monitoring data.

EXPEAR uses the inventory data and extrapolated monitoring data to
evaluate the current condition of the pavement in twelve major problem
areas. In addition, it uses the NCHRP Project 1-19 (6) predictive models
calibrated to existing project conditions to project future transverse
cracking, joint faulting, pumping, joint deterioratiom, and PSR.

Physical testing is recommended by EXPEAR to verify the evaluation
conclusions reached using the pavement visual survey and inventory data.

EXPEAR will operate on any IBM-compatible personal computer with 256 K
memory. A math coprocessor, while not essential to the program’s
operation, will increase its execution speed. The program may be run on
the floppy disk provided; however, it is recommended that the program be
copied to and run on a hard disk when available. This will increase the
execution speed and also provide adequate storage for the output files
generated by EXPEAR. If EXPEAR is run using a floppy disk, different
project output files should be transfered to other disks to provide for
adequate storage. If this is not done, the floppy disk being used will
fill up with various EXPEAR output files and the program will abort during
a run,

To start the system, place the EXPEAR disk in the disk drive and type
EXPEAR. A title screen and three screens of introductory information will
appear. Press any key to continue.

The following choices are presented on the main menu screen:

1. ENTER OR EDIT DATA

2. CONDUCT PROJECT EVALUATION

3. DEVELOP REHABILITATION STRATEGY
4. QUIT, RETURN TO DOS

DATA ENTERING ACTIVITIES

If you select 1, a figure will appear on the screen to illustrate the
pavement geometry for the program you are using (in this case, two lanes of
JRCP with paved shoulders). Then the data entry menu will appear:

CREATE NEW DATA FILE

EDIT OLD DATA FILE

CONDUCT PROJECT EVALUATION
RETURN TO MAIN MENU

SN =

1. CREATE NEW DATA FILE: The data editing program will default to a set
of standard data that 1s only intended as an example. The user may enter
data from the project under consideration. It is recommended that project
files have the same name, such as "I10191," where this refers to I-10,
beginning at milepost 191 for ease in identification. Extensions will be
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added by EXPEAR for output files. The file name (e.g., I10191) will
continually be requested during the evaluation and rehabilitation process.

2. EDIT OLD DATA FILE: The system prompts for the name of an existing
data file and enters that file into the data editing program. Data files
have .DAT extensions. The program will instruct the user to omit the
.DAT when entering the file name in response to this prompt.

3. CONDUCT PROJECT EVALUATION: The user may go directly to evaluation of
the current data file without returning to the main menu. EXPEAR will
prompt for the name of the data file to be run.

4, RETURN TO MAIN MENU:; Return to main menu.

The data editing program presents the data items in much the same way
that they appear on the actual survey sheets. All of the commands needed
for editing the data are shown on the bottom of the screen. The systen
provides screens for as many sample units as requested (up to 10).

When the editing of the data has been completed, type Shift-Fl0 to exit
the data editing program. The engineer will then be presented with the
following menu:

SAVE EDITED FILE

. GO TO DOS (SAVE DATA FIRST)
EDIT AROTHER DATA SET

RUN THIS DATA (SAVE DATA FIRST)

PV

1. SAVE EDITED FILE: The user is prompted for a file name under which to
save the input data, If the name of a file that already exists is entered,
the user will be asked if is desired to write over the existing file. Use
the same name as before (e.g., I10191) and EXPEAR will provide .DAT
extension.

2. GO TO DOS: Exits the system and returns to DOS. The data entered is
not saved by this command.

3. EDIT ANOTHER DATA SET: Takes the user to the data entry menu. The
data entered is not saved by this command.

4. RUR A SET OF DATA EXPEAR begins the evaluation of the current data
file.

IMPORTANT: ONLY OPTION 1 SAVES THE EDITED DATA. THE DATA SET MOST
RECENTLY EDITED IS THE CURRENT DATA SET.
PROJECT EVALUATION ACTIVITIES

Through either the main menu or the data entry menus, the user can
conduct an evaluation of a project. The system will prompt for the name of

the file that is desired to run. Before EXPEAR begins the evaluation it
will present the following menu:
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SPECIFY CRITICAL VALUES FOR DISTRESSES
. READ IN CRITICAL VALUES FROM DISK FILE
CONDUCT PROJECT EVALUATION

RETURN TO MAIN MENU

oW po -

The program will not begin evaluation before critical values for
distress have been selected. Critical values represent decision levels in
the pavement evaluation decision trees (e.g., a PSR of 3.0 could be
selected as a level, below which the pavement is considered as too rough
for continued usage, and rehabilitation must be performed). Option 1 will
allow the user to select the default values provided, or select other
values to save in a file for future use. The system will prompt for a name
for the critical values file (e.g., use the same name I101%1), and EXPEAR
will give it a .CVL extension. You may retreive these values later using
Option 2.

Option 3 will begin the project evaluation. After the program has run,
the first evaluation display will consist of an evaluation conclusion for
lane 1 (the outer lane) relating to one of the twelve major problem areas,
along with one or more recommended rehabilitation techniques {for
informational purposes only at this point). Press any key when ready to
see the next display and continue on through all lanes and shoulders.

The complete evaluation consists of the following sets of displays:

1. Evaluation conclusions reflecting the present condition of each
traffic lane and shoulder.

2. Projections of future pumping, faulting, cracking, joint
deterioration and PSR for each of the traffic lanes (each 1ane in .
turn, 10 years at a time).

3. Evaluation conclusions which summarize the present and future
condition of the pavement based on the above two outputs.

IMPORTANT: Do not attempt to escape from the system without going
through all the evaluation displays.  Doing so may permanently damage the
display file. You can go through the displays very rapidly if you wish by
holding down the space bar.

After viewing all of the displays, the system will ask if the user
wants to print the summary file. Enter "y" to print out the project data
and evaluation displays or "n" to return to the main menu. The print
program Is set to run on an IBM ProPrinter (or equivalent), but should work
on similar IBM or EPSON printers as well. If the summary file will not
print on your printer, exit to DOS and print the project’s .REP file for
the project survey inputs, and the .TXT file for the evaluation
conclusions.
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USING EXPEAR FOR SELECTING REHABILITATION STRATEGIES
EXPEAR considers the following rehabilitation strategies:

. Restoration both lanes

. Overlay both lanes

. Reconstruct outer lane, restore inner lane
. Reconstruct both lanes

rPWN

One or more of these alternatives will be recommended, based upon the
pavement evaluation. The engineer normally chooses that rehabilitation
strategy and then proceeds to develop the details. This is done through a
series of choices for repairing or preventing various types of
deterioration that exist in the pavement,

EXPEAR takes the engineer through each traffic lane and shoulder to
select rehabilitation techniques to repair and prevent further
detericration,

The program then requests some additional inputs, such as:

Do you want the quantities for the repairs you selected?
What will be the length of the full-depth repairs?

What is the average length of settlements on the project?
What is the thickness of the overlay?

What is the transverse joint spacing for the reconstructed
traffic lane?

EXPEAR will then output the list of rehabilitation techniques and
estimated quantities for the overall project. This is done for each
traffic lane and shoulder. The program will then ask if the user wants the
rehabilitation techniques printed out.

The program then goes on to the next step:

1. REVISE REHABILITATION STRATEGY

2. PREDICT REHABILITATION PERFORMANCE

3. RETURN TO DATA ENTRY/PROJECT EVALUATION
4. QUIT, RETURN TO DOS ‘

If the engineer does not like the selection of rehabilitation techniques
for the given strategy, No. 1l can be selected and return to revise the
rehabilitation strategy. Normally, the engineer will go on to No.2 to
predict the performance of the selected rehabilitation strategy.

If full-depth repairs exist, EXPEAR will ask "how many years ago were
the existing full-depth repairs placed?" This 1s requested to estimate the
number of 18-kip ESAL that have passed over the repairs so that their
future performance can be estimated.

The predicted deterioration for each traffic lane is then output for
each key type of deterioration for which there are predictive models.
These models were developed from performance data from inservice
rehabilitated concrete pavements.
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EXPEAR then asks if the user wants to print out the rehabilitation
predictions. The program then interpretates the predictions, and informs
the user the estimated year in which critical deterioration will develop.
This information 1s used to estimate the practical service life of the
rehabiltation strategy.

If the engineer wishes to develop another alternative rehabilitation
strategy, he/she would then return to the rehabilitation menu and repeat
the above sequence of steps.

EXPEAR FILES

EXPEAR.COM Binary files containing the EXPEAR code.

FORHREP. CHN

PROCDATA . CHN

PRINTOUT.CHN

PREDLIFE.CHN

DISPLAYS.REC

STANDRD. DAT The default data set to modify to enter data for a new
project

I10191.REP The project survey file for an example project, I-74
in Illinois at milepost 183

110191.DAT A binary file containing the saved data for the
example project

I10191.IXT The evaluation text for the example project

I10191.5TsS Rehabilitation techniques (and quantities, if
requested) making up a strategy

I10191.RST Binary file containing rehabilitation strategy
techniques

I1C191._RHB Future performance predictions for a rehabilitation
strategy

110191.ESD Binary file containing rehabilitation development
information

If any difficulty is experienced in the operation of EXPEAR, try
running it on another perscnal computer. EXPEAR may not be compatible with
some computer configurations. If the program will not operate
successfully, or any questions arise, please contact one of the following:

Kathleen T. Hall (217) 333-5966
Michael I. Darter (217) 333-.6253
208 North Romine St.

University of Illinois

Urbana, Illinois 61801
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User's Guide for

EXPEAR

Expert System for Concrete Pavement

Evaluation and Rehabilitation
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EXPEAR exrerTSYSTEM FOR CONCRETE PAVEMENT EVALUATIONAND REHABILITATION

CAPABILITIES AND APPLICATIONS

The EXpert system for Pavement Evaluation And
Rehabilitation (EXPEAR) was originally developed by
the University of lllincis for the Federal Highway
Administration and is currently being further
developed for the |lllinois Department of
Transportation. EXPEAR is an advisory system to
assist the practicing engineerin evaluating a specific
pavement section and selecting rehabilitation
altemnatives.

An EXPEAR program curtently exists for each of three
pavementtypes: JPCP, JRCP, and CRCP. Programs
for AC-cverlaid pavements and other AC pavements
are under development. The cumrent version of the
systemis EXPEAR 1.3, which includesthe capabilities
1o delay rehabilitationfor up to 5 years and to perform
life-cycle cost analysis of rehabilitation alternatives.

INPUTS

Project-levelevaluation using EXPEAR begins with the
collection of some basic design, construction, traffic,
and climate data for the project in question, and a
visual condition survey. Back in the office, the design
and condition data are entered into EXPEAR by the
engineer using a full-screen editor. The program
extrapolates the overall condition of the project from
the distress data for one or more sample units.

ENGINEERING LOGIC

EXPEAR evaluatesthe project in severalkey problem
areas related to specific aspects of petformance for
that pavementtype. For example,the problem areas
for JPCP and JRCP are: structural adequacy,
roughness, drainage, joint deterioration, foundation
movement, skid resistance, joint sealant condition,
joint construction, concrete durability, load transfer,
loss of support, and shoulders. The evaluation is
performed using decision trees which compare the
pavement's condition to predefinedcritical levels for
key designand distress variables. EXPEAR produces
a summary of the deficiencies found, and by
interacting with the engineer, formulates a
rehabilitation strategy which will correct all of the
deficiencies. The major rehabilitation options are:
reconstruction of both lanes, reconstruction of the
outerlane and restorationof the innerlane, bondedor
unbonded PCC overlay, AC overlay, crack and seat
and AC overlay, and restoration. Appropriate repair
techniques for the shoulders which are compatible
with the mainline pavementrehabilitationstrategy are
also selected.
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PERFORMANCE PREDICTION AND COST ANALYSIS

A large number of predictive models for concrete
pavementperformance with and without rehabilitation are
incorporated into EXPEAR. Some of the models were
developed from national databases of new construction
and rehabilitation projects, while others were developed
using data from lllinois pavements. The models allow the
engineerto predict the performance of the rehabilitation
strategy developed. This information is then used, along
with rehabilitationunit costs (eitherdefault values built into
the program or values provided by the engineer) to
compute the cost of the strategy over the predicted life.

OUTPUTS

EXPEAR produces a summary of the project's data file,
the evaluation results, recommendations for physical
testing, predictions of the pavement’s future condition
without rehabilitation, and rehabilitation techniques,
performance predictions, and cost calculations for as
many rehabilitation strategies as the engineerwishes to
investigate.

REFERENCES AND FURTHER INFORMATION
Referenceson EXPEAR:

Hall, K. T., M. I. Darter, S. H. Carpenter,and J. M. Connor,
“Concrete Pavement Evaluation and Rehabilitation
System,"Rehabilitationof ConcretePavements,Volume3,

Federal Highway Administration Report No. FHWA/RD-
88/073, April 1989.

Hall, K. T., J. M. Connor, M. . Darter, and S. H. Carpenter,
"Developmentof an Expert Systemfor ConcretePavement
Evaluation and Rehabilitation,Proceedings,Second North
AmericanConferenceon Managing Pavements,Volume3,
November 1987.

Questions or comments about EXPEAR:

KathleenT. Hall

1206 Newmark CE Lab
205 North Mathews
Urbana, IL 61801

Dr. Michael I. Darter
1212 Newmark CE Lab
205 North Mathews
Urbana, IL 61801

(217) 333-6253 (217) 333-5966



1.0 INTRODUCTION

The objective of this research effort was to develop a
practical and comprehensive system to assist
practicing engineersin evaluating concrete highway
pavements, identifying types of deterioration present
and determiningtheir causes, selectingrehabilitation
techniques which will effectively correct existing
deterioration and prevent its recurrence, combining
individual rehabilitation techniques into feasible
rehabilitation strategies, and predicting the
performance of rehabilitation strategy alternatives.

EXPEAR is intendedfar use by state highway
engineersin project-level rehabilitation planning and
design for high-type (i.e., Interstate) ¢conventional
concrete pavements (JRCP, JPCP, and CRCP).
EXPEAR does not perform thickness or joint design,
the engineermust use existing design procedures to
determinethese details.

EXPEAR has been developedin the form of a
knowledge-based expert system, which simulates a
consultation between the engineerand an expert in
concretepavements. EXPEARusesinformationabout
the pavement provided by the engineerto guide him
or her through evaluation of a pavement's present
condition and developmentof one or more feasible
rehabilitation strategies. The procedure was
developedthrough extensive interviewing of

authorities on concrete pavement performance. In
addition, predictive models are included to show future
pavement performance with and without rehabilitation.

Evaluation of a pavement and development of
feasible rehabilitation alternativesis performed according
to the following steps:

Project data collection.

Extrapolation of overall project condition.
Evaluation of present condition.
Prediction of future condition
rehabilitation.

Recommendationsfor physical testing.
Selection of main rehabilitation approach.
Developmentof detailed rehabilitation strategy.
Prediction of rehabilitation strategy petformance.
Cost analysis.

Selection of preferred rehabilitation strategy.
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A computerprogram has beendevelopedfor each
of the three pavement types addressed. The programs
operate on any |IBM-compatible personal computer. Use
of the programs is highly recommended due to the
complexity of the manual procedure.

2.0 PAVEMENT EVALUATION

Data Collection and Entry

The engineer collects key inventory and
monitoringdata for the project. Inventory data, which
should be available from office records, includes
designtraffic, materials, soils and climate. Monitoring
data includes distress, drainage characteristics,
rideability,and other items collected during a field visit
to the project. Monitoring data is collectedby sample
unit; a sufficient number of sample units distributed
throughout the projects’s length should be surveyed
to obtain an accurate representationcf the project's
condition.

It is recommended that a team of two
engineersperform the project surveytogether. They
should drive over the entire length of the project and
rate the present serviceability in each lane. They
should als¢ note the number and location of
settlementsand heaves. They should then return to

the start of the project and perform the distress survey by
sample unit. It is convenient to start sample units at
mileposts.

The pavement distress identification manual
provided in NCHRP Report No. 277 should be used for
reference. It provides standard definitions for distresses
by type, severity, and unit of measurement. It also
providesphotographs of distressesto assistthe engineers
in rating their severity. The engineersmust also measure
faulting at joints, cracks, and full-depth repair joints.

In the office, the data are enteredinto a personal
computer using a full-screen editor. The format of the
data entry screensis very similarto that of the field survey
sheets. The editor provides function keys for maoving
forward and backward through the data items and
screens. The editorwill provide screensfor inventory data
(one set for each sample unit, up to a maximum of ten).
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Extrapolation of Overall Project Condition

Using the project length and lengths of the
sample units, EXPEAR extrapolates from the sample
unit distress data to compute the overall average
condition of the project. The project is then evaluated
on the basis of this average condition.

Evaluation of Present Condition

EXPEAR utilizes a set of decision trees to
analyze all of the data and develop a specific detailed
evaluation in several major problem areas, including
roughness, structural adequacy, joint deterioration,
foundation movement, skid resistance, construction
deficiencies, drainage, loss of support, joint sealant
condition, concrete durability, and shouldercondition.
From the evaluation, a set of evaluation conclusions
is produced for each traffic lane and each shoulder.

Prediction of Condition Without

Rehabilitation

Future

Based on the current traffic level (annual 18-
kip ESAL) and the anticipated ESAL growth rate, the
future condition of the pavementwithout rehabilitation

is predicted. Faulting, cracking, joint deterioration,
pumping, and present serviceability rating are projected
for jointed pavements (and punchouts for CRCP) and the
years in which they will become serious problems are
identified. The predictive models used are calibrated to
the existing condition of the pavement at the time of the
survey.

Physical Testing Recommendations

Theinitialdata collectiondoes not requirephysical
testing. Based upon the available information, the
program identifies types of physical testing needed to
verify the evaluationrecommendationsand to providedata
needed for rehabilitation design. Testing may include
nondestructivedeflectiontesting,coring/material sampling
and laboratory testing, and roughness and friction
measurement. Types of deficiencieswhich may warrant
physical testing include structural inadequacy, poor
rideability, poor surface friction, poor drainage conditions,
poor concrete durability ("D"rackingor reactive aggregate
distress), foundation movement (due to swelling seil or
frost heave), loss of load transfer at joints, loss of slab
support, joint deterioration, and evidence of poor joint
construction.

3.0 PAVEMENT REHABILITATION

Selection of Main Rehabilitation Approach

Based uponthe evaluationresults,the system
interacts with the engineer to select the most
appropriate main rehabilitation approach for each
traffic lane and shoulder. These include all 4R
options: reconstruction (including recycling),
resurfacing (with concrete or asphalt), or restoration.
The major factors in determiningwhethera pavement
needs reconstruction, resurfacing, or merely
restoration are the extent of structural distress (e.g.,
cracking and corner breaks) and the extent of
deterioration due to poor concrete durability (*D"
cracking or reactive aggregate distress).

Developmentof Detailed Rehabilitation Strategy

Once an approach is selectedfor each traffic
lane and shoulder, the engineerproceeds to develop
the detailed rehabilitation alternative by selecting a
feasible set of individual rehabilitation techniques to
correct the deficiencies present. This may include
suchitemsas subdrainage,shoulderrepair, full-depth

repairs, joint resealing, etc. This is performed for each
traffic lane and shoulder by interaction with the system.
The system displays each of the evaluation conclusions
reachedearlierand recommendsone or more appropriate
rehabilitationtechniques. A set of decisiontrees has been
developedto guidethe rehabilitationstrategydevelopment
process for traffic Janes and for adjacent shoulders.
Where more than one choice exists for an appropriate
techniqueto repair a specificdistress, the system presents
the engineerwith the choice to make.

Computation of Rehabilitation Quantities

EXPEAR computes needed quantities for the
rehabilitationtechniquesselectedbased on the data inthe
project survey and additional information rovided by the
engineer. In general, the program assumes that 100
percent repair will be performed; that is, that the quantity
of a certain type of distress to be repaired is equal to the
quantity of that distress observed during the field survey.

If the rehabilitation work is being delayed, the
quantities are increased where appropriate for each year
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the user are necessary; EXPEAR will detect what type
of monitor is available and whetheror not a math chip
is present.

Each of the three EXPEAR versions (for the
three pavement types: JPCP, JRCP, and CRCP) is
distributed on a set of two 360 K, 5.25-inch floppy
disks. One disk contains the executable program
(EXPEAR.EXE) and the other disk contains several
other files neededto run EXPEAR.

One other note about the disk files: several of
the file names (EXPEAR.EXE, DISPLAYS.REC,
STNDRD.DAT, etc.) are common to the programs for
allthree pavementtypes {JRCP, JPCP, and CRCP), so
if you want to run the programs for differentpavement
types, keep them on separate disks! If you copy
them to a bard disk, place them in different
directories.

Running EXPEAR

After the EXPEAR title screen and a few
screens of introductory infarmation, the system
displays the main menu, which has four options:

ENTER OR EDIT PROJECT DATA
CONDUCT PROJECT EVALUATION
DEVELOP REHABILITATION STRATEGY
QUIT, RETURN TO DOS

hOapt

Enter or Edit Project Data

When this option is selected, a menu will
appear to ask whetheryou want to create a new data
file or edit an existing file. A new data file is created
by modifyingthe STNDRD.DAT file. If an existingdata
file is to be modified, the program will ask for the
name of the data file without the .DAT extension.

A full-screen data editor is incorporated into
the system for data entry and editing. Function keys
for moving through the data items and screens are
definedat the bottom of the screen. Some data items
are defined as “toggle variables,” meaning that you
can toggle through the available values (such as low,
medium, high) using the tab key. The editor will tell
you which data items are toggle variables. Whenyou
are finished editing the file, SHIFT-10 will exit the
editor. This command does not however, save the file
on disk. The program will prompt you to save thefile
before continuing.

Conduct Project Evaluation

Whenthis option is selected,the program asks for
the name of the data file to be evaluated. It also asks
whetheryou want to use the default critical distresslevels
incorporated in the program, or use your own values.
Thesemay be selectedeach time you run the program, or
may be saved to disk and retrieved when needed. The
program will prompt you for a file name for your critical
distress values and save it with a .CVL extension.
Whetherusing your own values or the default values, you
must select critical distress levels before proceeding with
the evaluation.

The evaluationruns very quickly. Whenitis done,
EXPEAR will display the results of the evaluation, which
consists of evaluation conclusionsfor the traffic lanes and
shoulders, predicted performance without rehabilitation,
and physical testing recommendations.

EXPEAR will ask if you want to print the data
surmmaryfile and the project evaluationsummaryfile. You
may print these from the program, or exit to DOS and
print the output files with .REP and .TXT extensions.

Develop Rehabilitation Strategy

When this option is selected, EXPEAR interacts
with you to select the main rehabilitation approach
(reconstruct, overay, or restore) and the specific
rehabilitation techniques needed to correct the
deficiencies identified in the evaluation. EXPEAR
recommends appropriate rehabilitation approaches and
techniquesand gives you the option to chocose whenever
more than one appropriate technique exists. EXPEAR
does not have the capability to permit you to enteroptions
other than the ones given. When the rehabilitation
strategy has been developed, it will be displayed along
with approximate quantities (in some instances additional
information must be provided fer computing quantities,
such as size of full-depth repairs). You may print the
strategy and quantities out from the program, or exit to
DOS and print the output file with the .STS extension,

After a strategy has been developed, a menu
appears with the following options:

REVISE REHABILITATION STRATEGY
PREDICT REHABILITATION PERFORMANCE
PERFORM LIFE-CYCLE COST ANALYSIS
RETURN TO MAIN MENU

el
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The second option will predict the
performancae of the rehabilitation strategy developed,
using predictive models for key distresses. EXPEAR
may prompt you for additional information needed,
such as thickness of overlay. After the program
finishes computing the predicted performance, it will
display the predictions. You may print these out from
the program or exit to DOS and print the output file
with the .RHB extension.

Only after a rehabilitation strategy has been
developed and its performance predicted can a cost
analysis of the strategy be performed. EXPEAR will
prompt you for a discount rate and delay to be used
in the program, and will also ask you to select unit
cost values for the rehabilitation techniques. You
may use the default unit costs provided, or (in the
same manner as for the critical distress levels), save
a file containing your own set of unit costs to disk (the
extensionwill ba .UCC), and retrieve it when needed.
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The program computes the present costs over
the project length for the rehabilitation strategy analyzed.
The results are displayed on the screan and may be
printed from the program or from DOS (the extension is
.LCC).

Each set of EXPEAR disks includes an example
data file for that pavement type. The example files for the
three programs are:

JRCP: 174183, on |-74 near Urbana, illinois
JPCP: 110191, 0n I-10 near Tallahassee,Florida
CRCP: 157230, on I-57 near Champaign, lllinols

Comments, questions, or suggestion for
improvements to EXPEAR or this User's Guide are very
welcome. Please direct them to Ms. Kathleen T. Hall or
Dr. Michae! |. Darter at the University of lllingis. The
addresses and phone numbers are given in the
introductory screens of the EXPEAR programs.



APPENDIX Cl

PROJECT SURVEY FOR CRCP

Design Engineer:

Date of Survey (mo/day/yr): / /o

PROJECT INVENTORY DATA

Collect the following information about the praoject to be evaluated
prior to the actual field survey.

Project Jdentification

Highway Designation (example I-57):

State:

Direction of Survey:

Starting Milepost:

Ending Milepost:

Climate

Climatic Zone (See climatic zone map in "Supplemental Information"):

wet freeze wet-dry freeze dry freeze
wet freeze-thaw wet-dry freeze-thaw dry freeze-thaw
wet nonfreeze wet-dry nonfreeze dry nonfreeze

Estimated Annual Temperature Range (degrees Fahrenheit):

Mean Annual Precipitation (inches) (See precipitation map in
"Supplemental Information"):

Corps of Englneers Freezing Index (Fahrenheit degree-days) (See
Freezing Index map in "Supplemental Information"):

Construction

Year Constructed:

S5lab Thickness (inches):

Width of Traffic Lanes (feet):
PCC Modulus of Rupture (28 days, 3rd-point loading)(psi):

Amount of Longitudinal Steel (percent of slab cross-sectional area)
(See wire size table in "Supplemental Information"):
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Longitudinal Joints

Method Used to Form Longitudinal Joints Between Lanes:
sawing
inserts

Longitudinal Joint Sawed or Formed Depth (inches):

ase

Type of Base Course:

fine-grained soil only dense-graded untreated aggregate
cement-treated aggregate asphalt-treated aggregate
lean PCC open-graded drainage layer

Modulus of Subgrade Reaction on Top of Base (psi/inch) (See k-value
correlation chart in "Supplemental Information"):

Subgrade

Predominant Subgrade Soil AASHTO Classification (See Unified-AASHTO
conversion table in "Supplemental Information"):

Are swelling soils a problem in your area? yes no

If so, were steps taken in construction of the pavement to
correct the swelling soil problem? yes no

Shoulder
Type of Shoulder:

AC
tied PCC

Width of Shoulders (feet): inner outer

Traffic

Estimated Current Through Two-way ADT:

Percent Commercial Trucks (excluding pickups and panels):

Total Number of Lanes in Direction of Survey:

Future Truck Traffic Volume Growth Rate
(percent increase per year):
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Total Accumulated 18-kip Equivalent Single Axle Loads (ESALs) from
Date of Construction to Date of Survey (millions) (See procedure for

computing ESALs in AASHTO Guide for Design of Pavement Structures,
Appendix D, 1986):

LANE TWO LANE ONE
(inner) (outer)
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PROJECT MONITCRING DATA

Ride Quality

Rate the ride quality of the pavement in each lane during a drive over the entire project at the posted speed
Limit. Two or more people should participate in the survey. Obtain ratings for each lane from each parson
and report the average value below.

0 b 2 3 4 5 LANE TWO LANE ONE
Fomaemmme- #ommmeoms to—mmoees Homememe- Fomommeome + (inner) (outer)
Very Poor Poor Fair Good Very Good

Terminal Treatments
Stop at the beginning and end of the project where the pavement abuts different pavement types, and also at
each bridge which the pavement abuts within the project, and observe the condition of the terminal

treatments present.

Rumber of deteriorated anchor lug termimal treatments

(i.e.., M-E roughness due to rotation of anchor lugs):

Kumber of expansion joint terminal treatments

which are completely closed:
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SAMPLE UNIT MONITORING DATA

Collect the following information for each traffic lane and for both shoulders during an inspection of each
sample unit. A length of approximately one half mile is recommended for each sample unit surveyed,

The survey may include driving slowly on the sboulder, atopping on the shoulder, and (with extreme caution)
walking on the shoulder to maks measurementa. More than one paas over the project will probably he needed
to obtain all the information requested, Refer to NCHRP Report No. 277 for standard definitions of distress,

severity, and measurement instructionas.

Sample Unit Identification

Sample Unit Kumber: Starting Milepost; Length of Sample Unit (feet):

Failures
LARE TWO LANE ONE
{inner) {outer)
Number of deteriorated transverae cracks, M-E only:
Number of full-depth repairs:
Number of deteriorated full-depth repairs, M~B only:
Number of punchouts:
Number of deteriorated construction joints (M-H only):
Longitudinal Jeint
Total length of longitudinal cracking, M-H only (feet):
Total lengtb of longitudinal joint spalling, M-H only (feet):
What 1s the gene;al condition of the longitudinal Joint sealant? —_1
M
B

Trensverse Crack Spacing

Select a section of the pavement several hundred feet long for determining the transverse crack spacing.
Measure the section with a wheel and count the number of transverse cracks observed.

Length of section:

Number of transverae cracks:
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Foundation Movement

Number of settlements (M-H only):

Rumber of heaves (M-BH only}:

Dreinage

Are longitudinal subdrains present and functicnal along the sample unit?

What 1s the typical helght of the pavement surface above the side ditchline (fest)?

Do the ditches have standing water or catteils in them?
Extent of visible evidence of pumping or water bleeding on
pavement or shoulder (indicate the highest level of severity
occurring in the sample unit):
Surface Condition
Method used to texture the pavement surface at construction:
transverse tining
other
Is the surface polished smooth in the wheelpaths?

Is significant studded tire rutting (0.25 inch or morae)
evident in the wheel paths?

Concrete Durability

Number of areas spalled (M-H only) due to D" cracking:

Humber of areas spalled (M-8 only) due to reactive aggregate distress:

Extent of scaling (indicate highest severity level present):

Previous Repair

Has diamond grinding been done?

Has grooving been done?
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LANE TWO LANE ONE
{inner) (outer)
yes no
yes no
N N
L
M
;| it
yes yes
no no
yes yes
no no
N N
L L
M ]
H H
yes yes
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—__Yes —__ Yes
no no



AC Shoulders (Check all that apply.)

Alligator cracking

Linear cracking

Weathering/ravelling

Lane/shoulder joint dropoff

Settlements or heaves along outer edge

Blowholes at transverse joints

Lane/shoulder joint sealant condition (good = well sealed or
width < 0.10", poor = poorly sessled and width > 0,10"}

PCC Shoulders (Check all that apply.)
Transverse or longitudinal cracking or corner breaks
"D" cracking or reactive aggregate distress

Settlements or heaves along outer edge

Lane/shoulder joint sealant condition (good = well sealed or
width < 0.10", poor = poorly sealed and width > 0.10")
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INNER

SHOULDER

nona
some
extensive

none
some

extensive

none
some

extensive

none

1"

>1"

none
some
extensive

none

some

extensive

good

poor

none
spme

extensive

none
s0me

extensive

none
50Mme

extensive

good
poor

QUTER SHOULDER

none

some

extensive

none
aome

extensive

none

extensive

none
<1"

>1"

nona

extensive

none

extensive

good
poor

none
some

extensive

none
some

extensive

nene
some

extensive

good

pocr



Moisture Zones

wel

1

IT = wet-dry

III = dry

Temperature Zones

350

freeze

A
B
c

freeze-thaw
nonfreeze

A Pavement Moisture-Accelerated Distress

(MAD) Identification System," FHWA/RD-81/079-80, 198BlL.

Source

Climatic Zone Map of the United States.
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WIRE SIZES, WEIGHTS AND STEEL AREAS PER FT. OF WIDTH

Crom Sectionsl Arear, Sq. In, Per Lin. Ft.

Wire Siza Numbar Naminal Nominal Cantar ta Center Spacing
Smaoth Deformed Diameter. Weight
Inches Lbs/Lin. FL. z i e 4~ 6" 8" 19” 127
Wit 031 0.628 1.054 1.88 1.24 83 .62 | .465 372 A1
W30 030 0.618 1.020 1.30 1.20 .90 .60 | .45 .16 30
wag 023 0.597 982 1.68 1.12 84 58 | .42 A6 28
w26 D28 0.575 934 1.56 1.04 .18 52 1 .39 312 2B
w24 D24 0,553 .818 1.4 .98 J2 A48 § .18 288 24
w2 022 0.529 148 1.32 .83 .66 A4 1 0] 264 22
w20 D20 -0.504 .680 1.20 .B0 .80 40 | .30 24 .20
wisg D18 0.478 512 1.08 J2 54 36 | .27 216 18
w16 016 0.451 .544 .98 54 .48 32 | .28 192 16
w14 D14 0.422 476 .84 .56 42 28 1.2 .168 g4
w12 D12 0.390 408 42 .48 .16 24 | .18 144 A2
wit D11 0374 14 .66 4 J3 22 | 165 12 A1
W10.5 0.366 .57 .63 A2 J15 21 157 126 108
w10 D10 0.356 .40 .60 .40 .30 20 ] .18 12 .10
WS.5 ( 0.348 323 .87 38 .28% A9 | 142 114 .095
w9 09 0.138 .J06 .54 .36 .27 A8 | .135 108 .09
wia.s 0.329 .289 51 .34 .258 A7 | a2 102 .085
Ws§ D3 0.319 2712 .43 32 24 A8 | .12 .096 .08
w15 0.309 258 .45 .30 225 a8 | 112 .09 .07%
w7 D7 0.298 218 42 .28 21 14 | .105 .084 07
We6.5 0.238 20 .19 .26 .185 11 | .097 .a7e .0658
Wws D6 0.276 208 .36 24 18 A2 ] .08 .072 06
W5a.5 0.264 187 A3 22 165 At | .082 .066 .055
W5 D5 0.252 170 i .20 .15 A0 | .078 .06 .05
w45 1.240 1583 27 12 138 .09 | .067 .054 045
w4 na n.225 136 .24 a8 | a2 .08 | .06 | .oa8 .04
NOTE: Wire sires other than those listed ahove may be produced provided the quantity requrced o sullicient 1a jusuly menulscryre
Area of reinforcement (square inches of steel/foot). Source: Concrete

Reinforcing Steel Institute.
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(1) For the basic idea, see O, J, Poner, "Foundations for Fiexible Pavements,” Highway Research Board Proceedings of Ihs Twenty-second Annual
Marting, 1942, Vel. 22, pages 100-135.

(2) ASTM Designation D2487.

{3) “Classification of Highway Subgrade Malerials.” Highway Research Board Proceedngs of the Twenly-filth Annual Mealing, 1945, Vol. 25. pages
ITe-392.

(4) Airport Paving, U.S. Depanment of Commerce, Federal Avialion Agency, May 1948, pages 11-16. Estimaled using values given in FAA Deaign
Manus! Ior Avport Paverments (Formerly usad FAA Classitication; Unilied Classificauon now used.) *

(5) C. Ewarnes. "Correlalion Between A Value and k Value.” unpublished repart, Pontang Cement Association, Rocky Mountain- Normwen
Region. October 1971 {besi-in correlation with correction tor saturauon).

[€) See T. A. Middietreoks and G. E. Berlram, ~Soil Tests for Cesign of Runway Pavemenis,” Highway Research Board Praceedings of the Twanty-
1econd Annyal Meeting. 1842, Val. 22, page 152

Subgrade K-value Correlation to Seil Classifications and Bearing
Values. Source: "Thickness Design for Concrete Highway and
Street Pavements", Portland Cement Association
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BASE TYPE

. fine-grained soil only: use k-value of subgrade soil
e dense-graded aggregate
Subgrade
k-value, Subbase Thickness, in
(psi/in) 4 6 9 12
50 65 75 85 110
100 130 140 160 190
200 220 230 270 320
300 320 330 370 430
. cement or asphalt treated aggregate, lean concrete
Subgrade
k-value, Subbase Thickness, in
(psi/in) 4 6 8 10
50 170 230 310 390
100 280 400 520 640
200 470 640 830 .-

k-value on top of base course (directly beneath PCC slab)
Source: "Thickness Design for Concrete Highway and Street
Pavements, " Portland Cement Association
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APPENDIX C2

EVALUATION DECISION TREES AND CONCLUSIONS FOR CRCP

Major Problem Areas for CRCP

1. Structural Adequacy

2. Drainage

3. Foundation Movement

4. Durability

5. Skid Resistance

6. Roughness

7., Longitudinal Joint Construction

8. Construction Joints and Terminal Treatments

9. Shoulders
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Structural Adequacy

STR 1

STR 2

STR 3

STR 4

STR 5

STR ©

STR 7

A potential structural deficiency of the pavement is
indicated by between 1 and [ 9 ] punchouts and/or deteriorated
transverse cracks and/or full-depth repairs per mile.

(a) full-depth repair of slab failures

Structural deficiency of the pavement is indicated by [ 10 )
or more punchouts and/or deteriocrated transverse cracks
and/or full-depth repairs per mile.

(a) full-depth repair of slab failures, AC structural overlay
(b) full-depth repair of slab failures, PCC bonded overlay
(c) full-depth repair of slab failures, PCC unbonded overlay
(d) reconstruct lane

A potential structural deficiency of the pavement, in the
form of a high probability for the development of punchouts,
1s indicated by an average transverse crack spacing of less
than [ 3 ] feet.

(a) do nothing

A potential structural deficiency of the pavement, in the
form of a high probability for transverse crack
deterioration, is indicated by an average transverse crack
spacing of more than [ 10 ] feet.

(a) do nothing

Structural deficiency of the pavement is indicated by a
vet or wet-dry climate, a slab thickness of (x) inches,
(y) percent steel, and (z) million annual 18-kip ESALs.

(a) AC structural overlay
(b) PCC bonded overlay
(c) PCC unbonded overlay

Structural deficiency of the pavement is indicated by a
vet or wet-dry climate, a slab thickness of (x) inches, and
(y) million annual 18-kip ESALs.

(a) AC structural overlay
(b)Y PCC bonded overlay
(c) PCC unbonded overlay

Structural deficiency of the pavement is indicated by a
dry climate, a slab thickness of (x) inches, (y) percent steel,
and (z) million annual 18-kip ESALs.

(a) AC structural overlay

(b) PCC bonded overlay
(c) PCC unbonded overlay
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STR 8  Structural deficiency of the pavement is indicated by a
dry climate, a slab thickness of (x) inches and (y) million
annual 1B-kip ESALs.

(a) AC structural overlay
(b) . PCC bonded overlay
(c) PGCC unbonded overlay

STR 9 The pavement shows no indication of structural deficiency.

(a) do nothing
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CRCP DRAINAGE DEFICIENCY

wat or wol—dry

~~
SUBDRAINS PRESENT
AND FUNCTIONAL

A4-A5

STANDING WATER OR

DITCH DEPTH < 8 FT

open=groded dralnaga loyer

STANDING WATER OR
DITCH DEPTH < B FT

yes no

DRN_10)

[ ANNUAL ESAL | [[ANNUAL E£SAL

€ Q1 millan T O mEn < 0.2 mblem / \ 2 0.7 miflen

DRN 1) (DRN 5) (ORN 1) (DRN 6)

[ cuwae )

SUBDRAINS PRESENT

AND FUNCTIONAL

yes no

TIRD)

[ BASE ]

ATE, Ison PCC. open—graded
dralnogs loysr

STANDING WATER OR

DITCH DEPTH < 8 FT

ANNUAL ESAL




Drainage

DRN 1

DRN 2

DRN 4

DRN 5

DRN é

DRN 7

DRN 8

A drainage deficiency is indicated by medium- to high-severity
pumping occurring in a wet or wet-dry climate.

(a) 1install or repair longitudinal subdrains

A drainage deficiency is indicated by medium- to high-severity
pumping occurring in a dry climate.

(a) 1install or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, and a
fine-grained soil base.

(a) 1install or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, a
dense-graded untreated aggregate base, an (x) subgrade,
standing water in the ditches and/or an inadequate ditch depth,
and heavy traffic of (x) million annual 18-kip ESALs.

(a) 1install or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, a
dense-graded untreated aggregate base, an (x) subgrade, and
heavy traffic of (x) million annual 18-kip ESALs.

(a) 1nstall or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, a (x)
base, an (x) subgrade, standing water in the ditches and/or

an inadequate ditch depth, and heavy traffic of (x) million
annual 18-kip ESALs.

(a) 1nstall or repair longitudinal subdrains

A drainage deficiency is indicated by a wet or wet-dry climate,
absence or poor functioning of longitudinal subdrains, a (x)
base, an (x) subgrade, and heavy traffic of (x) million

annual 18-kip ESALs.

{a) 1install or repair longitudinal subdrains

A drainage deficiency is indicated by a dry climate, absence or
poor functioning of longitudinal subdrains, a fine-grained soil

base, and heavy traffic of (x) million annual 18-kip ESALs.

(a) install or repair longitudinal subdrains
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DRN 9

DEN 10

DRN 11

A drainage deficiency is indicated by a dry climate, absence or
poor functioning of longitudinal subdrains, a (x) base, an (x)
subgrade, standing water in the ditches and/or an inadequate

ditch depth, and heavy traffic of (x) million annual 18-kip
ESALs.

(a) install or repair longitudinal subdrains
The pavement shows no indications of a drainage deficiency.
(a) do nothing

For the pavement’s current traffic level, no significant
drainage deficiency is indicated.

(a) do nothing
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CRCP FOUNDATION MOVEMENT

[ M—H SETTLEMENTS AND HEAVES |

0/mile

| FREEZING INDEX |

0 >0

FON 1

| SWELLING SOIL AREA |

yes no

FDN 3

CORRECTIVE MEASURES TAKEN
AT CONSTRUCTION

> 0/mile

| FREEZING INDEX |

0 >0

FDN 2

[ SWELLING SOIL AREA |

yes no

FDN 4

CORRECTIVE MEASURES TAKEN
AT CONSTRUCTION

yes no yes \ no
[FDN 5 | |FDN 6 |
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Foundation Movement

FDN 1

FDN 2

FDN 3

FDN &4

FDN 5

FDN 6

FDN 7

A potential for frost heave 1s indicated by a Freezing Index
greater than O.

‘(a) do nothing
Foundation movement, likely due to either frost heave or
localized consolidation, 1s indicated by settlements and/or

heaves.

(a) reconstruct heaves, AC level-up settlements
(b) reconstruct heaves, slabjack settlements

The pavement shows no indications of foundation movement.
(a) do nothing

Foundation movement, likely due to localized consolidation,
is indicated by settlements and/or heaves.

(a) reconstruct heaves, AC level-up settlements
(b) reconstruct heaves, slabjack settlements

A potential for foundation movement exists, since the
pavement is in a swelling solils area and no measures were
taken during construction to control soil swelling.

(a) do nothing

Foundation movement, likely due to either localized
consolidation or unsuccessful construction measures to
control swelling soil, is indicated by settlements and/or
heaves.

(a) reconstruct heaves, AC level-up settlements
(b) reconstruct heaves, slabjack settlements

Foundation movement, likely due to either localized
consolidation or lack of construction measures to control

swelling soil, is indicated by settlements and/or heaves.

(a) reconstruct heaves, AC level-up settlements
(b) reconstruct heaves, slabjack settlements
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CRCP DURABILITY DEFICIENCY

[ "D" CRACKING |

0 spalled areas/mile > [ 25 ] spalled areas/mile
1-[24]
IDUR 1 DUR 2
| REACTIVE AGGREGATE DISTRESS |
0 spalled areas/mlle > [ 25 ] spalled areas/mile
1-[24]
|DUR K] DUR 4

| SCALING ]
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Durability

DUR 1 Poor durability of the concrete is indicated by low- to
medium-severity "D" cracking.

(a) full-depth repair of spalled areas

DUR 2 Poor durability of the concrete is indicated by high-
severity "D" cracking.

(a) unbonded PCC overlay
{b) reconstruct

DUR 3  Poor durability of the concrete is indicated by low- to
medium-severity reactive aggregate distress.

(a) full-depth repair of spalled areas

DUR 4 Poor durability of the concrete is Indicated by high-
severity reactive aggregate distress.

(a) unbonded PCC overlay
(b) reconstruct

DUR 5 Poor durability of the concrete surface is indicated by
high-severity scaling.

(a) AC nonstructural overlay
(b) do nothing

DUR 6 The pavement shows no indications of significant surface or
concrete durability deficiencies.

(a) do nothing
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CRCP SKID RESISTANCE DEFICIENCY

[ POLISHED WHEELPATHS |

yes no
STUDDED TIRE , STUDDED TIRE
RUTTING - RUTTING

2 0.25" /X< 0.25" 2 0.25" < 0.257
[SKD 1§ [sSKD 2] SKD 3

ORIGINAL SURFACE
TEXTURE

tined other
SKD 4

GRINDING OR
GROOVING

yes/\no
IskD 6! [SKD 5]
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Skid Resistance

SKD 1

SKD 2

SKD 3

SKD 4

SKD 5

Loss of skid resistance and potential for hydroplaning are
indicated by polished wheel paths and studded tire rutting
of 0.25 inches or more.

(a) AC nonstructural overlay

Loss of skid resistance is indicated by poclished wheel paths.

(a) AC nonstructural overlay

Loss of skid resistance and potential for hydroplaning are
indicated by studded tire rutting of 0.25 inches or more.

(a) AC nonstructural overlay

The pavement shows no indications of loss of skid resistance
or hydroplaning potential,

{a) do nothing

The method used to texture the original pavement surface may
contribute to loss of skid resistance in the future.

(a) do nothing
Adequate skid resistance is indicated by surface
restoration (grinding or grooving) having been performed

on the pavement,

(a) do nothing
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CRCP ROUGHNESS DEFICIENCY

[ TWO—-WAY ADT |

< 3,000 3.000 to 2 10,000
10,000
PSR
<[2.0) >[2.0] <[2.5)
RGH 1
{ SETTLEMENTS
<[ 5] /mile >[ 5] /mile
RGH 2

HEAVES

<[ 5] /mie 2[ 5] /mile

SLAB FAILURES

<[ 10 ] /mile >[ 10 ] /mile
[RGH 5
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Roughness

RGH 1

RGH 2

RGH 3

RGH 4

RGH 5

Rideability of the pavement 1s acceptable.

(a) do nothing

Poor rideability is indicated by [ 5 ] or more settlements
per mile and an unacceptably low PSR for the pavement's ADT

level,

(a) AC level-up settlements
{b) slabjack settlements

Poor rideability is indicated by [ 5 ] or more heaves and
an unacceptably low PSR for the pavement’s ADT level.

(a) reconstruct heaves

Poor rideability is indicated by | 10 | or more punchouts,
deteriorated transverse cracks, and/or deteriorated
full-depth repairs per mile and an unacceptably low PSR for
the pavement's ADT level.

(a) full-depth repair of slab failures

Poor rideability is indicated by an unacceptably law PSR for
the pavement’s ADT level.

(a) AC nonstructural overlay
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CRCP LONGITUDINAL JOINT
CONSTRUCTION DEFICIENCY

[ LONGITUDINAL JOINT SEALANT CONDITION |

M,H

M—H LONGITUDINAL JOINT SPALLING

0 ft/mite > 0 ft/mile
JTC 2

[ LONGITUDINAL CRACKING ]

< [ 500 ] ft/mile > [ 500 ] ft/mlle
JTC 7

| LONGITUDINAL JOINT FORMING METHOD |

plastic Inserts

LONGITUDINAL JOINT DEPTH LONGITUDINAL JOINT DEPTH
< 1/3 OF SLAB THICKNESS < 1/3 OF SLAB THICKNESS

yes no yes no
JIC 3 JTC 4 JIC & JTIC 6
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Longitudinal Joint Construction and Sealant Condition

JIC 1

JIC 2

JTC 3

JIC 4

JIC 5

JIC 6

JIC 7

Pavement deterioration may be accelerated by water
infiltration permitted by poor longitudinal joint sealant
condition.

(a) reseal longitudinal joint

A longitudinal joint construction deficiency is indicated
by longitudinal joint spalling.

(a) wpartial-depth repair

A longitudinal joint construction deficiency, likely due
to an inadequate depth of saw cut, is indicated by
longitudinal cracking.

(a) seal longitudinal cracks
(b) stitech longitudinal cracks

A longitudinal joint construction deficiency, likely due
to late sawing, is indicated by longitudinal cracking.

(a) seal longitudinal cracks
(b) stitch longitudinal cracks

A longitudinal joint construction deficiency, likely due
to inadequate depth of plastic insert placement, is Indicated
by longitudinal cracking.

(a) senl longitudinal cracks
(b) stitch longitudinal cracks

A longitudinal joint construction déficiency, likely due
to the use of plastic inserts, is indicated by longitudinal
cracking.

(a) seal longitudinal cracks
(b) stitch longitudinal cracks

The pavement shows no indications of a significant
longitudinal joint construction or sealant condition
deficiency.

(a) do nothing
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CRCP CONSTRUCTION JOINTS AND
TERMINAL TREATMENTS DEFICIENCY

| M—H DETERIORATED CONSTRUCTION JOINTS |

0 >0

CTT 1

[ TYPE OF TERMINAL TREATMENT |

lug anchor expansion joint

PUSHING OR EXPANSION JOINT
ROUGHNESS CLOSURE
yes no yes no

CTT 2 CTT 3 CTT 3

372



Construction Joints and Terminal Treatments

CIT 1

CTT 2

CTT 3

CTT 4

A construction joint deficiency is indicated by medium- to
high-severity construction joint deterioration.

(a) full-depth repair-at construction joints

A terminal treatment deficlency is Indlcated by roughness
due to rotation of lug anchors.

(a) AC level-up at terminal treatments

No construction jolnt or terminal treatment deficlency is
indicated.

(a) do nothing

A terminal treatment deficiency is indicated by deterioration
complete closure of expansion joints.

(a) replace expansion joint
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A%

AC

|__ALLIGATOR CRACKING |
nona,some oxtanalve
SHD 1

| _LINEAR CRACKING |

none,some oxtensive
[ WEATHERING /RAVELING |
nona,soms axtensive
SHD 3

| LANE/SHOULDER

JOINT DROPOFF |

<1

21"
SHD 4

[ SETLEMENTS/HEAVES |

none,some

oxtensive

SHD 3

| PUMPING BLOWHOLES |

none,some

extensive

SHD 8

| LANE /SHOULDER JOINT CONDITION |

poor

good

[stD 7]

(sHo 8]

| SHOULDER TYPE |

PCC

{ CRACKING OR CORNER BREAKS |
none,somae oxtansive

SHD ¢

L__“D" CRACKING OR REACTIVE AGGREGATE DISTRESS |
none,some axtensive

SHD 10

| SETTLEMENTS VEQ
noNe,30Me eaxtonalive

SHD 1

| LANE/SHOULDER JOINT CONDITION ]
poor good

SHOULDER DEFICIENCY



Shoulder

SHD 1

SHD 2

SHD 3

SHD &

SHD 5

SHD 6

SHD 7

SHD 8

Structural deterioration of the AC shoulder is indicated by
extensive alligator cracking.

(a} in-place recycling
(b) patching

(c) reconstruct with AC
(d) reconstruct with PCC

Deterioration of the AC shoulder is indicated by extensive
linear cracking.

(a8) 1in-place recycling
{b) patching

{c) reconstruct with AC
(d) reconstruct with PCC

Deterioration of the AC shoulder surface is indicated by
extensive weathering and/or raveling.

(a) chip seal

A dropoff of 1 inch or more along the AC lane/shoulder joint
constitutes a safety hazard. ’

(a) 1leveling wedge

Foundation movement beneath the AC shoulder is indicated by
extensive settlements and/or heaves.

(a) reconstruct heaves, AC level-up settlements

Pumping has resulted in extensive blowhole formation in the
AC shoulder.

(a) patch blowholes
Poor lane/shoulder joint condition exists, likely due to
excessive infiltration of water beneath the pavement and

AC shoulder.

(a) reseal lane/shoulder joint
(b) do nothing

The AC shoulder shows no indications of significant
deterioration.

(a) do nothing
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SHD 9 Structural deterioration of the PCC shoulder is indiecated by
extensive cracking and/or cormer breaks.

(a) full-depth repair
(b) reconstruct with AC
(¢) reconstruct with PCC

SHD 10 Poor durability of the PCC shoulder is indicated by
extensive "D" cracking or reactive aggregate distress.

(a) reconstruct with AC
(b) reconstruct with PCC

SHD 11 Foundation movement beneath the PCC shoulder is indicated by
extensive settlements and/or heaves along the outer edge.

(a) reconstruct heaves, AC level-up settlements
SHD 12 Poor lane/shoulder jeint condition exists, likely due to
excessive infiltration of water beneath the pavement and

PCC shoulder.

(a) reseal lane/shoulder joint
(b) do nothing

SHD 13 The PCC shoulder shows no indications of significant
deterioration.

(a) do nothing
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APPENDIX C3

CRCP EVALUATION PERFORMANCE PREDICTION MODEL
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The only predictive model available for CRCP deterioration was
recently developed using & large Illinois database. CRCP "failures" were
defined as punchouts plus deteriorated transverse cracks plus existing
full-depth repairs. The database Included 132 projects from a 1977 survey
plus 24 of the same sections surveyed in 1985. Some of the factors and

their ranges in the database are as follows:

. 18-kip [B80 kN]) ESAL: 700,000 to 30,800,000 in outer lane
(mean = 5,600,000)

Age: 3 to 20 years (mean = 10.2 years)

Slab thickness: 7 to 10 in [17.8 to 25.4 cm]

Base: Bituminous treated, cement treated, untreated aggregate

Reinforcement content: 0.5 to 0.7 percent

shoulders: AC

Subgrade soils: Fine-grained mostly

Climate: Sections located in wet-freeze climate from north to

south in Illinois

The predictive model for failures per mile was developed using nonlinear

regression techniques.

FAIL = 0.0001673 ESALY-9838tyrck-4-27724g1pEL 20
+ 0.6127 ESALY-9953( 0.01584BAM + 1.9080CAM

- 0.02005BAR )

where:
FAIL = total number of punchouts plus steel
ruptures plus number of patches per lane mile
ESAL = accumulated 18-kip [80 kN) equivalent single-axle loads

outer lane, millions
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THICK

PCC slab thickness, in

ASTEEL - area of reinforcement, in? /inch width of PCC slab
BAM & CAM = both zero (0), if subbase material is granular
1 & 0, if subbase material 1s BAM
0 & 1, if subbase material is CAM
BAR = 0, if deformed welded steel fabric used

1, 1f deformed rebars used
Statistics: R2 = Q.62

SEE =~ 2.86 failures/mile [1.8 failures/km]

n = 137
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APPENDIX C4

REHABILITATION STRATEGY DEVELOPMENT DECISION TREES
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18t

Main Rehabilitation Approach for CRCP

OUTER LANE
STR
2 56,7,8 1,3,4,9
PICK OVERLAY OR 2-2 INNER LANE
RECONSTRUCTION STR
rec oL 2 _—5,6,7.8 1,3,4,9
INNER LANE [2-2] [PicK overLAY OR 2—-2 INNER OR OUTER
RECONSTRUCTION

2,5,6,

STR "D” CRACKING OR
REACTIVE AGG.
7,8 1.3,4,9 oL rec no Yes
[ 1—=1] [INNER "D" CRACK OUTER "D" CRACK PICK OVERLAY OR
OR REACT AGG.

OR REACT AGG. b RECONSTRUCTION
rec oL
| 2-2 |

« Optlon to go to 1-1 provided —1 Reconstruct Both Lanes

1-1
1—3 Reconstruct Outer, Restore Inner
++ Option to go to 1-1, 1-3, or 2-2 provided 3—1 Restore Outer, Reconstruct Inner
2—2 Overlay Both Lanes
3—-3 Restore Both Lanes




8¢

Reconstruction of A CRCP Lane

OUTER LANE
DRN

|

Install /repalr subdrains

1—g lInstall /repalr subdrains,
conatruct dralnage layer

l

[OUTER SHOULDER |°

INNER LANE

DRAINAGE

1—-9 INNER LANE

SLOPE DIRECTION
in out
OUTER LANE OUTER LANE
DRAINAGE REPAIR DRAINAGE REPAIR
drains & . drains &

layer drains nothing layer drains nothing
drains & I drains J L drains J drns & Iyr dralns drains
layer layer Donothing Donothin

*

INNER SHOULDER

See declision tree for shoulder rehabllitation

adjacent to reconstructed lane.




£8t

Rehabilitation of Shoulder Adjacent to Reconstructed Lane

/\

| AC SHOULDER | [ PCC SHOULDER |
1-7 \ 9,111 10 \
reconstruct w/AC{ {reconstruct w/AC reconstruct w/AC|{ |reconstruct w/AC{ |reconstruct w/AC
reconstruct w/PCC{ |reconstruct w/PCC reconstruct w/PCC| {reconstruct w/PCC{ {reconstruct w/PCC
repair do nothing repalr do nothing
repaiNc repamc
1,2 recycle 9 (full—depth repalr|
patch
reconstruct
3 | chip seal | 11 |heavs, level—up
settiements

4 [leveling wedge |

12| seal L/S joit |

reconstruct
5 |heaves,level—up
settlements

6 [patch blowholes]

7 | seal L/S joit |




Overlay of CRCP Lane

INNER OR OUTER
DUR

24—

UNBONDED PCC OL] 1,3,5,6

L TYPE

unbonded
PCC OL

AC structural OL
PCC O

[ * * DO DUR THROUGH RGH FOR EACH LANE = = ]

l

[ DUR |

l

full—-depth repalr
of spalled areas

FJ%01

1 | reseal longit. joints |

partial—depth repalr
- 2 | of longit. CL joint

I
seal longit. joints
3—-6 |stifen longlt. cracks

[ FDN | [ FDN ]
| AC OL |
2,4, | reconstruct heaves, 2,4, reconstruct heaves,
6,7 |AC level-up settlements 6,7 [AC level-up settlements

bonded | PCC OL
2,4,| reconstruct heaves,
6,7 |slab Jack settlements

\J J
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unbonded PCC

L RGH

i

3 H\C fevel—up settlementg

4 Lreconstruct heavesl

| CTT

]

1 [FDR canstruction J’oints]

AC level—up

2 lermingl tregtments

4 teplace expansion joinﬂ

AC structurﬂl/bon ded PCC

L

RGH |

AC OL

3 IAC level—up settlements]

bonded PCC OL

3 Flab jack settlements

4 l reconstruct heaves]

-

cT |

1 [FOR construction joints|

z terminal treatments

AC level—up

4 [replace expansion joint]

OUTER LANE
DRN

|

1—9/install /repair subdrains|

l

OUTER SHD |*

NNER DR

INNER LANE

SLOPE DIRECTIO

/

1-9 |instali /repair subdrains |

out

» see decision tree for
rehabliitating shoulder
adjacent to overlaid lane

install /repair subdrains

do nothing

I

INNER SHD |*
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AC Shoulder Rehakilitation Adjacent to Overlaid Lane.
| [AC SHOULDER ]

1.7 8

pvt PCC OL, ‘ pvt PCC OL
rec w/PCC, PCC OL PCC overlay
rec w/AC, PCC OL AC overlay
rec w/PCC, AC OL}
rec w/AC, AC OL pvt AC OL
repair, PCC O | AC overlay |
repair, AC OL

pvt AC OL

rec w/PCC, AC OL
rec w/AC, AC OL
repair, AC OL

19 in—-place recycle
' patch

1
4 llevel vTvedgeJ

reconstruct heaves
S| AC level-up

settlements
1

& |patch blowholes|
|

7 reseal |/s joint

do nothing

—_—

386



LBE

PCC Shoulder Rehabilitation Adjacent to Overlaid Lane

PCC SHOULDER
10

9,11,12

pvt PCC OL

pvt PCC OL pvt PCC OL
rec.w/PCC, PCC OL rec.w/PCC, PCC OL PCC overlay
rec.w/AC, PCC OL rec.w/AC, PCC OL - AC overlay
rec.w/PCC AC OL rec.w/PCC AC OL
rec.w/AC, AC OL rec.w/AC, AC OL pvt AC OL
repair, PCC OL pvt AC OL r LAC overlay |
, repair, AC OL rec.w/PCC AC OL
pvt AC OL J rec.w/AC, AC OL
rec.w/PCC AC OL
rec.w/AC, AC OL
repair, AC OL

9 full—depth repalf

reconstruct heaves
AC level—up
settlements

reseal |/s joint
do nothing

Notes: Pvt PCC OL = bonded PCC OL, unbonded PCC OL
Pvt AC OL = AC structural OL, AC nonstructural OL,
crack and seat and AC structural QL

1

12




Restoration of a CRCP Lane

[DL[JRJ

full—depth repair
of spalled areas

[AC nonstructural OL]¢— must be done in bath lanes
if needed in either lane.

{ JTC |

1 | reseal longit. joints |

partial—depth repair
2 | of longit. CL joint

seal longit. joints
3—6 [stitch longit. cracks

[ FDN |
2,4, | reconstruct heaves,
6,7 |AC level-up settiements
reconstruct heaves,
slabjack settlements

J
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J

| RGH |
[
grinding
AC nonstructural OL

p {AC level-up settiements
plab Jack settlement

3 [reconstruct heaves]

4 |full-depth repair of
slab failures

5 |AC nonstructural OL| **

SKO

1,3 { AC nonstructural O **

¥

2 grooving
AC nonstructural OL

|

QUTER LANE
DRN
1—6 |instal! /repair subdrains] * see decision tree for
. rehabilitating shoulder

{ OUTER SHD | adjacent to restored lane
INNER LANE ** do in both lanes

SLOPE DIRECTION

In out
1—6 |install /repalr subdrains| install /repalr subdrains
1-6 do_nothing

INNER SHD
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Shoulder Rehabilitation Adjacent to Restored Lane

{ AC SHOULDER |

8

9.2

[PCC SHOULDER]

o

13

1 recycle

—ireconstruct w/AC|
| {reconstruct w/PCC
patch

|

| chip seal |

Develing wedge ]

reconstruct heaves
level—up
settlements

[;;otch blowholes|

! seal 1/s joint }

W

reconstruct w/AC

| do nothing |

| do nothing | [fulli—depth repair|
1

reconstruct w/PCC

reconstruct heaves
level—up
settlements

[seal I/s joint}———




APPENDIX C5

CRCP REHABILITATION PERFORMANCE PREDICTION MODELS

391



Rehabilitation deterioration prediction models were obtained for
rutting and reflection cracking of AC overlays, bonded PCC overlays and
reconstruction using CRCP. Some of these were modifications of other
models as described.

Rutting of AC Overlays

The model used here is the same one that was used for JRCP given in
Appendix A5. Each agency must verify this model and modify or substitute
a better model before usage. Rutting is highly dependent upon AC mixture
characteristies, which varies greatly across the U. 5.

Reflection Cracking of AC Overlays of CRCP

This model was obtained from an ongoing study by the Univefsity of
I1linois and the Illinois Department of Transportation. Reflection
cracking data were obtained from 20 projects in Illinois where CRCP had

been overlaid with AC. The Input data showed the following ranges:

18-kip [80 kN] ESAL: 500,000 to 8,000,000
Thickness of CRCP slab: 7, 8 and 9 in [17.8, 20.3 and 25.4 cm]
AC overlay thickness: 3 to 8 in [7.6 to 20.3 cm]
Age of AC overlay: 1 to 10 years
The following predictive model was developed using nonlinear regression
techniques:

RCRACK - 535787.[ PCTHICK > * ACTHICK 2-28 % acp0-982

Where: RCRACK = Transverse reflection cracks (medium to high
severity), number/mile

PCTHICK = Thickness of concrete slab, in

ACTHICK

Thickness of AC overlay, in
AGE = time since the AC overlay was placed, years
Statistics: RZ = .0.53
SEE = 3.45 cracks/mile [2.16 cracks/km]
n = 20
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Bonded PCC Overlay on CRCP

No predictive model exists for this rehabilitation technique. Tt has
been applied to at least three projects: Iowa (1979), Minnesota (1982),
and Texas (1985). The Iowa and Minnesota projects were observed during
the regular condition surveys for this research contract and the
performance is excellent with no structural fallures such as punchouts or
wide transverse cracks. Based on these observations, the following very
approximate precedure was selected.

The CRCP model presented in Appendix C3 will be used and all inputs
for the existing pavement used, except for the following. The slab
thickness used in the model to project the‘performance of a bonded PCC

overlay will be as follows:

Slab Thickness = Existing CRCP slab + Bonded PCC Overlay -

2 in [5.1 cm]

Therefore, if an existing 8 inch CRCP was being overlayed with a 3 in [7.6
cm] PCC bonded overlay, the slab thickness to be entered into the CRCP
failure prediction model would be 8 + 3 - 2 = 9 in [22.9 cm].

A sensitivity analysis of this model shows reasonable performance.
However, each agency should verify this model to ensure that it is
reasconable for the project under design.

Reconstruction of CRCP

The regular CRCP fallure prediction model given in Appendix C3 is

used. This model is applicable for reconstruction as well as new

construction.
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Appendix C6

User's Guide for

EXPEAR

Expert System for Concrete Pavement

Evaluation and Rehabilitation
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EXPEAR EexrerTsYSTEMFOR CONCRETE PAVEMENT EVALUATIONAND REHABILITATION

CAPABILITIES AND APPLICATIONS

The EXpert system for Pavement Evaluation And
Rehabilitation (EXPEAR) was originally developedby
the University of lllinois for the Federal Highway
Administration and is currently being further
developed for the |lllinois Department of
Transportation. EXPEAR is an advisory system to
assist the practicing engineerin evaluating a specific
pavement section and selecting rehabilitation
altemnatives.

An EXPEAR program currently exists for each of three
pavementtypes: JPCP, JRCP,and CRCP. Programs
for AG-overlaid pavements and other AC pavements
are under development. The current version of the
systemis EXPEAR 1.3, which includesthe capabilities
to delay rehabilitationfor up to 5 years and to perform
life-cycle cost analysis of rehabilitation alternatives.

INPUTS

Project-levelevaluationusing EXPEAR begins with the
collection of some basic design, construction, traffic,
and climate data for the project in question, and a
visual conditionsurvey. Back in the office, the design
and condition data are entered into EXPEAR by the
engineer using a full-screen editor. The program
extrapolates the overall condition of the project from
the distress data for one or more sample units.

ENGINEERING LOGIC

EXPEAR evaluatesthe project in several key problem
areas related to specific aspects of performance for
that pavementtype. For example,the problem areas
for JPCP and JRCP are: structural adequacy,
roughness, drainage, joint deterioration, foundation
movement, skid resistance, joint sealant condition,
joint construction, concrete durability, load transfer,
loss of support, and shoulders. The evaluation is
performed using decision trees which compare the
pavement’s condition to predefined critical levels for
key designand distressvariables. EXPEAR produces
a summary of the deficiencies found, and by
‘interacting with the engineer, formulates a
rehabilitation strategy which will correct all of the
deficiencies. The major rehabilitation options are:
reconstruction of both lanes, reconstruction of the
outer lane and restoration of the innerlane, bonded or
unbonded PCC overay, AC overlay, crack and seat
and AC overlay, and restoration. Appropriate repair
techniques for the shoulders which are compatible
with the mainlinepavementrehabilitationstrategy are
also selected.

PERFORMANCE PREDICTION AND COST ANALYSIS

A large number of predictive models for concrete
pavement performance with and without rehabilitationare
incomporated into EXPEAR. Some of the models were
developed from national databases of new construction
and rehabilitation projects, while others were developed
using data from lllinois pavements. The models allow the
engineerto predict the performance of the rehabilitation
strategy developed. This information is then used, along
with rehabilitationunit costs (eitherdefaultvalues builtinto
the program or values provided by the engineer) to
compute the cost of the strategy over the predicted life.

OUTPUTS

EXPEAR precduces a summary of the project's data file,
the evaluation results, recommendations for physical
testing, predictions of the pavement’s future condition
without rehabilitation, and rehabilitation techniques,
performance predictions, and cost calculations for as
many rehabilitation strategies as the engineerwishes to
investigate.

REFERENCES AND FURTHER INFORMATION
Referenceson EXPEAR:

Hall, K. T., M. I. Darter, S. H. Carpenter,and J. M. Connor,
“Concrete Pavement Evaluation and Rehabilitation
System,"Rehabilitationof ConcretePavements,Volume 3,
Federal Highway Administration Report No. FHWA/RD-
88/073, April 1989.

Hall, K. T., J. M. Connor, M. |. Darter, and S. H. Carpenter,
“Developmentof an Expert Systemfor ConcretePavement
Evaluation and Rehabllitation, Proceedings,Second North
AmericanConferenceon ManagingPavements,Volume 3,
November 1987.

Questions or comments about EXPEAR:

Kathleen T. Hall

1206 Newmark CE Lab
205 North Mathews
Urbana, IL 61801

Dr. Michael l. Darter
1212 Newmark CE Lab
205 North Mathews
Urbana, IL 61801

(217) 333-6253 (217) 333-596€6
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1.0 INTRODUCTION

The objective of this research effort was to developa
practical and comprehensive system to assist
practicing engineers in evaluating concrete highway
pavements, Identifyingtypes of deterioration present
and determiningtheir causes, selecting rehabilitation
techniques which will effectively correct existing
deterioration and prevent its recurrence, combining
individual rehabilitation techniques into feasible
rehabilltation strategies, and predicting the
performance of rehabilitation strategy alternatives.

EXPEAR is intendedfor use by state highway
engineersin project-level rehabilitation planning and
design for high-type (i.e., Interstate) conventional
concrete pavements (JRCP, JPCP, and CRCP).
EXPEAR does not perform thickness or joint design,
the engineermust use existing desngn proceduresto
determinethese details.

EXPEAR has been developedin the form of a
knowledge-based expert system, which simulates a
consultation between the engineer and an expert in
concretepavements. EXPEARuses informationabout
the pavement provided by the engineerto guide him
or her through evaluation of a pavement’s present
condition and developmentof one or more feasible
rehabilitation strategies. The procedure was
developedthrough extensiveinterviewing of

authorities on concrete pavement performance. In
addition, predictive models are included to show future
pavement performance with and without rehabilitation.

Evaluation of a pavement and development of
feasible rehabilitation alternativesis performed according
to the following steps:

Project data collection.

Extrapolation of overall project condition.
Evaluation of present condition.
Prediction of future condition
rehabhilitation.

Recommendationsfor physical testing.
Selection of main rehabilitation approach.
Developmentof detailed rehabilitation strategy.
Prediction of rehabilitation strategy performance.
Cost analysis.

Selection of preferred rehabilitation strategy.

BN

without

DP@NO®

A computerprogram has beendevelopedfor each
of the three pavement types addressed. The programs
operate on any IBM-compatible personal computer. Use
of the programs is highly recommended due to the
complexity of the manual procedure.

2.0 PAVEMENT EVALUATION

Data Collection and Entry

The engineer collects key inventory and
monitoring data for the project. Inventory data, which
should be available from office records, includes
designtraffic, materials, soils and climate. Monitoring
data includes distress, drainage characteristics,
rideability,and otheritems collectedduring a field visit
to the project. Monitoring data is collectedby sample
unit; a sufficient number of sample units distributed
throughout the projects's length should be surveyed
to obtain an accurate representation of the project's
condition.

It is recommended that a team of two
engineersperform the project survey together. They
should drive over the entire length of the project and
rate the present serviceability in each lane. They
should also note the number and location of
settlementsand heaves. They should then return to
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the start of the project and perform the distress survey by
sample unit. It is convenient to start sample units at
mileposts.

The pavement distress identification manual
provided in NCHRP Report No. 277 should be used for
reference. 1t provides standard definitions for distresses
by type, severity, and unit of measurement. K also
providesphotographs of distressesto assistthe engineers
in rating their severity. The engineersmust also measure
faulting at joints, cracks, and full-depth repair joints.

In the office, the data are enteredinto a personal
computer using a full-screen editor. The format of the
data entry screensis very similarto that of the field survey
sheets. The editor provides function keys for moving
forward and backward through the data items and
screens. The editorwill provide screensfor inventory data
(one set for each sample unit, up to a maximum of ten).



Extrapolation of Overall Project Condition

Using the project length and lengths of the
sample units, EXPEAR extrapolates from the sample
unit distress data to compute the overall average
condition of the project. The project is then evaluated
on the basis of this average condition.

Evaluation of Presant Condltion

EXPEAR utilizes a set of decision trees to
analyze all of the data and develop a specific detailed
evaluation in several major prablem areas, including
roughness, structural adequacy, joint deterioration,
foundation movement, skid resistance, construction
deficiencies, drainage, loss of suppor, joint sealant
condition, concrete durability, and shouldercondition.
From the evaluation, a set of evaluation conclusions
is produced for each traffic lane and each shoulder.

Prediction of Future Condition Without

Rehabititation

Based on the current traffic level (annual 18~
kip ESAL) and the anticipated ESAL growth rate, the
future condition of the pavementwithout rehabilitation

is predicted. Faulting, cracking, joint deterioration,
pumping, and present serviceability rating are projected
for jointed pavements {and punchouts for CRCP) and the
years in which they will bacome serious problems are
identified. The predictive models used are calibrated to
the existing condition of the pavement at the time of the
survey.

Physical Testing Recommendations

Theinitialdata collectiondces not requirephysical
testing. Based upon the available information, the
program identifies types of physical testing needed to
verifythe evaluationrecommendationsand to provide data
needed for rehabilitation design. Testing may include
nondestructivedeflectiontesting,coring/materialsampling
and labaratory testing, and roughness and friction
measurement. Types of deficiencieswhich may wamant
physical testing include structural inadequacy, poor
rideability, poor surface friction, poor drainage conditions,
poor concrete durability ("D"rackingor reactive aggregate
distress), foundation movement (due to swelling soil or
frost heave), loss of load transfer at joints, loss of slab
support, joint deterioration, and evidence of poor joint
construction.

3.0 PAVEMENT REHABILITATION

Selection of Main Rehabillitation Approach

" Based uponthe evaluationresults,the system
Interacts with the engineer to select the most
appropriate main rehabilitation approach for each
traffic lane and shoulder. These include all 4R
options: reconstruction (including recycling),
resurfacing (with concrete or asphalt}, or restoration.
The major factors in determiningwhethera pavement
needs reconstruction, resurfacing, or merely
restoration are the extent of structural distress (e.g.,
cracking and corner breaks) and the extent of
deterioration due to poor concrete durability (“D"
cracking or reactive aggregate distress).

Developmentof Detailed Rehabilitation Strategy

Once an approach is selectedfor each traffic
lane and shoulder, the engineerproceeds to develop
the detailed rehabilitation altemnative by selecting a
feasible set of individual rehabilitation techniques to
correct the deficiencies present. This may include
suchitemsas subdrainage,shoulderrepair, full-depth
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repairs, joint resealing, etc. This is performed for each
traffic lane and shoulder by interaction with the system.
The system displays each of the evaluation conclusions
reachedearlierand recommendsone or more appropriate
rehabilitationtechniques. A set of decisiontreeshas been
developedto guidethe rehabilitationstrategy development
process for traffic lanes and for adjacent shoulders.
Where moere than one choice exists for an appropriate
techniqueto repair a specificdistress,the systempresents
the engineerwith the choice to make.

Computation of Rehabilitation Quantities

EXPEAR computes needed quantities for the
rehabilitationtechniquesselectedbased on the data inthe
project survey and additional information rovided by the
engineer. In general, the program assumes that 100
percent repair will be performed; that is, that the quantity
of a certain type of distressto be repaired is equal to the
quantity of that distress observed during the field survey.

If the rehabilitation work is being delayed, the
quantities are increased where appropriate for each year



the userare necessary; EXPEAR will detectwhat type
of monitoris available and whetheror not a math chip
is present.

Each of the three EXPEAR versions (for the
three pavement types: JPCP, JRCP, and CRCP) is
distributed on & set of two 360 K, 5.25-inch floppy
disks. One disk contains the executable program
(EXPEAR.EXE) and the other disk contains several
other files needed to run EXPEAR.

One other note about the disk files: several of
the file names (EXPEAR.EXE, DISPLAYS.REC,
STNDRD.DAT, etc.) are common to the programs for
allthreepavementtypes (JRCP, JPCP, and CRCP), so
if you want ta run the programs for differentpavement
types, keep them on separate disks! If you copy
them to a hard disk, place them in different
directories.

Running EXPEAR

After the EXPEAR title screen and a few
screens of introductory information, the system
displays the main menu, which has four options:

ENTER OR EDIT PROJECT DATA
CONDUCT PROJECT EVALUATION
DEVELOP REHABILITATION STRATEGY
QuUIT, RETURN TO DOS '

A

Enter or Edit Project Data

When this option is selected, a menu will
appear to ask whetheryou want to create a new data
file or edit an existing file. A new data file is created
by modifyingthe STNDRD.DAT file. If an existingdata
file is to be modified, the program will ask for the
name of the data file without the .DAT extension.

A full-screen data editor is incorporated into
the system for data entry and editing. Function keys
for moving through the data items and screens are
definedat the bottom of the screen. Some data items
are defined as "toggle variables,"” meaning that you
can toggle through the available values (such as low,
medium, high} using the tab key. The editor will tell
you which data items are toggle variables. Whenyou
are finished editing the file, SHIFT-10 will exit the
editor. This command does not however, save the file
on disk. The program will prompt you to save the file
before continuing.

Conduct Project Evaluation

Whentbhis option is selected,the program asks for
the name of the data file to be evaluated. H also asks
whetheryou want to use the default critical distresslevels
incorporated in the program, or use your own values.
Thesemay be selectedeach time you run the program, or
may be saved to disk and retrieved when needed. The
program will prompt you for a file name for your critical
distress values and save it with a .CVL extension.
Whether using your own values or the default values, you
must select critical distress levels before proceedingwith
the evaluation.

The evaluationruns very quickly. Whenit is done,
EXPEAR will display the results of the evaluation, which
cansists of evaluation conclusionsfor the traffic lanes and
shoulders, predicted perfermance without rehabilitation,
and physical testing recommendations.

EXPEAR will ask if you want to print the data
summary file and the project evaluationsummaryfile. You
may print these from the program, or exit to DOS and
print the output files with .REP and .TXT extensions.

Develop Rehabilitation Strategy

When this option is selected, EXPEAR interacts
with you to select the main rehabilitation approach
{reconstruct, overlay, or restore} and the specific
rehabilitation techniques needed to correct the
deficiencies identified in the evaluation. EXPEAR
recommends appropriate rehabilitation approaches and
techniques and gives you the option to chcose whenever
more than one appropriate technique exists. EXPEAR
does not have the capability to permit you to enteroptions
other than the ones given. When the rehabilitation
strategy has been developed, it will be displayed along
with approximate quantities (in some Instances additional
information must be provided for computing quantities,
such as size of full-depth repairs). You may print the
strategy and quantities out from the program, or exit to
DOS and print the output file with the .STS extension.

After a strategy has been developed, a menu
appears with the following options:

REVISE REHABILITATION STRATEGY
PREDICT REHABILITATION PERFORMANCE
PERFORM LIFE-CYCLE COST ANALYSIS
RETURN TO MAIN MENU
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The second option wil predict the
performance of the rehabilitation strategy developed,
using predictive modeis for key distresses. EXPEAR
may prompt you for additional information needed,
such as thickness of overlay. After the program
finishes computing the predicted performance, it will
display the predictions. You may printthese out from
the program or exit to DOS and print the output file
with the .RHB extension.

Only after a rehabilitation strategy has been
developed and its performance predicted can a cost
analysis of the strategy be performed. EXPEAR will
prompt you for a discount rate and delay to be used
in the program, and will also ask you to select unit
cost values for the rehabilitation techniques. You
may use the default unit costs provided, or (in the
same manner as for the critical distress levels), save
a file containing your own set of unit costs to disk (the
extensionwill be ,UCC), and retrieve it when needed.
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The program computes the present costs over
the project length for the rehabilitation strategy analyzed.
The results are displayed on the screen and may.be
printed from the program or from DOS (the extensionis
.LCC).

Each set of EXPEAR disks includes an example
data file for that pavement type. The example files for the
three programs are:

JRCP: 174183, on |-74 near Urbana, lllinois
JPCP: 110191, on |-10 near Taliahassee, Florida
CRCP: 157230, on -57 near Champaign, lllinois

Comments, questions, or suggestion for
improvements to EXPEAR or this User's Guide are very
welcome. Please direct them to Ms. KathleenT. Hall or
Dr. Michael I. Darter at the University of lllinois. The
addresses and phone numbers are given in the
introductory screens of the EXPEAR programs.
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